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ABSTRACT

Two field experiments were carried out during two successive seasons of 2010 and 2011 at the
Experimental Farm of El-Kassasin Horticultural Research Station, Ismalha Governorate, Egypt, to
investigate the effect of drip irrigation rates (784, 1568 and 2352 m® water/fad.), biofertilizers rates
(control, 500 g nitrobein + 500 g phosphorein, 1000 g nitrobein + 1000 g phosphorein and 1500 g
nitrobein + 1500 g phosphorein) and antioxidants (control, citric acid, salicylic acid and glutathione) at
rate 100 ppm each, on growth, flowering and chemical constituents of Echinacea purpurea L. plants.
The results declared that vegetative growth, flowering and chemical constituents of Echinacea
purpurea L plants were significantly increased gradually with i mcreasmg water quantity from 784 up
to 1568 m’ water/fad., in both seasons. Moreover, data manifested that raising the apphcatlon rates of
nitrobein and phosphorcm to plants, generally, caused a gradual and steady increase in growth,
flowering and chemical constituents in both seasons as compared to without inoculation {control). In
this respect, inoculation plants at rate of 1500 g nitrobein + 1500 g phosphorein/fad., recorded high
values of growth, flowering and chemical constituents than other biofertilizers rates or control
treatments. Furthermore, vegetative growth, flowering and chemical constituents were promoted with
all spraying antioxidants as compared to control. Spraying plants with glutathione recorded uppermost
values of growth, flowering and chemical constituents more than the other antioxidants.

Key words: Echinacea purpurea L., drip irrigation rates, biofertilizers rates, antioxidants, vegetative
growth, flowering, chemical constituents.

INTRODUCTION

Echinacea is relatively easy to cultivate and
commercial growers and tolerant to drought,
though grows better in cultivation with adequate
watering, and can tolerate fairly diverse soil
types (Hobbs, 1989). Exceptionally drought
tolerant is beginning its production. We have a
lot to learn about the optimum growing,
harvesting, quality control, and storage
techniques for Echinacea.

Results showed that increasing drought
decreased significantly plant growth, dry weight,
leaf area, diameter and weight of inflorescences
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as well as flowering yield. On the same trend,
Saleem (2007) on tuberose plants, Yousef ef al,
(2008) on Majorana hortensis L. plants and
Younis et al. (2009) on Hibiscus sabdariffa L.,
results showed that carbohydrates, total soluble
solids, non reducing sugars and total sugars
were increased significantly with increasing
water quantity, whereas, reducing sugars were
increased with decreasing water amounts.

Some investigators dealt with the effect of
biofertilizers on plant growth, Abo El-Fetooh
(2010) on marigold and Dube (2011) on Stevia
rebaudiana, illustrated that raising the
application rates of nitrobein and phosphorein to
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plants caused a generally gradual and steady
increase in wvegetative growth (plant height,
number of leaves and branches/plant and dry
weight) as well as flowering characters.

Plants can protect themselves against oxidative
damage by antioxidant system including
antioxidative enzymes and nonenzymatic
compounds, (Mittler, 2002). Citric acid, salicylic
acid and glutathione are crucial nonenzymatic
compounds involved in defense against
oxidative stress. Hussain et al (2008) on
Helianthus annus, L., and Zeng et al. (2011) on
Dianthus caryophyllus L., showed that applied
antioxidants as exogenously at vegetative and
flowering stage improved significantly vegetative
growth and flowering characters.

Therefore, this work aimed to study the
effect of drip irrigation rates, biofertilizaters
rates and antioxidants on plant growth, flowering,
plant chemical composition and postharvest
characters of Echinacea purpurea L. grown
under sandy soil conditions.

MATERIALS AND METHODS

Two field experiments were carried out
during the successive seasons of 2010 and 2011
at the Experimental Farm of El-Kassasin
Horticultural Research  Station, Ismailia
Governorate, Egypt to investigate the effect of
drip irrigation rates, biofertilizers rates and
antioxidants on growth, flowering and chemical
constituents of Echinacea purpurea L.

The soil of the Experimental field was sand
in texture and the physical and chemical
analyses of soil are shown in Table 1.

