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ABSTRACT: A field study was carried out in Tegzerty region, at Siwa Oasis, Egypt, which
located at 29° 10'53" N and 25° 33' 12" E. The experiment was done for two successive
seasons 2013-2014. Flax (Linum usitatissimum L.) c.v Sakha3 was the test plant. The aim of
this study was to evaluate the effect of fertilization under the conditions of saline water irrigation
and high water table in loamy sand soil at Siwa Oasis using the mineral and bio-fertilizers of P
and foliar Zn applied during different growth stages of flax plants under different rates of water
stress.

Yield parameters of flax plants, nutrients content and uptake in seeds increased with increasing
of the P, Zn and moisture content rates additions during the two studied seasons. Application of
Azotobactor chroococcum (AZ), Pseudomonas fluorescens (SD) and Bacillus megatherium
(PDB) increased yield parameters, nutrients content and uptake. Combining mineral P with bio-
fertilizers increased yields as following; P+(AZ)<P+(AZ)+
(SD)<P+(AZ)+(PDB)<P+(AZ)+(SD)+(PDB). The most effective treatment was P,+ (AZ)+
(SD)+(PDB)+ Zn; under conditions of the irrigation of every 10 days which gave 2.34, 11.1,
0.99 and 1.82 for weight straw, seeds, oil and fiber (Mg ha™) respectively in the first season,
while in the second season it achieved 2.48, 11.4, 1.09 and 1.89 (Mg ha™). Foliar application of
Zn; increased yield components, oil content and seed nutrients content and uptake. Irrigation
interval every 10 days increased yield components, nutrients content and uptake by seeds of
flax plants than the irrigation interval every 20 days.

Key words: Mineral, Bio-fertilizers, Foliar Zn, Irrigation intervals Flax production, sandy loam
soil in Siwa Oasis.

INTRODUCTION (2011) reported that under moderate salinity

Negative impact of salinity for agricultural levels, application of antioxidants alleviated
activities is common in newly reclamation the harmful effects of salinity on leaf
areas of Egypt, especially in soils with high senescence related parameter, but under
water table of Siwa Oasis, Egypt. Siwa soils high salinity levels (7.5-11.5 dSm™) yield
are affected by irrigation with water salinity parameters of wheat and nutrients with
and the soil salinity according to Gary and antioxidants content decreased.

Delno (2004) reported that the water of
EC<0.75 dSm™ has no detrimental, 0.75 -
1.50 dSm™ was detrimental effects on
sensitive crops, 1.50 - 3.0 dsm™ required
careful management practices, and 3.0-7.5

Nutrients  function in plant in
photosynthetic processes in leaves and
plant growth improved by N fertilization. N
contributes greatly in protein synthesis, cell
structure and carbohydrate production

dSm™ was used only for salt tolerant plants (Weisany et al. 2013). P is involved in
EI-.Agroldll et al. (2005) showed_lthat raising photosynthesis, energy and  nutrient
soil salinity level up to 3 dSm™ caused an transport in plant (Ceulemans et al., 2011
increase in root dry weight, while soil salinity and Lambers et al., 2014). K is involved in

above this level decreased root dry weight of
wheat. Ameer khan et al. (2006) concluded
that the foliar spray of ascorbic acid
protected the photosynthetic machinery from
the damaging effects of salt stress. Farouk

many processes in plant such as
photosynthesis, water uptake and retention
and protects plant from forest, it also
reduces disease of the plant and improves
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yield and quality (Wang et al. 2013). Zn
plays very important role in plant such as
carbohydrate metabolism, maintenance of
the integrity of cellular membranes, protein
synthesis, regulation of auxin synthesis and
pollen formation, water uptake and
transport, reduce the adverse effects of
short periods of heat and salt stress,
synthesis of growth hormone auxin and
integrity of cellular membranes (Hafeez et
al. 2013).

Handreck (2006) reported that high P
reduced accumulation of Fe in leaves of flax.
Li et al. (2007) reported that high P
decreased plant micronutrients. Jiao et al.
(2007) concluded that combination of P and
Zn is necessary to optimize crop yield of
flax. Berti et al. (2009) stated that N at 200
kg N/ha increased oil content of flaxseeds.
El-Nagdy et al. (2010) reported that the
mineral fertilizers applied signal or in
combination with bio-fertilizers increased
fibre, seeds and oil yield of flax. Khajani et
al. (2012) recommended mineral fertilizer
application to increase the yield components
of seeds and flaxseed oil. Khourang et al.
(2012) recommended mineral fertilizer
treatment combined with manure for good
flax yield characters. Yaping et al. (2014)
stated that 30 kg P/ha increased both dry
matter and P content in plant tissues and
improved oilseed flax grain yield. Esmail et
al. (2014) obtained highest values of oil yield
, P and protein content as well as Fe
increased by application of P and Fe at
100kg P/ha and 8kg Fe-EDDHA/ha. Foliar
Zn application is effective for correcting
deficiency of Zn in soil. Nofal et al. (2011)
reported that increasing Zn as foliar
application from 0.5 to 2.0 g/L increased flax
growth, fibre yield, seed yield and seed oil.
Khalifa et al. (2011) stated that the foliar
application of micronutrient compounds
increased yield, yield components, oil and
seed nutrient contents. Bakry et al. (2012)
reported that the foliar application with Zn,
Mn or Fe positively affected flax yield
characters. Almendros et al. (2013) reported
that the application of Zn-DTPA-HEDTA-
EDTA were associated with high flax yield
and Zn content. Homayouni et al. (2013)
stated that yield of flax increased by N + P +
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Zn. Tahir et al. (2014) reported that foliar
spray Zn gave highest seed vyield and oil
content of flax. Bakry et al. (2015) concluded
that K at 240 kgha™ with spray of 60kg ZnL™
as foliar chelate gave the highest vyield
components of flax. Mohamed et al. (2014)
reported that foliar application  of
micronutrients combinations increased yield,
yield components, oil content in seeds.

Yasin et al. (2012) assured the important
of bio-fertilizers in plant. Mikhailouskaya
(2006) reported that the combination
between mineral and bio-fertilizers was the
most profitable to flax yield and its quality.
Neetu et al. (2012) reported that the
maximum flax yield can be achieved by
inoculating plants with Arbuscular
Mycorrhizal Fungi (AMF) and Pseudomonas
fluorescens with 40kgha™ as
superphosphate. Yasin et al.(2012) reported
that Azotobactor and Azosprillum was fix
atmospheric nitrogen as well as solubilize P
in soil. EI Mokadem and Sorour (2014)
reported that Azospirillum sp. + P dissolving
bacteria + foliar spray of nutrients produced
the highest values of growth and yield
parameters.

