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ABSTRACT 
 

Two field experiments were conducted, to determine the effect of planting 
anise plant on late date (25

th
 Dec.) in addition to the control date (25

th
 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 
(1mM, 5mM and 10mM) 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 (50% and 100%) especially 100%, 
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. 
Keywords: Planting date, cinnamic acid, urea, Pimpinella anisum L, growth.  
 

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 (2006).  

Cinnamic acid (3-Pheynl-2-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 (30 mg/L) cinnamic acid has been reported to have a 
flowery or cinnamon type flavor (Chambel et al., 1999; Anslow and Stradford, 
2000; Eblen et al., 2004).  Cinnamic acid was shown to inhibit the uptake of 
phosphate and potassium ions by barley roots (Glass, 1974). Some studies 
point to cinnamic acid as being an uncoupler of oxidative phosphorylation 
(Van Sumere et al., 1972), 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, 1970). 
Glass and Dunlop (1974) 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, 2007). Singh et al, (2013) reported that at 0.5, 1.0 and 
1.5 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 48 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, 2010). Urea was reported to 
increase the length, fresh mass and dry mass of the shoots and roots of 
wheat plant (Gharakand et al.; 2012). 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, 2012). Younis et al, 2008 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.; 2007). Temperature limits plant 
growth and is also a major determining factor in the distribution of plants 
across different environments (Mittler 2006). 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.; 2013). Haroun et al. 
(2012) conducted a field experiment to determine the effect of two planting 
dates; early (25th Oct.) and late (15th Dec.) in addition to the control planted 
at 20th 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 (20th Nov) surpassed the other sowing dates in all yield studied 
parameters and flour quality. However, late sowing date (15th 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 (1mM, 5mM 
and 10mM) and / or two different concentrations of urea fertilizer (50% and 
100%) of the recommended dose during a different planting late date (25 
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Dec) and control one (25 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 2011) and late date 
(December 2012). The experiments were carried in clay: sandy soil (2:1) 
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 (1mM, 5mM and 10mM) and two levels of 
urea fertilizer were chosen [50% urea (0.7 g/pot) and 100% (1.4 g/pot)] 
according to the recommended dose for anise crop which is 200 Kg/fed; 
according to the announcement of Ministry of Agriculture of Egypt.  

In the  two experiments, 45 and 125 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 (1949) for 
chlorophylls and Horvath et al., (1972) for carotenoids as adopted by 
Kissimon (1999). 
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 (1954) and Handel (1968). The method 
used for estimation of polysaccharides in the present study was that of 
Thayumanavan and Sadasivam (1984). 
Estimation of nitrogenous constituents: 

The method used in this investigation was essentially that adopted by 
Yemm and Willis (1956). 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 30 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 80oC for 15 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 ≤ 0.05 was carried out by using CoHort/ 
CoStat statistical software version display ANOVA (798 lighthouse Ave. PMB 
320, Monterey, CA, 93940, USA) ( McCrae and Costa, 2004). 
 

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 1mM, 5mM and 10mM 
cinnamic acid, but it increased with 50% and 100% urea fertilizer. Also the 
interaction between cinnamic acid (5mM and 10mM) and urea (50% and 
100%) 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 1).  Anise  leaf area and fresh and 
dry masses in general, decreased with the three concentrations of CA. 
Whereas 50% and 100% 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 1: 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

-1
), length of shoot (cm plant

-1
), 

fresh mass (g plant
-1

), dry mass (g plant
-1

) and  leaf area (cm
2
 plant 

-1
) of 

Pimpinella  anisum plants during vegetative stage. 

Date Treatment 
Shoot 
Length 

Root 
Length 

Leaf 
area 

Fresh 
mass 

Dry 
mass 

Control 

Control 10.650 3.600 2.234 4.273 0.668 

1mM CA 10.000 3.350 2.212 3.921* 0.465* 

5mM CA 9.500* 2.900* 1.965* 3.412* 0.437* 

10mM CA 8.400* 2.750* 1.927*
 

3.032* 0.415* 

Urea 50% 10.700 3.750 2.420 4.335 0.670 

Urea 50% + 1mM CA 10.150 3.450 2.278 3.927* 0.548* 

Urea 50% + 5mM CA 9.450* 3.550 2.183 3.548* 0.487* 

Urea 50% + 10mM CA 8.850* 2.950* 2.054 3.129* 0.393* 

Urea 100% 11.100 4.250* 2.561* 4.426 0.682 

Urea 100% + 1mM CA 10.300 4.100* 2.163 4.354 0.645 

Urea 100% + 5mM CA 9.650* 3.550 2.142 4.162 0.596 

Urea 100% + 10mM CA 9.510* 3.400 2.128 3.685* 0.477* 

L.S.D 0.816 0.417 0.246 0.318 0.103 

Late 

Control 9.550 3.250 2.463 3.812 0.647 

1mM CA 9.150 2.950* 2.284* 3.542 0.537* 

5mM CA 8.850* 2.800* 2.083* 3.076* 0.470* 

10mM CA 8.150* 2.250* 1.970*
 

3.061* 0.452* 

Urea 50% 10.150 3.550* 2.563 4.012 0.719* 

Urea 50% + 1mM CA 9.750 3.150 2.428 3.964 0.660 

Urea 50% + 5mM CA 9.150 3.000* 2.263* 3.653 0.612 

Urea 50% + 10mM CA 8.900 2.900* 2.107* 3.218* 0.583* 

Urea 100% 10.750* 3.750* 2.718* 4.320* 0.734* 

Urea 100% + 1mM CA 10.000 3.500* 2.541 4.195* 0.681 

Urea 100% + 5mM CA 9.450 3.150 2.435 3.882 0.609 

Urea 100% + 10mM CA 9.200 2.850* 2.322 3.267* 0.595 

L.S.D 0.063 0.217 0.149 0.288 0.063 
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At flowering stage the results in table 2 show that, all the different 
concentrations of cinnamic acid decreased the shoot length of anise plants. 
Meanwhile 50% 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 100% 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 50 % urea fertilizer either alone or combined with 
the three CA concentrations decreased root length and increased with 100% 
urea fertilizer, whereas its combination with the different concentrations of CA 
decreased root length, as compared to control values. 