This experiment included 48 treatments,
which were the combinations between 3 drip
irrigation rates, 4 biofertilizers rates and 4
antioxidants sources as follows:

Drip Irrigation Rates
1. 784 m® water/fad.,

2. 1568 m® water/fad.,
3.2352 m’ water/fad.

Prior the irrigation treatments, all experimental
units received equal amounts of water (50
m'/fad.).

The irrigation treatments began at emergency
(31 May) and were added in the morning (two
times/week) up to the end of July, thus number
of irrigation times/season were 35 ones. The
amounts of water were added using water
counter and pressure counter at 1 bar. The
amounts of calculated water were added to
different treatments, express through drippers (4
/hr) to give such amounts of water which are
presented in Schedule 1.

The experimental unit area was 9 m* (3x3 m)
and each experimental unit contains 4 dripper
lines with 3 m length for each with 75 cm width,
moreover the distance between emitters was 25
cm, thus each experimental unit contained 48
emitters.

Biofertilizers Rates

1.Zero biofertilizer (control),

2.500 g/fad. nitrobein + 500 g/fad. phosphorein,

3.1000 g/fad. nitrobein+1000 g/fad. phosphorein,

4.1500 gffad. nitrobein+1500 g/fad. phosphorein,
Nitrobein is the commercial name of nitrogen

fixing bacteria, which contains Azospirillum

sp.and Azotobacter sp. Whereas, Phosphorein is

the commercial name of phosphate dissolving

bacteria, which contains Bacillus megatherium
var. phosphoticum.

Biofertilizers were obtained from General
Organization for Agriculture Equalization Fund
{GOAEF), Ministry of Agriculture, Egypt, and
biofertilizers rates were mixed with sand (1:10
w/w) and supplied as soil inoculation into root
absorption zone of plants, and applied in two
doses, after 15 days of transplanting and the
second dose was after one month of first dose.

Antioxidants Sources

1. Spraying with water,

2. Spraying with 100 ppm citric acid,

3. Spraying with 100 ppm salicylic acid,
4. Spraying with 100 ppm glutathione.

Echinacea plants were sprayed with
antioxidants twice/season at age of 45 and 60
days after sowing in the morning.
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Table 1. Physical and chemical analyses of the experimental soil

Physical analyses

Particle size distribution (%)

Textural class Ca CO:% 0.M%
Coarse Fine Silt Clay
5.38 78.53 10.08 6.01 Sandy 1.20 0.80
Chemical analyses
Available (mg/kg)
* * Sp =
pH EC* dS/m S P <
8.1 0.83 27 58.60 9.50 190.51
Ion concentration in paste extract (mmol./1)

Ca' Mg"™ Na* K' co” HCO? cr so - *

3.90 2.70 1.85 0.55 0.00 1.30 4.55 3.15

Samples of the soil were obtained from 25 cm soil surface.

* pH in paste, and EC in paste extract.

Schedule 1. Total amount of water, amount of water supply at every irrigation and time needed
to give such amounts

Treatments (m*/fad.) Water supply every irrigation (malfad.) Time needs (min)
784 22.40 15
1568 44 .80 30
2352 67.20 45

Echinacea purpurea, L., seeds were sown in
nursery on 15 Nov., and nursery was covered
by plastic on Dec., Jan. and Feb. and seedlings
were transplanted on 21* March with 7-10 cm
height in both seasons.

Seedlings were hand-sown on 21% March
every season on dripper line at spacing of 75 cm
between dripper lines and 25 cm between plants
in cach dripper line.

These treatments were arranged in split-split
plot design with three replicates in both seasons.
Irrigation rates treatments were assigned at
random in the main plots, while sub plots were
devoted to biofertilizers rates treatments and
antioxidants sources were allotted in the sub-sub
plots.

Organic fertilization (20 m® FYM/fad.) was
mixed with 200 Kg/fad. super phosphate (15.5%

P,0s), 100 Kg/fad. amoinum sulphate (20.5%
N) and 50 Kg/fad. potassium sulphate (48%
K,0) were applied at soil preparation in mid-
row and covered with 10 cm sand.

