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INFLUENCE OF SOME AMINO ACIDS AND MICRO-
NUTRIENTS TREATMENTS ON GROWTH AND CHEMICAL
CONSTITUENTS OF Echinacea purpurea PLANT
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ABSTRACT

Two field trials were carried out during 2011 and 2012 seasons at the
Experimental Farm, Horticulture Dept., of Agric Fac., Benha Univ., to evaluate the
effect of some amino acid treatments i. e. tryptophan and glutamic acid each at 200
ppm and some micro-nutrients treatments i. e. Fe, Zn and Mn each at 150 ppm as
well as their combinations on growth, total caffeic acid derivatives and total alkamides
as well as chemical constituents of Echinacea purpurea plants. Results showed that
different applied treatments of amino acid and/or micro-nutrients treatments led to
significant increase of the studied growth parameters i.e. plant height, number of
branches, fresh and dry weights of herb/plant, number of flowering heads/plant, fresh
and dry weights of flowering heads/plant as compared with control plants in both
seasons. However, the tallest plant, the highest number of flowering heads as well as
their fresh and dry weights were recorded by 200ppm tryptophan-sprayed plants
combined with Zn at 150ppm, whereas the highest number of branches and
suckers/plant were scored by the combined treatment between glutamic acid at
200ppm and Fe at 150ppm in both seasons. Moreover, the heaviest fresh and dry
weights of herb/plant were registered by 200ppm glutamic acid treatment combined
with Zn at 150ppm in both seasons. In addition, the obtained vigrous growth of
Echinacea purpurea plants with different treatments was accompanied by
pronounced increase in leaves total free amino acids, Fe, Zn and Mn contents of
treated plants in both seasons. Furthermore, total caffeic acid derivatives and total
alkamides were increased by spraying all treatments of amino acids and micro-
nutrients as well as their combinations, especially the combined treatment between
glutamic acid at 200ppm and Fe or Zn each at 150ppm.

Consequently, it is preferable to spray Echinacea purpurea plants with
tryptophan or glutamic acid each at 200 ppm as well as Fe or Zn each at 150 ppm
and their combinations for enhancing the growth and chemical constituents of this
plant.
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INTRODUCTION

Echinacea purpurea (L.) Moench is an herbaceous perennial and a
member of the Asteraceae family. Commonly called purple coneflower, it has
a natural range extending from Michigan, Ohio, lllinois, and lowa, to
southeastern united States and west to Texas. E. purpurea grows at a rate of
twelve to eighteen inches a year to a mature height of two to four feet. The
leaves are ovate to lanceolate and the flowers are cone-shaped disks
adorned with deep pink to purple ray flowers. Flowers bloom from June to
August (Hendawy, 2000).

Echinacea is an herbal medicine, which is used by native Americans for
enhancing the human immune system. In Europe and North America, they
widely used the Echinacea purpurea as the herbal medicine for most of the
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remedies. Due to the increased market demand, economic value and its
potential benefits to human health make increased cultivation of Echinacea.
Beside, Echinacea purpurea is used for both ornamental and phytochemical
in Europe, United States and Australia. Three groups of phytochemicals are
determined such as caffeic acid derivatives, polysaccharides and liphophilic
alkamides, which are responsible for the genus medicinal properties. Most of
Americans and European have been used medicinal preparation of
Echinacea purpurea for remedy of many diseases, including colds,
toothaches, snhake bites, headache and wound infections. It is the most
effective antioxidant and it has immunoenhancing effects. The roots of
Echinacea are used to treat blood poisoning, snake poisoning, skin disease,
syphilis and rabbis. Echinacea purpurea herb is also used to treat chronic
infections of respiratory tract and lower urinary tract (viral and bacterial
origin). The polysaccharide from Echinacea purpurea is used to kill bacteria
such as staphylococci. Arabinogalactan, a high molecular weight purified
polysaccharide from plant cell cultures of Echinacea purpurea has potent to
activate macrophage cytotoxicity actions against tumor cells and micro
organisms. The main caffeic acid derivative (caftaric acid, chlorogenic acid
and echinacoside) has been functionally linked to antiinflammatory and
wound healing properties of Echinacea when applied topically. Caffeic acid
derivatives are very effective antioxidants in free radical generation systems.
Groups of phenolic compounds and alkamides, which have demonstrated
antiviral and antifungal properties, respectively (Kumar and Ramaiah, 2011).

Amino acids have traditionally been considered as precursors and
constituents of proteins. Many amino acids also act as precursors of other
nitrogen containing compounds, e.g., nucleic acids. Amino acids can play
wide roles in plants including acting as regulatory and signaling molecules.
Amino acids also affect synthesis and activity of some enzumes, gene
expression, and redoxhomeostasis (Rai, 2002). Many studies have reported
that foliar application of amino acids caused an increase in the growth and
development of plants. In this respect, Omer et al. (2013) reported that foliar
spray with amino acids improved the growth and chemical composition of
chamomile plant.

Micro-nutrients, especially Fe, Zn and Mn act either as metal
components of various enzymes or as functional, structural, or regulatory
cofactors. Thus, they are associated with saccharide metabolism, photo-
synthesis and protein synthesis (Marschner, 1997).

Many investigatores reported the stimulating effect of applied
micronutrients as foliar spray on growth and flowering of different medicinal
and aromatic plants; El-Khyat (2013) on Rosmarinus officinalis and Amran
(2013) on Pelargonium graveolens indicated that foliar application of Fe, Zn
and Mn improved the growth and chemical composition of the plants.

Therefore, the objective of this study was to evaluate the effect of
foliar spray with some amino acids and mico-nutrients as well as their
combinations on growth and chemical composition of Echinacea purpurea
plants.
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MATERIALS AND METHODS

Two field experiments were conducted at the Experimental Farm and
in the Laboratory of Horticulture Department, Faculty of Agriculture at
Moshtohor, Benha Univ., during 2011 and 2012 seasons to study the
influence of some amino acids i.e. tryptophan (200 ppm) and glutamic acid
(200ppm) and some micro-nutrients i.e. Fe, Zn and Mn each at 150ppm on
growth and chemical constituents of Echinacea purpurea plants.

Echinacea purpurea seedlings (8-10cm height with 4-5 leaves) were
obtained from Floriculture Farm, Horticulture Department, Faculty of
Agriculture, Benha Univ., then seedlings were transplanted in clay loam soils
on mid March in both seasons in beds (1x1 m) containing two rows (50 cm
inbetween) each row contained two hills (50 cm apart). Soil was directly
irrigated to provide suitable moisture for growth. All the traditional cultural
practices for growing Echinacea purpurea plants were followed as
recommended in this region.