 
Table 2: 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

-1
), length of shoot 

(cm plant
-1

), fresh mass (g plant
-1

), dry mass (g plant
-1

) and  leaf 
area (cm

2
 plant 

-1
) of Pimpinella  anisum plants during flowering 

stage. 

Date Treatment 
Shoot 
Length 

Root 
Length 

Leaf 
area 

Fresh 
mass 

Dry 
mass 

Control 

Control 34.150 5.450 4.271 6.247 1.540 

1mM CA 32.150* 4.900* 4.180 6.116 1.356* 

5mM CA 31.750* 4.450* 4.215 6.171 1.373 

10mM CA 29.900* 4.550* 3.946* 4.660* 0.885* 

Urea 50% 34.350 5.100 4.307 6.424 1.592 

Urea 50% + 1mM CA 34.050 4.950 4.090 6.328 1.486 

Urea 50% + 5mM CA 33.400* 4.900* 4.263 6.134 1.520 

Urea 50% + 10mM CA 33.250 4.800* 4.034 6.018 1.195* 

Urea 100% 35.300* 5.650 4.326 6.761 2.013* 

Urea 100% + 1mM CA 33.950 5.250 4.282 6.480 1.824* 

Urea 100% + 5mM CA 32.900* 5.350 4.223 6.355 1.370 

Urea 100% + 10mM CA 32.650* 4.700* 3.260* 5.984 1.295* 

L.S.D 1.149 0.549 0.281 0.518 0.186 

Late 

Control 27.500 4.900 4.095 5.342 1.984 

1mM CA 25.550* 4.500* 3.846* 5.024* 1.563* 

5mM CA 25.150* 4.250* 3.542* 5.013* 1.308* 

10mM CA 23.000* 3.750* 3.436* 4.458* 1.012* 

Urea 50% 27.900 5.100 4.214 5.721* 2.112* 

Urea 50% + 1mM CA 27.250 4.550* 4.126 5.524 2.014 

Urea 50% + 5mM CA 26.500 4.650 4.052 5.283 1.850* 

Urea 50% + 10mM CA 25.500* 4.500* 3.864* 4.972* 1.544* 

Urea 100% 28.400 5.150 4.339* 6.248* 2.226* 

Urea 100% + 1mM CA 27.900 5.100 4.263* 6.043* 2.196* 

Urea 100% + 5mM CA 26.450 4.800 4.015 5.422 2.047 

Urea 100% + 10mM CA 25.500* 4.600 3.953 5.116 1.942 

L.S.D 1.057 0.328 0.157 0.312 0.116 

 
Leaf area of anise plant decreased on treating with 1mM, 5mM and 

10mM CA but increased with 50% urea, whereas its interaction with different 
concentrations of CA decreased leaf area. On the other hand, 100% urea 
either alone or in combination with 1mM CA caused increase in leaf area 
while its combination with  CA decreased leaf area at 5mM and 10mM CA. 
Fresh mass, decreased in case of 1mM, 5mM and 10mM CA concentration. 
Meanwhile 50% urea fertilizer either alone or in combination with 1mM CA 



El Shahaby, O. A. et al. 

 1026 

caused increase in fresh mass, while its combination with 5mM and 10mM 
CA led to decrease in fresh mass. Also 100% urea fertilizer either alone or 
combined with 1mM and 5mM CA increased fresh mass while 10mM CA 
decreased it. The dry mass of plants treated with different concentrations of 
CA decreased with the three concentrations of CA. The 50% urea-fed plants 
showed increase in dry mass, whereas 50% urea combined with all CA 
concentrations decreased this parameter. Treatment with 100% urea alone or 
in combination with 1mM CA increased dry mass, while its combination with 
5mM and 10mM 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., 2010). Similar results were observed by Ye et al., 2004 on 
Cucumis sativus L. The CA (0.5-0.25 mM) has been shown to cause 
oxidative stress in cucumber roots (Ding et al., 2007). Altered root 
morphology in Pisum sativum (Vaughan and Ord, 1991). Trans- cinnamic 
acid inhibited the root elongation of Lactuca sativa (Fujita and Kabo, 2003). 
Likewise, Ding et al. (2007) 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.; 2012). 
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, 2012). In support of the 
present observations, Puttanna et al., (2001) 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., 2005) 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, 
2002). 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, 2004).  
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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 1mM, 5mM and  10mM CA. In 50% 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 50% urea fertilizer and 
1mM 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 5mM CA and 50% urea caused decrease in chlorophyll 
a, chlorophyll b, total chlorophylls (chl a+ chl b), carotenoids and total 
pigments. Also 10mM CA mixed with 50% urea caused decrease in 
chlorophyll a, chlorophyll b, total chlorophylls, carotenoids and total pigments 
content during the control date of cultivation (Table 3). 

 
Table 3: The effect of two planting dates, different concentrations of 

cinnamic acid (CA) and urea, either alone or in combination, on 
photosynthetic pigments (mg g 

-1
 dry weight) of Pimpinella  

anisum plants during the vegetative stage. 