Data Recorded

The obtained data in this study were as
follows:

Plant growth parameters

Six guarded plants from each plot were
labeled at random to evaluate the following
characters at age of 100 days after transplanting.

1. Plant height (cm),
2. Number of leaves/plant,
3. Number of branches/plant,

4.Fresh and dry weights (g) of whole plant at
flowering stage.
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Flowering characters

1.Length (cm), diameter (cm) and fresh weight
{g) of main inflorescence,

2.Total number of inflorescences/plant,

3.The longevity of main inflorescence was
measured by the period from the first vase day
to the end of vase life when the flowers lost
their ornamental value, as defined by pedicel
bending, flower wilting, flower bluing and
general discoloration.

Chemical constituents
1. Carbohydrates contents

Total carbohydrates contents in dried spikes
were determined according to the method
described by (AOAC, 1990).

2. Sugar contents

Total, reducing and non reducing sugars
were determined, in dried samples of spikes
after harvesting, calorimetrically according to
the methods described by (AOAC,1990).

Statistical Analysis

The collected data were subjected to
statistical analysis of variance according to Steel
and Torrie (1980) and the means were compared
by using Least Significantly Difference (LSD).

RESULTS AND DISCUSSION

Vegetative Growth
Effect of drip irrigation rates

Data in Table 2 show the effect of drip
irrigation rates (784, 1568 and 2352 m’ water/
fad.) on vegetative growth (plant height, number
of leaves and branches/plant and fresh and dry
weights of whole plant) of Echinacea purpurea L.
at age of 100 days after sowing. It could be
concluded that vegetative growth characters
were significantly increased gradually with

increasing water quantity applied from 784 up to

2352 m® water/fad. in both seasons.

These results are in harmony with those
reported by Halepyati ez al. (2002) on tuberose
and Dore (2004) on rose. They reported that

application of high rate of water irrigation gave
the highest values of vegetative characteristic.

Effect of biofertilizers rates

The effect of biofertilizers rates on vegetative
growth of Echinacea purpurea L. are shown in
Table 2. It is evident from such data that
biofertilizers rates had a positive significant
effect on plant height at different sampling
dates. It is obvious that vegetative growth
parameters were promoted with all biofertilizers
rates as compared to control, which recorded the
lowest values. It could noticed that vegetative
growth was significantly increased with
increasing biofertilizers rates. In this regard,
application of 1500 g nitrobein + 1500 g
phospherein gave the highest values of plant
height, number of leaves and branches/plant and
fresh and dry weights of whole plant as
compared to other rates.

These results agreed with those reported by
Mamta et al (2010) on Stevia rebaudiana,
Veerendra et al (2011) on Stevia rebaudiana
plants and Dube (2011) on Stevia rebaudiana,
who concluded that growth parameter of plants
were positively affected by bacterial inoculation.

Effect of antioxidants

Results given in Table 2 testify the effect of
antioxidants (citric acid, salicylic acid and
glutathione) at rate of 100 ppm each as well as
spraying with water (control) on vegetative
growth of Echinacea purpurea L.

It is obvious from such data that vegetative
growth traits were promoted with all spraying
antioxidants in both seasons upon control. In
this respect, spraying plants with glutathione
recorded high values of plant height than other
antioxidants or control treatments. Meanwhile,
salicylic acid had a positive increase more than
citric acid.

These results are in agreement with those
obtained by Hussain ef al. (2008) on Helianthus
annuus L., Zeng et al, (2011) on Dianthus
caryophylius L., who reported that all spraying
materials with antioxidants improved vegetative
growth as compared to control.
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Table 2. Effect of drip irrigation rates, biofertilizers rates and antioxidants on vegetative growth
of Echinacea purpurea L., during two seasons of 2010 and 2011

