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ABSTRACT

Two field experiments were conducted, to determine the effect of planting
anise plant on late date (Y oth Dec.) in addition to the control date (Y oth 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
(YmM, emM and '-mM) 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 (¢+7 and Y« %) especially ‘7,
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 (Y++ 7).

Cinnamic acid (Y-Pheynl-Y-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 (¥+ mg/L) cinnamic acid has been reported to have a
flowery or cinnamon type flavor (Chambel et al., Y449%; Anslow and Stradford,
Y+++; Eblen et al., Y++¢). Cinnamic acid was shown to inhibit the uptake of
phosphate and potassium ions by barley roots (Glass, 4Y¢). Some studies
point to cinnamic acid as being an uncoupler of oxidative phosphorylation
(Van Sumere et al., Y4VY), 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, Y4V+).
Glass and Dunlop (Y4Y¢) 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, Y+ V). Singh et al, (Y:1Y) reported that at +,°, ),+ and
Y, 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 ¢A 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, Y:):). Urea was reported to
increase the length, fresh mass and dry mass of the shoots and roots of
wheat plant (Gharakand et al.; Y+«)Y). 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, Y:)Y). Younis et al, Y+«+A 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.; Y+:+V). Temperature limits plant
growth and is also a major determining factor in the distribution of plants
across different environments (Mittler Y- +1). 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.; Y:)¥). Haroun et al.
(Y+YY) conducted a field experiment to determine the effect of two planting
dates; early (Yoth Oct.) and late (Yoth Dec.) in addition to the control planted
at Y-th 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 (Y:th Nov) surpassed the other sowing dates in all yield studied
parameters and flour quality. However, late sowing date ()°th 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 ("mM, emM
and Y+mM) and / or two different concentrations of urea fertilizer (¢+7% and
Y+ +7) of the recommended dose during a different planting late date (Y° Dec)
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and control one (Y° 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 Y:))) and late date
(December Y:)Y). The experiments were carried in clay: sandy soil (Y:))
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 (YmM, emM and ):mM) and two levels of
urea fertilizer were chosen [¢+7Z urea (.Y g/pot) and ‘Y++7Z ().¢ g/pot)]
according to the recommended dose for anise crop which is Y.+ Kg/fed;
according to the announcement of Ministry of Agriculture of Egypt.

In the two experiments, ¢© and YYe days old samples were collected
as a vegetative and flowering stages referring to stage | and Il 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 (Y%¢%) for
chlorophylls and Horvath et al., (Y4YY) for carotenoids as adopted by
Kissimon (Y4449).

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 (Y42¢) and Handel (Y41A). The method
used for estimation of polysaccharides in the present study was that of
Thayumanavan and Sadasivam ()3A¢).

Estimation of nitrogenous constituents:

The method used in this investigation was essentially that adopted by
Yemm and Willis (Y421). 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 ¥+ 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 A-oC for Y° 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 < +,:° was carried out by using CoHort/
CoStat statistical software version display ANOVA (Y44 lighthouse Ave. PMB
Y'Y+, Monterey, CA, i¥4¢. USA) ( McCrae and Costa, Y+ ¢).

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 YmM, emM and Y+mM
cinnamic acid, but it increased with ©+7% and :+7 urea fertilizer. Also the
interaction between cinnamic acid (°*mM and Y +mM) and urea (¢+7 and Y+ +7)
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 Y). Anise leaf area and fresh and dry masses in
general, decreased with the three concentrations of CA. Whereas °-7 and
V+ 7 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 V: 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"), length of shoot (cm plant"),
fresh mass (g plant™), dry mass (g plant’) and leaf area (cm’ plant ™) of
Pimpinella anisum plants during vegetative stage.