El-Khateeb et al. (2009) stated that the
highest flax yield increased with increase
water irrigation EI Hwary and Yagoub (2011)
reported that increase yield components of
wheat by irrigation every 10 days when
compared with every 21 and 28 days.
Mirshekari et al. (2012) reported that the
moisture stress during flowering and filling
decreased vyield components, nutrients
contents and seed oil content of flax.
Gaikwad et al. (2014) stated that proline
content in flax increased with water stress.
The objective of the current work is to
assess fertilization of flax plants under the
conditions of saline water irrigation and high
water table on a sandy loam soil at Siwa
Oasis using integration of mineral and bio-
fertilizers of P and foliar Zn.

MATERIALS AND METHODS

Field experiment carried out in Tegtherty
region at Siwa Oasis, located at 29° 10'53"
N and 25° 33' " E in two seasons of 2013
and 2014. The cultivated crop was irrigated
with water of 1.65 dS/m and with soil paste
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extract of 4.63 dS/m (Table 1). The plot area
was 10m’ consisting of 18 rows, 5 m long
and 11.1 cm apart. Seeds flax were sown 2
cm apart at about 3 cm depth. The average
of water table level was 90 cm from soil
surface. The final plant density was 450
plants/m?.

The design of the experiment was using
spilt-split technique in randomize complete
blocks design with three replications for
each treatment. The obtained data were
statistically analyzed according to Gomez
and Gomez (1984). Treatments were as
following; the experiment involved different
combination of irrigation intervals, Zn foliar
spray and P/bio-fertilization. The irrigation
intervals were 10 and 20 days; the Zn
treatments were 0 and 300 mg ZnLin spray
solution. The bio-fertilization was by one or
more inoculation of Azotobacter
chroococcum (AZ), Pseudomonas
fluorescence (SD) and Bacillus megatherium
P-dissolving bacteria (PDB). Phosphorus
was either 42 or 84 kg P ha™* without or with
or more of the bio-fertilizers i.e. (AZ),
(AZ+SD), (AZ+PDB), (AZ+SD+PDB). A non-
fertilized treatment was added. Thus, the
total number of treatment combinations 40
(2 irrigation X 2 Zn X 10 P bio-fertilization).
In addition, control treatments were 2 non-

fertilized treatments; making the number 42
treatments. The P rates were 70 and 140 kg
P,0s/ha (as superphosphate 1559 P,0O5 kg
!y applied with seedbed preparation. All
treatments received 120 kg N/ha (as urea
460gN kg™) + 180 kg/ha K,O (as K-sulphate
500g K,O kg™) both given 3 equal splits 40,
80, 120 days after seeding. Foliar Zn spray
was repeated 3 times with NK fertilization at
1200L ha™ each time.

The flax plant variety Sakha3 was sown
on 20th November 2012 and 2013 while the
harvested on 20th April 2013 and 2014. Saoll
analyses were done according to Page et al.
(1984) and Klute (1986).

Isolates of bacteria used as bio-fertilizers
were purified and identified according to
(Bergey's Manual of Determinative
Bacteriology, 1994). The selected isolates
(Azotobacter  chroococcum ,  Bacillus
megatherium and Pseudomonas
fluorescence) were subjected to different
biochemical tests for screening their
hormonal and enzymatic activity (Rizzolo et
al., 1993). The selected bacterial isolates
are known to produce biochemical and
hormonal activities in vitro (Table 1a), that
could result in beneficial action in the field
(El-Saidy & Abd El-Hai, 2011).

Table (1). Chemical and physical properties of the studied soil.

Particle size distributes
5 £ = o ! (.)F"U’ g
s | £ |9 5 2 5 = g |ux| 2
& O © 02 © CE | P
o L ()
% %

0-30 8.23 4.63 3.82 2.79 84.81 9.54 5.65 5.71 L.S
30-60 8.46 5.84 2.37 2.93 82.54 10.62 6.84 6.96 L.S
Soluble cations and anions in soil (mmol. L'l)

Na K Ca Mg HCO3’ cr S0.%
0-30 22.9 2.9 13.6 6.9 2.0 35 9.3
30-60 27.5 3.8 17.7 9.4 2.7 42 13.7
Available nutrients in soil (mg kg'l)
N P K Fe Mn Zn Cu
0-30 42.8 0.83 38.5 14.1 6.81 3.45 0.41
30-60 28.4 0.75 49.7 18.7 7.62 3.61 0.56
Soluble cations and anions in water of irrigation (mmolc L'l)
pH EC Na K Ca Mg HCO3" Cr S0.”
7.84 1.65 9.2 0.13 4.4 2.8 0.9 10.9 4.8
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Table (1a): Biochemical activities of microbial isolates.

Hormonal activity ug/ml A. chroococcum B. megatherium P. fluorescens
IAA 0.22 0.29 10.2
GA3 2.69 1.81 1.95
Cytokinine 25.3 14.92 18.39

Enzyme Production
Amylase + + -
Phosphatase + ++ -
Protease + ++ -

Fresh liquid culture of Azotobacter
chroococcum, Bacillus megatherium and
Pseudomonas fluorescens were used for
soil inoculation at the rate of 108colony
forming unit (cfu/ml). Rhizosphere soll
samples were collected after the harvest.
The samples were analyzed for total counts
of microorganisms according to Nautiyal
(1999). Counting and growing phosphate
dissolving  bacteria was by using
Pikovskaya's agar medium (PVK) Goenadi
et al. (2000). Counting and growing
azotobacters was by modified Ashby’s
media (Hill, 2000). Pseudomonas counts by
kings media, CO, evolution according to
Anderson (1982). Plant samples were
collected at harvest. Plant height, weight
seeds/plant, weight straw/plant, weight
seeds, weight straw, oil and fiber contents
were determined. Flax defoliated plants
were collected for retting process as
described by Schunke et al., (1995). Plant
samples were analyzed for N, P and K
according to Cottenie et al (1982).

RESULTS AND DISCUSSION
Effect of mineral and bio-fertilizers
on yield flax components under

water stress conditions

Data in Tables (2a and 3a) showed that
straw and seeds yields of flax increased with
increasing the P and Zn rates additions and
bio-fertilizers application with short irrigation
interval during the two studied seasons.

In the first season, P fertilizer gave
increases of 57.8, 39.5, 73.4 and 56.3% for
w. seeds, w. straw, w. oil and w. fiber of flax
plant respectively over control treatment,
while in second season were 57.96, 41.8,
73.1 and 58.0%. Zn foliar application
increased yield components over without Zn
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application treatment by 5.58, 5.41, 8.51 and
9.06% for yield of seeds, straw, oil and fibre
contents respectively in first season, while it
being 6.06, 6.07, 9.32 and 9.29% in the
second season. These results agreed with
those obtained by Khajani et al. (2012),
Yaping et al. (2014) and Bakry et al. (2015).