haracters Plant height No of No of F.W of whole D.W of whole
(cm) leaves/plant branches/plant plant (g) plant (g)
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
Effect of drip irrigation rates
784 m*fad. 3320 3790 31.51 3356 11.69 1288 60.11 96.74 2833 2522
1568 m’/fad. 44.68 47.89 3853 41.85 1280 1490 7175 10970 3393 26.03
2352 m'/fad. 49.76 5477 38.74 4506 13.70 1593 7268 11733 3441 2615
LSDg.s 121 193 1.65 080 0.38 0.29 252 1.39 1.12 0.36
Effect of biofertilizers rates
Control 3847 40.81 35.17 3690 12.06 13.60 61.37 101.05 2900 2527
Bio.1 42.01 4451 36.07 3894 1267 1407 6464 10550 3046 25.66
Bio.2 4329 4904 36.57 4115 13.18 1493 7190 11042 3397 2599
Bio.3 4640 53.06 3724 4364 13.01 1567 7482 11472 3547 26.28
LSDy s 089 057 110 064 057 032 301 1.82 1.53 0.25
Effect of antioxidants
Control 30.15 41.82 3283 3668 10.56 13.81 6297 100.75 29.74 2533
Citricacid 41.79 4507 3546 3903 11.75 1425 6633 10558 3142 2562
Salicylic acid 43.51 4844 3740 4131 1249 1482 68.45 110.08 3239 2591
Glutathione 45.72 52.08 39.35 4363 16.13 1539 7497 11528 3535 2634
LSDgs 095 056 089 040 053 0.24 3.54 273 1.69 0.45

Control = zero untreated
Bio 2 = 1000 g nitrobein + 1000 g phosphorein

Flowering Characters
Effect of drip irrigation rates

Table 3 shows the effect of drip irrigation
rates on main inflorescence characters (length,
diameter and fresh weight), number of total
inflorescences/plant and longevity of main
inflorescence in two seasons.

It is obvious from the data in Table 3 that
length, diameter and fresh weight of main
inflorescence, number of total inflorescences/
plant and longevity were increased with
increasing water quantity applied to plants in
sandy soil from 784 up to 2352 m*/faddan. The
highest water quantity for increasing length,
diameter and fresh weight of main inflorescence,
number of total inflorescences/plant and longevity
was 2352 m’/fad. in two seasons under study.
These results are in good line with those

Bio 1 = 500 g nitrobein + 500 g phosphorein
Bio 3 = 1500 g nitrobein + 1500 g phosphorein

obtained from the data of vegetative growth in
Table 2 in this study.

The obtained results are in harmony with
those reported by Dore (2004) on rose, Anupama
et al. (2005) on chrysanthemum, Nickolee et ai.
(2006) on Echinacea purpurea L. and Alvarez et
al. (2009) on Dianthus caryophyllus L., they
showed that increasing irrigation water amounts
to plants increased significantly fresh and dry
weights of inflorescence, number of total
inflorescences/plant and longevity.

Effect of biofertilizers rates

Data recorded on main inflorescence
characters, number of total inflorescences/plant
and longevity as influenced by biofertilizers
rates are shown in Table 3. It is obvious from
such data that raising the application rates of
nitrobein and phosphorein to plants caused,
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Table 3. Effect of drip irrigation rates, biofertilizers rates and antioxidants on flowering
characters of Echinacea purpureq 1.,, during two seasons of 2010 and 2011

Characters Length of Diameter of  F.W of main No. of total  Longevity of
main inflore. main inflore. inflore. (g) inflore./plant main inflore.
(cm) {(cm)
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
Effect of drip irrigation rates
784 m’/fad. 2594 2578 8.01 777 1489 1239 3180 32.78 8.30 8.23
1568 m’/fad. 31.65 31.51 886 871 2092 1593 4006 4518 9.86 9.90
2352 m’/fad. 3195 30.79 901 898 2193 1622 43.89 4753 1037 10.97
LSDy 5 066 091 013 018 090 1.03 123 1.07 0.11 0.17
Effect of biofertilizers rates
Control 2693 26.71 8.15 804 1594 1236 33.87 3516 8.40 8.83
Bio.1 29.16 2842 847 828 1824 1407 38.08 39.18 921 9.35
Bio.2 31.31 3040 8.76 8.67 20.80 1551 4005 4460 10.01 10.04
Bio.3 3200 3192 914 896 2200 1746 41.85 4838 1042 10.57
LSDy s 050 101 011 006 057 050 201 168 0.18 0.12
Effect of antioxidants
Control 2733 2632 801 806 1560 11.43 30.15 3628 8.70 9.00
Citric acid 29045 28.08 851 831 1822 13.68 3560 3975 935 9.46
Salicylic acid  30.10 30.28 8.81 8.60 20.12 1558 3926 43.70 9.69 9.92
Glutathione 3251003276 9.18 897 2305 1870 4932 4758 1029 1042
0
LSDy s 057 072 011 012 0.62 049 211 205 0.15 0.23