Mechanical and chemical analyses of the experimental soils are
presented in Tables (a) and (b), mechanical analysis was estimated
according to Jackson (1973), whereas chemical analysis was estimated
according to Black et al., (1982).

Table (a): Mechanical analysis of the experimental soil.

. Season
Parameters Unit 5011 5012
Coarse sand % 5.12 5.34
Fine sand % 15.51 16.09
Silt % 24.87 25.48
Clay % 54.50 53.09
Texturalclass | - Clay loam Clay loam

Table (b): Chemical analysis of the experimental soil:

. Season
Parameters Unit 011 5012
CaCOs % 0.91 0.86
Organic matter % 1.32 1.41
Available nitrogen % 0.94 0.98
Available phosphorus % 0.61 0.67
Available potassium % 0.71 0.78
E.C ds/m 0.97 0.89
pH | e 7.49 7.62

Experimental layout.

The experimental treatments consisted of 12 treatments with three
replicate (each replicate consisted of six beds, with four plants/bed), which
represented all combinations between foliar application of amino acids
treatments (control, glutamic acid at 200ppm and tryptophan at 200ppm) and
foliar application of micro-nutrients (control, Fe at 150 ppm, Zn at 150 ppm
and Mn at 150ppm). Amino acids treatments were sprayed at interval times
of 50, 71 and 92 days, whereas the treatments of micro-nutrients were
sprayed at interval times of 60, 81 and 102 days from transplanting. Treated
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plants were sprayed till run off, whereas control plants were sprayed with tap
water. The plants were sprayed with a hand pump mister to the point of
runoff. A surfactant (Tween 20) at a concentration of 0.01% was added to all
tested solutions including the control. Common agricultural practices
(irrigation, fertilization, manual weed control, ... etc.) were carried out when
needed.

Data recorded.

In both seasons, at harvest time (mid August) the following
measurements were conducted as follow; plant height (cm.), number of
branches/plant, fresh and dry weights of herb (leaves and stems)/plant (g),
number of suckers/plant, number of flowering heads/plant, fresh and dry
weights of flowering heads/plant (g). In addition, Fe, Zn, and Mn (%) were
determined in the digested samples by atomic absorption as described by
Chapman and Paratt (1961). Total free amino acids (mg/g F.W) were
determined in the leaves according to Rosed (1957).

Total alkamides were quantitatively determined in Echinacea
purpurea aerial parts (flowering heads, leaves and stems) in the second
season (2012) using High- Performance Liquid Chromato-graphy (HPLC)
according to Bauer and Remiger (1989).Total caffeic acid derivatives content
in the plant organs (roots, herb and flowering heads) of Echinacea purpurea
were determined as chicoric acid using spectrophotometer according to
A.O.A.C (1980).

Statistical analysis

All data obtained in both seasons of study were subjected to analysis
of variance as factorial experiments in a complete randomize block design.
L.S.D. method was used to difference means according to Snedecor and
Cochran (1989).

RESULTS AND DISCUSSION

Effect of amino acids and micro-nutrients treatments on growth and
chemical composition of Echinacea purpurea plants.

I- Vegetative growth traits:

I-1- Plant height (cm)

Data in Table (1) declare that all applications of amino acids i.e.,
glutamic acid and trypyohan each at 200 ppm significantly increased the
height of Echinacea purpurea plants as compared with control in both
seasons, with the superiority of tryptophan treatment. This trend was true in
both seasnons. Moreover, all tested applications of micro-nutrients i.e., Fe,
Zn and Mn each at 150 ppm succeeded in increasing plant height, especially
Zn treatment when compared with control in both seasons. However, most
applied combinations between amino acids and micro-nutrients caused
significant increments in plant height in the first and second seasons as
compared with control. However, the highest value of plant height (98.12 and
94.72cm, in the first and second seasons, respectively) was recorded by
tryptophan at 200ppm combined with Zn at 150ppm.
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Table (1): Effect of some amino acids and micro-nutrients treatments
on plant height and branches number / plant of Echinacea
purpurea plants during 2011and 2012 seasons.

First season (2011)
Parameters Plant height (cm) branches number/plant
Amino acids G. at T. at Mean G. at T. at Mean
Control | 200 200 Control 200 200
micronutrients ppm ppm ppm ppm
Control (0.0) 71.34 76.24 85.90 77.83 7.82 11.20 10.13 9.72
Fe at 150 ppm 77.10 81.07 92.36 83.51 9.08 16.24 14.92 13.41
Zn at 150 ppm 79.35 87.93 98.12 88.47 8.14 13.08 15.17 12.13
Mn at 150 ppm 75.03 83.41 91.17 83.20 8.37 14.21 11.70 11.43
Mean 75.71 82.16 91.89 8.35 13.68 12.98.
L.S.D |Amino acids 4.17 2.34
at 0.05 [micronutrients 4.81 2.70
for interaction 8.34 4.64
Second season (2012)
Control (0.0) 72.03 74.21 81.26 75.83 8.13 11.87 10.26 10.09
Fe at 150 ppm 76.19 87.14 91.50 84.94 10.14 17.25 16.07 14.49
Zn at 150 ppm 82.02 91.12 94.72 89.29 9.11 14.27 16.09 13.16
Mn at 150 ppm 78.20 84.62 89.33 84.05 10.07 14.93 13.26 12.75
Mean 77.11 84.27 89.20 9.36 14.58 13.92
L.S.D |Amino acids 6.19 2.68
at 0.05 [micronutrients 7.14 3.09
for interaction 12.38 5.36
G.= Glutamic acid T.= Tryptophan

I-2- Number of branches/plant

Data in Table (1) indicate that number of branches/plant was
increased due to amino acids treatments. However, the highest number of
branches per plant was registered by glutamic acid treatment in both
seasons. Moreover, all tested applications of micro-nutrients showed
significant increaments in this respect. Anyway, the highest number of
branchs/plant was gained by Fe treatment in both seasons as compared with
control.
As for the interaction effect between amino acids and micro-nutrients, it was
found that all combinations between amino acids and micro-nutrients led to
increase the number of branches per plant in both seasons. However, the
highest number of branches per plant (16.24 and 17.25) was recorded by the
interaction between glutamic acid at 200ppm and Fe at 150ppm in the first
and second seasons, respectively.
I-3- Fresh and dry weights of herb/plant

Data in Table (2) reveal that fresh and dry weights of herb per plant
were positively affected by all amino acids and micro-nutrients treatments in
both seasons. However, glutamic and tryptophan treatments succeeded in
increasing the fresh and dry weights of herb per plant, with superiority for
glutamic acid treatment in both seasons. Moreover, all treatments of micro-
nutrients statistically increased the fresh and dry weights of herb per plant,
especially the treatment of Zn in the first and second seasons. As for the
interaction effect between amino acids and micro-nutrients, it was observed
that all combinations of amino acids and micro-nutrients enhanced the fresh
and dry weights of herb per plant as compared with control in both seasons.
Generally, the heaviest fresh and dry weights of herb per plant in the first and
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seconed seasons were recoreded by the combined treatment between
glutamic acid at 200ppm and Zn at 150ppm in both seasons.

