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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 QOasis 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 Pt (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™) respectlvely 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 (7.5-11.56 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
dSm™ was used only for salt tolerant plants

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
{(Weisany et al. 2013). P is involved in

El-Agrodi et al. (2005) showed that 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 ef al., 2014). K is involved in
above this ievel decreased root dry weight of many processes in plant such as

wheat. Ameer khan et al. (2006) concluded photosynthesis, water uptake and retention
that the foliar spray of ascorbic acid and protects plant from forest, it aiso

protected the photosynthetic machinery from reduces disease of the plant and improves
the damaging effects of salt stress. Farouk
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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 ef 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 of 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 ef
al. (2014) obtained highest values of ail 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 vyield
characters. Alimendros et al. (2013) reported
that the application of Zn-DTPA-HEDTA-
EDTA were associated with high flax yield
and Zn content. Homayouni ef al (2013)
stated that yield of flax increased by N + P +

Zn. Tahir et al. (2014) reported that foliar
spray Zn gave highest seed yield 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 yield
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. E! Mokadem and Sorour (2014)
reported that Azospirillum sp. + P dissolving
bacteria + foliar spray of nutrients produced
the highest values of growth and yieid
parameters. ‘

El-Khateeb et al. (2009) stated that the
highest flax yield increased with increase
water irrigation El 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 yield 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
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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 ZnL"in 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 ie. (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
P205/ha (as superphosphate 155g P,0s kg
b} applied with seedbed preparation. All
treatments received 120 kg N/ha (as urea
460gN kg™) + 180 kg/ha K0 (as K-sulphate
5009 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. Soil
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 (,E) = S o > OTQ S
sz |8 |8 8|5 |85 | § |83z
o O © ” © OE R
(@] Ll o
% %

0-30 8.23 4.63 3.82 279 84.81 9.54 5.65 5.71 L.S
30-80 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™

Na K Ca Mg HCO4 cr S0.2
0-30 229 2.9 13.6 .6.9 2.0 35 9.3
30-60 275 3.8 17.7 9.4 2.7 42 13.7
Available nutrients in soil (mg kg™)
N P K Fe Mn Zn Cu
0-30 42.8 0.83 38.5 14,1 6.81 3.45 0.41
30-680 28.4 0.75 497 18.7 7.62 3.61 0.56
Soluble cations and anions in water of irrigation (mmol, L'1)
pH EC Na K Ca Mg HCOy cr S0
7.84 1.65 9.2 0.13 44 2.8 0.9 10.9 4.8
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Table (1a): Biochemical activities of microbial isolates.

Hormonal activity pg/m! A. chroococcum B. megathernium P. fluorescens
IAA 0.22 0.29 10.2
GA3 2.69 1.81 1.85
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
soif inocufation at the rate of 108colony
forming unit (cfu/ml). Rhizosphere soil
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,
731 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 6.08, 6.07, 9.32 and 9.28% 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, 11.8, 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
intervais. 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

© 254, 251, 446 and 412 % in second

season. This result was due to water
quantity 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).