Control = zero untreated
Bio 2 = 1000 g nitrobein + 1000 g phosphorein

generally, gradual and steady increase in length,
diameter and fresh weight of main inflorescence,
mumber of total inflorescences/plant and
longevity in both seasons as compared to
untreated plants. In this respect, inoculation
plants with biofertilizers at rate of 1500 g
nitrobein + 1500 g phosphorein/fad. recorded
the highest values of main inflorescence
characters, number of total inflorescences/plant
and longevity than other biofertilizers rates or
control treatments.

The presented results coincided with those
reported by Singh er al. (2008) on Calendula
officinalis and Abo El-Fetooh (2010) on
marigold, who illustrated that raising the
application rates of nitrobein and phosphorein to
plants caused a generally gradual and steady
increase in flower diameter, flower fresh and dry
weights and flower number.

Bio 1 = 500 g nitrobein + 500 g phosphorein
Bio 3 = 1500 g nitrobein + 1500 g phosphorein

Effect of antioxidants

Data given in Table 3 show that main
inflorescence characters (length, diameter and
fresh weight of main inflorescence, number of
total inflorescences/plant and longevity) were
promoted with all spraying antioxidants in both
seasons upon control. In this respect, spraying
plants with glutathione recorded high wvalues
than other antioxidants or control treatments.
Meanwhile, salicylic acid had a positive increase
than citric acid.

These results are in agreement with those
obtained by Meir ef al. (1994) on cut flowers of
Godetia grandiflora as well as rose and Zeng et
al. (2011) on Dianthus caryophylius L., results
showed that all spraying materials improved
flowering characters as compared to control.
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Sugars and Total Carbohydrates

Effect of drip irrigation rates

Data in Table 4 clear that drip irrigation rates
had a significant effect on sugar and total
carbohydrates. Reducing sugars content
decreased with increasing water quantity applied
from 784 to 2352 m’/fad. On the other hand, non
reducing as well as total sugars and total
carbohydrates  contents  increased  with
increasing water quantity. Under water stress,
the absorption of water by plants decreased and
then water content in the tissues decreased also
as a result and that could be led to increase the
concentration of sugars and pyruvic acid in
tissues.

These results are in line with those reported
by Wook et al. (1998) on chrysanthemum and
Saleem (2007) on tuberose. They reported that
reducing sugar contents decreased with
increasing water quantity. On the other hand,
non reducing and total sugars and total

carbohydrates  comtents  increased — with
increasing water quantity.
Effect of biofertilizers rates

Data in Table 4 illustrate the effect of
biofertilizers rates on sugar and total
carbohydrates contents. It is clear from the data
in Table 4 that biofertilizers rates had significant
effect on sugar and total carbohydrates contents.
Moreover, addition of biofertilizers to plants,
promoted non reducing and total sugars and total
carbohydrates upon  without inoculation
treatment (control).

Results in Table 4 reveal that reducing sugars
were decreased with increasing biofertilizers
rates. On the other hand, non reducing and total
sugars and total carbohydrates contents were
increased with increasing biofertilizers rates.

These above mentioned results coincided
with those reported by Ali (2009) on fennel and
Abo El-Fetooh (2010) on marigold, who found
that reducing sugar decreased with increasing
biofertilizers rates. On the other hand, non
reducing and total sugars and total
carbohydrates contents were increased with
increasing biofertilizers rates.

Effect of antioxidants
It is quite clear from data in Table 4 that
spraying plants with antioxidants (citric acid,

salicylic acid and glutathione) at rate of 100
ppm caused a significant increase in non

reducing and total sugars and total
carbohydrates contents upon control. On the
other hand, reducing sugars was at the highest
values without spraying plants by antioxidants.
Spraying plants with glutathione caused a higher
increase of non reducing and total sugars and
total carbohydrates contents compared with
other antioxidants.