Shoot Root Leaf Fresh Dry
Date Treatment
Length Length area mass mass
Control Vo0 Y, Y,YYe £,YVY CUTA
'\mM CA VYo enn Y,Yo. Y,YVY Y,av\* ., 80
°mM CA 4,00 0% Y,40 0% V,4%0% ¥,EV Y ETYR
\+mMCA Ajfo* Y,Voux 1,aYV* ¥, vY* .,EVox
Urea °+ /. Yo,V Y,Vou Y,EY. £,YYo LIV
Urea ©+/ + YmM CA Ve, N0 Y,¢04 Y,YVYA Y, aYv* LLOEAK
Control Urea °+7/ + °mM CA q,80.% Y,00. Y,VAY Y,0EA* L EAVE
Urea °:7 + ) mMCA AAox Y,q0.% Y, 08 Y, YA L, Yars
Urea )+ 7 Y, e £,Yo. Y 00 % €677 ©TAY
Urea )7+ 'mM CA VoY )k Y,y £, yot YD)
Urea )7+ °mM CA 9,70.% Y,00. YN eY £,01Y .,04%
Urea )++/ + '+mM CA 9,0) ¥ Y,ies Y,0YA Y, IOk L EVVE
L.S.D AV LEVY LY et LYY BERE
Control 4,004 Y,Yo. Y, ey YLAVY LTEY
YmM CA q,V0. Y,40.% Y,YAEx ¥,0¢Y v, ovV
°mM CA A AO K Y Ak Y, ATE Y, vTE LEVE
)+ mM CA ANou* Y,Youx V1,4V ¥,k L
Urea ©+/ Ye,00 Y,00.% Y,01Y £, LV A
Urea ©+7Z + YmM CA q,Ye. ¥,\0. Y,EYA ¥,a1¢ BEEE
Late Urea 7 + emM CA q,V0. Yoo ek Y, YIrE ¥,lo¥ Y
Urea °+7 + ) mM CA A Y,90 0% Y, ) evE YLV AX L OAT*
Urea )% Yo, Vo uk Y,Vo % Y,VYAX £,YY . Rz
Urea )+ + YmMCA Vo, nee Yok Y,06) £,)q0% AN
Urea )7 + °mM CA 4,80, Y,\0. Y,évo Y, AAY R
Urea ):+Z+ ) mMCA 4,Y s Y A0 % Y,¥YY Y,YTvE 090
L.S.D vy LYY REE L YAA oy
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At flowering stage the results in table Y show that, all the different
concentrations of cinnamic acid decreased the shoot length of anise plants.
Meanwhile ©+7 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 Y::7 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 ¢+ % urea fertilizer either alone or combined with
the three CA concentrations decreased root length and increased with Y+ %
urea fertilizer, whereas its combination with the different concentrations of CA
decreased root length, as compared to control values.

Table ¥: 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™), length of shoot
(cm plant™), fresh mass (g plant™), dry mass (g plant™) and leaf
area (cmv plant ') of Pimpinella anisum plants during flowering

stage.

Shoot Root Leaf Fresh Dry

Date Treatment
Length Length area mass mass
Control Yé, Vo 0,804 £,YV) T,Yey V,0¢n
YmM CA YY,\0ux £,90 0k VA T ), ¥oux
°mM CA Yy,Veux §,600% £,YVe LYY 1, YVY
Y+ mM CA Y4,80 0% £ 00K Y, a8 £,k © AAOK
Urea ©+7 Ye,¥o. o,V e R q,6v¢ ),04Y
Urea 7 + YmM CA Yé, 00 £,40. £,090 TLYYA V, A1
Control Urea +7Z + °emM CA Y, 0% £,90 0% £,Y1Y TLIvE V,0Y.
Urea °+/. + )+ mM CA YY,Yo. Ak £,07¢ 1,00 ),V 40%
Urea )/ Yo,v 0,10 £,Yv1 1LyYN Y, Vv
Urea ) +/ + YmM CA YY,40. °,You £, YAY T, EA Y, AY £%
Urea )7 + °mM CA YY,q0 0% o,Yo. £,YYY 1,Yo0 V,YVe
Urea ) +/ +)+mM CA YY, Mok R YLYTx °,4A¢ Y,Yq0%
L.S.D Y,V 64 .,089 YA ©,00A VAT
Control YV,0u £,900 £,040 o,¥¢Y V,4A¢
YmM CA Yo,00.% £,00 % YO AET* o, Yix ), 00r*
°mM CA Yo,)0. % £,Y0. % Y,08Y* o, \Y* V¥ AR
Y+mM CA XY, ok Y,Voux Y, Evx £, E0NF YV, )Y
Urea ©+7/. YV,40. o,V v £,YV¢ o,VY\* Y)Y
Urea °+7 + YmM CA YV,You £,00.% £,0Y1 0,0V¢ Y, )¢
Late Urea °+/ + °mM CA Y1,00 ¢,M0. §,00Y o,YAY VA0 %
Urea °+/ + Y+ mM CA Yo,04 4k £,00 0% Y ATEX £,4VY* V,088%
Urea )/ A o,V0. £,YYva% LY EAX Y,YYx
Urea ) +/ + 'mM CA YV,40. 0, ) s £,Y17* T, e Y, )40
Urea V' +/ + °mM CA Y1,80. £,A £,000 0,8YY Y, .8V
Urea):+/Z + Y+mM CA Yo,00 0% £, Y, 407 °,\)1 1,9¢Y
L.S.D Y, 0V LYYA eV LYY SRR

