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Abstract: Two field experiments were carried out in the Experimental Farm of El-Quassassin Horticultural
Research Station, Ismailia Governorate, Agricultural Research Center, Egypt. During the two successive
seasons of 2012 and 2013 in order to investigate the effect of different irrigation water quantities (1260, 2520 and
3816 m /feddan, one feddan = 0.42ha) and different biofertilization treatments (control, 500 g/feddan nitrobein3

+ 500 g/feddan phosphorein, 1000 g/feddan nitrobein +1000 g/feddan phosphorein and1500 g/feddan nitrobein
+ 1500 g/feddan phosphorein) on growth, yield and some biochemical compositions of Echinacea purpurea
L. The results indicated that the highest growth parameters and yield components were obtained when plants
were grown under the highest irrigation water quantity and treated with the highest biofertilizer level. Increasing
both irrigation water quantities and biofertilizers treatments caused progressive increase in both NPK% and
total carbohydrates% in both seasons, while reversed trend was obtained for phenolic compounds %.

Key words: Irrigation  Biofertilizers  Growth Echinacea purpurea L.  Medicinal plants  Phenolic
compounds  Total carbohydrates  Yield

INTRODUCTION to treat urinary tract infections, vaginal yeast (candida)

Echinacea  is  a   perennial   herb   native   to    the athlete's foot, sinusitis, hay fever (also called allergic
mid-western region of North America. It has tall stems, rhinitis), as well as slow-healing wounds [2,3]. Increasing
bears single pink or purple flowers and has a central cone agricultural productivity to meet the demands of growing
that is usually purple or brown in color. The large cone is population is a challenging task. Abiotic stresses are
actually a seed head with sharp spines that resemble a among the major limiting factors on agriculture. The
stiff comb. Echinacea contains several chemicals  that knowledge and research programs on the physiology and
play a role in its therapeutic effects. These include molecular biology of stress tolerance are certainly helpful
polysaccharides, glycoproteins, alkamides, volatile oils to counter act this negative effect to a great extent.
and flavonoids [1]. Today, people use echinacea to Drought leading to water stress in plants is a major
shorten the duration of the common cold and flu and problem  in  reducing   agricultural   productivity
reduce symptoms, such as sore throat (pharyngitis), especially in tropical, semi-arid and arid regions of the
cough and fever. Many herbalists also recommend world. Water deficits result from low and erotic rain fall,
echinacea to help boost the immune system and help the poor soil, water storage and when the rate of transpiration
body fight infections. Echinacea contains active exceeds water uptake by plants. The cellular water deficits
substances that enhance the activity of the immune results in the concentration of solutes, loss of turgor,
system, relieve pain, reduce inflammation and have change in cell volume, disruption of water potential
hormonal, antiviral and antioxidant effects. For this gradients, change in membrane integrity, denaturation of
reason, professional herbalists may recommend echinacea proteins and several physiological and molecular

infections, ear infections (also known as otitis media),
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components [4]. The morphological  and  physiological symbiosis with two species of VAM fungi significantly
mechanisms involved in cellular and whole plant increased the flowering, 1000 seeds weight, dry matter and
responses to water stress are of considerable interest and seed yield. Moreover, Mohammad [22] studied effect of
are frequently examined [5]. A strategy for improving organic manure and bio-fertilizer application on flowering
medicinal and aromatic plants yields is to identify the and some yield traits of coriander (Coriandrum sativum).
production compounds practices that are relatively Who found that nitrogen fixing bacteria showed a
drought resistant and that will result in superior yields significant effect on biomass yield as the highest biomass
under dryland conditions [6]. yield (10082.3 kg/ha), which obtained in the third