Table (2): Effect of some amino acids and micro-nutrients treatments
on fresh and dry weights of herb of Echinacea purpurea
plants during 2011and 2012 seasons.

First season (2011)
Fresh weight of Dry weight of
Parameters herb/plant (g) herb/plant (g)
Amno acids G.at | T.at |Mean G.at | T.at |Mean
Control | 200 200 Control | 200 200
micronutrient ppm ppm ppm ppm
Control (0.0) 905 1154 1138 1066 81.6 103.1 101.7 | 95.47
Fe at 150 ppm 1029 1466 1495 | 1330 92.4 124.3 | 128.9 |115.2
Zn at 150 ppm 1111 1603 1372 1362 95.0 132.5 118.3 | 115.3
Mn at 150 ppm 1083 1432 1282 | 1266 91.8 1214 | 112.5 |108.6
Mean 1032 1414 1322 90.2 120.3 | 1154
L.S.D |Amino acids 108 12.34
at micronutrients 125 14.24
0.05 |. .
for interaction 216 24.64
Second season (2012
Control (0.0) 967 1295 1248 1170 86.4 111.7 109.5 | 102.5
Fe at 150 ppm 1109 1398 1512 1340 97.3 121.6 1304 | 116.4
Zn at 150 ppm 1186 1628 1357 1390 104.1 139.2 117.0 | 120.1
Mn at 150 ppm 1110 1448 1282 1280 98.3 124.9 115.1 | 112.8
Mean 1093 1442 1350 96.5 124.4 118.0
L.S.D |Amino acids 118 13.58
at micronutrients 136 15.67
0.05 | )
for interaction 236 27.16
G.= Glutamic acid T.= Tryptophan

I-4- Number of suckers/plant:

Data presented in Table (3) illustrate that all tested amino acids
significantly succeded in increasing the number of suckers/plant as
compared with control in both seasons. Moreover, all micro-nutrients
treatments significantly increased the number of suckers per plant,
particularly Zn treatment in the first and second seasons. Referring to the
interaction effect between amino acids and micro-nutrients, it was found that
all interactions between amino acids and micro-nutrients increased the
number of suckers per plant as compared with control in both seasons.
Generally, the highest number of suckers/plant (12.34 and 12.22, in the first
and second seasons, respectively) was recoreded by the combined
treatment between 200ppm glutamic acid and 150ppm Fe. This may be due
to the combined effects of both tryptophan as a precursor of indole acetic
acid which induces cell division and enlargement and glutamic as a growth
promoters, in addition to the effects of the studied micro- nutrients which
supply the plant with the required nutrients necessary for well developed
plant.
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Table (3): Effect of some amino acids and micro-nutrients treatments
on the number of suckers and flowering heads of Echinacea
purpurea plants during 2011and 2012 seasons.

First season (2011)
Parameters Number of suckers/plant Numrk:er of flowering
eads/plant
Amino acids G. at T. at Mean G. at T. at Mean
Control | 200 200 Control 200 200
micronutrients ppm ppm ppm ppm
Control (0.0) 5.39 8.64 8.27 7.43 14,28 | 18.24 17.81 | 16.78
Fe at 150 ppm 7.06 12.34 9.24 9.55 16.08 28.19 24.80 | 23.02
Zn at 150 ppm 7.94 9.14 11.82 | 9.63 17.18 | 21.96 | 28.93 | 22.69
Mn at 150 ppm 7.28 9.08 9.80 8.72 15.94 18.63 19.21 | 17.93
Mean 6.92 9.80 9.78 15.87 | 21.76 | 22.69
L.S.D |Amino acids 1.24 4.17
at micronutrients 1.43 4.81
0.05 | .
for interaction 2.48 8.34
Second season (2012)
Control (0.0) 5.92 9.07 9.18 8.06 1529 | 19.78 | 21.23 | 18.77
Fe at 150 ppm 8.25 12.22 10.11 | 10.19 | 18.11 29.20 27.75 | 25.02
Zn at 150 ppm 9.04 10.20 | 12.16 |10.47 | 19.24 | 23.24 | 32.16 | 24.88
Mn at 150 ppm 8.12 9.85 10.03 | 9.33 17.36 | 21.43 | 27.11 | 21.97
Mean 7.83 10.34 10.37 17.50 23.41 27.06
L.S.D |Amino acids 1.43 4.85
at micronutrients 1.65 5.60
0.05 |. .
for interaction 2.83 9.70
G.= Glutamic acid T.= Tryptophan

The aforementioned results of amino acids are in agreement with
Hendawy (2000) on Echinacea purpurea, Wahabe et al., (2002) on
Antholyza aethiopica, Youssef et al., (2004) on Datura plants, Gamal EIl-Din
and Abd ElI-Wahed (2005) on chamomile plant, Balbaa and Talaat (2007) on
rosemary plants, Gomaa and Mady (2008) on Matricaria chamomilla,
Youssef (2009) on rosemary plant, Sarojnee et al., (2009) on hot peppers,
El-Awadi and Hassan (2010) on fennel plant, Behzad (2011) on flixweld
(Descurainia sophia L.), Haj Seyed Hadi et al., (2011) on chamomile plant,
Datir et al., (2012) on Capsicum annum L., Hussein (2013) on chamomile
plant, Rahimi et al.,, (2013) on basil plant and Omer et al.,, (2013) on
chamomile plant. The abovementioned results of micro-nutrients are nearly
similar to those obtained by Hendawy (2000) on Echinacea purpurea, Kuntal
et al., (2005) on Stevia rebaudiana, Gomaa (2008) on Hibiscus sabdariffa,
Youssef (2009) on rosemary plant, Nasiri et al., (2010) on chamomile plant,
Ajay et al., (2010) on Mentha arvensis L., Said-Al Ahl and Mahmoud (2010)
on sweet basil, Amuamuha et al., (2012) on marigold plant., Khalid (2012)
on anise plant, Shilpa and Dhumal (2012) on Cassia angustifolia, Saeid
Zehtab et al.,, (2012) on Psyllium plant, Amran (2013) on Pelargonium
graveolens and El-Khyat (2013) on Rosmarinus officinalis.