Leaf area of anise plant decreased on treating with YmM, emM and
Y+ mM CA but increased with ©+7 urea, whereas its interaction with different
concentrations of CA decreased leaf area. On the other hand, ‘:+7 urea
either alone or in combination with YmM CA caused increase in leaf area
while its combination with CA decreased leaf area at °mM and ) mM CA.
Fresh mass, decreased in case of YmM, emM and +mM CA concentration.
Meanwhile ©+7 urea fertilizer either alone or in combination with YmM CA
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caused increase in fresh mass, while its combination with emM and Y+mM
CA led to decrease in fresh mass. Also V-7 urea fertilizer either alone or
combined with YmM and °mM CA increased fresh mass while Y-mM CA
decreased it. The dry mass of plants treated with different concentrations of
CA decreased with the three concentrations of CA. The -7 urea-fed plants
showed increase in dry mass, whereas ©:7 urea combined with all CA
concentrations decreased this parameter. Treatment with Y« 7 urea alone or
in combination with YmM CA increased dry mass, while its combination with
°mM and ) +mM 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., Y+)+). Similar results were observed by Ye et al.,, Y++¢ on
Cucumis sativus L. The CA (+,°-+,Y2 mM) has been shown to cause
oxidative stress in cucumber roots (Ding et al, Y-::V). Altered root
morphology in Pisum sativum (Vaughan and Ord, Y4%)). Trans- cinnamic acid
inhibited the root elongation of Lactuca sativa (Fujita and Kabo, Y-::Y).
Likewise, Ding et al. (Y++V) 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.; Y+Y).
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, Y+Y). In support of the
present observations, Puttanna et al., (Y+:)) 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., Y+ +°) 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,
Y+ +Y). 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, Y« : £).
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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 YmM, emM and Y:mM CA. In °-7 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 ©:7 urea fertilizer and
YmM 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 °mM CA and ©+7 urea caused decrease in chlorophyll a,
chlorophyll b, total chlorophylls (chl a+ chl b), carotenoids and total pigments.
Also Y*mM CA mixed with ¢+7 urea caused decrease in chlorophyll a,
chlorophyll b, total chlorophylls, carotenoids and total pigments content
during the control date of cultivation (Table ).

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

Date Treatment Chl a Chlb Chla+b Cars _Total
pigments

Control 0,AA Y,e9. 4,YV. Y01 AR -2 e

YmM CA 5,70, YAY. ANVY Y,AA Y),10.

°mM CA 0,1V, Y,V AV Y,VY. D

Y+mM CA £,)00% Y ATk Vo) ok Y NA K EERE

Urea o/ 0,47 Y,0M 4,06 Y,Yo. VY,A4

Urea ¢/ + YmM CA o,YA Y,00 q,Y4. Y,YY. VY, EA

Control Urea °+/ + °mM CA o,VY. Y6 9,01 Y,V YY,YY .
Urea ¢/ + Y mM CA £,AY o Y01 V,34.% Y,4aY. Ye,d)

Urea ) +/. 0,4, £,Y) YT ¥,V VY, A
Urea )+ '/ + 'mM CA °,VY. £Fx q,AT. YLEY. VY, YA

Urea )/ + °mM CA REE Y AN q,0v. YV, YY,AV.
Urea):+/ +Y+mM CA o, Ve ¥,)0. AYY . Y,4¢. VY,

