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ABSTRACT

Two field experiments were carried out at the Experimental Farm of Cultivation
and Production of Medicinal and Aromatic Plants Dept. National Research Centre at
Giza, during two successive seasons, to study the effect of foliar application of two

and putrescine treatments tended to increase hyoscine and hyoscyamine contents
(mg/g dry matter and mg/plant) of two Datura spp, throughout the growing seasons.
Foliar spraying with phenylalanine and putrescine connectively increased greatly
hyoscine, hyoscyamine and total alkaloids contents in Datura Spp more than
individually ones, in most cases. Application of phenylalanine 100 + putrescine 50
Ppm gave the highest vaiues of hyoscyamine mg/plant, while treatment of
phenylalanine 100 + putrescine100 gave the highest levels of total alkaloids mg /plant
in both Datura spp.

Keywords:Datura stramonium,  Datura innoxia,  Polyamines, Putrescine,
Phenylalanine, Growth, Yield, Alkaloids, Hyoscine, Hyoscyamine

INTRODUCTION

Datura stramonium and Datura innoxia are considered the most
important medicinal plants containing alkaloids. Most organs of these Species
are rich in two alkaloids, hyoscine and hyoscyamine, which are reputed for
their use aspre-anaethetics in surgery, prevention of motion sickness and
mania. Tropane alkaloids are formed in the roots and transported to the aerial
parts of the plant (Shoji et al, 2000). Datura alkaloids are biosynthetically
derived from putrescine and phenylalanine (Medina-Bolivar and Flores,
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1995). The biosynthetic steps for tropane alkaloids start from putrescine,
which has converted by putrescine N-methyltransferase to N-
methylputrescine to tropinone and ultimately for accumulation of
hyoscyamine and hyoscine (Sato et al., 2001).

The triamine spermidine and the tetraamine spermine are present in all
plant cells, together with their diamine precursor putrescine. These
polyamines have been suggested to play an exciusive role in plant
physiclogical processes, including growth, differentiation, senescence and
responses to stress (Schuber, 1989; Galston and Sawhney, 1990; Chibi et
al, 1994 and Bouchereau et al., 1999). Polyamines are biologically active
compounds involved in various physiological processes. They are cationic
molecules, positively charged under intracellular pH, which are essential for
plant growth and differentiation, related to aging and senescence, and usually
involved in plant responses to stress (Flores and Galston 1982, Friedman et
al. 1989). Also Wolukau et al, (2004) stated that at 25 °C, putrescine
stimulated all pollen germination in Prunus mume plant.

Several studies have been carried out to enhance the growth criteria
and accumulation of hyoscine and hyoscyamine through application of amino
acids foliar spray (Davies, 1982). In this connection Moursy et al. (1988)
established callus lines of Datura stramonium L. and found that phenylalanine
and ornithine increased both fresh and dry weights of callus compared with
control. Moreover, Aziz et al, (2002) illustrated the effect of biochemical
precursors ie. phenylalanine and putrescine on the tropane aikaloid
(hyoscine and hyoscyamine) in D. me:al. They found that putrescine and
phenylaianine at 0.05 and 0.1 mM enhanced root growth and production of
hyoscine and hyoscyamine.

The present work was carried out to illustrate the eifect of two alkaloid
precursors, putrescine (diamine) and phenylalanine (amino acid) on growth
criteria and alkaloids production in Datura stramonium and Datura innoxia
through physiological plant stages to replace these natural substances
instead of other synthetic plant growth regulators, which have not desired in
the recent trend. .

MATERIALS AND METHODS

Two-field experiments were carried out at the Experimental Farm of
Cultivation and Production of Medicinal and Aromatic Plant Dept., National
Research Centre, Giza, Egypt, during two consecutive seasons (2001 / 2002
and 2002 / 2003). Seeds of Datura stramonium and Datura innoxia originated
from Bulgaria (provided by Prof. Dr. Liuba Evstatieva Botany Institute,
Bulgarian Academy of Sciences) were seeded in seedbeds in the same farm
on 25" of October in both seasons. The experimental soil was clay loam soail
of the following characteristics: coarse sand, 4.5 %; fine sand 32.4 %; clay
23.8 %; silt 39.3 %; organic matter 1.78 %, total N (mg/100g) 5.31: P
(mg/100g) 0.27; K (mg/100g) 1.38; pH 8.0: E.C. (dS/m) 0.8 and CaC0O4 3.7
%. The experimental area was arranged in a complete randomized block
design with four replicates. Plots area were 9 m? (3X3), with 5 rows, the
distance between plants 60 cm., only 25 plants in every plot. After 60 days
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from sowing, the seedlings were transplanted into the open field immediately
after irrigation. During soil preparation, 150 kg/fed. super phosphate (15.5 %
P,0s) was applied. After transplanting, 200 kg ammonium nitrate (33.5% N)
and 100 kg potassium sulphate (48 % K) per fed. were added. The mineral
fertilization was conducted through two equal portions during the growing
season; the first portion was added after one month of transplanting, while
the second one was applied after two weeks of the first portion.