II-Flowering growth traits:

Data in Tables (3 and 4) indicate that all tested sprays of amino

acids resulted in significant increments in the number, fresh and dry weights
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of flowering heads/plant, with superiority for tryptophan treatment as
compared with control in both seasons. Also, all tested micro-nutrients
statistically increased the number, fresh and dry weights of flowering
heads/plant, especially those received Fe treatment in both seasons.

Table (4): Effect of some amino acids and micro-nutrients treatments
on fresh and dry weights of flowering heads of Echinacea
purpurea plants during 2011and 2012 seasons.

First season (2011)
Parameters Fr_esh weight of Dry weight of flowering
flowering heads/plant (g) heads/plant (g)
mino acids G. at T.at | Mean G. at T.at |Mean
Control | 200 200 Control | 200 200
micronutrients ppm ppm ppm ppm
Control (0.0) 318 480 451 416 27.13 | 40.12 | 37.38 | 34.88
Fe at 150 ppm 365 716 670 584 30.72 | 59.22 | 54.56 | 48.17
Zn at 150 ppm 382 582 726 563 32.49 | 48.18 | 62.17 | 47.61
Mn at 150 ppm 349 480 542 457 29.41 | 39.10 | 44.16 | 37.56
Mean 354 565 597 29.94 | 46.66 | 49.57
L.S.D |Amino acids 83.47 11.09
at micronutrients 96.32 12.80
fOC.‘rOS interaction 166.9 22.18
Second season (2012
Control (0.0) 319 453 504 425 27.52 | 3841 | 4240 | 36.11
Fe at 150 ppm 424 741 783 649 35.47 | 61.32 | 63.71 | 53.50
Zn at 150 ppm 452 599 792 614 37.75 | 48.72 | 66.04 | 50.84
Mn at 150 ppm 408 569 786 588 34.37 | 47.14 | 65.04 | 48.85
Mean 400.8 591 716.3 33.78 | 48.90 | 59.30
L.S.D |Amino acids 79.24 12.18
at micronutrients 91.44 14.06
%?5 interaction 158.5 24.36
G.= Glutamic acid T.= Tryptophan

As for the interaction effect between amino acids and micro-
nutrients, it was noticed that all interactions between amino acids and micro-
nutrients increased the values of the number, fresh and dry weights of
flowering heads/plant. However, the highest number of flowering heads/plant
(28.93 and 32.16), the heaviest fresh weight of flowering heads/plant (726
and 792g) and the heaviest dry weight of flowering heads/plant (62.17 and
66.049) were recorded by 200ppm tryptophan treatment combined with Zn at
150ppm, in the first and second seasons, respectively.

The aforementioned results of amino acids are in agreement with
Hendawy (2000) on Echinacea purpurea, Wahabe et al., (2002) on
Antholyza aethiopica, Youssef et al., (2004) on Datura plants, Gamal EI-Din
and Abd EI-Wahed (2005) on chamomile plant, Gomaa and Mady (2008) on
Matricaria chamomilla, Sarojnee et al., (2009) on hot peppers, El-Awadi and
Hassan (2010) on fennel plant, Haj Seyed Hadi et al., (2011) on chamomile
plant, Datir et al., (2012) on Capsicum annum L., Behzad (2011) on flixweld
(Descurainia sophia L.), Hussein (2013) on chamomile plant and, Omer et
al., (2013) on chamomile plant. The aforementioned results of micro-nutrients
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are in parallel with those obtained by Hendawy (2000) on Echinacea
purpurea, Gomaa (2008) on Hibiscus sabdariffa, Nasiri et al., (2010) on
chamomile plant, Amuamuha et al., (2012) on marigold plant., Khalid (2012)
on anise plant, Shilpa and Dhumal (2012) on Cassia angustifolia, and Saeid
Zehtab et al., (2012) on Psyllium plant.

lll- Leaf chemical composition:

IlI-1. Leaf total free amino acids, Fe, Zn and Mn contents:

Data in Tables (5 and 6) declare that all tested amino acids and
micro-nutrients treatments increased total free amino acids, Fe, Zn and Mn
contents in Echinacea purpurea leaves in both seasons. In this respect, the
richest leaf total free amino acids and Zn contents were recorded by
tryptophan at 200ppm and Zn at 150ppm treatment as well as their
combinations in both seasons as compared with control and the rest
treatments. Besides, spraying Echinacea purpurea plants with glutamic acid
and Fe treatments as well as their combinations proved to be the most
pronounced treatments for producing the highest leaf Fe content in both
seasons. Also, 200ppm glutamic acid or 150ppm Mn-sprayed plants and
their interactions induced the greatest values in this respect in both seasons.
However, the highest values of leaf total free amio acids (24.17 and 21.94
mg/g FW) and Zn (0.034 and 0.036%) contents were scored by tryptophan at
200ppm combined with Zn at 150ppm, in the first and second seasons,
respectively. In addition, the highest leaf Fe content (0.071 and 0.078%) was
registered by 200ppm glutamic acid combined with Fe at 150ppm, whereas
the highest leaf Mn content (0.019 and 0.018%) was scored by the combined
treatment between glutamic acid at 200ppm and Mn at 150ppm, in the first
and second seasons, respecively. This may be due to the combined effects
of both tryptophan as a precursor of indole acetic acid which induces cell
division and enlargement and glutamic as a growth promoters, in addition to
the effects of the studied micro-nutrients which supply the plant with the
required nutrients necessary for healthy growth.

The results of amino acids are in accordance with the findings of
Mohamed (1992) on Dahlia pinnata, Gamal EI-Din et al.,, (1997) on
lemongrass plants, Hendawy (2000) on Echinacea purpurea, El-Khayat
(2001) on Hibiscus sabdariffa, Wahabe et al., (2002) on Antholyza
aethiopica, Youssef et al., (2004) on Datura plants and Balbaa and Talaat
(2007) on rosemary plant, Youssef (2009) on rosemary plant, Amran (2013)
on Pelargonium graveolens and El-Khyat (2013) on Rosmarinus officinalis.