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

pigments 

Control 

Control 5.880 3.490 9.370 3.160 12.530 

1mM CA 5.650 3.120 8.770 2.880 11.650 

5mM CA 5.670 3.070 8.740 2.720 11.460 

10mM CA 4.150* 2.860* 7.010* 2.180* 9.190* 

Urea 50% 5.960 3.580 9.540 3.350 12.890 

Urea 50% + 1mM CA 5.780 3.510 9.290 3.220 12.480 

Urea 50% + 5mM CA 5.720 3.440 9.160 3.070 12.230 

Urea 50% + 10mM CA 4.830* 3.160 7.990* 2.920 10.910 

Urea 100% 5.920 4.210* 10.130 3.670 13.800 

Urea 100% + 1mM CA 5.730 4.130* 9.860 3.420 13.280 

Urea 100% + 5mM CA 5.640 3.880 9.520 3.150 12.670 

Urea 100% + 10mM CA 5.070 3.150 8.220 2.940 11.160 

L.S.D 0.884 0.605 1.335 0.590 1.726 

Late 

Control 4.930 2.310 7.240 2.230 9.470 

1mM CA 4.460 2.150 6.610 2.240 8.850 

5mM CA 3.900* 2.130* 6.030* 2.150 8.180 

10mM CA 3.380* 2.070* 5.450* 1.880* 7.330* 

Urea 50% 4.960 2.420 7.380 2.260 9.640 

Urea 50% + 1mM CA 4.590 2.170 6.760 2.310 9.070 

Urea 50% + 5mM CA 4.070* 2.000* 6.070* 2.020 8.090 

Urea 50% + 10mM CA 3.380* 1.950* 5.330* 1.890* 7.220* 

Urea 100% 5.090 2.460 7.550 2.250 9.800 

Urea 100% + 1mM CA 4.710 2.280 6.990 2.170 9.160 

Urea 100% + 5mM CA 3.820* 2.030* 5.850* 2.010 7.860* 

Urea 100% + 10mM CA 3.550* 1.950* 5.500* 1.960 7.460* 

L.S.D 0.542 0.168 0.703 0.302 1.792 

 
Plants supplied with 100% urea fertilizer at the control date of 

cultivation showed increase in chlorophyll a, chlorophyll b, total chlorophylls, 
carotenoids and total pigments. The interaction of 100% urea with 1mM CA 
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caused decrease in chlorophyll a and  increase in chlorophyll b, total 
chlorophylls, carotenoids and total pigments. The application of 5mM CA with 
100% urea decreased chlorophyll a and carotenoids, but increased 
chlorophyll b, total chlorophylls and total pigments content. Meanwhile, 
combination of 100% urea and 10mM 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 1mM, 5mM and 10mM CA. The 
application of 50% urea fertilizer caused increase in chlorophyll a, chlorophyll 
b, total chlorophylls, carotenoinds and total pigments. 50% urea + 1mM CA 
caused decrease in chlorophyll a, chlorophyll b, total chlorophylls (chl a+ chl 
b), and total pigments and increase in carotenoids. Whereas, interaction of 
5mM CA as well as with 10mM CA and 50% urea decreased chlorophyll a, 
chlorophyll b, carotenoids, total chlorophylls and total pigments. 100% urea 
fertilizer caused increase in chlorophyll a, chlorophyll b, total chlorophylls (chl 
a+ chl b), carotenoids and total pigments. Combination of 100% urea with 
1mM, 5mM or 10mM CA resulted in decrease in chlorophyll a, chlorophyll b, 
total chlorophylls (chl a+ chl b), carotenoids and total pigments (Table 4). 

 

Table 4: The effect of two planting dates, different concentrations of 
cinnamic acid (CA) and urea, either alone or in combination, on 
photosynthetic pigments (mg g 

-1
 dry weight) of Pimpinella  

anisum plants during the flowering stage. 
Date Treatment Chl a Chl b Chl a + b Cars Total pigments 

Control 

Control  4.930 2.310 7.240 2.230 9.470 

1mM CA 4.460 2.150 6.610 2.240 8.850 

5mM CA 3.900* 2.130* 6.030* 2.150 8.180 

10mM CA 3.380* 2.070* 5.450* 1.880* 7.330* 

Urea 50% 4.960 2.420 7.380 2.260 9.640 

Urea 50% + 1mM CA 4.590 2.170 6.760 2.310 9.070 

Urea 50% + 5mM CA 4.070* 2.000* 6.070* 2.020 8.090 

Urea 50% + 10mM CA 3.380* 1.950* 5.330* 1.890* 7.220* 

Urea 100% 5.090 2.460 7.550 2.250 9.800 

Urea 100% + 1mM CA 4.710 2.280 6.990 2.170 9.160 

Urea 100% + 5mM CA 3.820* 2.030* 5.850* 2.010 7.860* 

Urea 100% + 10mM 
CA 

3.550* 1.950* 5.500* 1.960 7.460* 

L.S.D  0.542 0.168 0.703 0.302 1.792 

Late 

Control  2.650 1.930 4.580 1.950 6.530 

1mM CA 2.490 1.850 4.340 1.860 6.200 

5mM CA 2.430 1.820 4.250* 1.760* 6.010 

10mM CA 1.510* 1.710* 3.220* 1.750* 4.970* 

Urea 50% 2.760 1.980 4.740 1.990 6.730 

Urea 50% + 1mM CA 2.510 1.890 4.400 1.870 6.270 

Urea 50% + 5mM CA 2.450 1.830 4.280* 1.800 6.080 

Urea 50% + 10mM CA 1.930* 1.760 3.690* 1.640* 5.330* 

Urea 100% 2.680 2.070 4.750 2.050 6.800 

Urea 100% + 1mM CA 2.520 1.910 4.430 1.910 6.340 

Urea 100% + 5mM CA 2.440 1.830 4.270* 1.820 6.090 

Urea 100% + 10mM 
CA 

2.070* 1.750 3.820* 1.800 5.620* 

L.S.D  0.519 0.207 0.297 0.158 0.639 
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Data in tables 3 and 4 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., 2006). 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, 1984; Ivanova and Vassilev, 
2003). 