Bio-fertilizers are products containing living cells of treatment level of nitrogen fixing bacteria (inoculation
different types of microorganisms [7] that have an ability together of Azotobacter and Azospirillum). Furthermore,
to convert nutritionally important elements from Mohammadali et al. [23] on Coker 347 (flue-cured)
unavailable to available form through biological processes tobacco plant (Nicotiana tabacum L.). They found that
[8] and are known to help with expansion of the root the major effect of bacterium (Azotobacter chroococcum)
system and better seed germination. Bio-fertilizers differ on cured leaf weight of cutter and yield showed that
from chemical and organic fertilizers in that they do not application 1kg/ha of bacterium had a maximum cured leaf
directly supply any nutrients to crops and are cultures of weight of cutter and yield. Application of bio-fertilizers to
special bacteria and fungi [9]. Since, application of improve soil structure, fertility and consequently
chemical fertilizers increases the soil and water pollution development and productivity of plants has received little
and accumulation of some heavy metals such as cadmium; attention.
they can threat the human health. Moreover, the long- The objectives of this study were to evaluate growth,
term use of chemical fertilizers tends to the soil structure yield and some chemical composition of echinacea
degradation [10]. Nowadays, attention to biological (Echinacea purpurea L.) plant under different irrigation
fertilizer has been increased due to price of chemical water quantities and different bio-fertilizers treatments.
fertilizers and attention to sustainable agricultural systems
[11]. Bio-fertilizers containing beneficial bacteria and fungi MATERIALS AND METHODS
improve soil chemical and biological characteristics,
phosphate solutions and agricultural production [12]. Experimental Site: Two field experiments were conducted
Some bacteria provide plants with growth promoting during two successive seasons of 2012 and 2013 at the
substances and play major role in phosphate solubilizing Experimental Farm of El-Quassassin, Horticultural
[13]. Bio-fertilizers have improved quantity and quality Research Station, Ismailia Governorate, Agricultural
features of some plants [12, 14, 15]. Bio-fertilizers Research Center, Giza, Egypt. Physical and chemical
comprised of nitrogen fixers, phosphate dissolvers and properties of experimental soil site are shown in Table A.
available potassium [16]. It is necessary to use phosphate
solubilizing   microorganisms   to   change   insoluble Field Preparation: The conventional tillage operations
phosphorus into soluble form. An advantageous of which include land clearing and preparation of beds were
phosphate solubilizing microorganisms is related to their carried out to conserve the soil and its nutrients. The land
propagation rate that can relatively remove the plant was cleared and beds were constructed. Recommended
requirements to phosphorus at the root region [17]. levels of ordinary superphosphate (300 kg/feddan, one
Belimov et al. [18] demonstrated that, inoculation of soil feddan= 0.42ha) were added 15 days before transplanting
with bacterial mixtures caused a more balance nutrition for and covered by sand. While the nitrogen and potassium
plants and improvement in root uptake of nitrogen and fertilizers were added as soil dressing beside drippers.
phosphorus in a main mechanism of interaction between Ammonium sulphate (300 kg/fed.) and potassium sulphate
phosphate solubilizing and bacteria nitrogen fixing. (100 kg/fed.) were divided into six equal portions; the first
Hazarika et al. [19] reported that the use of phosphate was applied one month after transplanting, while the
solubilizing bacteria significantly increased the height of others were applied every 15 days from the first.
tea plant. Also, Ratti et al. [20] investigated effect of some
varieties of phosphate solubilizing bacteria on the yield of Planting and other Cultural Practices: The echinacea
Lemon Grass and concluded that the plant height and (Echinacea purpurea L.) seedlings were obtained from
biomass increased compared to the control condition. In the Medicinal and Aromatic Plants Section at El-Kanater
other study, Kapoor et al. [21] showed that fennel root El-Khairia,  Qalubia  Governorate,  Horticulture  Research
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Table A: The physical and chemical properties of the experimental soil sit.
Soil properties Values
Sand % 89.92
Silt % 4.00
Clay 6.08
Soil texture Sandy
Field capacity (F.C.) % 11.20
Welting point (W.P.)% 2.20
OM % 0.42
pH (1 Soil : 2.5 dw) 8.10
EC (dS/m) 0.21
Macronutrients (ppm)
Nitrogen 81.00
Phosphorus 23.00
Potassium 108.00
Micronutrients (ppm)
Fe 2.00
Cu --
Zn 0.26
Mn 0.80
Anion (meq/100g soil)
Cl 0.50-

HOCO 1.003
-

SO 0.974
--

Cation (meq/100g soil)
Ca 1.00++

Mg 0.40++

Na 0.76+

K 0.31+

CaCO  (meq/100 g soil) 2.603

Institute, Agricultural Research Center (ARC). The absorption zone of plants.
seedlings were 10-15 cm in length, with 10-12 leaves and
were   transplanted   on   the   1    of   March   in     rows Design of the Experiment: The experiment was includingst

(75 cm  between  rows  and  30  cm  between     plants). 12 treatments, which were the combination between three
The experimental unit was 6.75 m ; every unit contained irrigation water quantities (Q1, Q2 and Q3) and four2

three dripper lines with 3 m length. Every experimental unit biofertilizers treatments (Control, Bio1, Bio 2 and Bio 3).
contained 30 plants (about 18000 plants/fed.). Weeds The experimental design was split-plot design with three
were controlled twice manually by hoeing at 4 and 8 replicates. Irrigation quantities were arranged in the main
weeks after transplanting. Defoliating insect pests were plots, while the bio fertilizers treatments were assigned at
controlled  by   spraying   the  crop  with  neem  extract  at random in the sub plots. 
2 weeks interval starting from 2 weeks after transplanting.