L.SD AAE 1o Y,Yvo +,04. Y,VY1

Control £,4Y. Y,V V,Yé Y,YY. 4,8V

'mM CA £,6%. Y,\0. L, Y,V AAG

°mM CA L YT x vk Y,Vo. AYAS

Y+mM CA TLFA K Y, Vw 0,80 % YV, AA K V,YY K

Urea ©+/ £,47, Y,EY Y,¥A Y,Y. 9,76

Urea °+/ + ‘mM CA £,09, Y,V T,V Y,' . 4.V,

Late Urea o+Z+°mMCA | &.vax | vooux [ 5,0vex L A8
Urea °+/ + ) mM CA YOYA K Y,30.% o,YY * Y, A9 % VLYY *

Urea )7 0,44 Y, e V,00. Y,You A

Urea): '/ + YmM CA 2D Y,YA- 1,349, Y,V ERRD
Urea )+ +/Z + °mM CA YLAY K Y, Yok o,A0 W * Y, 0. VAT K

Urea ):+/ +)Y+mM CA Y,00% V,40% 0,04 4% V,4%. V, 6%

L.S.D V08 NEEVN LYY LYY y,vay

Plants supplied with Y++«7Z urea fertilizer at the control date of
cultivation showed increase in chlorophyll a, chlorophyll b, total chlorophylls,
carotenoids and total pigments. The interaction of :+7 urea with YmM CA
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caused decrease in chlorophyll a and increase in chlorophyll b, total
chlorophylls, carotenoids and total pigments. The application of °emM CA with
V++7 urea decreased chlorophyll a and carotenoids, but increased chlorophyll
b, total chlorophylls and total pigments content. Meanwhile, combination of
Ve+Z urea and Y'mM 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 YmM, emM and Y+-mM CA. The
application of -7 urea fertilizer caused increase in chlorophyll a, chlorophyll
b, total chlorophylls, carotenoinds and total pigments. 7 urea + YmM CA
caused decrease in chlorophyll a, chlorophyll b, total chlorophylls (chl a+ chl
b), and total pigments and increase in carotenoids. Whereas, interaction of
°mM CA as well as with \*mM CA and °-/ urea decreased chlorophyll a,
chlorophyll b, carotenoids, total chlorophylls and total pigments. Y:+7 urea
fertilizer caused increase in chlorophyll a, chlorophyll b, total chlorophylls (chl
a+ chl b), carotenoids and total pigments. Combination of :+7 urea with
YmM, °emM or Y +mM CA resulted in decrease in chlorophyll a, chlorophyll b,
total chlorophylls (chl a+ chl b), carotenoids and total pigments (Table £).

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

Date Treatment Chl a Chl b Chla+b Cars Total pigments
Control £,9%. Y,r . AN Y,YY. 9,6V
‘mM CA £,67 Y, 0. LY. Y,Y¢ A,A0
°mM CA ¥, 0% YT A Y,\0. AV A
\mM CA YAk Y,V 0,804 YV AN K Rz
Urea©+/ £,47. Y, 6V, VYA YY1 9,74,
Urea°+7Z + YmM CA £,04. YAV T,V YT 9,0V

Control Urea °+/ + °mM CA £,V Yoo T, V% Y, Y- IR
Urea®+/Z + ) mM CA YoFA K 1,400k o,¥Y . * V,AQ 0k VLYY ok
Urea )+ 7/ 0,44 Y, 60, v,00. Y,You A
Urea )++Z + YmM CA £,¥) Y,YA. 1,44, YV .
Urea )++/Z + emM CA YLAY oK A\ 0,A0 Kk Y, 00 VAT K
Urea)++Z +)+mMCA Y,00.% V,90.% 0,04 4% Y,47. VLT ok
L.S.D V,08Y RRYN LYY LYY ),vay
Control AN 1,47 £,0A0 1,30, 1,07
‘mM CA Y, 84, VA0 £,7¢. VAT 1LY
°mM CA Y,EY V,AY £,Y0uk A TN
' *mM CA V,00 0% Y,V x TLYY V,Vo. YR
Urea ©+/ Y,V Y, £,VE 1,449, LYY
Urea 7 + YmM CA Y,00. YA e VAV LYV

Late Urea °+/ + °mM CA Y,e0. VAT EYAK W 1A
Urea ¢/ +)+mM CA 1,47 Y,V ¥,14.0% V, Mgk o,YY.x
Urea )7/ YA Y,V £,Yo. Y, 00 LA
Urea )++7Z + YmM CA AFCAN V,40 . £,87 1,340 LY
Urea )+ +Z + emM CA Y, 66 VLAY £,YV VLAY T,04.
Urea V7 + ) mM CA Y, Ve y,Veu TLAY ¥ VA 0,1Y %
L.S.D .04 LYY ., Yay VoA .,1re

Ve YA
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Data in tables Y and ¢ 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., Y++1). 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, Y%A¢; Ivanova and Vassilev,
Your).