o | W Seeds W. Straw oil Fiber

Treatments Mg Mg - Mg - Mg

cm | /plant(g) ha' Iplant(g) ha ' % ha' % ha
Control 334 | 016 | 072 107 | 482 {216 | 0.16 | 746 | 0.36
P 495 | 039 | 176 | 1.88 | 847 |334] 059 |11.7 ] 0.99
. P1+AZ 50.4 0.4 180 | 193 | 869 | 35 [ 063 | 12.6 | 1.10
P+AZ+SD 509 | 041 | 185 198 | 892 [363] 067 |127] 113
P1+AZ+PDB 516 | 042 | 189 | 206 | 928 |366| 069|129 1.20
o | P1+AZ+PDB+SD | 525 | 043 | 194 | 212 | 955 | 369 0.71 | 13.1 | 1.25
w | NP2 58.6 | 044 |198| 209 | 941 | 358|071 |125] 1.18
§‘ P+AZ 508 | 046 |207| 214 | 964 | 379079134129
o P,+AZ+SD 618 | 046 |[207| 222 |10.00|39.4 | 082 (137|137
‘; P,+AZ+PDB 634 | 047 | 212 | 224 |10.09 |39.9| 084 |13.9 | 1.40
0 P,+AZ+PDB+SD | 63.8 | 049 | 221 | 231 |1041]406] 090|142 148
2 P, 515 | 041 [ 185 200 | 901 |34.0/063|11.9] 1.07
% P+AZ 526 | 042 |189] 207 | 932 | 356|067 (127 1.18
o P4+AZ+SD 538 | 043 |194| 213 | 959 [36.2] 070 | 12.8 | 1.23
iS P1+AZ+PDB 545 | 044 |198| 219 | 986 | 367 073|129 1.27
= | P+AZ+PDB+SD | 55 045 |203] 222 |1000[374|0.76 | 135 1.35
N | P, 627 | 045 [203| 213 | 959 [37.1]0.75 | 729 | 1.24
Po+AZ 641 | 049 | 221 ] 228 |1027|396] 087 | 14 | 1.44
P,+AZ+SD 664 | 050 |225| 235 | 1059 [41.2]0.93|14.4 | 1.52
P+AZ+PDB 672 | 051 [230| 242 [1090 (417|096 | 149 | 162
P,+AZ+PDB+SD | 686 | 052 | 234 | 247 | 1113|424 099|164 | 1.82
Control 220 | 015 | 068 | 106 | 477 [174| 012 | 87 | 0.42
P; 359 | 028 |126| 139 | 626 | 235|030 92 | 058
P1+AZ 36 030 |[135] 143 | 644 [253 | 034 | 93 | 060
P1+AZ+SD 368 | 031 [140] 148 | 667 [267]037| 95 | 063
P+AZ+PDB 372 | 032 |144| 155 | 698 [27.2|0.39 | 9.9 | 0.69
o | P+AZ+PDB+SD | 392 | 033 |149| 164 | 7.39 |28.1 )| 042 | 11.1 | 0.82
o | NP 422 | 032 |[144 | 154 | 694 [ 263|038 | 98 | 0.68
§’ P+AZ 435 | 033 |149| 159 | 716 [ 278|041 | 10 | 0.72
S P2+AZ+SD 461 | 034 |153 ] 164 | 739 | 288 0.44 | 102 | 0.75
> P,+AZ+PDB 467 | 035 [158| 169 | 761 [205{047]11.0]084
o P,+AZ+PDB+SD | 491 | 037 |167 | 179 | 806 [31.3| 052 | 116 | 094
ot P 37.1 030 [135| 148 | 667 [247]| 033 | 94 | 063
S P+AZ 383 ] 031 |140| 152 | 6585 259|036 | 95 | 065
‘g“a P+AZ+SD 301 | 032 |144| 158 | 712 | 266 0.38| 9.9 | 0.70
= P,+AZ+PDB 403 | 033 [149| 159 | 716 [276 041|101 {072
= | P+AZ+PDB+SD | 418 | 034 | 153 | 167 | 752 [ 288 044 | 9.9 | 074
N1 p, 43.1 035 [158 | 157 | 7.07 | 27 | 043 [ 104 | 0.74
Po+AZ 457 | 036 |162| 169 | 761 [29.4 048|108 | 0.82
P,+AZ+SD 494 | 037 [167| 175 | 788 [ 306 0.51 | 10.9 | 0.86
P+AZ+PDB 495 | 038 [171] 179 | 806 [ 313|054 [ 11.5] 0.93
P,+AZ+PDB+SD | 527 | 039 |[1.76{ 1.91 860 | 328 058 | 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 yieid
components and seed nutrient contents
when compared with the Zng 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 yield
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 ef 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 on

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.

Data at Table (4a) show that the average
values of N, P, K, Zn and Cu centents 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 Py
treatment for N, P, K, 2Zn and Cu
respectively, but caused decreased of 9.8
and 3.6 % for Fe and Mn respectively. The
previous results agreed with these obtained
by Li et al. (2007}, Yaping et al’ (2014), and
Esmail et al. (2014).