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,. 1991) 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 (1996, 2001) 
on some Apiaceae and Nigella sativa L. plants; Ashraf et al. (2006) on cumin; 
Akbarinia et al. (2007) on coriander; Hellal et al. (2011) 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 1mM, 5mM and 
10mM CA. But increased by 50% or 100% urea or their combination with 
different CA concentrations. Also different concentrations of CA led to 
decrease in these parameters. Meanwhile applying 50% urea to anise plants 
either alone or in combination with 1mM CA increased glucose, sucrose, total 
soluble sugars, polysaccharides and total carbohydrates (Table 5). 

On the other hand, 5mM CA+ 50% urea decreased glucose and 
sucrose and increased total soluble sugars, polysaccharides and total 
carbohydrates, whereas 10mM CA with 50% urea  decreased glucose, 
sucrose, total soluble sugars, polysaccharides and total carbohydrates. 
Fertilization by 100% urea caused increase in all the determined 
carbohydrates content. Also 100% urea and 1mM CA increased glucose, 
sucrose, total soluble sugars, polysaccharides and total carbohydrates, 
whereas 100% urea+ 5mM CA increased all the determined carbohydrates 
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content except for sucrose content which decreased. Regarding the 
interaction of 100% urea and 10mM CA a decrease in all the determined 
carbohydrates was detected. 

 
Table 5: The effect of two plantimg dates, different concentrations of 

cinnamic acid (CA) and urea, either alone or in combination, on 
carbohydrates content (mg g 

-1
 dry weight) of Pimpinella  

anisum plants during the vegetative stage. 

Date Treatment Glucose Sucrose TSS Polysaccharides 
Total 

carbohydrates 

Control 

Control 21.670 32.220 76.800 40.120 116.920 

1mM CA 21.280 29.870* 76.340 40.330 116.670 

5mM CA 20.870 29.040* 68.000* 38.670 106.670* 

10mM CA 19.150* 28.180* 62.270* 35.890* 98.160* 

Urea 50% 23.280 38.120* 82.400* 42.890* 125.290* 

Urea 50% + 1mM 
CA 

23.030
 

35.830* 82.240* 42.700* 124.940* 

Urea 50% + 5mM 
CA 

22.150
 

35.900* 80.100* 42.020* 122.120* 

Urea 50% + 10mM 
CA 

22.000
 

34.420* 78.300
 

41.000* 119.300* 

Urea 100% 25.670* 40.670* 94.200* 48.000* 142.200* 

Urea 100% + 1mM 
CA 

25.520* 40.470* 94.150* 47.620* 141.770* 

Urea 100% + 5mM 
CA 

25.150* 38.270* 93.810* 47.130* 140.940* 

Urea 100% + 
10mM CA 

24.290* 38.080* 92.150* 46.330* 138.480* 

L.S.D 2.503 1.933 2.737 2.052 3.696 

Late 

Control 25.540 22.580 63.220 49.820 113.040 

1mM CA 23.410* 22.120 62.540 48.650 111.190 

5mM CA 22.690* 20.470* 62.240 48.260* 110.500* 

10mM CA 20.750* 20.160* 60.170* 48.170* 108.340* 

Urea 50% 26.340 23.560 65.290 50.570 115.760* 

Urea 50% + 1mM 
CA 

25.820
 

23.720 65.110 50.420 115.530* 

Urea 50% + 5mM 
CA 

24.730
 

22.460 65.070 50.180 115.250 

Urea 50% + 10mM 
CA 

23.460* 21.550 64.210
 

48.360* 112.570 

Urea 100% 27.490* 23.890* 69.340* 52.470* 121.810* 

Urea 100% + 1mM 
CA 

26.170 23.540 67.420* 52.120* 119.540* 

Urea 100% + 5mM 
CA 

25.550 22.140 65.220 51.340* 116.560* 

Urea 100% + 
10mM CA 

25.420 21.310 63.140 49.310 112.450 

L.S.D 1.783 1.245 3.018 1.402 2.361 

 
In table 6 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 50% urea fertilizer caused increase in glucose, sucrose, 
polysaccharides and total carbohydrates content but decreased total soluble 
sugars content. Whereas the interaction of 50% urea with 1mM CA 
decreased sucrose, total soluble sugars and total carbohydrates content but 
increased glucose and polysaccharides contents. Also 50% urea + 5mM CA 
increased glucose, total soluble sugars, total carbohydrates and 
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polysaccharides, and decreased sucrose content. While 50% urea with 
10mM CA decreased these metabolites. 

Treatment with 100% urea fertilizer increased all determined 
carbohydrates fractions. Glucose, sucrose and polysaccharides content also 
increased in response to 100% urea combined with the three different 
concentrations of CA. Total soluble sugars and total carbohydrates also 
increased  with 1mM and decreased with 5mM and 10mM CA mixed with 
100% urea. 

 
Table 6: The effect of two planting dates, different concentrations of 

cinnamic acid (CA) and urea, either alone or in combination, on 
carbohydrates content (mg g 

-1
 dry weight) of Pimpinella  

anisum plants during the flowering stage. 