A. chroococcum (AZ), P.fluorescens (SD)
and B. megatherium (PDB) in the first
season recorded increases of yield
parameters over control bio-fertilizers
application about 11.4, 12.6, 22.5 and
24.5% for yields of weight seeds, weight
straw, weight oil and weight fibre
respectively, while in the second season it
being 11.1, 11.9, 23.7 and 24.4% . The
combination of mineral P and all bio-
fertilizers under Zn application achieved
highest flax yields; ascending as following; P
+ (AZ) <P + (AZ) + (SD) < P + (AZ) + (PDB)
< P+ (AZ) + (SD) + (PDB). The previous
results agree with those obtained by Neetu
et al. (2012), EI-Nagdy et al. (2010) and
Yasin et al. (2012).

The yields and components of flax plants
decreased  with  increasing irrigation
intervals. The 10 days interval gave values
greater than 20 days interval by 25.2, 24.8,
44.4 and 41.6% for weight seeds, weight
straw, weight oil and weight fibre
respectively in first season, while it being
25.4, 25.1, 446 and 41.2 % in second
season. This result was due to water
guantity in the short irrigation interval being
greater than the long irrigation interval.
These results agreed with those obtained by
El-Khateeb et al. (2009), El Hwary and
Yagoub (2011) and Mirshekari et al. (2012),
who reported greater yield components by
irrigation every 10 days, in comparison with
irrigation every 21 or 28 days.
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Table (2a). Effect of the treatments on flax yields, oil and fiber contents (season 2013).

H. W. Seeds W. Straw QOil Fiber
Treatments Plant Mg Mg Mg Mg
cm | /plant(g) ha L Iplant(g) ha L % hat % ha !
Control 334 0.16 0.72 1.07 482 | 216 | 0.16 | 7.46 | 0.36
P 49.5 0.39 1.76 1.88 8.47 | 33.4| 059 | 11.7 | 0.99
P1+AZ 50.4 0.4 1.80 1.93 8.69 35 | 063 | 126 | 1.10
P1+AZ+SD 50.9 0.41 1.85 1.98 8.92 |36.3| 0.67 | 12.7 | 1.13
P1+AZ+PDB 51.6 0.42 1.89 2.06 9.28 | 36.6 | 0.69 | 129 | 1.20
g | P1tAZ+PDB+SD | 52.5 0.43 1.94 212 9.55 [ 369 | 0.71 | 13.1 | 1.25
o | NP2 58.6 0.44 1.98 2.09 941 | 358 | 0.71 | 125 | 1.18
_g P2+AZ 59.8 0.46 2.07 2.14 9.64 | 379 | 0.79 | 13.4 | 1.29
S P2+AZ+SD 61.8 0.46 2.07 2.22 10.00 | 39.4 | 0.82 | 13.7 | 1.37
> P2+AZ+PDB 63.4 0.47 212 2.24 10.09 | 39.9 | 0.84 | 13.9 | 1.40
Q P,+AZ+PDB+SD | 63.8 0.49 221 231 10.41 | 40.6 | 0.90 | 14.2 | 1.48
2 Pi1 51.5 0.41 1.85 2.00 9.01 | 34.0| 0.63 | 11.9 | 1.07
2 P.1+AZ 52.6 0.42 1.89 2.07 9.32 | 35.6 | 0.67 | 12.7 | 1.18
,% P1+AZ+SD 53.8 0.43 1.94 2.13 959 |36.2| 0.70 | 12.8 | 1.23
= P.+AZ+PDB 54.5 0.44 1.98 2.19 9.86 | 36.7 | 0.73 | 12.9 | 1.27
o | P1+AZ+PDB+SD | 55 0.45 2.03 2.22 10.00 | 37.4 | 0.76 | 135 | 1.35
N | P, 62.7 0.45 2.03 2.13 9.59 [37.1|0.75 | 129 | 1.24
P2+AZ 64.1 0.49 221 2.28 10.27 | 39.6 | 0.87 | 14 | 1.44
P>+AZ+SD 66.4 0.50 2.25 2.35 10.59 | 41.2 | 0.93 | 144 | 1.52
P2+AZ+PDB 67.2 0.51 2.30 2.42 10.90 | 41.7 | 0.96 | 14.9 | 1.62
P>+AZ+PDB+SD | 68.6 0.52 2.34 2.47 11.13 | 42.4 | 0.99 | 16.4 | 1.82
Control 22.0 0.15 0.68 1.06 477 | 174 | 0.12 | 8.7 | 0.42
P 35.9 0.28 1.26 1.39 6.26 | 23.5| 0.30 | 9.2 | 0.58
P.1+AZ 36 0.30 1.35 1.43 6.44 | 253 | 0.34 | 9.3 | 0.60
P1+AZ+SD 36.8 0.31 1.40 1.48 6.67 | 26.7 | 0.37 | 9.5 | 0.63
P.+AZ+PDB 37.2 0.32 1.44 1.55 6.98 | 27.2 | 0.39 | 9.9 | 0.69
g | P1+AZ+PDB+SD | 39.2 0.33 1.49 1.64 739 | 281|042 |11.1| 0.82
o N | P, 42.2 0.32 1.44 1.54 6.94 | 26.3 | 0.38 | 9.8 | 0.68
S P2+AZ 43.5 0.33 1.49 1.59 716 | 278|041 | 10 | 0.72
S P2+AZ+SD 46.1 0.34 1.53 1.64 7.39 | 28.8| 0.44 | 10.2 | 0.75
> P2+AZ+PDB 46.7 0.35 1.58 1.69 761 | 295 | 0.47 | 11.0 | 0.84
e P,+AZ+PDB+SD | 49.1 0.37 1.67 1.79 8.06 | 31.3| 052 | 11.6 | 0.94
2 Pi1 37.1 0.30 1.35 1.48 6.67 | 247 | 033 | 9.4 | 0.63
-% P.1+AZ 38.3 0.31 1.40 1.52 6.85 | 259 | 0.36 | 9.5 | 0.65
2 P1+AZ+SD 39.1 0.32 1.44 1.58 7.12 | 26.6 | 0.38 | 9.9 | 0.70
= P1+AZ+PDB 40.3 0.33 1.49 1.59 7.16 | 276 | 041 | 10.1 | 0.72
o | P1+AZ+PDB+SD | 41.8 0.34 1.53 1.67 752 | 288|044 | 99 | 0.74
N | P, 43.1 0.35 1.58 1.57 7.07 27 | 0.43 | 10.4 | 0.74
P,+AZ 45.7 0.36 1.62 1.69 7.61 | 29.4| 0.48 | 10.8 | 0.82
P2+AZ+SD 49.4 0.37 1.67 1.75 7.88 | 30.6 | 0.51 | 10.9 | 0.86
P,+AZ+PDB 49.5 0.38 1.71 1.79 8.06 | 31.3 | 054 | 11.5| 0.93
P2+AZ+PDB+SD | 52.7 0.39 1.76 191 8.60 |32.8| 0.58 | 12.0 | 1.03

H= high cm, W= weight , Mg ha =10° gram/hectare
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The interactions between four studied
factors made the best affective treatment
when comparison the treatment of
P,+(AZ)+(SD)+(PDB)+Zn; under the short
irrigation interval gave highest for yields of
seeds, straw, oil and fibre contents. Foliar
spray of Zn; recorded increases of yield
components and seed nutrient contents
when compared with the Zn, treatment.