Variables | ot W.Seeds W.Straw oil Fiber

LSD 0.05 Cm |/plant(g)|{ Mgha™ | /plant(g) | Mgha® | % |Mgha™| % |Mgha"
Irrigation 3.01 | 0.03 | 0134 | 0.142 064 | 252 | 0089 | 079 | 0.144
Zn 0.36 | 0.003 | 0.012 | 0.013 | 0059 | 0.12 | 0.007 | 005 | 0.013
P 0.51 | 0.004 | 0017 { 0.018 | 0.083 | 0.06 | 0.009 | 0.08 | 0.018
Bio 0.77 | 0.004 | 0018 | 0.014 | 0064 | 026 | 0.011 | 0.10 | 0.017
Irr. x Zn 109 | 0006 | 0025 | 0.02 0.091 { 037 | 0.016 | 0.14 | 0.023
fre. x P 1.34 | 0.007 | 0031 | 0.007 | 0.032 | 045 | 0019 | 017 | 0.029
Irr. x Bio 0.54 | 0.003 | 0.012 | 0.01 0.045 | 0.18 | 0.008 | 0.07 | 0.012
ZnxP 156 | 0.008 | 0.036 | 0.029 013 | 053 | 0.022 | 019 | 0.033
Zn x Bio 156 | 0008 | 0036 | 0029 | 0129 | 052 | 0.022 | 0.19 | 0.033
P x Bio 156 | 0.008 | 0036 | 0029 | 0.129 | 0.52 | 0.022 | 0.19 | 0.033
Irr. xZn x P 156 | 0.008 | 0.036 | 0029 | 0120 | 052 | 0.022 | 019 | 0.033
Irr. x Zn x Bio 156 | 0.008 | 0.036 | 0029 | 0129 | 052 | 0.022 | 0.19 | 0.033
Irr. x P x Bio 156 | 0.008 | 0.036 | 0.020 | 0129 | 052 | 0.022 | 019 | 0.033
Zn x P x Bio 156 | 0.008 | 0036 | 0029 | 0129 | 052 | 0.022 | 0.19 | 0.033
Irr.xZnx P xBio| 1.56 | 0.008 | 0.036 | 002 | 0091 | 052 | 0.022 | 019 | 0.033
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Table (3a): Effect of the treatments on flax yields, oil and fiber contents (season 2014).

e W. Seeds W. Straw oil Fiber
Treatments ant

Mg Mg o Mg | , Mg

cm | /plant(g) ha! Iplant(g) ha' %o ha! % ha'
Control 348 | 017 | 077 | 111 | 500 | 224 | 017 | 7.8 | 0.39
P, 505 | 041 | 185 | 192 | 865 | 33.8 | 062 | 120 | 1.04
P+AZ 526 | 043 | 194 | 201 | 905 |36.2| 070 | 128 | 1.16
P+AZ+SD 533 | 044 | 198 | 21 | 946 |37.8| 075 | 132 | 1.25
P, +AZ+PDB 552 | 045 | 203 | 212 | 955 | 382 | 0.77 | 13.4 | 1.28
o | Pr+AZ+PDB+SD | 571 | 047 | 212 | 22 | 991 |39.3 | 0.83 | 139 | 1.38
o | N [P, 613 | 048 | 207 | 213 | 959 | 36.2 | 0.75 | 12.8 | 1.23
8 P+AZ 622 | 047 | 212 | 218 | 9.82 | 385 | 0.82 | 13.6 | 1.34
o P,+AZ+SD 644 | 048 | 216 | 226 | 10.18 | 400 | 0.86 | 13.8 | 1.40
- P,+AZ+PDB 661 | 049 | 2.21 | 230 | 10.36 | 405 | 0.89 | 14.0 | 1.45
o P,+AZ+PDB+SD | 67.8 | 052 | 2.34 | 2.37 | 10.68 | 41.4 | 0.97 | 145 | 1.55
o P, 537 | 043 | 1.94 | 204 | 919 | 33.8 | 065 | 121 | 1.11
=y P+AZ 558 | 044 | 198 | 211 | 950 | 36.2 | 0.72 | 13.0 | 1.24
o P,+AZ+SD 582 | 046 | 207 | 219 | 986 | 381 0.79 | 13.3 | 1.31
= P,+AZ+PDB 601 | 047 | 242 | 225 | 1014 | 389 | 0.82 | 136 | 1.38
= | P+AZ+PDB+SD | 608 | 048 | 216 | 228 | 10.27 | 39.6 | 0.86 | 13.8 | 1.42
N P, 643 | 051 | 230 | 225 | 10.14 | 38.7 | 0.89 | 134 | 1.36
PA+AZ 66.7 | 052 |234| 237 | 1068 | 40.8 | 0.96 | 142 | 1.52
P,+AZ+SD 692 | 053 | 239 | 241 | 10.86 | 42.4 | 1.01 | 14.6 | 1.58
P,+AZ+PDB 703 | 054 | 243 | 248 | 1117 | 429 | 1.04 | 15.0 | 1.68
P,+AZ+PDB+SD | 714 | 055 | 2.48 | 253 | 11.40 | 438 | 1.09 | 16.6 | 1.89
Control 228 | 016 | 072 | 101 | 455 | 182 | 013 | 8.9 | 0.40
P, 361 | 03 | 135| 143 | 644 | 249 034 | 96 | 0.62
P+AZ 392 | 031 |1.40| 147 | 662 | 26.4| 037 | 99 | 066
P+AZ+SD 406 | 033 | 149 | 156 | 7.03 | 27.9| 0.41 | 101 | 0.71
P,+AZ+PDB 412 | 034 |153| 157 | 7.07 | 28.4 | 0.43 | 105 | 0.74
o [ Pr*AZ+PDB+SD | 442 | 035 | 158 | 166 | 7.48 | 299 | 047 | 11.3 | 0.84
o | N |Ps 441 | 034 |153| 156 | 7.03 | 269 | 041 | 10.2 | 0.72
8 P,+AZ 453 | 035 | 158 | 161 | 7.25 | 28.6 | 0.45 | 10.4 | 0.75
S P,+AZ+SD 479 | 036 |162| 166 | 748 | 296 | 0.48 | 106 | 0.79
> P,+AZ+PDB 487 | 037 |167| 471 | 7.70 | 30.3 | 0.51 | 11.1 | 0.86
% P,+AZ+PDB+SD | 521 | 039 | 1.76 | 181 | 815 | 31.5 | 0.55 | 12.0 } 0.98
p P, "7 387 | 032 |144| 150 | 676 | 253 | 0.36 | 9.7 | 0.66
2 PiAZ 407 | 033 | 149 | 154 | 694 | 271 0.40 | 10.0 | 069
S P+AZ+SD 433 | 034 | 153 | 166 | 7.48 | 284 | 0.43 | 102 | 0.76
= P,+AZ+PDB 445 | 035 | 158 | 171 | 7.70 | 28.8 | 0.45 | 10.4 | 0.80
- [Pr*AZ+PDB+SD | 462 | 036 |162 | 173 | 7.79 | 208 048 | 11.2 | 0.87
N [P, 485 | 037 | 167 | 173 | 7.79 | 27.8 | 0.46 | 10.6 | 0.83
P,+AZ 497 | 038 | 171 | 171 | 7.70 | 30.0 | 051 | 111 | 0.86
P,+AZ+SD 514 | 039 |176] 1.79 | 8.06 | 31.0 | 0.54 | 11.0 | 0.89
P,+AZ+PDB 515 | 04 | 180 183 | 824 |31.7| 057 | 11.7 | 0.96
P,+AZ+PDB+SD | 54.9 | 041 | 185 | 195 | 8.78 | 334 | 062 | 121 | 1.06