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,. Y44)) 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 (Y437, Y++1) on
some Apiaceae and Nigella sativa L. plants; Ashraf et al. (Y:+1) on cumin;
Akbarinia et al. (Y++Y) on coriander; Hellal et al. (Y+)Y) 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 YmM, emM and
Y+mM CA. But increased by ©:% or )+:7 urea or their combination with
different CA concentrations. Also different concentrations of CA led to
decrease in these parameters. Meanwhile applying ©+7 urea to anise plants
either alone or in combination with YmM CA increased glucose, sucrose, total
soluble sugars, polysaccharides and total carbohydrates (Table °).

On the other hand, °mM CA+ °.7 urea decreased glucose and
sucrose and increased total soluble sugars, polysaccharides and total
carbohydrates, whereas Y'mM CA with ©+7Z urea decreased glucose,
sucrose, total soluble sugars, polysaccharides and total carbohydrates.
Fertilization by Y::7Z wurea caused increase in all the determined
carbohydrates content. Also Y::7 urea and YmM CA increased glucose,
sucrose, total soluble sugars, polysaccharides and total carbohydrates,
whereas ):+7 urea+ °mM CA increased all the determined carbohydrates
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content except for sucrose content which decreased. Regarding the
interaction of Y++7% urea and Y'mM CA a decrease in all the determined
carbohydrates was detected.

Table ¢: The effect of two plantimg dates, different concentrations of
cinnamic acid (CA) and urea, either alone or in combination, on
carbohydrates content (mg g a dry weight) of Pimpinella
anisum plants during the vegetative stage.

. Total
Date Treatment Glucose | Sucrose TSS |Polysaccharides
Y carbohydrates
Control Y,V FY,YY . Y, A £e,VY 111,47
YmM CA YV, YA YA,AY % VA, vEn £ rY. V1T,V
SmM CA YAV YA, £.% TN, ek YA,V YT,V ek
Y mM CA Ya)o.x YA A K Y, YV * Vo,Ad* AT
Urea ©+7/ YY,YA. YANY % AY, 0 o% £Y,AQ 0% VYO, Ve
Ry, \
Urea °:7 + YmM YY, Y FO,AYE AY, Y€ o LY,V ok VYE,98
CA
Ry, )
Urea °+7 + emM YY, V0. ¥o,q. ok A, Yook LY, Yk YYY,NY o
CA
O/ 4\
Control | Urea -7 +1:mM Y, Ve, EYx VAT £,k [RET "
CA
Urea ) -/ Yo,V % £V AL, Y. A YEY, Y. ox
Yl 1)
Urea s -7+ mM |\, ¢ S,V ek 4¢,)0.% SY,TY ok VEY, VYo
CA
Yoo/ 4+ 0
Urea s -Z+omM |\ FALYY * AT, A o AL VEu,q8
CA
Yo+ s
Urea oo Z+VmM |y, oq s FA, Ak Y, V0. S1,TF VFA, EA K
CA
LSD Y,our Y,arT YNTY Y, ov ¥,1a1
Control Yo,0f. YY,0n 17, YY . £9,AY . VY,
YmM CA YY, e % RLE TY,0ts A0, EEREDR
°mM CA YY,19.% Y., eV Y, Y A YT K VY 0,00 %
Y*mM CA Yo vo.x Yo Tex TV ek ANV YA T E K
Urea o7 YA,res Yv,on. <o, v4. FNSYA YYo,vt.*
/)
Urea °+7 +YmM Yo,AY . YY,VY . 16,1+ T Vyo,of
CA
Ry, °
Urea ©7 + °mM Yi,vY. YY,e1. 10,0V S\ A YYe,Yeu
CA
Ry, '
Late Urea ©+7 + ) +mM V¥, £ Yy,00. LPRIN SA, TR VYY,0v
CA
Urea ) +/. YV, £9.% YY AR x A, vE ek oY, Ev.x VYV, A %
Y
Urea )+ 7+ YmM YT,V YY,08. TV, EY ok oY,V Y x VV4,0¢
CA
Y
Urea 7+ emM Yo,00. Yy, ¢ "0,YY. 0, YE .k YYT,0
CA
Urea):-Z+VmM | ITRIR LAY £4,71. RRRTS
CA
LS.D YVAY y,véo YA V,EY TR