Date Treatment Glucose Sucrose TSS Polysaccharides 
Total 

carbohydrates 

Control 

Control  32.480 44.400 98.780 45.340 144.120 

1mM CA 31.640 44.210 96.240* 46.210 142.450 

5mM CA 31.070 41.470 95.630* 45.000 140.630 

10mM CA 30.630 40.670* 95.220* 45.810 141.030 

Urea 50% 33.590 45.280 98.320 47.230 145.550 

Urea 50% + 
1mM CA 

33.420 44.230 97.730 46.220 143.950 

Urea 50% + 
5mM CA 

33.000 42.330 96.200* 45.350 141.550 

Urea 50% + 
10mM CA 

31.210 43.520 95.260* 44.620 139.880* 

Urea 100% 40.090* 50.230* 110.470* 50.720* 161.190* 

Urea 100% + 
1mM CA 

38.130* 48.000* 99.620 48.210* 147.830 

Urea 100% + 
5mM CA 

36.730* 45.560 102.540* 47.230 149.770* 

Urea 100% + 
10mM CA 

33.420* 44.850 98.350 45.210 143.560 

L.S.D  2.563 2.177 2.333 2.408 4.450 

Late 

Control  46.180 39.260 86.320 49.820 136.140 

1mM CA 44.250 38.420 86.240 47.360* 133.600 

5mM CA 43.870* 37.540 85.670 47.250* 132.920* 

10mM CA 42.730* 37.160 84.210* 46.220* 130.430* 

Urea 50% 50.470* 43.510* 88.470* 50.270 138.740 

Urea 50% + 
1mM CA 

50.210* 40.720 86.940 49.970 136.910 

Urea 50% + 
5mM CA 

48.760* 39.520 86.240 48.670 134.910 

Urea 50% + 
10mM CA 

48.220* 38.140 85.230 47.090* 132.320* 

Urea 100% 53.740* 42.570* 89.760* 52.470* 142.230* 

Urea 100% + 
1mM CA 

51.080* 41.780 88.340 52.140* 140.480* 

Urea 100% + 
5mM CA 

50.420* 39.780 87.410 50.890 138.300 

Urea 100% + 
10mM CA 

50.040* 38.640 86.080 50.120 136.200 

L.S.D  1.963 2.746 2.077 1.349 3.152 
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Also at the late date of cultivation during the flowering stage, results 
in table 6 show that, comparing to control levels, 1mM, 5mM and 10mM CA 
decreased all the determined carbohydrates fractions. On the other hand 
50% urea increased the determined carbohydrate contents. Meanwhile the 
interaction of 50% urea with the three concentrations of CA increased 
glucose content significantly, whereas 50% urea+ 1mM CA decreased 
sucrose, total soluble sugars, polysaccharides and total carbohydrates. Also 
50% urea+ 5mM led to increase in sucrose and  decrease in total soluble 
sugars, polysaccharides and total carbohydrates content, while the 
combination of 50% urea and 10mM CA decreased sucrose, total soluble 
sugars polysaccharides and total carbohydrates. Regarding 100% urea either 
alone or combined with 1mM CA, an increase in all the determined 
carbohydrates content was detected. Interaction of 5mM and 10mM CA with 
100% urea led to increase in glucose, polysaccharides and total 
carbohydrates content and increased sucrose and total soluble sugars with 
5mM CA combined with 100% urea and decreased in response to 10mM CA 
+ 100% 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, 1997; Nielsen et al., 1998; Paul and Foyer, 2001). N plays an 
important role in synthesis of the plant constituents through the action of 
different enzymes activity and protein synthesis (Jones et al., 1991) 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, 2000). 
Increase the N fertilizer caused a significant increase in the seed yield of 
Mentha arvensis L and Anethum graveolens L. (Munsi, 1992; Randhawa et 
al., 1996 respectively). 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) 
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 (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.).  
Changes in nitrogenous fractions: 

Results presented in table 7 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 1mM 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 50% 
urea either alone or when mixed with the three concentrations of CA. 
However, 100% urea either alone or combined with different CA 
concentrations increased  both ammonia- and amino-N. Amide- N increased 
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with 50% urea either alone or in combination with 1mM CA, and this 
parameter decreased with 5mM and 10mM CA mixed with 50% urea. 
Meanwhile, 100% urea either alone or in addition to 1mM and 5mM CA 
increased amide- N content, while 100% urea+10mM CA caused in amide- N 
content. 
 
Table 7: The effect of two planting dates, different concentrations of 

cinnamic acid (CA) and urea, either alone or in combination, on 
nitrogenous constituents (mg g -1 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  4.330 3.620 0.880 11.370 33.460 22.090 