Irrigation Treatments: Drip irrigation system was used in were taken at random to estimate the following characters:
this experiment. Prior to the application of irrigation plant height (cm), fresh and dry weights of the herb per
treatments, all experimental units received equal amounts plant (g), fresh and dry weights of root per plant (g),
of water (50 m /fed.). The calculated amounts of water number of in florescences per plant, fresh and dry weights3

were added in the different treatments, expressed through of inflorescences per plant (g). Samples were collected
drippers (2 L/h) to give such amounts of water which are and dried for 48 h at 70°C to determine the total nitrogen
presented in Table 2. The amounts of water were added which was determined by using semi-micro Kjeldahl
using water counter  and  pressure  counter  at  0.5 bar. method described by Bremner and Mulvaney [24], Total
The irrigation treatments began in 31  March and were phosphorus which was determined by usingth

added in the morning two times/week up to end of July, Spectrophotometer according to Olsen and Sommers  [25].
The quantity of irrigation water in liters/plant and Leaf content of K which was determined photometrically
m /feddan during the growth period is shown in Table B. using  a  flame  photometer  according  to  the  method  of3

Biofertilization Treatments: The biofertilization
treatments included the combination between nitrobein
fertilization which was applied at the rate of 0, 500, 1000
and 1500 g/feddan as nitrogen source and phosphorein
fertilization which was applied at the rate of 0, 500, 1000
and 1500 g/feddan as phosphor source. Nitrobein is the
commercial name of nitrogen fixing bacteria, which
contains Azospirillum sp. and Azotobacter sp.
Phospherein is the commercial name of phosphate
dissolving bacteria, which contains Bacillus
megatherium. Biofertilization treatments could be
summarized as following:

Control = 0 g /feddan Nitrobein + g /feddan
Phosphorein.
Bio 1 = 500 g /feddan Nitrobein + 500 g /feddan
Phosphorein.
Bio 2 = 1000 g /feddan Nitrobein +1000 g /feddan
Phosphorein.
Bio 3 =1500 g /feddan Nitrobein + 1500 g /feddan
Phosphorein.

Biofertilizers obtained from General Organization for
Agriculture Equalization Fund (GOAEF). Ministry of
Agriculture, Egypt and bio fertilizers rates were mixed with
sand (1:10 w/w) and supplied as soil inoculation into root

Data Collection: After 170 days from sowing the plants
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Table B: Irrigation water quantities added in liters/ plant and m /feddan during the plant’s growth period.3

Irrigation time twice /week(minute) Water quantity (liters/plant/week) Water quantity (liters/plant/season) Water quantity (m /feddan/season)3

30 2 70 ( Q1) 1260
60 4 140 ( Q2) 2520
90 6 212 ( Q3) 3816

Jackson [26]. Total soluble carbohydrates were also As to the fresh and dry weights of root/ plant, the
determined in dry leaves according to Dubois et al. [27]. data revealed that decreasing irrigation water quantities
Total phenol content was also determined in dry leaves caused progressive decrease in root fresh and dry
according to Perry et al. [28]. weights in both seasons. Our results were generally in line

Statistical Analysis: The collected data were subjected to et al. [41] on Salvia officinalis, Davatgar et al. [42] on rice
statistical analysis of variance according to Steel and and Laribi et al. [43] on Carum carvi. The reductions in
Torrie [29] and the means were compared by using Least root fresh and dry weights may be due to the decline in
Significantly Difference (LSD). the cell enlargement resulting from reduced turgor