Data in Table (3a) showed that the yield
components in second season take the
same trend of first season and increased
with increasing rates of four studied factors
(mineral P and bio fertilizers, foliar Zn and
irrigation interval). In second season
recorded higher increases of vyield
parameters than obtained first season. This
fact was due to bio-fertilizers activity and
residual effect of mineral P on yield
components of flax. The above results agree
with results obtained by Bakry et al. (2012),
Almendros et al. (2013) and Homayouni et
al. (2013).

These were a number of significant

Table (2b): LSD 0.05 for table values at 2a.

affects and LSD values are given in Tables
2b and 3b.

Effect of the treatments

nutrients content of flax seeds:

The nutrients content in flax seeds during
the second season takes the same trend of
the first season so we were taking the
average values of two seasons for nutrients
content and yield components to make the
average account nutrients uptake by flax
seeds during both seasons.

on

Data at Table (4a) show that the average
values of N, P, K, Zn and Cu contents in flax
seeds during two seasons increased with
increasing P rates, while contents of Fe and
Mn decreased. The P, treatment recorded
increases of nutrient contents in seeds of
7.1, 30, 2.3, 8.8 and 25.7 % over the P,
treatment for N, P, K, Zn and Cu
respectively, but caused decreased of 9.8
and 3.6 % for Fe and Mn respectively. The
previous results agreed with those obtained
by Li et al. (2007), Yaping et al. (2014), and
Esmail et al. (2014).

Variables Pg'm W.Seeds W.Straw Oil Fiber

LSD 0.05 Cm |/plant(g)| Mg ha™ | /plant(g) | Mgha® | % |Mgha®| % |Mgha™
Irrigation 3.01 0.03 0.134 0.142 0.64 2.52 | 0.089 0.79 0.144
Zn 0.36 0.003 0.012 0.013 0.059 0.12 | 0.007 0.05 0.013
P 0.51 0.004 0.017 0.018 0.083 0.06 | 0.009 0.08 0.018
Bio 0.77 0.004 0.018 0.014 0.064 0.26 | 0.011 0.10 0.017
Irr. X Zn 1.09 0.006 0.025 0.02 0.091 0.37 | 0.016 0.14 0.023
Irr. x P 1.34 0.007 0.031 0.007 0.032 0.45 | 0.019 0.17 0.029
Irr. x Bio 0.54 0.003 0.012 0.01 0.045 0.18 | 0.008 0.07 0.012
Znx P 1.56 0.008 0.036 0.029 0.13 0.53 | 0.022 0.19 0.033
Zn x Bio 1.56 0.008 0.036 0.029 0.129 0.52 | 0.022 0.19 0.033
P x Bio 1.56 0.008 0.036 0.029 0.129 0.52 | 0.022 0.19 0.033
Irr. X Zn x P 1.56 0.008 0.036 0.029 0.129 0.52 | 0.022 0.19 0.033
Irr. X Zn x Bio 1.56 0.008 0.036 0.029 0.129 0.52 | 0.022 0.19 0.033
Irr. x P x Bio 1.56 0.008 0.036 0.029 0.129 0.52 | 0.022 0.19 0.033
Zn x P x Bio 1.56 0.008 0.036 0.029 0.129 0.52 | 0.022 0.19 0.033
Irr. x Zn x P x Bio| 1.56 0.008 0.036 0.02 0.091 0.52 | 0.022 0.19 0.033
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Table (3a): Effect of the treatments on flax yields, oil and fiber contents (season 2014).

H. W. Seeds W. Straw QOil Fiber

Treatments Plant M M M M
cm | /plant(g) h agl Iplant(g) h agl % h agl % h agl
Control 34.8 0.17 0.77 1.11 5.00 | 224 | 0.17 | 7.8 | 0.39
P 50.5 0.41 1.85 1.92 8.65 | 33.8 | 0.62 | 12.0 | 1.04
P1+AZ 52.6 0.43 1.94 2.01 9.05 | 36.2 | 0.70 | 12.8 | 1.16
P1+AZ+SD 53.3 0.44 1.98 2.1 9.46 | 37.8 | 0.75 | 13.2 | 1.25
P,+AZ+PDB 55.2 0.45 2.03 2.12 955 | 382 | 0.77 | 134 | 1.28
g | P1+AZ+PDB+SD | 57.1 0.47 2.12 2.2 991 | 39.3|0.83 | 139 | 1.38
0 N | P, 61.3 0.46 2.07 2.13 9.59 | 36.2 | 0.75 | 128 | 1.23
g P,+AZ 62.2 0.47 2.12 2.18 9.82 | 385|082 | 136 | 1.34
S P,+AZ+SD 64.4 0.48 2.16 2.26 10.18 | 40.0 | 0.86 | 13.8 | 1.40
> P,+AZ+PDB 66.1 0.49 221 2.30 10.36 | 40.5 | 0.89 | 14.0 | 1.45
g P,+AZ+PDB+SD | 67.8 0.52 2.34 2.37 10.68 | 41.4 | 0.97 | 145 | 1.55
2 P 53.7 0.43 1.94 2.04 9.19 | 338|065 | 12.1 | 1.11
-% P1+AZ 55.8 0.44 1.98 2.11 950 | 36.2 | 0.72 | 13.0 | 1.24
2 P1+AZ+SD 58.2 0.46 2.07 2.19 9.86 | 38.1|0.79 | 13.3 | 1.31
= P.:+AZ+PDB 60.1 0.47 2.12 2.25 10.14 | 389 | 0.82 | 13.6 | 1.38
o | P1+AZ+PDB+SD | 60.8 0.48 2.16 2.28 10.27 | 39.6 | 0.86 | 13.8 | 1.42
N | P, 64.3 0.51 2.30 2.25 10.14 | 38.7 | 0.89 | 13.4 | 1.36
P,+AZ 66.7 0.52 2.34 2.37 10.68 | 40.8 | 0.96 | 14.2 | 1.52
P2+AZ+SD 69.2 0.53 2.39 2.41 10.86 | 42.4 | 1.01 | 14.6 | 1.58
P,+AZ+PDB 70.3 0.54 2.43 2.48 11.17 | 429 | 1.04 | 15.0 | 1.68
P,+AZ+PDB+SD | 71.4 0.55 2.48 2.53 1140 | 43.8 | 1.09 | 16.6 | 1.89
Control 22.8 0.16 0.72 1.01 455 | 18.2 | 0.13 | 8.9 | 0.40
P 36.1 0.3 1.35 1.43 6.44 | 249 | 034 | 9.6 | 0.62
P1+AZ 39.2 0.31 1.40 1.47 6.62 | 26.4 | 0.37 | 9.9 | 0.66
P1+AZ+SD 40.6 0.33 1.49 1.56 7.03 | 279 | 041 | 10.1 | 0.71
P.:+AZ+PDB 41.2 0.34 1.53 1.57 7.07 | 28.4 | 043 | 105 | 0.74
e | P1tAZ+PDB+SD | 44.2 0.35 1.58 1.66 7.48 | 299 | 047 | 11.3 | 0.84
o N | P, 44.1 0.34 1.53 1.56 7.03 | 269 | 041 | 10.2 | 0.72
S P,+AZ 45.3 0.35 1.58 1.61 7.25 | 28.6 | 045 | 104 | 0.75
S P2+AZ+SD 47.9 0.36 1.62 1.66 7.48 | 29.6 | 0.48 | 10.6 | 0.79
> P,+AZ+PDB 48.7 0.37 1.67 1.71 7.70 | 30.3 | 051 | 11.1 | 0.86
g P,+AZ+PDB+SD | 52.1 0.39 1.76 1.81 8.15 | 315 | 055 | 12.0 | 0.98
2 P 38.7 0.32 1.44 1.50 6.76 | 25.3 | 0.36 | 9.7 | 0.66
-% P1+AZ 40.7 0.33 1.49 1.54 6.94 | 27.1 | 0.40 | 10.0 | 0.69
2 P1+AZ+SD 43.3 0.34 1.53 1.66 7.48 | 28.4 | 043 | 10.2 | 0.76
= P.:+AZ+PDB 44.5 0.35 1.58 1.71 7.70 | 28.8 | 0.45 | 10.4 | 0.80
o | P1+AZ+PDB+SD | 46.2 0.36 1.62 1.73 7.79 | 29.8 | 048 | 11.2 | 0.87
N | P, 48.5 0.37 1.67 1.73 7.79 | 27.8 | 0.46 | 10.6 | 0.83
P,+AZ 49.7 0.38 1.71 1.71 7.70 | 30.0 | 0.51 | 11.1 | 0.86
P,+AZ+SD 514 0.39 1.76 1.79 8.06 | 31.0 | 0.54 | 11.0 | 0.89
P,+AZ+PDB 515 0.4 1.80 1.83 8.24 | 31.7 | 0.57 | 11.7 | 0.96
P,+AZ+PDB+SD | 54.9 0.41 1.85 1.95 8.78 | 33.4 | 0.62 | 12.1 | 1.06