All agricultural practices were carried out as usually recommended
for Datura species cultivation in Egypt. Putrescine was used as foliar
application at rates of zero, 50 and 100 ppm. as well as, phenylalanine was
sprayed with levels, zero, 100 and 200 ppm and their combination were
applied. Both of them were sprayed two times during a growing season. After
one month of transplanting, the first one was applied, while the second one
was sprayed after two weeks in both seasons. The spraying treatments were
carried out at the early of morning and spreading agent “Masrol” was added
to solutions (1ml/l) to reduce solution surface tension.

Samples of Datura stramonium and Datura innoxia were collected
during flowering stage at 15th April and fruiting one at 15™ June. Sample of 5
plants were .aken randomly from the middle two rows of each plot for
measuring root weight, stem weight, number of leaves, leaves weight, plant
fresh weight, plant dry weight, fruit fresh weight and fruit dry weight.
Represented samples from the roots, leaves and fruits of each species were
subjected for chemical analysis. Determination of crude protein by modified
micro-Kjeldahl method as described by A.0.A.C. (1980) and free amino acids
content was determined according to Rosen (1957).

Analysis of hyoscine and hyoscyamine:

Hyoscine and hyoscyamine were analyzed by the method of Medina-
Bolivar and Flores (1995). Ethanolic extract of dried samples was evaporated
to dryness at 40°C by rotary evaporator and then 5mi of 0.5 M sulphuric acid
and 20ml chloroform were added to the residue. The aqueous phase was
adjusted to pH 10 with ammonia solution, chloroform layer was separated by
separatory funnel, dried with sodium sulphate anhydrous and then
evaporated to dryness. The residues were dissolved in methanol and filtered
through a 0.2-sm filter. Extracts were subjected for separation using
Shimadzu-HPLC with Nova-Pak C18 (Waters) steel column (3.9 x 150 mm)
using a mobile phase of 12.5% (viv) acetonitrile and 87.5% aqueous
phosphoric acid (0.3%) adjusted to pH 2.2 with triethylamine at a flow rate 0.8
mi/min. using UV-detector (260 nm). Identification and quantitification of
hyoscine and hyoscyamine in the samples were done by reference to the
retention time of authentic standards (Sigma).

Data obtained (means of both growing seasons) were subjected to
factorial analysis of variance procedure. The values of LSD were obtained,

whenever F values were significant at 5 % level as reported by Snedecor and
Cochran (1980).
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RESULT AND DISCUSSION

1- Growth parameters.

Growth parameters data of Datura stramonium and Datura innoxia at
flowering and fruiting stages as affected by Putrescine and Phenylalanine
application are shown in Tables (1 and 2).

a- Species effects.

Both species were significantly different for root weight, stem weight,
number of leaves, and plant weight atflowering stage. Datura stramonium
showed superiority of all these parameters except root weight at flowering
stage. On the other hand, the opposite trend was observed at fruiting stage in
Datura innoxia that showed visible increment of all growth parameters.

b- Phenylalanine and putrescine effects

Growth parameters were fluctuated in their responses to different
phenylalanine and putrescine treatments. Most of phenylalanine and
putrescine treatments tended to decrease values of growth characters, but
the consistent significant decreases, throughout the growing season were
recorded for putrescine at 50 ppm (ranged between 4.2 % and 20.6%,
relative to control). Application of 100 ppm phenylalanine+100 ppm
putrescine gave the highest values of all growth parameters of Datura spp at
flowering stage (Table 1) comparing with untreated plants (control), followed
by phenylalanine (100 ppm) + putrescine (50 ppm). On the other hand, at
fruiting stage application of 100 ppm phenylalanine+50 ppm putrescine gave
the highest increases in growth parameters that constituted about 40% and
56% above control for fresh weights of leaves and whole plant, respectively.
Increasing phenylalanine from 100 to 200 ppm significantly increased root
weight at flowering stage and leaves fresh weight, fruit fresh weight, plant
fresh weight, fruit dry weight and plant dry weight at fruiting stage as well as
stem weight and plant fresh weight zt flowering stage. At fruiting stage,
leaves dry weight insignificantly increased, while number of leaves
insignificantly decreased and leaves weight not responded. Increasing
putrescine from 50 to 100 ppm significantly increased root weight, stem
weight, leaves weight and plant fresh weight at flowering stage. On the other
hand, number of leaves at flowering stage and leaves fresh weight, leaves
dry weight and plant dry weight at fruiting stage insignificantly increased,
while fruit dry weight was not responded. The positive effect of phenylalanine
on fresh and dry weight may be due to its effect on growth stimulation of
plant cells.