RESULTS AND DISCUSSION The use of combined treatments of nitrobein and

Growth Attributes:  Increased  irrigation water  quantities studied growth parameters of echinacea (Echinacea
caused significant increase in plant height (Table 1), purpurea L.) plant compared to untreated plants in both
where the highest significant means were obtained under seasons. Increasing the microbe amount showed
the highest water quantity (Q3) in both seasons. This progressive  increase  in  all   growth  parameters
supports the results of Sabih et al. [30] on Palmrosa compared with control plants. Where, the highest
(Cymbopogon martini), Misra and Srivastava [31] on significant values of plant growth were recorded for
Japanese mint, Khalid [32] on Ocimumsp, Khalil et al. [33] plants fertilized with dual inoculation of 1500 nitrobein +
on Capsicum annuum L. and Bahreininejad et al. [34] on 1500 phosphorein (Bio3) in both seasons. The positive
Thymus daenensis. The increment in plant height due to effect of biofertilizers are in line with those obtained  by
increase in irrigation water quantity may be attributed to Gewaily et al. [45] who reported that inoculation of
either increase in node number or internode length or Majorana hortensis L. with bio-fertilizer and using
both. Ahmed and Mahmoud [35] found that the reduction organic residues enhanced the vegetative growth. Also,
in plant height under water stress was associated with Cohen et al. [46] indicated that Azospirillum promotes
reduction in nodes number; they also stated that the plant growth and use of combined treatment of N-fixers
vegetative growth is directly proportional to the and B. circulans gave better plant height, stem diameter,
consumptive water use. number of branches per plant, as well as fresh and dry

Results in Table 1 showed also that decreasing weights of marjoram than those obtained from biofertilizer
irrigation water quantities decreased fresh and dry alone during three cuttings. Improved plant growth by
weights of herb/plant significantly. Where, the lowest Azospirillum brasilense has been attributed both to
significant records were obtained under the lowest water production of plant hormones, especially growth
quantity (Q1). The results reached by Schier and promoters and to supplying plants with combined
McQuattie [36] on pitch pine, Monti et al. [37] on sugar nitrogen [47]. Moreover, the increase in plant height of
beet (Beta vulgaris L.), Khalil et al. [33] on Capsicum the bio-fertilized plants may be due to the ability of
annuum L. and Bahreininejad et al. [34] on Thymus biofertilizer to influence plant growth directly through the
daenensis confirmed our data. The decrease in both fresh production of phytohormones and indirectly through
and dry weights of stressed plants revealed the influence nitrogen fixation and production of bio-control agents
of water on stimulating and regulating the photosynthetic against  soil-borne  phytopathogens [46]. Also, Morteza
enzymes which thus influence both the dry matter et al. [48] recorded positive effects of biological fertilizers
production and the fresh and dry weights [38]. Such on the plant growth due to increase the photosynthesis
decrease may be also due to that the lower leaves tissue amount by promoting the absorption of nitrogen
senescence and hence the number of active leaves and phosphorus that have effects on the chlorophyll
decreased [39]. production   and   plant   essential   enzymes   preparing.

with Letchamo et al.  [40]  on Thymus vulgaris, Bettaieb

pressure [44].

phosphorein as biofertilizers improved significantly all
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Table 1: Response of Echinacea purpurea growth to different irrigation water quantities, different biofertilizers treatments and their interactions during the
two successive seasons of 2012 & 2013.

Characters
----------------------------------------------------------------------------------------------------------------------------------------------------------------
Plant Fresh weight Dry weight of Fresh weight of Dry weight of
height (cm) of  herb/plant (g) herb/plant (g) roots/plant (g) roots/plant (g)
-------------------------- ---------------------------- -------------------------- ---------------------------- ----------------------------

Treatments 1  season 2  season 1 season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd st nd

Irrigation water quantities 
Q1 48.5 46.17 150.07 141.28 28.02 19.4 36.32 31.16 9.77 6.02
Q2 54.42 55.58 176.38 163.66 28.82 26.82 38.96 36.06 10.37 7.02
Q3 64.33 65 208.72 193.89 38.08 32.07 44.29 40.64 12.68 8.62
LSD 4.34 3 7.53 13.91 3.17 3.31 N.S 6.43 N.S 0.780.05

Biofertilization treatments 
Control 49.67 47.89 138.88 130.13 25.47 17.04 29.92 26.44 7.16 5.18
Bio1 53 51.11 162.73 149.97 28.84 22.88 38.27 36.39 9.46 6.47
Bio2 57.67 58.33 196.98 185.41 34.54 29.7 41.68 39.34 11.92 8.21
Bio3 62.67 65 214.87 199.59 37.7 34.76 49.56 41.63 15.14 9.01
LSD 1.83 2.72 5.72 9.69 1.47 1.75 3.91 2.51 1.34 0.530.05

Irrigation water quantities x bio fertilization treatments
Q1 Cont. 43.67 42 121.33 106.33 22.63 13.87 25.57 23.37 5.17 3.97

Bio1 46.33 44.33 130.27 120.33 25.27 16.57 34.9 31.33 7.77 5.1
Bio2 49.67 47.33 159.8 164.9 31.43 21.93 37.67 33.47 10.6 7.53
Bio3 54.33 51 188.87 173.53 32.73 25.23 47.13 36.47 15.53 7.47