H=high cm, W= weight
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Table (3b): LSD 0.05 for values of table 3a.

Variables P:;.nt W. Seeds W. Straw Oil Fiber

LSD 0.05 cm |/plant(g) | Mg ha™ | /plant(g) | Mgha' | % |Mgha'| % |Mgha™
Irrigation 3.05 0.032 0.144 0.147 0.66 2.59 | 0.098 0.78 0.149
Zn 0.43 0.003 0.014 0.015 0.07 0.14 | 0.008 0.05 0.014
P 0.6 0.005 0.02 0.008 0.03 0.19 | 0.012 0.07 0.019
Bio 0.72 0.004 0.018 0.014 0.06 0.23 | 0.011 0.08 0.016
Irr. X Zn 1.01 0.006 0.026 0.02 0.09 0.33 | 0.016 0.11 0.022
Irr. X P 0.36 0.007 0.032 0.024 0.11 0.4 0.019 0.14 0.027
Irr. x Bio 0.5 0.01 0.045 0.01 0.04 0.56 | 0.027 0.20 0.038
Zn x P 1.45 0.008 0.037 0.028 0.13 0.47 | 0.023 0.16 0.031
Zn x Bio 1.45 0.008 0.037 0.028 0.13 0.46 | 0.023 0.16 0.031
P x Bio 1.45 0.008 0.037 0.028 0.13 0.46 | 0.023 0.16 0.031
Irr. X Zn x P 1.45 0.008 0.037 0.028 0.13 0.46 | 0.023 0.16 0.031
Irr. X Zn x Bio 1.45 0.008 0.037 0.028 0.13 0.46 | 0.023 0.16 0.031
Irr. x P x Bio 1.45 0.008 0.037 0.028 0.13 0.46 | 0.023 0.16 0.031
Zn x P x Bio 1.45 0.008 0.037 0.028 0.13 0.46 | 0.011 0.16 0.031
Irr. xZn x P x Bio| 1.45 0.008 0.037 0.028 0.13 0.46 | 0.023 0.16 0.031

Foliar application of Zn cause increases
in nutrient contents in flax seeds of 5.1, 6.4,
5.8, 46.3 and 8.2% for N, P, K, Zn and Cu
respectively over control Zn and decreases
of 149 and 6.7% for Fe and Mn
respectively. The above results agreed with
those obtained by Khalifa et al. (2011),
Almendros et al. (2013) and Mohamed et al.
(2014).

The bio fertilizers secreted the organic
acids which dissolved the nutrients in soil,
so the nutrients increased in flax seeds by

soil application of bio- fertilizers. A.
chroococcum (AZ) increased N content,
while  P.fluorescens (SD) and B.

megatherium (PDB) increased P content in
flax seeds. The bio-fertilizers increased
nutrient contents in flax seeds by 17.6, 36.4,
19.4, 43.7, 23.4, 18.3 and 36.9 % for N, P, K
, Fe, Mn, Zn and Cu respectively over
control bio-fertilizers treatment. The above
results agreed with those results obtained by
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Neetu et al. (2012), Yasin et al. (2012) and
El Mokadem and Sorour (2014).

The short irrigation interval gave values
greater than those of the long interval by
average of 24.9, 25.4, 26.2, 50.6, 27.1, 24.2
and 14.5 % for N, P, K, Fe, Mn, Zn and Cu
respectively. This result was due to high
water at the irrigation interval (every 10
days) led to increase the available nutrients
in soil and success all the biological
processes. The previous results agreed with
those obtained by El-Khateeb et al. (2009),
El Hwary and Yagoub (2011) and Mirshekari
et al. (2012),

Comparison between all combined
treatments shows that the highest values
occurred P,+(AZ)+(SD)+(PDB)+Zn; under
the short irrigation. The previous results
agree with those obtained by Yasin et al.
(2012), EI-Nagdy et al. (2010) and El
Mokadem and Sorour (2014).
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Table (4a): Effect of the treatments on nutrients content of flax seeds.