The aforementioned results of micro-nutrients are in conformity with
those obtained by Hendawy (2000) on Echinacea purpurea, Gomaa (2008)
on Hibiscus sabdariffa, Youssef (2009) on rosemary plant, Nasiri et al.,
(2010) on chamomile plant, Ajay et al.,, (2010) on Mentha arvensis L.,
Amuamuha et al. (2012) on marigold plant., Shilpa and Dhumal (2012) on
Cassia angustifolia, Saeid Zehtab et al., (2012) on Psyllium plant, Amran
(2013) on Pelargonium graveolens and El-Khyat (2013) on Rosmarinus
officinalis.
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Table (5): Effect of some amino acids and micro-nutrients treatments
on leaf total free amino acids and Fe contents of Echinacea
purpurea plants during 2011and 2012 seasons.

First season (2011)
Parameters Total f(rrizgmlzlcvo acids Fe (%)

Amino acids G. at T. at Mean G. at T. at Mean

Control | 200 200 Control | 200 200
micronutrients ppm ppm ppm ppm
Control (0.0) 1434 | 16.14 | 17.24 | 15.91 | 0.054 | 0.058 0.057 | 0.056
Fe at 150 ppm 16.97 | 20.84 | 23.03 | 20.28 | 0.062 | 0.071 0.068 | 0.067
Zn at 150 ppm 17.23 | 19.63 | 24.17 | 20.34 | 0.057 | 0.064 0.062 | 0.061
Mn at 150 ppm 16.42 | 18.80 | 21.41 | 18.88 | 0.059 | 0.061 0.060 | 0.060
Mean 16.24 | 18.85 | 21.46 0.058 | 0.064 0.062
L.S.D |Amino acids 1.34 0.009
at micronutrients 1.55 0.010
0.05 | .
for interaction 2.68 0.018
Second season (2012)

Control (0.0) 1352 | 16.81 | 18.03 | 16.12 | 0.046 | 0.056 0.052 | 0.051
Fe at 150 ppm 1541 | 17.87 | 20.32 | 17.87 | 0.069 | 0.078 0.074 | 0.074
Zn at 150 ppm 16.01 | 19.81 | 21.94 | 19.25 | 0.051 | 0.072 0.065 | 0.063
Mn at 150 ppm 15.92 | 18.45 | 19.21 | 17.86 | 0.054 | 0.068 0.062 | 0.061
Mean 15.22 | 18.24 | 19.88 0.055 | 0.069 0.063
L.S.D |Amino acids 1.19 0.007
at micro-
0.05 |nutrients 1.37 0.008
for interaction 2.38 0.014
G.= Glutamic acid T.= Tryptophan

Table (6): Effect of some amino acids and micro-nutrients treatments
on leaf Zn and Mn contents of Echinacea purpurea plants
during 2011and 2012 seasons.

First season (2011)
Parameters Zn (%) Mn (%)
Amino acids G. at T. at Mean G. at T. at Mean
Control | 200 200 Control | 200 200
micronutrients ppm ppm ppm ppm
Control (0.0) 0.021 0.023 0.025 0.023 0.012 0.013 0.013 0.013
Fe at 150 ppm 0.027 0.024 0.031 0.027 0.015 0.018 0.016 0.016
Zn at 150 ppm 0.028 0.030 0.034 0.031 0.014 0.017 0.015 0.015
Mn at 150 ppm 0.025 0.026 0.029 0.027 0.016 0.019 0.018 0.018
Mean 0.025 0.026 0.030 0.014 0.017 0.016
L.S.D |Amino acids 0.006 0.0025
at 0.05 [micronutrients 0.007 0.0028
for interaction 0.012 0.0050
Second season (2012)
Control (0.0) 0.023 0.024 0.026 0.024 0.013 0.015 0.015 0.014
Fe at 150 ppm 0.025 0.026 0.028 0.026 0.014 0.015 0.014 0.014
Zn at 150 ppm 0.030 0.034 0.036 0.033 0.014 0.015 0.014 0.014
Mn at 150 ppm 0.026 0.029 0.031 0.029 0.015 0.018 0.016 0.016
Mean 0.026 0.028 0.030 0.014 0.016 0.015
L.S.D |Amino acids 0.007 0.0012
at 0.05 [micronutrients 0.008 0.0014
for interaction 0.014 0.0024
G.= Glutamic acid T.= Tryptophan
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I1I-2 Total alkamides (%):

Data presented in Table (7) show that all tested treatments of amino
acids and micro-nutrients as well as their interactions succeeded in
increasing total alkamides (%) in the above ground organs ( leaves , stems
and flowering heads) of Echinacea purpurea plant. However, the highest
value of total alkamides (0.072 %) was scored by glutamic acid at 200ppm
combined with Zn at 150ppm, followed by the combined treatment between
glutamic acid at 200ppm and Fe at 150ppm as it gave 0.69 against to
0.034% for control.

Table (7): Effect of some amino acids and micro-nutrients treatments
on total alkamides (%) of Echinacea purpurea during 2012

season.
ino acids Control (0.0 Glutamic at 200 Tryptophan at 200
Micro-nutrie ppm) ppm ppm
Control (0.0 ppm) 0.034 0.059 0.049
Fe at 150 ppm 0.046 0.069 0.052
Zn at 150 ppm 0.051 0.072 0.056
Mn at 150 ppm 0.049 0.063 0.054

I1I-3 Total caffeic acid derivatives (%):

It is clear from Table (8) that the flowering heads of Echinacea
purpurea are the richest plant part with total caffeic acid derivatives as they
contained 0.82 and 0.78 % , followed by the herb ( 0.45 and 0.48 %), then
the roots (0.31 and 0.31%) in the first and second seasons, respectively.
However, 200 ppm glutamic- sprayed plants showed to be the most effective
one for inducing the highest values of total caffeic acid derivatives of
Echinaceae purpurea plants (flowering heads, herb and roots), in both
seasons. All tested sprays of micro-nutrients increased total caffeic acid
derivatives,especially Fe at 150 ppm in case of flowering heads and herb
parts and Zn at 150 ppm in case of root parts in both seasons. In general the
highest values of total caffeic acids derivatives in the flowering heads ( 0.98
and 0.94 %) and in the herb ( 0.61 and 0.64%) were recorded by the
combined treatment between glutamic acid at 200 ppm and Fe at 150ppm ,
whereas the highest values of total caffeic acid derivatives in the roots (0.41
and 0.39%) were scored by 200 ppm glutamic acid-sprayed plants combined
with 150 ppmZn treatment, in the first and second seasons, respectively.