Q2 Cont. 49.33 46.67 138.03 131.83 23.3 18 29.47 25.8 6.4 5.3
Bio1 52.33 50 169.93 154.67 27.23 23.23 37.93 36.87 9.67 6.27
Bio2 54 56 195 174.3 31.33 31.2 41.23 40.13 11.3 7.63
Bio3 62 69.67 202.27 193.83 33.4 34.83 47.2 41.43 13.9 8.87

Q3 Cont. 56 55 157.27 152.23 30.47 19.27 34.73 30.17 9.9 6.27
Bio1 60.33 59 188 174.9 34.03 28.83 41.97 40.97 10.93 8.03
Bio2 69.33 71.67 236.13 217.03 40.87 35.97 46.13 44.43 13.87 9.47
Bio3 71.67 74.33 253.47 231.4 46.97 44.2 54.33 47 16 10.7

LSD 3.16 4.71 9.91 16.78 5.31 3.04 N.S N.S N.S N.S0.05

Control = zero biofertilizers, Bio 1 = 500g nitrobein + 500g phosphorein, Bio 2 = 1000g nitrobein + 1000g phosphorein, Bio 3 = 1500g nitrobein + 1500g
phosphorein, Q1=1260 m /fed. Q2=2520 m /fed. Q3=3816 m /fed.3 3 3

The data of bi-interactions between the studied factors fortified by those of Yousef [51] who showed that
revealed significant effect on growth characters (except increasing irrigation water quantity to Matricaria
for fresh and dry weights of root/plant in both seasons, chamomilla L. significantly increased number of
which revealed insignificant influence). The highest water inflorescence/plant, fresh and dry weights of
quantity Q3 (3816 m /fed) interacted with dual application inflorescence, where the highest number was recorded for3

of 1500g nitrobein + 1500g phosphorein (Bio3), (Q3XBio3) the highest irrigation rate 2802 m /fed as compared to 934
had maximum growth characters compared with the other and 1868 m /fed. Moreover, Anupama et al. [52] on
treatments. The present results were conflicted with those chrysanthemum, pointed out that the number of
of Sheteawi and Tawfik [49] and El- Boraie et al. [50]. flowers/plant and flower size increased with increasing

Yield and Yield Components: It is evident from Table 2 Echinacea purpurea (L.) Moench at intervals of 1, 2, or 4
that there was an inverse proportional relationship weeks, they reported that increasing drought severity
between increasing the severity of drought on one hand significantly decreased flower yield. Furthermore, Alvarez
and number of inflorescences/plant as well as et al. [54] exposed Dianthus caryophyllus L. to three
inflorescences fresh and dry weights. On the other hand, irrigation treatments; the results revealed that severe
where the maximum significant increase in yield and its deficit irrigation clearly reduced the inflorescences yield.
components was observed under the highest irrigation In addition, Hojati et al.[55] grown Carthamus tinctorius
water quantity Q3 in both seasons. These results were L.  under  four soil moisture levels which were 100, 85, 70

3

3

frequency of irrigation. Also, Nickolee et al. [53] irrigated
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Table 2: Response of Echinacea purpurea yield to different irrigation water quantities, bio fertilizers treatments and their interactions during the two successive
seasons of 2012 & 2013.

            Characters
--------------------------------------------------------------------------------------------------------------------------------------------------------------------
Number of inflorescences/plant Fresh weight of  inflorescence Dry weight of inflorescence
---------------------------------------- -------------------------------------------- --------------------------------------------------

Treatments 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd

Irrigation water quantities
Q1 9.75 11 63.03 62.18 11.26 11.43
Q2 13.83 13.92 103.6 91.42 16.39 14.68
Q3 17.83 19.08 122.3 116.29 23.67 25.18
LSD 3.81 2.13 6.72 8.13 2.34 4.720.05

Biofertilization treatments
Cont. 10.33 11.11 74.78 69.31 10.5 9.24
Bio1 11.44 12.11 91.06 89.76 13.93 14.08
Bio2 15.33 16 100.51 91.32 19.28 20.3
Bio3 18.11 19.44 118.9 109.47 24.71 24.78
LSD 1.05 0.92 4.53 5.4 1.36 2.340.05

Irrigation water quantities  x  bio fertilization treatments
Q1 Cont. 7.67 8.33 48.67 51.73 5.3 7.13

Bio1 8 9.67 56.17 55.4 5.43 8.47
Bio2 11 12.33 61.93 60.13 13.07 14.33
Bio3 12.33 13.67 85.37 81.47 21.23 15.8