N P K Fe Mn Zn Cu

Treatments =] =]

g kg mg kg
Control 11.2 0.90 4.20 56.4 115 15.3 4.26
P1 19.5 1.90 4.40 92.9 20.8 31.6 11.4
P1+AZ 23.2 2.10 4.60 96.0 21.7 34.1 12.5
P1+AZ+SD 23.4 2.40 4.80 102.5 23.2 36.9 13.7
P1+AZ+PDB 23.6 2.70 5.10 112.7 24 38.3 14.4
e P1+AZ+PDB+SD 23.9 3.10 5.30 120.5 25.6 41.8 15.7
n N | p, 21.2 2.80 4.50 89.9 18.4 35.8 13.9
_§ P>+AZ 23.8 3.00 4.70 93.8 19.3 37.4 15.3
= P>+AZ+SD 24.1 3.40 4.90 98.4 21.0 39.5 16.7
> P>+AZ+PDB 24.5 3.80 5.30 105.6 21.9 43.9 17.9
% P>+AZ+PDB+SD 24.8 4.20 5.50 112.8 23.2 45.2 18.5
c Pi 20.8 2.20 4.60 88.5 19.8 63.2 12
'% P1+AZ 24.4 2.30 4.90 91.4 20.6 65.8 13.2
2 P1+AZ+SD 24.6 2.50 5.10 96.7 21.8 69.1 14.6
= P.+AZ+PDB 24.8 2.80 5.50 105.3 22.4 70.9 155
= P1+AZ+PDB+SD 25.1 3.30 5.70 112.6 23.9 74.7 16.8
N | p, 21.9 2.90 4.70 85.6 17.5 67.6 14.5
P>+AZ 25.0 3.20 5.00 89.3 18.4 69.3 16.1
P>+AZ+SD 25.3 3.60 5.20 92.8 19.8 71.9 17.7
P,+AZ+PDB 25.6 4.10 5.70 98.7 20.5 76.9 19.2
P>+AZ+PDB+SD 25.9 4.50 5.90 105.4 21.7 78.3 19.8
Control 0.77 7.70 0.50 2.80 36.43 7.74 9.94
Pi 14.4 1.40 3.30 68.73 15.4 22.44 8.45
P1+AZ 17.2 1.50 3.40 70.93 16.02 25.17 9.24
P1+AZ+SD 17.5 1.80 3.60 76.65 17.34 27.54 10.3
P1+AZ+PDB 17.9 2.00 3.90 85.27 18.13 28.95 10.91
e P1+AZ+PDB+SD 18.1 2.40 4.00 91.17 19.36 31.68 11.88
n N | p, 15.7 2.10 3.30 66.44 13.55 26.49 10.21
§ P>+AZ 17.6 2.20 3.50 69.34 14.26 27.63 11.26
g P>,+AZ+SD 18.0 2.60 3.70 73.57 15.66 29.57 125
> P>+AZ+PDB 18.5 2.90 4.00 79.9 16.63 33.18 13.55
% P>+AZ+PDB+SD 18.8 3.20 4.10 85.36 17.6 34.14 13.99
c Pi 15.1 1.50 3.40 65.38 14.61 48.05 8.89
'% P1+AZ 18.0 1.70 3.60 67.58 15.22 49.98 9.77
2 P1+AZ+SD 18.5 1.80 3.80 72.34 16.37 52.98 10.91
= P.+AZ+PDB 19.1 2.10 4.10 79.73 16.98 54.91 11.7
= P1+AZ+PDB+SD 19.4 2.60 4.30 85.18 18.13 57.82 12.67
N | p, 16.5 2.20 3.50 63.27 12.94 51.39 10.74
P>+AZ 18.6 2.40 3.70 66.0 13.64 52.62 11.88
P>+AZ+SD 19.1 2.70 3.90 69.43 14.78 55.97 13.29
P,+AZ+PDB 19.7 3.10 4.20 74.71 15.49 58.61 14.52
P>+AZ+PDB+SD 19.9 3.40 4.50 79.73 16.46 60.46 14.96
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Table (4b): LSD 0.05 for values table 4a.

Variables N P K Fe Mn Zn Cu

LSD 0.05 g/kg mg/kg
Irrigation 0.32 0.07 0.11 0.83 0.38 0.71 0.11
Zn 0.08 0.01 0.02 0.4 0.09 0.62 0.06
P 0.05 0.06 0.01 0.26 0.12 0.22 0.15
Bio 0.12 0.14 0.02 0.64 0.3 0.54 0.36
Irr. x Zn 0.05 0.02 0.03 0.57 0.12 0.78 0.08
Irr. x P 0.07 0.08 0.01 0.37 0.17 0.31 0.21
Irr. x Bio 0.12 0.14 0.02 0.64 0.32 0.54 0.36
Znx P 0.09 0.03 0.01 0.45 0.21 0.12 0.08
Zn x Bio 0.12 0.14 0.02 0.64 0.31 0.54 0.36
P x Bio 0.12 0.14 0.02 0.64 0.33 0.54 0.36
Irr.xZn x P 0.12 0.04 0.01 0.20 0.09 0.17 0.11
Irr. X Zn x Bio 0.12 0.14 0.02 0.32 0.15 0.54 0.36
Irr. x P x Bio 0.06 0.14 0.02 0.32 0.15 0.54 0.36
Zn x P x Bio 0.12 0.14 0.02 0.32 0.15 0.54 0.18
Irr. x Zn x P x Bio 0.12 0.14 0.02 0.45 0.21 0.54 0.25

Effect of the treatments on 27.1, 47.9, 30.1, 26.1 and 44.2% for N, P, K,

nutrients uptake by flax seeds

under water stress conditions:

Concerning to the effect of integration
between mineral and bio-fertilizers
application on nutrients uptake by flax seeds
(Table 5); the N, P, K, Fe, Mn, Zn and Cu
uptake increased with increasing P
applications. The P, treatment gave higher
increases than P, treatment by 18.2, 38.1,
14.1, 3.5, 7.3, 20.1 and 35.7% for N, P, K,
Fe, Mn, Zn and Cu respectively. The highest
increase was P uptake while the lowest was
Fe and Mn uptake.

Zn application increased the uptake of
nutrients by seeds except for Fe and Mn
which were decreased, by 10.7, 12.2, 11.5,
49.3 and 14.2% for N, P, K, Zn and Cu
respectively, while decreases averaged 7.7
and 0.3% for Fe and Mn respectively.

Application of bio-fertilizers increased
nutrients uptake by flax seeds to 25.4, 42.4,
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Fe, Mn, Zn and Cu respectively over control
bio-fertilizers treatment.

The greater nutrients uptake was
obtained by the short irrigation intervals over
the long one amounted to 44.2, 44.4, 44.7,
63.2, 45.5, 43.6 and 36.9% for N, P, K, Fe,
Mn, Zn and Cu respectively. This reflects the
sufficient moisture of the short interval. The
current results agreed with those obtained
by El-Khateeb et al. (2009), EI Hwary and
Yagoub (2011) and Mirshekari et al.(2012),

Integration between mineral and bio-
fertilizers increased nutrients uptake by flax
seeds. The most effective treatment was
P,+ (AZ) + (SD) + (PDB) + Zn; under
irrigation of everyl0 days. The previous
results agreed with those obtained by Yasin
et al. (2012), EI-Nagdy et al. (2010) and El
Mokadem and Sorour (2014).
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Table (5a): Effect of the treatments on nutrients uptake by flax seeds.