In table 1 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 ©+7Z urea fertilizer caused increase in glucose, sucrose,
polysaccharides and total carbohydrates content but decreased total soluble
sugars content. Whereas the interaction of ©+7 urea with YmM CA decreased
sucrose, total soluble sugars and total carbohydrates content but increased
glucose and polysaccharides contents. Also ©+7 urea + °mM CA increased
glucose, total soluble sugars, total carbohydrates and polysaccharides, and
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decreased sucrose content. While ©+7 urea with Y +*mM CA decreased these
metabolites.

Treatment with Y++7Z urea fertilizer increased all determined
carbohydrates fractions. Glucose, sucrose and polysaccharides content also
increased in response to ‘::7Z urea combined with the three different
concentrations of CA. Total soluble sugars and total carbohydrates also
increased with YmM and decreased with emM and Y+mM CA mixed with
\«+/ urea.

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

. Total
Date Treatment Glucose | Sucrose TSS |Polysaccharides
carbohydrates
Control Y, A FEIFINN TAVA fo,vi YEENT.
YmM CA e TEYY. | A view LT Vi, o
omM CA Y,V £),6v. | qoar.* Y Yeoavr.
Y-mM CA Yoar. 2 YRR TR YEY, v
Urea o/ ¥v,04. To,YA- AT AT Yio,00.
0.7
%JéweGCA A ey TR av, VY. £1,YY. VY90,
XY,
Eéwel\?/llCA LR BT AR LT B CI TRy Vvey,00.
0.7
Control l‘JremaMCA/' HEEIREE $¥,0Y. | d0,Y1.% £5,17. VFDLAA
Urea )+ 7. To, 8% | 00 XTeF [ Ve, Ever S LYY RIRERG
Y
%Jr;el\iCA ol Ao | taeer | aa,ar. EAYY oK VEV, AT
Y
tjr:']el\aCA Lo+ FALVF K £0,0%. YaY,08 0% £V,YY. VEQ,VVx
Y
l\JremaM CA o vrever | geaes | aare. 2,71, VET,0n.
LSD Yoy YAV YTy YioA t,i0t
Control TRYY F4,Y1. | ALTY. £9,AY. TN
YmM CA TRLE YA EY. | AT,YE R T
omM CA TY,AVF | TV,e8. | Ao,ave TV, Yo% YYY,AY o
Y-mM CA EYNT o | TV | ALY F EN,TY x YW Er
Urea o/ SLEVex | ET,00 x| AN EV.R S YV YYAVE
XY,
%Jr;el\iCA s B P TN £9,9Y. 1¥L,A0
0.7
gr:]el\iCA oH avner | vasev. AT Y £ALTY Y¥E,AY .
0.7
Late l\Jr;aM CA/. Floaaxrer | vae. AS,YY. £V, 9.% VPV, Yk
Urea )7 OY,VEx | EY,0V.% | Ad,vu.% oY, eV % VEY,YY
Yo
%Jr;el\iCA S B TR ALY oY) € ¥ VEo EAK
Yo
EéwelaCA EoHl e ever | ovavae | oavier. o, AR VEAT
Yo
&JreaM CA EoH sl ieee | ovange | AT A oY, VFTLY
‘m
LS.D Y,anr CRZE Y,V T vov
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Also at the late date of cultivation during the flowering stage, results
in table 1 show that, comparing to control levels, YmM, emM and Y+mM CA
decreased all the determined carbohydrates fractions. On the other hand © 7
urea increased the determined carbohydrate contents. Meanwhile the
interaction of ¢+7 urea with the three concentrations of CA increased glucose
content significantly, whereas ©+7 urea+ YmM CA decreased sucrose, total
soluble sugars, polysaccharides and total carbohydrates. Also ¢:7 urea+
°mM led to increase in sucrose and decrease in total soluble sugars,
polysaccharides and total carbohydrates content, while the combination of
.7/ urea and ‘Y'mM CA decreased sucrose, total soluble sugars
polysaccharides and total carbohydrates. Regarding '+’ urea either alone
or combined with YmM CA, an increase in all the determined carbohydrates
content was detected. Interaction of °mM and Y +*mM CA with )+ +7 urea led to
increase in glucose, polysaccharides and total carbohydrates content and
increased sucrose and total soluble sugars with °emM CA combined with Y« +7
urea and decreased in response to Y *mM CA + )+ +7 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, Y44Y; Nielsen et al.,, Y49A; Paul and Foyer, Y«+)). N plays an
important role in synthesis of the plant constituents through the action of
different enzymes activity and protein synthesis (Jones et al., Y34)) 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, Y- :+).
Increase the N fertilizer caused a significant increase in the seed yield of
Mentha arvensis L and Anethum graveolens L. (Munsi, Y42Y; Randhawa et
al., Y447 respectively). N fertilization increased the vegetative growth,
essential oil, fixed oil, total carbohydrates, soluble sugars and NPK content of
Nigella sativa L. plants (Khalid, Y:+)). Zheljazkov and Margina ()431)
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 (Y- +¢) found that N fertilizer increased the amount of
green herb vyield, drug herb vyield, drug leaves, essential oil (% & yield) of
basil (Ocimum basilicum L.).