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

Variables | o | W, Seeds W. Straw oil Fiber

LSD 0.05 cm |/plant(g)| Mg ha™ | fplant(g) | Mgha? | % IMgha'l % |Mgha”
Irrigation 305 | 0.032 | 0.144 | 0.147 066 | 259 | 0.008 | 078 | 0.149
Zn 043 | 0.003 | 0.014 | 0.015 0.07 | 0.14 | 0.008 | 0.05 | 0.014
P 0.6 | 0.005 | 0.02 | 0.008 003 | 019 | 0012 | 007 | 0019
Bio 0.72 | 0.004 | 0.018 | 0.014 006 | 023 | 0011 | 008 | 0016
irr. x Zn 1.01 | 0.006 | 0.026 | 0.02 0.09 | 0.33 | 0016 { 011 | 0.022
Irr.x P 0.36 | 0.007 | 0.032 | 0.024 0.11 0.4 | 0019 | 014 | 0.027
irr. x Bio 05 | 001 | 0045 | 0.01 0.04 | 056 | 0.027 | 0.20 | 0.038
ZnxP 1.45 | 0.008 | 0.037 | 0.028 013 | 047 | 0.023 | 0.16 | 0.031
Zn x Bio 1.45 | 0.008 | 0.037 | 0.028 013 | 046 | 0.023 | 0.16 | 0.031
P x Bio 145 | 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 | 0.028 013 | 0.46 | 0023 | 0.16 | 0.031
Irr. x Zn x Bio 1.45 | 0.008 | 0.037 | 0.028 043 | 046 | 0.023 | 076 | 0.031
Irr. x P x Bio 1.45 | 0.008 | 0.037 | 0.028 013 | 046 | 0.023 | 0.16 | 0.031
Znx P x Bio 145 | 0.008 | 0.037 | 0.028 013 | 046 | 0.011 | 0.16 | 0.031
Ir.xZnx P x Bio| 1.45 | 0.008 | 0.037 | 0.028 013 | 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 67% for Fe and Mn
respectively. The above results agreed with
those obtained by Khalifa ef al. (2011),
Almendros et al. (2013) and Mohamed ef 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  Pfluorescens (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,
19.4,43.7,23.4,18.3and 36.9 % for N, P, K
, Fe, Mn, Zn and Cu respectively over
control bio-fertilizers treatment. The above
results agreed with those resuits obtained by
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Neetu et al. (2012), Yasin ef 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 availabie.nutrients
in soil and success all the biological
processes. The previous results agreed with
those obtained by El-Khateeb ef 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 resuits
agree with those obtained by Yasin et al
(2012), El-Nagdy et al. (2010) and El
Mokadem and Sorour (2014).
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Table (4a): Effect of the treatmen

ts on nutrients content of flax seeds.