The obtained results of this study may be due to the role of amino
acids and micro-nutrients in growth and development of the plants; where
amino acids are essential constituents in all cells. In addition to their role in
protein synthesis, they participate in both primary and secondary metabolic
processes associated with plant development and in responses to stress.
Amino acids contribute to the tolerance of plants against biotic and abiotic
stresses either directly or indirectly by serving as precursors to secondary
compounds and hormones. Moreover, amino acids are particularly important
for cell growth stimulation. They act as buffers which help to maintain
favorable pH value within the plant cell. They protect the plants from
ammonia toxicity. They can serve as a source of carbon and energy, as well
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as protect the plants against pathogens. Amino acids, also function in the
synthesis of other organic compounds, such as protein, amines, purines and
pyrimidines, alkaloids, vitamins, enzymes, terpenoids and others. Amino
acids are critical to life, and have many functions in metabolism (Behzad,
2011). Furthermore, amino acids affect synthesis and activity of some
enzumes, gene expression, and redoxhomeostasis (Rai, 2002).

Table 8: Effect of some amino acids and micro-nutrients treatments on
total caffeic acid derivatives (g/100g dry weight) of Echinacea
purpurea plants during 2011and 2012 seasons.

Season First season (2011)

organ Flowering heads Herb Roots

ino acids G.at| T. at G.at| T. at G.at| T. at

con.| 200| 200 M@ con.| 200 | 200 M®3"| con.| 200 | 200 [Me3"
Micro-nutriel ppm| ppm ppm|ppm ppm|ppm
Control (0.0) 0.62 [0.86 [0.82 [0.77 [0.31 [0.49 [0.38 [ 0.39 |0.19 [0.31 [0.28 | 0.26
Fe at 150 ppm 0.74 1098 [ 0.87 | 0.86 | 0.40 |0.61 [0.46 | 0.49 | 0.27 |0.38 |0.29 | 0.31
IZn at 150 ppm 0.71 |0.92 |0.82 [ 0.82 | 0.39 |0.54 |[0.42 | 045 |0.31 |0.41 |0.33 | 0.35
Mn at 150 ppm 0.81 [0.89 [0.79 [0.83 [0.38 [0.52 [0.44 | 0.45 | 0.28 [0.34 [0.29 | 0.30
Mean 0.72 {091 |0.83 [ 0.82 | 0.37 |0.54 |0.43 | 045 |0.26 |0.36 |0.30 | 0.31
L.S.D |JAmino acids 0.042 0.034 0.012
at micronutrients 0.048 0.039 0.013
?6?5 interaction 0.084 0.068 0.024
Second season (2012)

Control (0.0) 0.56 | 0.89 [0.72 [ 0.72 [0.28 |0.51 [0.46 | 0.42 [0.18 |0.32 [0.28 | 0.26
Fe at 150 ppm 0.70 {0.94 {0.84 [ 0.83 | 0.42 |0.64 |[0.55 | 0.54 |0.28 |0.36 |0.28 | 0.31
Zn at 150 ppm 0.68 {0.89 |0.73 | 0.76 | 0.38 |0.56 [0.52 | 0.49 | 0.32 |0.39 |0.35 | 0.35
Mn at 150 ppm 0.66 {0.92 [0.81 [ 0.79 [0.39 [0.58 |0.48 | 0.48 |0.29 |0.34 |0.29 | 0.31
Mean 0.65 {091 |0.78 | 0.78 | 0.37 |0.57 |0.50 | 0.48 | 0.27 | 0.35 |0.30 | 0.31
L.S.D |JAmino acids 0.033 0.027 0.014
at Micronutrients 0.038 0.030 0.016
?6?5 Interaction 0.066 0.54 0.028
G.= Glutamic acid T.= Tryptophan

Tryptophan (a precursor of indole acetic acid) is known as growth
regulating factor that influence many biological processes. Phillips (1971)
suggested several alternative roles of IAA synthesis in plants, all starting
from tryptophan, thus when tryptophan is supplied to most plant tissues, I1AA
was formed. Glutamic acid connect the two important metabolic cycles of the
plant, the carbon and nitrogen cycles, and has an influence on sugars and on
proteins. The tryptophan inhibits the precocious flower and fruit fall and it is
important in the process of production of enzyme that catalyses synthesis
reaction of auxin. The glutamic acid is important for the synthesis of the auxin
and fruit set (Taiz and Zeiger, 2002).

For adequate plant growth and production, micronutrients are
needed in small quantities in balance of macronutrients; however, their
deficiencies cause a great disturbance in the physiological and metabolic
processes in the plant. Plants normally take up nutrients from soils through
their roots although nutrients can be supplied to plants as fertilizers by foliar
sprays (Baloch et al., 2008). Fe, Zn and Mn acts either as metal components
of various enzymes or as functional, structural, or regulatory cofactors. Thus,

538



J. Plant Production, Mansoura Univ., Vol.5 (4), April, 2014

it is associated with saccharide metabolism, photosynthesis, and protein
synthesis (Marschner, 1997). The effects of the tested micro-nutrients may
be due to the role of iron as it incorporated directly into the cytochromes, into
compounds necessary to the electron transport system in mitochondria and
into ferredaxin. Ferredaxin is indispensable to the light reactions of
photosynthesis. Iron is essential for the synthesis of chlorophyll and it plays
an essential chemical role in both the synthesis and degradation of
chlorophyll (Nason and Mc-Elory, 1963). Fe is a cofactor for approximately
140 enzymes that catalyze unique biochemical reactions. Hence, iron has
many essential roles in plant growth and development including chlorophyll
synthesis and chloroplast development. Additionally, iron has important
functions in plant metabolism, such as activating catalase enzymes
associated with superoxide dismutase, as well as in photorespiration, the
glycolate pathway and chlorophyll content (Granick, 1950). Moreover, Zinc is
one of the essential microelements for growth and flowering of plants
(Chandler, 1982). Zinc is an important micronutrient that is closely involved
in the methabolism of RNA and ribosomal content in plant cells, leading to
stimulation of carbohydrates, proteins and the DNA formation. It is also,
required for the synthesis of tryptophan, a precursor of IAA which acts as a
growth promoting substance. Zinc has three functions: catalytic, cocatalytic
(coactive) and structural (Amberger, 1974). Therefore, sufficient amount of
these nutrients in the plant is necessary for normal growth, in order to obtain
satisfactory yield (Yassen et al., 2010). So, micronutrients such as iron, zinc
and manganese have important roles in growth and chemical composition of
Echinacea purpurea plant.

Conclusively, from the obtained results, it is preferable to spray
Echinacea purpurea plants with amino acids (tryptophan or glutamic acid at
200ppm) in combination with some micro-nutrients (Fe, Zn or Mn each at
150ppm) to enhance plant growth and chemical composition which led finally
to a product of high quality suitable for exportation and safe on human
health.