Changes in nitrogenous fractions:

Results presented in table ¥ 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 YmM 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 °+7%
urea either alone or when mixed with the three concentrations of CA.
However, Y:+«Z urea either alone or combined with different CA
concentrations increased both ammonia- and amino-N. Amide- N increased
with ©+«7 urea either alone or in combination with YmM CA, and this
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parameter decreased with emM and Y'mM CA mixed with ©+7 urea.
Meanwhile, Y++7 urea either alone or in addition to YmM and °mM CA
increased amide- N content, while Y+ +7 urea+)+mM CA caused in amide- N
content.

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

Date Treatment Ammonia| Amino | Amide sgloutg:e 'Total P_'rotein
N N. N. N nitrogen | nitrogen
Control £,FY. Y,AY. GAAS VY, ¥V YY, e YY, 4.
YmM CA £,Yo. Y,VE. LAY Ve, TY, 905 YY,A0.
°mM CA £,V Y,i0. D )XYk TV, AN K YV,
Y« mM CA Y,AY % YA LY Yo,V ek TV, EY x Yy,Yo.
Urea °+/ £ x Y,a80% LAY, VY, EA Yo, Y x YY) e
Urea °+7 + YmM CA £, 0% YLAY A VY,V Yo,\0. YY, ¥
Control  |Urea °+/ + emM CA £,00 0 Y00 ACH VY, AE Ye,A0 YY)
Urea 7/ + ) +mM CA £,0V. YAY. D V),o% . Y, Y. YY,VY.
Urea \+ /. 0,18k £,Y1.% AA VY, ATk YAVY x Yo,va.
Urea '/ + 'mM CA 0, ¥ £V k BERD VY, 68 T, E0.0% Yé, 00
Urea '/ + °mM CA LAY X £V x AV, 1),47. LR ER YE,YY.
Urea )+ 7 +)+mM CA £,VYx Y,a) 0% AV V),10. Yo,\Y. XY,V
L.S.D ., Yve Yo RN V,69¢ Y, V4 ),YT
Control £,10. £,004 DAL VY, EA Yo,vy. YY,YY.
YmM CA §YYx Y,aY. Vo VY, AV Yo, YY,Ya.x
°mM CA £, % YLV x R V),oF . YY,V Lk YY,YY.
Y« mM CA Y, Ak Y08 % R VYTV K FYNYx YY,Vo.
Urea©°:7/ £,V £,YV % R VE,6Y ¥, YY,VE
Urea °+/ + YmM CA £,17 £, AEx RS Yo,40. YY, Y.
Late Urea ©+7 + emM CA £, £,0V ) VY,AE Yo,A0. YY, o).
Urea °+/ + Y +mM CA R YAV LAY VY, Y4 Yo,V YY, eV %
Urea \* /. o,YV . £,0V % Y,V 8k Yo, VY .k YAV x YT,V
Urea )/ + YmM CA 0,Y) £ PV x VY, Ak VY,TE YV, E0.% YY,A) .
Urea )/ + °mM CA £,98.0% 7). LAY VY,V YA,60. YY,Ve.
Urea )/ +)+mM CA A Y,a¢. LAY VY, oAk Yo,AY . YE,VEox
L.SD A LAY v V,4A0 y,0nv ©LAAE