Enhancement effects of phenylalanine and putrescine on growth
parameters are in line to the resuits obtained by Goss, (1973) reported that
amino acids can serve as a source of carbon and energy, as well as protect
the plant against pathogens and also in the synthesis of other organic
compounds such as protein, amines, purines and pyrimidines , alkaloids,
vitamins and others. As for polyamine enhancement effects, Evans and
Maimberg (1989) reported that polyamine involvement in various growth and
developmental phases: cell division, embryogenesis, rooting, flowering, and
pollen tube growth. These results are going also in the same line with those
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obtained by Thom etal., (1981) who reported that amino acids provide plant
cells with an immediately available source of nitrogen that generally can be
taken by cells more rapidly than inorganic nitrogen. The results also agree
with those reported by Moursy et al., (1988) established callus lines of Datura
Stramonium L. and found that phenylalanine and ornithine increased both
fresh and dry weights of callus compared with control. Plant height, number
of leaves and branches, leaf area, as well as fresh and dry weights of
different organs of D. metel were significantly increased by soaking the seeds
with different levels of adenine, cytosine and thiamine (Hussein et al., 1992)
¢- Interaction effects.

With respect to the response of growth parameters at flowering and
fruiting stages of D. stramonium and D. innoxia to foliar application with
phenylalanine and putrescine (Table 1 and 2), No clear trend was observed
in the interaction treatment at flowering stage. Application of phenylalanine
100 ppm + putrescine 50 ppm to D. stramonium recorded the highest values
in all growth parameters compared with control and other treatments except
stem weight that reached the maximum values (127.7 g/plant) by application
with phenylalanine 100+putrescine 100 ppm compared with control (86.5
g/plant). On the other hand, foliar application with phenylalanine (100 ppm)
+putrescine (100ppm) to D. innoxia plants significantly promoted all growth
parameters at flowering stage. Meanwhile, at fruiting stage (Table, 2), all
growth parameters in both Datura Spp gave the highest values by application
with phenylalanine 100ppm+ putrescine S0ppm followed by phenylalanine
100+ putrescine 100 except fruit dry weight in D. innoxia that showed the
highest values with phenylalanine 200 ppm followed by phenylalanine
100ppm +putrescine 50 ppm. These results are going in the same line with
those obtained by El-Fawakhry and El-Tayab (2003) who found that foliar
spray with amino acids improved the vegetative growth and produced a high
quality inflorescences of Chrysanthemum. Several authors also indicated the
promotion effect of amino acids on Datura Spp plants including, Trofimova et
al., (1973) on Datura innoxia, El-Sherbeny and Hassan (1987) on D.
stramonium and Hussein et al., (1992) on D. metel.

2- Crude protein and free amino acids contents.
a- Species effects

Crude protein and free amino acids contents (9/100 g dry matter) in
leaves of D. stramonium and D. innoxia as affected by phenylalanine and
putrescine at flowering and fruiting stages are presented in Tables (3 and 4),
Data reveal that D. Stramonium showed insignificant increased in crude
protein at flowering stages, while it recorded highly significant at fruiting
stage. Crude protein in fruits showed the same pattern at fruiting stages.
Total free amino acids significantly increased in leaves of D. stramonium
reached 5.03 (g/100g dry matter) at flowering stages. On the other hand, at
fruiting stages, no significant difference was observed. The highest recorded
value of total free amino acids was obtained in the fruits of D. stramonium
that reached 3.49, while D. innoxia reached only 2.52 g/100g dry matter.
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Table(3): Effect of phenylalanine and putrescine on crude protein and
free amino acids contents in the leaves of Datura stramonium
and Datura innoxia at flowering stage (mean values of two
successive seasons).