Treatments N | P | K Fe | Mn | 2zn Cu
kg ha™ gha'l
Control 80 | 064 | 300 | 790 | 47 4.6 1.25
P, 357 | 347 | 807 | 3300 | 16 243 | 3.62
P, +AZ 431 | 390 | 854 | 3590 | 169 | 266 | 452
P, +AZ+SD 440 | 452 | 9.02 | 4150 | 183 | 292 | 553
P,+AZ+PDB 449 | 514 | 971 | 5020 | 192 | 30.6 | 6.16
| PIAZPEBES |70 | 612 | 1047 | 5850 | 212 | 347 | 747
[
N[Pp, 434 | 574 | 921 | 3430 | 158 | 30.8 | 6.19
o | [PotAZ 504 | 6.35 | 995 | 39.00 | 17.2 | 333 | 7.65
8 P,+AZ+SD 516 | 7.28 | 1050 | 4360 | 189 | 356 9
S P,+AZ+PDB 536 | 8.33 | 1161 | 51.20 | 20.1 | 404 | 10.3
g PorAZIPDBYS | 555 | 940 | 1230 | 59.00 | 218 | 425 | 11.09
g P, 396 | 419 | 876 | 30.80 | 158 | 506 | 4.24
2 P, +AZ 470 | 443 | 945 | 3350 | 167 | 533 | 527
2 | [P,+AZ+SD 486 | 495 | 1007 | 38.80 | 181 | 57.4 | 656
= P,+AZ+PDB 502 | 566 | 11.14 | 47.00 | 19 603 | 7.48
| BIAZPPBES 550 | 683 | 1180 | 5450 | 208 65 8.79
(o
N[Pp, 480 | 6.35 | 1028 | 32.80 | 16.1 | 622 | 7.18
P,+AZ 559 | 7.16 | 11.19 | 36.90 | 17.3 | 651 | 8.84
P,+AZ+SD 584 | 831 | 12.00 | 4150 | 19.2 | 69.7 | 10.67
P,+AZ+PDB 60.3 | 9.66 | 13.42 | 4820 | 203 | 761 | 12.38
BZ+AZ+PDB+S 62.9 | 1092 | 1433 | 56550 | 221 | 79.9 | 13.36
Control 157 | 370 | 026 | 088 | 250 18 2.00
P, 192 | 1.88 | 433 | 1050 | 75 126 | 3.08
P, +AZ 233 | 2.02 | 466 | 11.90 | 9.1 143 | 3.42
P, +AZ+SD 242 | 243 | 497 | 1550 | 101 | 160 | 3.88
P,+AZ+PDB 255 | 2.88 | 552 | 2120 | 109 | 17.4 | 4.26
2]
g | | prrACTPPBTS 968 | 350 | 597 | 2550 | 12 | 196 | 479
[
& |N[P, 231 | 312 | 493 | 1020 | 84 16.4 4.11
e P,+AZ 272 | 340 | 545 | 1260 | 9.3 180 | 4.76
3 P,+AZ+SD 283 | 400 | 581 | 1560 | 103 | 195 | 5.36
5 P,+AZ+PDB 303 | 476 | 6.64 | 2060 | 115 | 229 | 6.08
3
S| | PACPDB!S | 323 | 543 | 7.00 | 2550 | 127 | 246 | 655
P, 209 | 2.07 | 474 | 890 | 6.2 279 | 3.35
[Piraz 258 | 2.38 | 514 | 1060 | 9.1 300 | 381
£ P,+AZ+SD 273 | 2.74 | 559 | 1380 | 101 | 3258 4.4
P,+AZ+PDB 282 | 312 | 6.09 | 1840 | 105 | 340 | 4.72
P,+AZ+PDB+S | 306 | 4.00 | 6.78 | 23.20 | 120 | 382 | 5.44
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D
P, 26.6 3.57 5.69 9.00 8.8 34.9 4.75
P,+AZ 30.9 3.95 6.16 11.20 9.5 36.8 5.41
P,+AZ+SD 32.7 4.66 6.64 14.00 10.6 40.3 6.22
P,+AZ+PDB 34.7 5.43 7.45 18.30 11.5 434 6.98
PorAZIPDBYS | 364 | 628 | 823 | 2200 | 127 | 466 | 7.49
Table (5b): LSD 0.05 for values of table 5a.
Variables N P K Fe Mn Zn Cu
LSD 0.05 kg ha* gha'
Irrigation 1.18 0.262 0.428 0.78 0.74 0.97 0.32
Zn 0.33 0.048 0.071 0.40 0.33 1.02 0.10
P 0.45 0.167 0.095 0.21 0.10 0.29 0.22
Bio 1.12 0.381 0.214 0.50 0.21 0.71 0.55
Irr. X Zn 0.48 0.071 0.119 0.57 0.48 1.44 0.14
Irr. x P 0.64 0.214 0.119 0.29 0.12 0.41 0.32
Irr. x Bio 1.12 0.381 0.214 0.50 0.21 0.71 0.55
Znx P 0.79 0.262 0.167 0.36 0.17 0.50 0.39
Zn x Bio 1.12 0.381 0.214 0.50 0.21 0.71 0.55
P x Bio 1.12 0.381 0.214 0.50 0.21 0.71 0.55
Irr. xZn x P 0.36 0.119 0.214 0.50 0.21 0.71 0.17
Irr. X Zn x Bio 0.55 0.381 0.214 0.26 0.21 0.71 0.55
Irr. x P x Bio 0.55 0.381 0.214 0.26 0.21 0.71 0.55
Zn x P x Bio 0.55 0.381 0.214 0.26 0.12 0.71 0.55
Irr. x Zn x P x Bio 1.12 0.381 0.167 0.36 0.17 0.49 0.55
Effect of the treatments on the presence of P and allows more rapid
microbial activities in flax transformation of organic matter. The carbon

rhizosphere:

Initial total microbial counts in Tegtherty
soil of Siwa Oasis were 30x10° cfu/g dry
soil. Data in Table (6a) show that the total
microbial counts in flax rhizosphere tended
to increase in all treatments receiving
fertilizers. Highest total microbial counts was
obtained with second level of P, Zinc foliar
application and with mixed bio-fertilizers
treatments.  Microbial respiration (CO,
evolution) increased after long term P
addition, the microbial activity increases in

dioxide (CO,) is an indication of the
biological activity in the rhizosphere. Results
in Table (6a) assure that the mixed
treatment of mineral and bio-fertilizer gave
highest rate of CO, evolution than the other
treatments. Data of CO, evolution were in
harmony with those of total microbial counts.
These results agreed with those obtained by
Visser and Dennis (1992), Gilliam et al.
(2011) and Liu et al. (2012).