REFERENCES

A.0.A.C.(1980): Official Methods of Analysis,12Th Ed. Association of Official
Analysis Chemists :Washington , D.C., U.S.A.

Ajay, K.; H.K. Patro and Kewalanand (2010): Effect of zinc and sulphur on
herb, oil yield and quality of Menthol mint (Mentha arvensis L.) var.
Kosi. J. Chem. Pharm. Res., 2(4):642-648.

Amberger, A. (1974): Micro-nutrients, dynamics in the soil and function in
plant metabolism. Proc. Egypt, Bot. Soc. Workshop, 1, Cairo .

Amran, K.A.A. (2013). Physiological studies on Pelargonium graveolens L
plant. Ph.D. Thesis, Fac. of Agric., Moshtohor, Benha. Univ. Egypt.

Amuamuha, L., A. Pirzad and H. Hadi (2012): Effect of varying
concentrations and time of Nanoiron foliar application on the yield and
essential oil of pot marigold. Intl. Res. J. Appl. Basic. Sci. Vol., 3 (10),
2085-2090.

539



Youssef, A.S.M.

Balbaa, L.K. and .M. Talaat (2007): Physiological response of rosemary
plants (Rosmarinus officinalis, L.) to ascorbic acid, phenylalanine and
ornithine.Egypt. J. of Appl. Sci., 22 (1IB): 375-385.

Baloch, O.B.; O.I. Chacar and M.N.Tareen (2008). Effect of foliar application
of macro and micronutrients on production of green chilies (Capcicum
annuum L.). J Agric Tech 4(2): 177- 184.

Bauer, R. and P. Remiger (1989): TLC and HPLC analysis of alkamides of
Echinacea drug planta Medica,55:367-371.

Behzad, S. (2011): Effects of amino acids and irrigation interrupted on some
characteristics in flixweld (Descurainia sophia L.). International
Conference on Biology, Environment and Chemistry. vol.1-375-378.

Black, C.A.; D.O. Evans; LE. Ensminger; J.L. White; F.E. Clark and R.C.
Dinauer (1982): Methods of Soil Analysis. part 2. Chemical and
microbiological properties. 2nd Ed. Soil Sci.,Soc. of Am. Inc. Publ.,
Madison, Wisconsin, U. S.A.

Chandler, H. (1982). Zinc As Nutrient for Plants. Bot. Hag. 98, 625-646.

Chapman, H.D. and P.F.Paratt (1961): Methods of Soil, Plants and Water
Analysis. Univ. California, Div. Agric. Sci., 314p.

Datir, R.B.; B.J. Apparao and S.L. Laware (2012): Application of amino acid
chelated micronutrients for enhancing growth and productivity in chili
(Capsicum annum L.). Plant Sciences Feed, 2(7): 100-105.

El-Awadi, M.E. and E.A. Hassan (2010). Physiological responses of fennel
(Foeniculum Vulgare Mill) plants to some growth substances. The
effect of certain amino acids and a pyrimidine derivative. Journal of
American Science, 6(7): 120-125.

El-Khayat, A.S.M. (2001): Physiological effects of tryptophan, thiamin and
ascorbic acid on Hibiscus sabdariffa, L. plant. The Fifth Arabian
Horticulture Conference, Ismailia, Egypt, March 24-28, Vol.(11) 251-
264.

El-Khyat, L.A.S. (2013): Effect of chemical and bio fertilizer on growth and
chemical composition of rosemary plants. M.Sc. Thesis Fac. Agric.
Moshtohor, Benha Univ.

Gamal EI-Din, K.M.; A.Sh.Tarraf and L.K. Balbaa (1997): Physiological
studies on the effect of some amino acids and micronutrients on
growth and essential oil content in lemongrass. J. Agric. Sci. Mansoura
Univ., 22; 4229-4241.

Gamal ElI-Din, K.M. and M.S.A. Abd EI-Wahed (2005): Effect of some amino
acids on growth and essential oil content of chamomile plant. J. Agri.
Biol., Vol. 7, No. 3, 376-380.

Gomaa, A.O. (2008): Effect of tryptophan, Fe, Zn, and Mn foliar application
on growth, productivity and chemical composition of roselle plants. J.
Biol. Chem.Environ.Sci., Vol. 3(1): 771-790 .

Gomaa, A.O. and M.A. Mady (2008): Response of chamomile plants to foliar
spray with boron and some antioxidants. The 4™ Scientific Conference
of the Agricultural& Biological Research Division.

Granick, S. (1950): Iron Metabolism in Animals and Plants. Harvey lectures
ser. 44:220.

540



J. Plant Production, Mansoura Univ., Vol.5 (4), April, 2014

Haj Seyed Hadi, S.M.R.; M.T. Darzi; Z. Ghandehari and G.H. Riazi (2011).
Effects of vermicompost and amino acids on the flower yield and
essential oil production from Matricaria chamomile L. J. Med. Plants
Res.,5(23): 5611-5617.

Hendawy, S.F. (2000): Physiological and chemical studies on Echinaceae
purpurea L., plant. Ph.D. Thesies, Fac., Agric., Moshtohor, Zaga. Univ.
Egypt.

Hussein, M.S. (2013): Effect of amino acids application on production,
volatile oil and chemical composition of chamomile cultivated in saline
soil at Sinai. J. Appl. Sci. Res., 9(4): 3006-3021.

Jackson, M.L. (1973): Soil Chemical Analysis. Prentice-Hall of Indian
Private, New Delhi.

Khalid, A. K. (2012): Effect of NP and foliar spray on growth and chemical
compositions of some medicinal Apiaceae plants grow in arid regions
in Egypt. Journal of Soil Science and Plant Nutrition, 12 (3) 617-632.

Kumar, K.M.and S. Ramaiah (2011): Pharmacological importance of
Echinacea purpurea. International Journal of Pharma and Bio
Sciences. Vol.2 (4):304-314.

Kuntal, D.R.; T.N. Shivananda and P. Sur (2005): Interaction between
phosphorus and zinc on the biomass yield and yield attributes of the
medicinal plant Stevia (Stevia rebaudiana).The ScientificWorld Journal,
5, 390-395.

Marschner, H. (1997): Mineral Nutrition of Higher Plants. Second Printing,
Academic press INC. San Diego, pp: 889.

Mohamed, S.M. (1992): Effect of some micronutrient elements on growth,
flowering and tuberous-root production of Dahlia pinnata, L. Egypt Ann.
Agric. Sc.,Moshtohor, 30 (1):pp 475-492.