[ Character Crude protein (g/100g dry Total free amino acid (g/100g
matter) dry matter)
Treatments Str. Inox Mean Str. Inox Mean
Control 23.6 22.8 23.20 3.36 4.12 3.74
Pha 100 21.9 257 23.80 5.82 2.82 4,32
Pha 200 26.9 21.9 24.40 515 2.84 4.00
Put.50 21.3 24.1 22.70 6.36 3.28 4.82
Put.100 26.6 23.8 25.20 5.42 3.30 4.36
Pha100+put.50 27.2 19.7 23.45 4.05 3.80 3.93
Pha1C0+put.100 24.4 21.6 23.00 5.86 6.50 6.18
Pha.200+put.50 27.7 254 26.55 4.65 5.97 531
Pha200+put.100 24.3 26.6 25.45 4.60 8.38 5.49
Mean 24.88 23.51 5.03 4.33
Species NS 0.23
LSD 5% |Treatment 1.81 0.31
Interaction 2.57 0.44

Str.= Datura stramonium Inox.= Datura innoxia
Pha= Phenylalanine Put. = Putrescine

b- Phenylalanine and putrescine effects

Data in Tables (3 and 4) show also the effect of Phenylalanine and
putrescine on crude protein and free amino acids contents in leaves of both
Datura spp. Foliar application with Phenylalanine at 100 ppm was
insignificant increased comparing with untreated plants. Increment of
putrescine from 50 to 100 ppm significantly increased crude protein in the
leaves and reached 8.6% over control. The highest recorded values were
obtained in plants treated with phenylalanine 200+ putrescine 50 ppm that
reached 14.4% over control, followed by phenylalanine 200 + putrescine 100
ppm reached 9.7% compared with control at flowering stage. Meanwhile at
fruiting stage (Table 4), foliar application of phenylalanine100+putrescine100
recorded the highest values of crude protein in leaves followed by
phenylalanine 200 + putrescine 100 ppm and putrescine 100 reached 18.7%,
15.4% and 11.8% over control, respectively. Most treatments significantly
augmented crude protein in fruits except application of phy 100 that
insignificantly decreased it. The highest value of crude protein was obtained
in fruits of plants received phenylalanine 200 + putrescine 100ppm followed
by plants received phenylalanine 200 + putrescine 100 ppm. Foliar
application with Phenylalanine 100 ppm was insignificant increased free
amino acids in fruits comparing with untreated plants. The more
phenylalanine was applied the more free amino acids in fruits was observed.
On the other hand, with putrescine application, no significant difference was
observed. The highest value of free amino acids was obtained in fruits of
plants received high levels of phenylalanine with high levels of putrescine
followed by piants received phenylalanine 100+ putrescine 100 ppm.
Davies,(1982) reported that amino acids as organic nitrogenous compounds
are the building blocks in the synthesis of proteins, which formed by a
process in which ribosome catalyze the polymerization of amino acids.
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foliar application of amino acids. "Polyamines can influence the transcriptional
and translational stages of protein synthesis (Pegg, 1986), stabilize
membranes (Schuber, 1989) and alter intracellular free calcium levels (Khan
etal., (1993).

c- Interaction effects

Effect of the interaction between Phenylalanine and putrescine and
both D. stramonium and D. innoxia on crude protein and free amino acids
contents in leaves and fruits are shown in Table (3 and 4). Treating D.
stramonium with high level of phenylalanine and putrescine separately
significantly increased crude protein in leaves at flowering stage. On the other
hand, D. innoxia have opposite trend. The highest values of leaves crude
protein at flowering stage was observed in D. stramonium treated with
phenylalanine 200 + putrescine 50 ppm that reached 17.7% over control
while the maximum value of D. innoxia was observed with plants treated with
phenylalanine 200 + putrescine 100 that reached 16.6% compared with
untreated plant. At fruiting stage, the maximum values of crude protein were
recorded with D. stramonium plants treated with phenylalanine 200 +
putrescine 100 ppm and putrescine 100ppm that reached 23.2% and 22.6%
over control, respectively. On the other hand, the maximum values of crude
protein were recorded with D. innoxia plants treated with phenylalanine 200 +
putrescine 50 ppm and phenylalanine200+putrescine100 ppm that reached
27.2% and 20% over control, respectively.