Under low soil moisture level water stress
under this conditions, that may be caused losses
in tissue water which reduced turgor pressure in
the cell, thereby inhibited enlargement and
division of cells, reduced photosynthetic
activity, (Mahajan and Tuteja, 2005), increased
in ABA/cytokine ratio, which in turn decreases
plant growth (Marschner, 1995) and decreased
carbohydrate metabolism, protein synthesis and
the activities of many enzymes that may reflect
a change in the balance between rates of
synthesis and degradation leading to decrease in
plant growth and dry matter accumulation
(Hamlyn, 1986). On the other hand, under
sufficient water conditions there was decrease in
ABA and an increase in cytokinin, GA and IAA
reflecting good growth and dry matter content
(Marschner, 1995).

Biofertilizer may induce growth promotion
directly or indirectly. Directly influence includes
production of phytohormons, improving
availability of nutrient, non symbiotic nitrogen
fixation and stimulation of disease resistance
mechanisms (Zdor and Anderson, 1992), which
all together may promote the vegetative growth.
Indirect effect arises altering the root
environment and ecology. Biofertilizers
releasing of certain other nutrients; viz., Fe, Zn
and Mn (Bhonde et al., 1997), through the break
down of organic nutrients in the soil and make
these elements in available forms, producing
some organic acids and phytohormones which
could stimulate absorption of nutrients and
consequently high dry weight could be achieved
(Jagnow ef al., 1991).

The enhancement effect of applied antioxidants
on plant height may be explained as these
substances encourage nutrients absorption and
stimulate some growth activators synthesis,
enhance plant cell growth and development and
stimulate cell vacuolization and elongation as well
as rcot growth factors that’s could positively
reflected on plant growth (Abd El-Naem, 2005).
Antioxidants used to overcome the harmful effect
of some environmental stresses on plant growth
(El-Khayat, 2001). which reflected on main
inflorescence characters.
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Table 4. Effect of drip irrigation rates, biofertilizers rates and antioxidants on sugar and total
carbohydrates contents in leaves of Echinacea purpurea L., during two seasons of 2010
and 2011

Characters  Reducing Non reducing Total Total carbohydrates
Sugars (%) sugars (%) sugars (%) (%)

2010 2011 2010 2011 2010 2011 2010 2011

Treatments

1. Effect of drip irrigation rates

784 m*/fad. 3.02 3.08 7.58 7.75 10.60 10.82 27.33 27.15
1568 m’/fad. 2.66 2.85 8.58 9.08 11.24 11,93 29.77 29.83
2352 m’/fad. 241 2.50 994 10.15 1235 12.64 31.80 32.27

LSDyg s 0.04 0.03 0.01 0.02 0.02 0.03 0.02 0.02
2. Effect of biofertilizers rates
Control 2.79 2.91 8.30 8.56 1109 1146 28.82 28.86
Bio.1 292 2.84 8.57 8.88 11.30  11.71 29.42 29.47
Bio.2 2.67 2.77 8.83 9.17 11.50 1194 29.90 30.06
Bio.3 2.60 2.71 9.09 9.36 11.69 1207 30.39 30.63
LSDy s 0.02 0.01 0.01 0.02 0.03 0.04 0.03 0.04
3. Effect of antioxidants
Control 2.72 2.83 8.60 8.89 1132 11.72 29.45 29.53

Citric acid 270 2.82 8.67 8.96 11.38 11.78 29.57 29.67
Salicylic acid 2.69 2.80 8.73 9.02 1142 11.82 29.69 29.83
Glutathione 2.67 2.78 3.79 9.09 1146 1187 29.83 2998

LSDy s 0.01 0.01 0.02 0.02 0.03 0.02 0.03 0.04
Control = zero untreated Bio 1 = 500 g nitrobein + 500 g phosphorein

Bio 2 = 1000 g nitrobein + 1000 g phosphorein ~ Bio 3 = 1500 g nitrobein + 1500 g phosphorein
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