1mM CA 4.250 3.740 0.820 10.960 32.190* 21.850 

5mM CA 4.070 3.450 0.790 10.230* 31.860* 21.630 

10mM CA 3.920* 3.180 0.740 10.070* 31.420* 21.350 

Urea 50% 4.630* 3.940* 0.920 12.480 35.620* 23.140 

Urea 50% + 1mM CA 4.610* 3.820* 0.890 12.120 35.150 23.030 

Urea 50% + 5mM CA 4.500 3.510 0.850 11.840 34.850 23.010 

Urea 50% + 10mM CA 4.570 3.120 0.790 11.530 34.260 22.730 

Urea 100% 5.140* 4.260* 0.980 12.930* 38.720* 25.790
* 

Urea 100% + 1mM CA 5.060* 4.170* 0.960 12.440 36.450* 24.010
* 

Urea 100% + 5mM CA 4.810* 4.130* 0.970 11.960 36.290* 24.330
* 

Urea 100% + 10mM CA 4.720* 3.910* 0.870 11.650 35.120 23.470 

L.S.D  0.275 0.205 0.311 1.494 1.079 1.236 

Late 

Control  4.650 4.050 0.790 13.480 35.710 22.230 

1mM CA 4.230* 3.920 0.750 11.870 35.160 23.290* 

5mM CA 4.120* 3.730* 0.690* 11.530 33.760* 22.230 

10mM CA 3.080* 3.540* 0.660* 11.370* 33.120* 21.750 

Urea 50% 4.790 4.270* 0.960* 14.420 36.660 22.240 

Urea 50% + 1mM CA 4.630 4.130 0.940* 13.690 35.950 22.260 

Urea 50% + 5mM CA 4.490 4.070 0.910* 12.840 35.850 23.010 

Urea 50% + 10mM CA 4.360* 3.870 0.870* 12.290 35.760 23.470* 

Urea 100% 5.370* 4.570* 1.140* 15.730* 38.970* 23.240
* 

Urea 100% + 1mM CA 5.210* 4.330* 1.080* 13.640 37.450* 23.810
* 

Urea 100% + 5mM CA 4.940* 4.210 0.910* 12.700 36.450 23.750
* 

Urea 100% + 10mM 
CA 

4.800 3.940 0.830 11.080* 35.820 24.740* 

L.S.D  0.187 0.193 0.074 1.985 1.567 0.984 

 
Total soluble- and protein- N increased as a result of treating anise 

plants with 50% urea either alone or in combination with three different CA 
concentrations. On the other hand total- N increased in plants supplied with 
50% urea alone or combined with the different concentrations of CA. 
Fertilization of anise plant with 100% urea alone or combined with the 
different CA concentrations increased total soluble-, total- and protein- N. 

During flowering stage results illustrated in table 8 show that, all the 
determined nitrogenous constituents decreased with the three concentrations 
of CA. Fertilization with 50% urea either alone or combined with the CA used 
concentrations increased all the determined nitrogenous constituents. The 
highest concentration of urea (100%) 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 8: The effect of two planting dates, different concentrations of 
cinnamic acid (CA) and urea, either alone or in combination, 
on nitrogenous constituents (mg g -1 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 5.430 4.320 1.470 13.400 46.310 32.910 

1mM CA 5.370 4.180 1.350* 12.870 46.160 32.290 

5mM CA 4.820* 3.850* 1.330* 12.520 44.820* 32.300 

10mM CA 4.510* 3.470* 1.190* 11.820* 43.980* 32.160 

Urea 50% 5.980 4.690 1.830* 14.560* 50.820* 36.260* 

Urea 50% + 1mM CA 5.930 4.460 1.620* 14.130 49.730* 35.600* 

Urea 50% + 5mM CA 5.470 4.510 1.630* 13.860 48.210* 34.350* 
Urea 50% + 10mM CA 5.120 4.440 1.560 13.420 48.110* 34.690* 

Urea 100% 6.680* 5.230* 1.970* 15.440* 52.960* 37.520* 
Urea 100% + 1mM CA 6.530* 4.870* 1.840* 14.830* 52.790* 37.960* 
Urea 100% + 5mM CA 6.070* 4.730 1.820* 14.540 51.840* 37.300* 
Urea 100% + 10mM CA 5.920 4.420 1.790* 13.920 50.910* 36.990* 

L.S.D 0.621 0.422 0.107 1.217 1.087 1.308 

Late 

Control 6.240 5.520 1.330 15.680 46.890 31.210 

1mM CA 6.050 5.110* 1.280 14.840 45.270 30.430 

5mM CA 5.870* 4.880* 1.160* 14.500 45.310 30.810 

10mM CA 5.290* 4.390* 1.090* 13.770* 44.470 30.700 

Urea 50% 6.940* 5.790 1.560* 17.720* 49.540* 31.820 

Urea 50% + 1mM CA 6.930* 5.760 1.520* 16.430 47.680 31.250 

Urea 50% + 5mM CA 6.460* 5.580 1.470* 16.660 47.320 30.660 
Urea 50% + 10mM CA 6.120 5.540 1.360 15.480 46.940 31.460 

Urea 100% 7.350* 6.270* 1.890* 17.930* 51.280* 33.350* 
Urea 100% + 1mM CA 6.860* 6.070* 1.770* 17.590* 51.190* 33.600* 
Urea 100% + 5mM CA 6.390 5.930* 1.740* 16.820 50.790* 33.970* 
Urea 100% + 10mM CA 6.120 5.610 1.610* 15.850 50.000* 34.15* 

L.S.D 0.207 0.381 0.093 1.618 2.462 1.056 
 

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., 2006). 

 

REFERENCES 
 

Anslow P.A. and  Stratford M.  (2000). Preservative and flavoring system. U. 
S. patent 6,042,861. 

Akbarinia A., Jahanfar D. and Beygifarzad M. (2007). 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 22 (34): 
410-419. 



J. Plant Production,  Mansoura Univ., Vol. 5 (6), June, 2014 

 1035 

Arabaci O. and Bayram E. (2004). The effect of nitrogen fertilization and plant 
densities of some agronomic and technologic characteristics of 
Ocimum basilicum L. (Basil). J. Agron. 3 ,4, 255-262. 

Arnon D.I. (1949). Copper enzymes in isolated chloroplasts: 
Polyphenoloxidase in Beta vulgaris. Plant Physiology, 24: 1- 15. 

Ashraf M., Ali Q. and Iqba Z. (2006). 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 8630 (60): 871-876. 

Cechin I. and Fumis T. (2004). Effect of nitrogen supply on growth and 
photosynthesis of sunflower plants grown in the greenhouse. Plant 
Science. 166:1379 - 1385. 

Chambel A., Viegas C.A. and Sa-Correia I. (1999). Effect of cinnamic acid on 
the growth and on plasma membrane H

+
-ATPase activity of 

Saccharomyces cerevisiae. Int. J. of Food Microbiology. 50:173-179.  
Christensen J.H., Hewitson B., Busuioc A., Chen A. and Gao X. (2007). 

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 847–940. 

Ding  J., Sun Y., Xiao C.L., Shi K., Zhou Y.H. and Yu J.Q. (2007). 
Physiological basis of different allelopathic reactions of cucumber 
and figleaf gourd plants to cinnamic acid. J. Exp. Bot., 58, 3765-
3773. 