The highest value of free amino acids in leaves at flowering stage
was obtained of D. stramonium plants treated with putrescine 50 ppm that
reached 89.3% over untreated plants, while the maximum percentage (57.8%
over control) was observed in D. innoxia plants treated with
phenylalanine100+putrescine100 ppm. The first unequivocally established
function for polyamines at the molecular level is the donation of a 4-
aminobutyl moiety by spermidine to the eukaryotic initiation factor 5A [elF-5A]
precursor protein to form the amino acid hypusine (Park et al, 1993).
Application of phenylalanine 100 + putrescine 50 ppm gave the highest
values (4.35 g/100g dry matter) of free amino acids in leaves at fruiting stage
followed by plants received phenylalanine 200 ppm (4.01 g/100g dry matter)
comparing with control (3.25 g/100g dry matter) for D. stramonium.
Meanwhile D. innoxia showed the maximum values with plants treated with
putrescine 50 ppm (4.12 g/100g dry matter) followed by plants received
phenylalanine 100 + putrescine 100 (4.09 g/100g dry matter) and
phenylalanine 200 pm (4.08 g/100g dry matter). The highest value of free
amino acids in fruits was obtained of D. stramonium and D. innoxia plants
received phenylalanine 200 + putrescine 100ppm that calculated 79.3% and
38% over untreated plants, respectively followed by plants received
phenylalanine 100 + putrescine 100 ppm that reached 76.1% and 18.6% over
control plants, respectively. These results are supported by those obtained by
Hussein et al., (1992) who found that adenine, cytosine and thiamine as basic
nitrogen compounds showed a stimulatory effect on organic materials such
as protein and alkaloids content in all organs of Datura plants. Also,
polyamines can influence the transcriptional and translational stages of
protein synthesis (Pegg, 1986), stabilize membranes (Schuber, 1989) and
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alter intracellular free calcium levels (Khan et al., 1993). These findings are in
accordance with Cohen, (1998) who reported that the diamine putrescine and
the polyamines spermidine and spermine are small aliphatic amines found in
all plant cells. These basic molecules, which are positively charged at
physiological pH because of ubiquitous in nature and the positive charge,
polyamines are known to bind to negatively charged molecules, e.g. nucleic
acids, acidic phospholipids and various types of proteins,

3- Hyoscine, Hyoscyamine and total alkaloids contents in leaves.

a- Species effects

The data presented in table 5 and 6 reveal that hyoscine,
hyoscyamine and total alkaloids in leaves at flowering and fruiting stages,
measured both as mg/g dry matter and mg/plant of D. stramonium was very
much higher when compared to D. innoxia except hyoscine content
(mg/plant) that showed significant increased in D. innoxia at fruiting stage
than D. stramonium. Moreover, leaves of D. stramonium accumulated much
higher amounts of hyoscyamine than in D. innoxia (approximately 2 fold). D.
stramonium also achieved over two-fold higher hyoscyamine (mg/plant) than
D. innoxia. Hyoscyamine was considered the main alkaloids in leaves of D.
stramonium, while hyoscine considered the main ones in D. innoxia.
Quantities of hyoscine, hyoscyamine and total alkaloids in leaves at flowering
stages (young plants) of D. stramonium and D. innoxia are higher than that at
fruiting stages. These results are going in the same line with those obtained
by Miraldi et al., (2001) who reported that atropine and scopolamine content
of D. stramonium depend on both the plant part considered and the stage of
plant growth. They also added that, in leaves of young D. stramonium plants,
scopolamine content is higher than atropine, also hyoscyamine being always
the predominant component. Stems of young plant, not the seeds as
generally held are the plant parts with the highest content of tropane
alkaloids.

b- Phenylalanine and putrescine effects

The obtained results (table 5 and 6) demonstrated that most of
phenylalanine and putrescine treatments significantly increased hyoscine
content (mg/g dry matter and mg/plant) of two Datura spp at flowering and
fruiting stages. Foliar application with phenylalanine or putrescine at low
levels increased hyoscine content, while increasing concentrations decreased
it. The comparison between phenylalanine and putrescine revealed the
superior effect of putrescine on the hyoscine and total alkaloids contents
(mg/g dry matter). The highest values of hyoscine content in leaves of two
Datura spp under investigation at flowering stage were obtained with plants
received phenylalanine 100+putrescine 100 ppm followed by plants treated
with putrescine 50 ppm. In leaves at fruiting stage (Table 6), hyoscine content
was showed the same pattern, but the highest values of hyoscine content
were observed with plants received phenylalanine 200 + putrescine 50 ppm
followed by plants treated with putrescine 50 ppm.