Q2 Cont. 10.33 10.33 69.87 62.77 9.97 9.23
Bio1 11.33 11.33 103 90.47 16.43 11.7
Bio2 15.33 14.67 113.2 96.8 20.23 18.43
Bio3 18.33 19.33 128.33 115.63 18.93 19.37

Q3 Cont. 13 14.67 105.8 93.43 16.23 11.37
Bio1 15 15.33 114 123.4 19.93 22.07
Bio2 19.67 21 126.4 117.03 24.53 28.13
Bio3 23.67 25.33 143 131.3 33.97 39.17

LSD 1.81 1.6 7.85 9.36 2.35 4.060.05

Control = zero bio fertilizers
Bio 1 = 500g nitrobein + 500g phosphorein, Bio 2 = 1000g nitrobein + 1000g phosphorein
Bio 3 = 1500g nitrobein + 1500g phosphorein,  Q1=1260 m /fed.  Q2=2520 m /fed. Q3=3816 m /fed.3 3 3

and 55% field capacity, they concluded that the most recorded increase in dry weights of inflorescences
water deficit level significantly decreased the yield and compared with untreated plants. Singh et al. [10] on
the highest water quantities treatments had a better Calendula officinalis plants reported that application of
performance of growth and photosynthesis. Azotobacter + Bacillus megatherium + 75% N/ha

The effect of various bio fertilizers treatments on advanced flowering characters. Soliman et al. [59] studied
ecninacea yield was presented in Table 2. The data the effect of Azotobacter, Azospirillum and Rhizobium on
reflected that the application of all biofertilizers treatments yield of Ocimum bacilicum L. plants. They found that the
increased the echinacea yield significantly. While, Bio3 highest yield observed with Azospirillum+ Rhizobium as
showed the highest significant increase in yield compared  to  single  treatment.  Furthermore, Veerendra
components compared with the control in both seasons. et al. [60] on stevia plants indicated that bio fertilizers
The presented results agree with those of Shalan et al. treatments increased yield significantly.
[56] on Hibicus sabdariffa, they reported that the rate of The improvement of echinacea growth and yield
5kg/fed of nitrobein increased fresh and dry weights of maybe attributed to one or more of the following factors:
sepals/plant. Moreover, Kathiresan et al. [57] found that
inoculation of gladiolus plant with Azospirillum caused a Availability of more nitrogen due to N -fixation and
positive influence on flowering characters. In addition, more phosphorus due toincrease in its solubility.
Hussien [58] treated iris plants with Azospirillum + The production of growth promoting substances by
Bacillus megatherium + rizobacterene and then he Azotobacter and Bacillus.
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Table 3: Effect of different irrigation water quantities, different bio fertilizers treatments and their interactions on chemical composition of Echinacea leaves
during the two successive seasons of 2012 & 2013.

N % P % K % Carbohydrates % Phenols %
---------------------- ----------------------- -------------------------- -------------------------- ----------------------

Characters 1 2 1 2 1 2 1 2 1 2st nd st nd st nd st nd st nd

Treatments season season season season season season season season season season
Irrigation water quantities

Q1 1.93 1.78 0.81 0.62 1.30 1.38 25.75 27.77 0.92 0.89
Q2 2.05 1.84 0.84 0.68 1.47 1.62 26.66 28.86 0.88 0.79
Q3 2.30 2.00 0.87 0.75 1.64 1.70 27.57 29.67 0.84 0.71
LSD 0.10 0.14 0.02 0.05 0.02 0.01 0.38 0.72 0.09 0.100.05

Biofertilization treatments
Cont. 1.92 1.68 0.73 0.55 1.22 1.30 25.39 27.48 1.01 1.00
Bio 1 2.01 1.78 0.80 0.64 1.40 1.38 25.85 28.05 0.91 0.93
Bio 2 2.12 1.94 0.88 0.73 1.47 1.64 26.44 28.84 0.86 0.75
Bio 3 2.32 2.10 0.96 0.82 1.79 1.95 28.95 30.69 0.75 0.51
LSD 0.04 0.08 0.03 0.03 0.03 0.02 0.16 0.43 0.07 0.060.05

Irrigation water quantities x Biofertilization treatments
Q1 Cont. 1.82 1.61 0.70 0.51 1.11 1.18 24.45 26.23 1.02 1.06