Total soluble- and protein- N increased as a result of treating anise
plants with ¢+7 urea either alone or in combination with three different CA
concentrations. On the other hand total- N increased in plants supplied with
°.7 urea alone or combined with the different concentrations of CA.
Fertilization of anise plant with - +7 urea alone or combined with the different
CA concentrations increased total soluble-, total- and protein- N.

During flowering stage results illustrated in table A show that, all the
determined nitrogenous constituents decreased with the three concentrations
of CA. Fertilization with ©+7 urea either alone or combined with the CA used
concentrations increased all the determined nitrogenous constituents. The
highest concentration of urea ():+7) 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 A: The effect of two planting dates, different concentrations of
cinnamic acid (CA) and urea, either alone or in combination,
on nitrogenous constituents (mg g -\ dry weight) of Pimpinella
anisum plants during the flowering stage.

. . . Total :
Ammonia| Amino | Amide Total Protein
Date Treatment soluble | . .
N N. N. N nitrogen | nitrogen
Control 0,¢Y £,7YY. Y,V VY, 600 1,7 ¥Y,a) .
YmM CA o, ¥V, €A Y, Yok VY, AV ANRD YY,Y4.
°mM CA £,AY oK Y,A0 % VYT x yY,ov. £E,AY % YY, Ve
Y+ mM CA £,0) 0% YLEV K IR VY,AY ok £Y, A K YT
Urea o/ °,4A. £,749. VLAY K Yg,00 0k 0 AY x YUY
Urea ®+/Z + YmM CA °,4Y. £, 1,0Y VENY £9.VY Yol
Control  |[Urea ©+7 + o mM CA 0, £V £,0). Y,k VY, AT EAYY) oK Ye,Youx
Urea°+/Z + Y+ mM CA °,\Y. §,6¢. V,0. YY,EY EANY o * Ye,1q0x
Urea):+/ TL,UA K oYYk 1,3V % Vo,684% oY,q7 % YV,0Y %
Urea )+ 7/ + 'mM CA q,0F % €AV x V,AE K ) E,AY X oY,Va.x YV ATx
Urea )+ +/ + °mM CA T,V £,YY VLAY % Ve,080 O, A YV, ¥ o*
Urea )/ +)Y+mM CA 0,4Y. £,6Y V,Vaa* yY,aY. 04,9) 0¥ ¥1,99.0%
L.SD 4,0 EYY Yy VLYY Y, AY V,¥ A
Control LYE 0,0Y. VLYY 1o,A £7,A9. ALY
YmM CA 1,000 0,1 ) ¥ VYA VE,AE £0,YV ARFEAN
°smM CA o, AV % £,AA K VN Tx YE,00. £0,YY . YoO,AY
Y+mM CA 0,Yq.x £,Y9.% V,eq0% VY,VV R 4,6V Yo,V
Urea °+/. 1,80 o,v4. Y, 0% YV, VY ox £9,0¢ % TV,AY
Urea 7/ + YmM CA 1,47 0% o,V Y,0Y % VL ET £V,TA Y),Yo.
Late Urea°+/ + °mM CA T, ek 0,0A V6V VLT £V,¥Y. Y.,
Urea °+Z + Y+mM CA LY. 0,0¢. V¥ VYo,EA £7,4¢ ¥y, 7.
Urea V7 Y,¥o . x 1,YV V,AQ % VV,AY % 0), YA YY,ve.
Urea )/ + \mM CA AT K 1,0 Vx AR YV,08.% LARARR AR
Urea )« -7 + omM CA 1,7, 0,47k V,VEox VLAY o.,Va.x YY,AV ok
Urea )++Z + )Y mM CA TIY. 0,1 NV, e F Yo,Ae Ouyvaa* Y, ok
L.S.D LYY L YAY o,y Y, DA Y, 61y Y, 000

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., Y+ 7).
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