The highest values of hyoscyamine mg/g dry matter at flowering
stage was detected in Datura spp plants treated with putrescine 50 ppm and
this increment reached 26.2%, followed by phenylalanine 100+putrescine 50
that reached 22.4%, while phenylalanine 100+ putrescine 50ppm gave the

4316




J. Agric. Sci. Mansoura Univ., 29 (7), July, 2004

and total alkaloids contents at flowering stage that gave the lowest values,
while this treatment significantly increased hyoscyamine and total alkaloids
contents at fruiting stages and gave also the highest amount of hyoscyamine
(1.50) and total alkaloids (3.05) mg/g dry matter, and hyoscyamine (47.2) and
total alkaloid (95.6)mg/plant. Trofimova et al, (1973) reported that the
addition of certain amino acids to the nutrient medium stimulated alkaloids
synthesis and adenosine triphosphatase activity of D. innoxia. On the other
hand, Staba and Jindra (1968) found that amino acid precursors had no
significant effect upon the production of alkaloids in D. stramonium.

c- Interaction effects

alkaloids contents (mg/g dry matter) in D. stramonium at flowering stage,
which reached 32.2% and 32.1% over control followed by application with
phenylalanine100+putrescine100 Ppm that reached 29.5% and 21% over
control, respectively. On the other hand, D. innoxia showed more responded
in hyoscine and total alkaloids accumulation by application with phenylalanine
100 + putrescine 100 Ppm that reached 34.3% and 30.3% over control
followed by putrescine 50 ppm that reached 21.9% and 19% over control,
respectively. Meanwhile, the highest amount of hyoscyamine (1.86 mg/g dry
matter) in D. stramonium recorded in case of application of putrescine 50
ppm followed by application with phenylalanine 200 ppm that reached (1.82)
and phenylalanine 100 + putrescine 50, while phenylalanine 100 ppm gave
the highest amount of hyoscyamine content (0.92) followed by phenylalanine
100 +putrescine 100 (0.91).

Regarding to the hyoscine, hyoscyamine and total alkaloids content
(mg/plant) in D. stramonium, the most pronounced effect was obtained in

ones.
4- Hyoscine, Hyoscyamine and total alkaloids contents in fruits.
a- Species effect

Data presented in table (7) show that no significant differences
between D. stramonium and D, innoxia were observed in hyoscine content
mg/g dry matter, while hyoscine mg/plant showed highly significant increased
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in D. innoxia. Moreover, D. stramonium showed the superiority of
hyoscyamine and total alkaloid contents mg/g dry matter. Hyoscyamine
accumulation mg/plant showed the same trend, while totai alkaloid mag/plant
have opposite trend.

b- Phenylalanine and putrescine effects
As shown in Table (7) alkaloid contents were affected significantly by
phenylalanine and putrescine. Foliar application with phenylalanine100

nitrogenous compounds (Rowland et a/,. 1988). Also Koriesh (1984) and
Harridy (1986) reported that the highest values of fresh and dry weight as

sprayed by tryptophan at 100 ppm.

c- Interaction effects

Foliar application of phenylalanine100+putrescine 100 showed the
highest increments of hyoscine, hyoscyamine and total alkaloids mg/g dry
matter in fruits of D. Stramonium, while D. innoxia show high response to
foliar application with putrescine 50 ppm followed by phenylalanine200+

putrescine 100 ppm. The highest recorded values of hyoscine, hyoscyamine

obtained by spraying phenylalanine 100 + putrescine 100 followed by
phenylalanine 100+putrescine 50 ppm. On the other hand hyoscine,
hyoscyamine and total alkaloids in fruits of D. innoxia showed highly

followed by spraying with individually phenylalanine at high ievel.
Polyamines are biologically active compounds involved in various
physiological processes. They are cationic molecules, positively charged

stramonium is recognized to arise from ornithine, acetate and methionine that
convert to Putrescine so, putrescine is consider a precursor of tropane ring.

In conclusion, It is clear that 100 ppm of phynylalanine+50 ppm
putrescine is sufficient to accelerate the growth parameters of D. stramonium
at flowering and fruiting stages. D innoxia had the same pattern except at
flowering stage that showed significantly promoted all growth parameters due
to foliar application of phenylalanine 100+ putrescine 100 ppm. Most of
phenylalanine and putrescine treatments tended to increase hyoscine and
hyoscyamine contents (mg/g dry matter and mg/plant) of two Datura spp,
throughout the growing seasons.
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phenylalanine100 + putrescine 50ppm gave the highest values of
hyoscyamine mg/plant and phenylalanine 100 + putrescine100 gave the
highest one in total alkaloids mg /plant in both Datura Spp.
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