Bio. 1 1.86 1.67 0.76 0.58 1.19 1.26 25.04 27.04 0.97 0.99
Bio. 2 1.96 1.78 0.85 0.66 1.24 1.30 25.95 28.16 0.91 0.83
Bio. 3 2.07 2.07 0.95 0.74 1.64 1.80 27.56 29.63 0.79 0.68

Q2 Cont. 1.93 1.69 0.73 0.55 1.20 1.31 25.21 27.30 0.97 1.02
Bio 1 1.99 1.79 0.79 0.64 1.41 1.40 25.72 28.09 0.91 0.95
Bio 2 2.11 1.93 0.87 0.74 1.46 1.80 26.35 28.73 0.88 0.73
Bio 3 2.18 1.97 0.95 0.78 1.81 1.96 29.35 31.12 0.75 0.44

Q3 Cont. 2.03 1.76 0.76 0.60 1.34 1.40 26.52 28.93 1.04 0.91
Bio 1 2.19 1.89 0.84 0.70 1.60 1.47 26.79 29.01 0.84 0.83
Bio 2 2.29 2.10 0.91 0.78 1.71 1.83 27.01 29.64 0.78 0.70
Bio 3 2.71 2.26 0.97 0.93 1.93 2.09 29.95 31.32 0.72 0.41

LSD0.05 0.08 0.13 0.05 0.05 0.05 0.06 0.28 0.74 N.S N.S
Control = zero
Bio 1 = 500g nitrobein + 500g  phosphorein, Bio 2 = 1000g nitrobein + 1000g phosphorein
Bio 3 = 1500g nitrobein + 1500g phosphorein,     Q1=1260 m3/fed.,     Q2=2520 m3/fed.,    Q3=3816 m3/fed.

The production of thiamin, nicotinic acid, period in both seasons. The decreased levels of each of
pantothenic acid, biotin, pyridoxine, gibberellins and N, P and K% in response to stress were ascertained by
other compounds by Azotobacter. the work of Razi and Sen [65], Schier and McQuattie [36],
The successful competition of the bacteria, which Bie et al. [66], Wu and Xia [67] and Khalil and Abdel-
antagonizes root pathogens [61]. Kader [68]. Such reductions in the contents of these

With respect to the effect of interaction between soil water deficiency which markedly reduces the flow
water stress and different bio fertilizers treatments on rates of these elements in the soil, their absorption by
number of inflorescences/plant and fresh and dry weights stressed root cells and also their ability to translocate
of inflorescences the data revealed significant effect in through the different organs and tissues [69].The N, P and
both seasons. The results showed also that the effective K percent of echinacea leaves were progressively and
treatment was observed under the interaction between the significantly  improved  by applying different bio
highest water quantity Q3 (3816 m /fed) and highest bio fertilizers treatments. The echinacea plants that received3

fertilizer treatmentBio3 (1500g nitrobein + 1500g the highest biofertilizers amount (Bio3) recorded the
phosphorein) in both seasons. These results are highest  significant  means  of  NPK%  as compared with
confirmed with that obtained by Podlesny [62], Ahmed non-fertilized ones in both seasons. These results were
[63],  Musallam  et  al. [64], Sheteawi and Tawfik [49] and documented by many researches done in this field e.g.
El- Boraie et al. [50]; they all indicated that addition of bio Abu-Zekry [70] had stated that application of different bio
fertilizers mitigated the harmful effect of water stress. fertilizers significantly increased NPK content in soybean

Mineral Ions Content: It is apparent from Table 3 that bio fertilized mung bean plants exhibited higher values of
nitrogen, phosphorus and potassium percentages of leaf NPK% than non-fertilized plants. The positive effect
echinacea leaves decreased progressively with decreasing of inoculation may be due to that phosphate and nitrogen
the irrigation water quantities during the experimental bio-fertilizers increased the soil phosphorus and nitrogen