Nasiri Y.; S.Z. Salmasi; S. Nasrullahzadeh; N. Najafi and K. Ghassemi-
Golezani (2010): Effects of foliar application of micronutrients (Fe and
Zn) on flower yield and essential oil of chamomile (Matricaria
chamomilla L.). Journal of Medicinal Plants Research Vol. 4(17), pp.
1733-1737.

Nason, A. and W.D. Mc-Elory (1963): Modes of Action of the Essential
Mineral Elements. In: E.C. steward, ed., plant physiology. New York
Academic press.

Omer, E.A.; HA.H. Said-Al Ahl; A.G. ElI Gendy; Kh. A. Shaban and M.S.
Hussein (2013): Effect of amino acids application on production,
volatile oil and chemical composition of chamomile cultivated in saline
soil at Sinai. J. Appl. Sci. Res., 9(4): 3006-3021.

Phillips, 1.J.D. (1971): Introduction to the Biochemistry and Physiology of
Plant Growth Hormones Copyright p. 12 McGraw-Hill Book Co. New
York.

Rahimi, A.A.; Mehrafarin; H.N. Badi and F.K. Sigaroodi (2013): Effects of bio-
stimulators and bio-fertilizers on morphological traits of basil (Ocimum
basilicum L.). Annals of Biological Research, 4 (5):146-151.

Rai, V.K. (2002): Role of amino acids in plant responses to stresses. Biologia
Plantarum, 45(4): 481-487.

541



Youssef, A.S.M.

Rosed, H. (1957): Modified ninhydrin colorimetric analysis for acid nitrogen.
Arch. Biochem. Biophys., 67 :10-15.

Saeid Zehtab, S.; S. Behrouznajhad and K. Ghassemi-Golezani (2012):
Effects of foliar application of Fe and Zn on seed yield and mucilage
content of Psyllium at different stages of maturity. International
Conference on Environment, Agriculture and Food Sciences
(ICEAFS'2012) August 11-12, 2012 Phuket (Thailand).

Said-Al Ahl, H.A.H. and Abeer A. Mahmoud (2010): Effect of zinc and / or
iron foliar application on growth and essential oil of sweet basil
(Ocimum basilicum L.) under salt stress. Ozean Journal of Applied
Sciences 3(1), pp. 97-111.

Sarojnee, D.Y.; B. Navindra and S. Chandrabose (2009): Effect of naturally
occurring amino acid stimulants on the growth and yield of hot peppers
(Capsicum annum L.). Journal of Animal & Plant Sciences, 5(1): 414-
424,

Shilpa M. S. and K. N. Dhumal (2012): Influence of foliar applications of
micronutrients on photosynthetic pigments and organic constituents of
medicinal plant Cassia angustifolia Vahl. Annals of Biological
Research, 3 (1):520-526.

Snedecor, G.W. and W.G. Cochran (1989): Statistical methods. 8" Ed., lowa
State Univ., Press, lowa ,U.S.A.

Taiz, L. and E. Zeiger (2002): Plant Physiology. Sunderland: Sinauer. p. 690.

Wahabe, H.E.; S.M. Mohamed; G.E. Attoa and A. Frahat (2002): Response
of Antholyza aethiopica, to foliar spray with some amino acids and
mineral nutrients with sulphur. Annals Agric. Sci., Ain Shams Univ.,
Cairo, 47 (3): 929-944.

Yassen A.A.; E.AA. EI-Nour and S. Shedeed (2010): Response of wheat to
foliar spray with urea and micronutrients. J Amer Sci 6(9): 14-22.
Youssef, A.A.; R.A. EI-Mergawi and M.S.A. Abd El-Wahed (2004): Effect of
putrescine and phenylalanine on growth and alkaloid production of

some Datura species. J. Agric. Sci. Mansoura Univ., 29: 4037-4053.

Youssef, A.S.M. (2009): Effect of some amino acids and mineral nutrients
treatments on growth and productivity of rosemary plant(Rosmarinus
officinalis, L.). Annals of Agric. Sc., Moshtohor, Vol. 47(1): Ho. 133-
148.

542



J. Plant Production, Mansoura Univ., Vol.5 (4), April, 2014

gsiaally salll Ao o hal) paliall g dua) (aleal) clalaa any il
L) ciladl (5 glasl)

i gy dana Lt daa

raa — Ly daaly — 4o 30 A0S — (bl add

amiy A M Ae H3e Yo IY & Vo)) g IR (pale Bad Alia a4y oty jal
Y (alaa¥) i elae (amy il Al o Gangs L daala <de ) 30 A0S — oyl
g el pualiall 500 yiia (Lagie JSI (salall (80 ja Voo 508 5 claaliglall 5 ()8 53 5ill)
O el Lyl 5 6o ydia (Lagie JSI (sl (86 5 100 508 iy Soiania -eli ) —agaa)
il (5 slasll (5 stnall 5 g sl saill o s raall jualiall g nel] Galaa¥) @ las
g pmall jualiall ol aine) (mlealV) (e o piiall lelaall Gf il Ciaa gl L)
05 el fo 580 sae ¢l Jsh ) ol el cluld 8 A siee 50l ) )
3oLy ) o yidall COlabaall aen bl (b / Glalal) sae 5 @il fondall Cilall 5 & 5l
At o 5l el Galandl (a3l 51 5y At B 533y Agsaama sall L35 S
Ol 8 e5n Yoo S ol i il alebaal) e dale diiayy | Sgiaialy &3l ¢yl
g sy e Sl clall Gl ST osalall (e n Y0 38 i i (ol 4sedl
il alebaey wlall cldall g ¢ 381 e dae ST e Jgandl a3 i 8 la 3D Gala g
AS B sl (e 3 V0 S S aaall dec e salall e Ja Yo 58 50 el lally
Gilb Lee e Golal) (3o Yer 5SS elaali gladly G ool Al ) adlally cpans sall
(s Gl ) el Cala s 7 5 (55 ST gl ) sl (e V00 S5 Bl
03y I agiDle i s o piadl (5 pall jaliall y 4l alaal) Cillae asen ol 28
eI g (Sla 5315 31yl Hsdadl 3 ) 4Kl GLalSl paala liide (e il 6 sine
el g el glall o daadl s bl lall (g adaliaall alebaal) aald 5 (cadall ) 4K
DS i el slall b b s il G Jaady 4dld Lo Jaaniall il e el
sl (el bl (8 e s V0 58 S el 3l apaall eea e (pslall B 5a Yo
) L2 Ll (g slasl 5 sinall

b gaiall daala — ds 3 A Gl i A 3 dana [
Lo daaly - jgiiiia o) A tana ihuae slia [ o)

543