Concerning to effect of integration
between mineral and bio-fertilizers on
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phosphate dissolving bacterial (PDB)
counts, Azotobacter and Pseudomonas (Ps)
counts; the results show that the initial
treatment or the non-treated treatment was
lowest (Table 6a), but the increasing
achieved with bio-fertilizers and mineral
fertilizers  application. Highest counts

occurred with second level of P and zinc
foliar applications under irrigation intervals of
10 days. The previous results agree with
those obtained by Yasin et al., (2012), Neetu
et al., (2012) and El Mokadem and Sorour
(2014).

Table (6a): Effect of studied the treatments on microbial activities in rhiosphere of flax

plants .
.T otal_ PDB Azotobacter Ps CO,
Treatments m::((:)ru:gal cognts denssities cognts mg/100g
2 (x10°cfulg (x10°cells/g (x10°cfulg dry soil
(z]r.)? Sc;%g dry soil) dry soil) dry soil) 124hr
Control 28 3.7 6.2 1.6 5.3
P1 34 4.3 7.4 2.1 6.2
P.+AZ 69 6.2 9.3 2.6 6.9
P1+AZ+SD 96 6.5 9.8 3.9 7.1
P.+AZ+PDB 109 7.3 9.8 2.8 7.4
o | P1+AZ+PDB+SD 138 8.0 10.3 41 75
0 N [ p, 31 4.9 6.2 2.3 6.2
3 P,+AZ 70 7.0 7.6 2.8 7.0
o P,+AZ+SD 103 8.2 7.9 4.0 7.3
> P,+AZ+PDB 112 8.9 8.0 3.1 8
o P,+AZ+PDB+SD 145 8.9 8.1 4.6 8.2
> P, 37 47 6.1 23 6.7
% P1+AZ 78 6.9 7.4 2.9 7
2 P1+AZ+SD 110 7.1 9.7 4.0 7.5
= P,+AZ+PDB 126 75 9.5 3.0 7.9
= | P1+AZ+PDB+SD 158 8.6 10.6 45 8.1
N [ p, 38 5.2 6.5 2.3 6.8
P,+AZ 82 7.3 7.7 3 7.1
P,+AZ+SD 118 8.0 8.4 45 7.8
P,+AZ+PDB 134 8.9 8.4 3.3 8
P,+AZ+PDB+SD 165 9.3 8.9 48 8.3
Control 24 3.2 5.9 1.2 4.8
P1 31 4 6.3 2 6
P.+AZ 45 5.9 8 2.4 6.2
% P1+AZ+SD 63 5.9 8.2 35 6.6
o P1+AZ+PDB 80 6.4 8 2.6 6.9
S | o [ P1+AZ+PDB+SD 98 6.8 8.6 4 7.2
2| N [p, 30 43 6.4 2.1 6.1
> P,+AZ 49 6.3 8.3 2.5 6.8
s P2+AZ+SD 70 6.9 8.5 3.7 7
g P,+AZ+PDB 89 7 8.6 2.9 7.1
E P,+AZ+PDB+SD 108 75 8.9 41 7.4
P1 32 4.3 6.5 2 6.1
S [ PirAz 56 6.5 8.2 2.7 6.9
P1+AZ+SD 79 7.2 8.8 3.9 7
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P1+AZ+PDB 83 7.8 8.7 2.8 7.3
P.+AZ+PDB+SD 119 8 9 4 7.3
P> 32 4.4 6.6 2.4 6.4
P,+AZ 61 6.6 8.7 2.7 7.1
P>+AZ+SD 85 7.2 8.9 4 7.5
P>+AZ+PDB 97 7.9 9.1 2.9 7.8
P,+AZ+PDB+SD 128 8.2 9.7 4.2 7.9
Combining bio-fertilizers with mineral Combining mineral P with bio-fertilizers

chemical fertilizers may be useful to obtain
increases of flax yield components and
reduce environmental pollution. Application
of P.flouresence increased plant growth, soil
fertility and counts of microbial communities.
Microbial activity however decreased with
increasing irrigation rates. These results
agreed with those obtained by Yadav et al.,
(2007) and Nasrin et al., (2012).

In conclusion, yield parameters of flax
plants, nutrients content and uptake by
seeds increased with increasing the P and
Zn rates. Application of A. chroococcum
(A2), P.fluorescens (SD) and B.
megatherium (PDB) increased the yield
parameters of flax plants, nutrients contents
and uptake by seeds of flax plants.

Table (6b). LSD 0.05 for values of table 6a.

increased flax yields as following; P+(AZ)
<P+(AZ)+(SD)<P+(AZ)+(PDB)<P+(AZ)+(SD
)+(PDB). The most effective treatment was
P,+ (AZ2)+ (SD)+(PDB)+ Zn; under
conditions of the irrigation of every 10 days
which gave 2.34, 11.1, 0.99 and 1.82 for
weight straw, seeds, oil and fiber (Mg ha™)
respectively in the first season, while in the
second season it achieved 2.48, 11.4, 1.09
and 1.89 (Mg ha™).The foliar application of
Zn, significantly increased yield, vyield
components, oil percentage and seed
nutrients content as compared with the Zng
treatment.  Irrigation every 10 days
increased yield components of flax plants,
nutrients content and uptake by seeds of
flax plants than irrigation every 20 days.

micropial | POBCOUMS | MG s | Po counts co,
Treatment counts(x10%cfulg (x1020f9/g (x10%cells/g dry (Xlochﬂ/g dry mg/100g dry soil

dry soil) dry soil) soil) soil) [24hr

Irrigation 2.30 0.07 0.02 0.024 0.037
Zn 0.96 0.04 0.02 0.016 0.029
P 0.34 0.05 0.06 0.013 0.020
Bio 0.84 0.11 0.15 0.032 0.048
Irr. X Zn 1.36 0.06 0.04 0.022 0.040
Irr. x P 0.49 0.07 0.09 0.019 0.028
Irr. x Bio 0.84 0.11 0.15 0.032 0.048
Znx P 0.60 0.08 0.11 0.007 0.034
Zn x Bio 0.84 0.11 0.15 0.032 0.048
P x Bio 0.84 0.11 0.15 0.032 0.048
Irr. xZn x P 0.84 0.11 0.15 0.010 0.048

1660



Impact of mineral p, bio-fertilizers, zinc spray and irrigation intervals

Irr. X Zn x Bio 0.84 0.11 0.15 0.032 0.048

Irr. X P x Bio 0.42 0.11 0.15 0.032 0.048

Zn x P x Bio 0.42 0.11 0.15 0.032 0.048

Irr. x Zn x P x Bio 0.59 0.11 0.15 0.032 0.048
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	ABSTRACT: A field study was carried out in Tegzerty region, at Siwa Oasis, Egypt, which located at 29º 10'53" N and 25º 33' 12'' E. The experiment was done for two successive seasons 2013-2014. Flax (Linum usitatissimum L.) c.v Sakha3 was the test pla...