elements in different tissues were attributed primarily to

and chickpea. Also, Sheteawi and Tawfik [49] stated that
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uptake due to increase of solubility and realizing of The results in Table 3 also illustrated that the various
phosphorus  and  nitrogen  from  insoluble  compounds bio fertilizers treatments caused significant increases in
[17, 71]. Moreover, soil microorganisms that colonize the carbohydrates % compared with control treatments under
rhizosphere assist plants in the uptake of several vital different irrigation water quantities. The maximum
nutrients, such as P, K and N, from soil [72]. In this significant value was obtained when echinacea plants
respect, Nabila et al. [73] and Gharib et al. [74] reached were treated with 1500 g nitrobein + 1500 g phosphorein
similar results. Also, Ismail et al. [75] inoculated Marjoram (Bio3) and irrigated with3816 m /fed (Q3) compared with
plant with either B. polymixa and/or B. radyrhizobium sp. the other treatments. This finding is in consistent with
The results showed that nutrient uptake of marjoram those reported by El-Leithy et al. [82] and Kamel et al.
plants positively responded to bacterial inoculation. The [84]. The increase in total carbohydrates% as a result of
interaction between different irrigation water quantities increasing irrigation water may be due to that
and different biofertilizers treatments showed significant Azospirillum sp. and Bacillus induced increase in
effects on N, P and K %. The maximum significant chlorophyll content in stressed plants [85].
increase was obtained when echinacea plants treated with
the highest biofertilizers treatment (Bio3) and irrigated Phenols %: It is clear from Table 3 that decreasing
with the highest water quantity Q3 (3816 m /fed x Bio3) irrigation water quantities caused progressive increase in3

compared with the other treatments in both seasons. This phenolic compounds % in both seasons. The maximum
finding is in consistent with those reported by Son et al. records were observed under the lowest water quantity
[76] and Sheteawi and Tawfik [49]. Q1in both seasons compared with the other treatments.

Total Carbohydrates %: It is noticed from results in plants towards increasing both the levels of growth
Table 3 that the total carbohydrates % significantly inhibitors as ABA and phenols and the activity of
decreased as response to decrease in irrigation water oxidative enzymes, while decreasing the values of growth
quantity and reached their minimum value under the promoting hormones which in turn, forces treated plants
lowest irrigation water quantity Q1. The obtained results with stress and specially the resistant traits to change
found to be consistent with the results of Khalil et al. [33], their mechanism so as to overcome drought by the
Wu  and Xia  [67],  Wang  and  Quebedeaux [77], following means: 
Martinez et al. [78] and Ashraf and Foolad [79]. It may be
attributed the above decline in total carbohydrates as Stomata closure so as to reduce water loss, which in
response to soil water deficiency which triggers certain turn, reduces gas exchange thus causing low CO
chemical stimulus (mostly ABA) through xylem vessels to content, low photosynthetic and eventually low
leaves of stressed plants which led to stomata closure, growth rate [86].
reduction of each of stomata conductance, CO Extensive soil-root growth thus increasing the rate of2

concentration in leaf tissues, electron transport system, water-uptake, which can compensate low soil water
CO fixation, rate of photosynthesis and eventually level.2

quantity of photosynthates [80]. Biofertilized plants Stimulating the activity of some hydrolytic enzymes
revealed  higher  values of total carbohydrates% than (á and â amylase and invertase) so as to raise the
non-fertilized plants as compared with control ones, where values of some osmolytic substances as soluble
the results revealed progressive increases in total the sugars and amino acids as proline which increases
carbohydrates% with increasing bio fertilizer amount so the cell osmotic potential that leads to an increase in
as to reach their maximum significant value under the the cell water uptake and thus plants can endure
highest bio fertilizer treatment (Bio3). These results are  in drought [37,87].
agreement with those obtained by Abd El-Ghani [81] on
Rosmarinus officinalis L. Who noticed that the Concerning the effect of bio fertilizers, the obtained
application of nitrobien at rate of 3 g/pot increased total data in Table 3 revealed that the application of bio
carbohydrates%. Also, El-Leithy et al. [82] reported that fertilizers treatments caused significant decrease in
the application of nitrobein and phosphorein at rate of 3 phenols compounds% in both seasons compared with
and 6 g/pot significantly increased total carbohydrates%. control treatments. Where, the lowest  significant  means
Moreover, Ali [83] treated fennel plants with 500 and were obtained when plants were treated with the highest
1000g/fed nitrobein, he illustrated that NPK% and total amount of bio fertilizers (Bio3) in both seasons compared
carbohydrates increased with increasing amount of with the control plants. Concerning the effect of
nitrobein applied. interactions between different irrigation quantities and

3

Water stress is able to change the hormonal balance in

2
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different bio fertilizers treatments the obtained results 11. Ehteshami,  S.M.R.,  M.  Aghaalikhani, K. Khavazi
indicated that, increasing the biofertilizers amounts and M.R. Chaichi, 2007. Effect of phosphate
causing insignificant decrease in phenols% under solubilizing microorganisms on quantitative and
different irrigation water quantities. While, the minimum qualitative characteristics of maize (Zea mays L.)
record was observed under Q3XBio3 treatment in both under  water  deficit  stress.  Pak.   J.   Biol.  Sci.,
seasons compared with the other treatments. 10(20): 3585-3591.
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