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. (2004). Potential for 
internalization, growth, and survival of Salmonella  and Escherichia 
coli O157:H7 in oranges. J. of Food Protection. 67:1578-1584. 

Fujita K. and Kabo I. (2003). Synergism of polygodial and trans-cinnamic acid 
on inhibition of root elongation in lettuce seedling growth bioassays. 
J. Chem. Ecol., 29, 2253-2262. 

Gharakand J. A., Hashemi- majd K., Mosavi S.B., Feiziasl V., Jafarzadeh J., 
karimi E. (2012). Effects of nitrogen application on dry land wheat 
roots and shoot. Greener J. of Agri. Sci. Vol. 2 (5), pp. 188-194. 

Glass A. D. M. (1974). Influence of phenolic acids upon ion uptake. III. 
Inhibition of potassium absorption. J. Exp. Bot. 25:1104-1113. 

Glass A. D. M. and J. Dunlop. (1974). Influence of phenolic acids on ion 
uptake. IV. Depolarization of membrane potentials. Plant Physiol. 
54:855-858. 

Handel E.V. (1968). Direct microdeterminations of sucrose. Anal. Biochem., 
22: 280- 283. 

Haroun S.A., Abbas M.A., Abo-Shoba L.M. and El-Mantawy R.F. (2012). 
effect of planting  date on phenology, productivity and flour quality of 
some wheat cultivars. J.plant production, Mansoura Univ., Vol.3 (4): 
615- 626,2012. 



El Shahaby, O. A. et al. 

 1036 

Hellal F. A., Mahfouz S.A. and Hassan A.S. (2011). Partial substitution of 
mineral nitrogen fertilizer by bio-fertilizer on (Anethum graveolens L.) 
plant. Agri Biol J North Amer 4: 652-660. 

Horvath, G.,Kissimon, J.and Faludi-Daniel, A. (1972).Effect of light intensity 
of carotenoids in normal and mutant leaves.Phytochemistry,11:183- 
187. 

Hussain M.I., Gonza´ lez L. and Reigosa M.J. (2010). Phytotoxic effect of 
allelochemicals and herbicides on photosynthesis, growth and carbon 
isotope discrimination in Lactuca sativa. Allelopathy J., 26, 157–174. 

Ivanova V. and Vassilev A. (2003). Biometric and physiological 
characteristics of Chrysanthemum (Chryanthemum indicum L.) plants 
grown at different rates of nitrogen fertilization. J. Cent. Europ. Agric. 
4: 1-6. 

James D.W. (2010). 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. 
(2005). Fruit yield, size, and colour responses of two Greenhouse 
cucumber types to nitrogen fertilization in perlite soilless culture. 
Horticulture Technology. 15:565. 

Jones I.B., Wolf B. and Milles H.A. (1991). Plant analysis handbook. Macro-
Micro Publishing. Inc. 

Khalid K.A. (1996). 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. (2001). 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. (1999). Analysis of the photosynthetic pigment composition. 
Inernational Workshop and Training Course on Microalgal Biology 
and Biotechnology. Mosonmagyarouar, Hungeria, pp. 13- 26. 

Lawlor D.W. (2002). Carbon and nitrogen assimilation in relation to yield: 
mechanisms are the key to understanding production systems, J. 
Exp. Botany. 53:773 - 787. 

McCrae R. and Costa Jr.  T. (2004). A contemplated revision of the NEO 
Five-Factor Inventory. Personality and Individual Differences 36 
(2004) 587–596. 

Mittler R. (2006). Abiotic stress, the field environment and stress combination. 
Trends Plant Sci 11:15–19. 

Muller-Schwarze, Dietland (2006). Chemical Ecology of Vertebrates. 
Cambridge University Press. pp. 287. 

Munsi P.S. (1992). Nitrogen and phosphors nutrition response in Japanese 
mint cultivation. Acta Hort. 306, 436 - 443. 

Nielsen T.H., Krapp A., Rooper-Shwarzand U. and Stitt M. (1998). 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. 21:443-454. 

Paul M.J and Foyer C.H. (2001). Sink regulation of photosynthesis. J. Exp. 
52:1383-1400. 



J. Plant Production,  Mansoura Univ., Vol. 5 (6), June, 2014 

 1037 

Paul M.J. and Driscoll S.P. (1997). Sugar repression of photosynthesis: The 
role of carbohydrates in signaling nitrogen deficiency through source 
source: sink imbalance. Plant Cell Environ. 20:110-116. 

Puttanna K., Gowwda M.N. and  Rao E.V. (2001). Effects of application of N 
fertilizers and nitrification inhibitors on dry matter and essential oil 
yields of Java citronella (Cymbopogon winterianus). J. Agric. Sci. 
136: 427-431. 

Ramteke A. A. and Shirgave P. D. (2012). Study of germination effect of 
fertilizers like urea NPK and biozyme on some vegetable plants  J. 
Nat. Prod. Plant Resour., 2 (2):328-333. 

Randhawa G.S., Gill B.S., Saini S.S. and Singh, J. (1996). Effect of plant 
spacing and nitrogen levels on the seed yield of dill seed (Anethum 
graveolens L.). Acta Hort. 426, 623 - 628. 

Reigosa M.J., Pedrol N. and Gonzalez L. (2006). Allelopathy: A physiological 
process with ecological implications pp: 299-330 SAS, 1997. 
SAS/STAT User’s Guide, Version 6.12. SAS Institute, Cary, NC. 
USA. 

Silva J.A. and Uchida R. (2000). 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. (2013). Phytotoxic Effects of Cinnamic 
Acid on Cabbage (Brassica oleracea var. capitata) Journal of Stress 
Physiology & Biochemistry, Vol. 9 No. 2 2013, pp. 307-317. 

Stanev V. (1984). 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. 159-171. 

Thayermanavan V. and Sadasivam S. (1984). Qual Plant Foods Hum Nutr., 
34: 53- 257. In: Biochemical methods, 2nd edition (Sadasivam, S. 
and Manickam, A. eds.). New ag. Inter. Limit. Publ. New Delhi, India, 
pp. 11- 12. 

Tillberg J. (1970). Effects of abscisic acid, salicyclic acid and transcinnamic 
acid on phosphate uptake, ATP-level, and oxygen evolution in 
scenedesmus. Physiol. Plant. 23:647-653. 

Van Sumere C. F., Cottenie J., De Greef J. and Kint J. (1972). Biochemical 
stu0dies 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. 165-221. 

Vaughan D. and Ord B.G. (1991). 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. 399-421. 

Yamori  W., Hikosaka K. and Danielle A. (2013). Temperature response of 
photosynthesis in C3, C4, and CAM plants: temperature acclimation 
and temperature adaptation. Photosynth. Res. DOI 10.1007/s11120-
013-9874-6. 



El Shahaby, O. A. et al. 

 1038 

Yao  J. (2007). Defect allelopathy of the processed tomato and research 
physiological speciality. Xinjiang Agricultural University. 

Ye S.F., Yu J.Q., Peng Y.H., Zheng J.H. and Zou L.Y. (2004). Incidence of 
Fusarium wilt in Cucumis sativus L. is promoted by cinnamic acid, an 
autotoxin in root exudates. Plant Soil., 263, 143–150. 

Yemm E.W. and Willis A.J. (1954). The estimation of carbohydrates by 
anthrone. Biochem. J., 57: 508- 514. 

Yemm E.W. and Willis A.J. (1956). The respiration of barely plants. IX. The 
metabolism of roots during the assimilation of nitrogen. New 
Phytologist, 55: 229- 252. 

Younis, M.E., Hasaneen, M.N.A., Ahmed, A.R. and El-Bialy, D.M.A. (2008). 
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., 2: 83- 
95. 

Zheljazkov V. and Margina A. (1996). Effect of nitrogen doses of fertilizer 
application on quantitative and qualitqtive characters of mint. Acta 
Hort. 426, 579 – 592. 

 

تأثير تاريخ الزراعة، حمض السيناميك و السماد النيتروجينى على نمو وأيض نباا  
 الينسون

 و سااااام  أبااااو ال اساااا  أبااااو حامااااد  ،سااااامية علااااى  ااااارون  ،عماااار عبااااد الساااامي  ال اااا اب 
 ري ا  عبد الله  مس الدين

 مصر -المنصورة –جامعة المنصورة  –كلية العلو   –قس  النبا  
 

 ةنم  تتت  ةنمدتتتت   ناعة تتتت  فتتتًتجتتتعنتٌ  م تيتت تٌ ه ا تتت  م   فتتتًتمتتز اعة تتتن ةنٌ  تتت   
 ا ز مد م ن  ن ز ةنٌ     نت نتعيٌاةز ةنمخت تتن مت   متس ةن تٌ  مٌ  خع.   م    متأ فً ةلأخعى 

 –  ت  طت ل ةن -ع) طت ل ةنجت  ن  نت ز لاز ةن مت  ةنمخت تتنةيل    فًإنى  قص  خلال مع  تً ةن م 
  قيت  يت ن  نت     هةنضت نطن دٌ  زن ا  ةنج ف( ن نمق ع ن ن نةن ا  ةنط اج   ة – م   ن ةن عقن

ب ه ي  ع فٌل ا+ب ) ي  ع فٌل ا ه  ي  ع فٌل  ةنض ئًةنن  ء  ين  ةنمي   ز ةن  نٌن لأ فً مد  ي
م تتت ى ةنيعن  ٌتت عةز )ةنج  يتت اه  فتتً ةختتتاةلاٌضتت   تت   ه   ةنم تتت ى ةنيتتن ى( ه ةني ع تٌ تت ز
 م تتت ى فتتً قتتص  إنتتى ا ى ةنم تتت ى ةني تتى ن يعن  ٌتت عةز( يمتت    تتيعٌ ز ةند ٌتت  ةن تتيع اه ةن

نم تت ى )ةلام  ٌ ه ةلامٌ  ه ةلامٌت ه ةنم تتى ةن ٌتع جٌ تى ةنت ةئب  ةننتع تٌ   ة ةنمعين ز ةن ٌتع جٌ ٌ 
نٌ مت  . (     مق ع تهت  ن ندٌ ت ز ةنضت نطن   نت  ختلال م  ت ي ةناعة تن ةنمخت تتٌ ىةن ٌتع جٌ ى ةني 
لاز ةن م ه ةنمي   ز ةإنى اٌ    يل   %(055 -% 05ةنم تخ مٌ  ) ةنٌ عٌ  ايتعيٌ ا ز مد ملاز

عن  ٌ عةز   ةنم تت ى ةن ٌتع جٌ تى   نت    ت  ة تتخ ة  ةنن  ء ةنض ئًه م ت ى ةني ين  ةن  نٌن لأ
ةنٌ عٌ  م تع   ا  مع ةنتعيٌتاةز ةنمخت تتن مت   متس ةن تٌ  مٌ ه متع ةلأخت  فتً ةلا تنت ع ا  ةنٌ عٌت  

  ز افضل.  مم  تج ع ةلإش ع  إنٌ  ا  جمٌع ةن ت ئج ي  ز افضل فً   نتن اعة تن ةنٌ  ت   م تع   ي
 فً م   ه    اعة ت  فً ةنم    ةنمتأخع.

 