Treatments N | P_ | K Fe | Mn | _zn | cu
g kg mg kg

Control 11.2 0.90 4.20 56.4 11.5 15.3 4.26

TP, 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
P+AZ+SD 23.4 2.40 4.80 102.5 232 36.9 13.7
P,+AZ+PDB 23.6 2.70 5.10 112.7 24 38.3 14.4

o | Pi+AZ+PDB+SD | 23.9 3.10 5.30 120.5 25.6 41.8 15.7

vl N 1P 21.2 2.80 4.50 89.9 18.4 35.8 13.9
@‘ Po+AZ 23.8 3.00 4.70 93.8 19.3 37.4 15.3
o 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 21.9 439 17.9
9 P,+AZ+PDB+SD | 24.8 4.20 5.50 112.8 23.2 452 18.5
el [P ‘ 208 | 220 | 460 | 885 | 198 | 632 12
= P1+AZ 24.4 2.30 4.90 91.4 20.6 65.8 13.2
2 P4+AZ+SD 246 250 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 15.5
o | P1+AZ+PDB+SD | 25.1 3.30 5.70 112.6 23.9 747 16.8
NP, 21.9 2.90 4.70 85.6 17.5 67.6- 14.5
P+AZ 250 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
P 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
P,+AZ+SD 17.5 1.80 3.60 76.65 1734 | 2754 10.3
P1+AZ+PDB 17.9 2.00 3.90 85.27 1813 | 2895 | 10.91

o | P+AZ+PDB+SD | 18.1 2.40 4.00 91.17 19.36 | 3168 | 11.88

ol NP, 15.7 2.10 3.30 66.44 1355 | 26.49 | 10.21
g‘ Ps+AZ 17.6 2.20 3.50 69.34 1426 | 2763 | 11.26
S P,+AZ+SD 18.0 2.60 3.70 73.57 15.66 | 29.57 12.5
> P,+AZ+PDB 18.5 2.90 4.00 79.9 16,63 | 3318 | 1355
% P,+AZ+PDB+SD | 188 3.20 4.10 85.36 17.6 3414 | 13.99
- P, . 15.1 1.50 3.40 65.38 14.61 48.05 8.89
-{% P1+AZ 18.0 1.70 3.60 67.58 1522 | 49.98 9.77
2 P{+AZ+SD 18.5 1.80 3.80 72.34. | 1637 | 5298 | 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 1813 | 57.82 | 1267

N | p, 16.5 2.20 3.50 63.27 12.94 | 5139 | 10.74
Po+AZ 18.6 2.40 3.70 66.0 1364 | 5262 | 11.88
P,+AZ+SD 19.1 2.70 3.90 69.43 1478 | 5597 | 13.29
P,+AZ+PDB 19.7 3.10 4.20 74.71 1549 | 58.61 14.52
P,+AZ+PDB+SD | 19.9 3.40 450 | 79.73 16.46 | 6046 | 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 a/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
ZnxP 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. x Zn 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 0.08 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
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 Py 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,

27.1, 47.9, 30.1, 26.1 and 44.2% for N, P, K,
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, 455, 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
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seeds. The most effective treatment was
P,+ (AZ) + (SD) + (PDB) + Zn{ under
irrigation of every10 days. The previous
results agreed with those obtained by Yasin
et al. (2012), El-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 _1] K Fe | Mn | _2n | cu
kg ha ha

Control 8.0 064 | 3.00 | 7.90 47 46 1.25

P, 35.7 | 347 | 8.07 | 33.00 16 24.3 3.62

P+AZ 431 390 | 854 | 3590 | 16.9 26.6 4,52

, P,+AZ+SD 440 | 452 | 9.02 | 4150 | 18.3 29.2 5.53
P,+AZ+PDB 449 | 514 | 971 | 5020 | 19.2 30.6 6.16

ol P+AZ+PDB+SD | 47.2 | 612 | 1047 | 5850 | 21.2 34.7 7.47

w NP2 434 | 574 | 921 | 3430 | 15.8 30.8 6.19
g’ P,+AZ 504 | 6.35 | 995 | 39.00 | 17.2 33.3 7.65
P P,+AZ+SD 516 | 7.28 | 10.50 | 4360 | 18.9 35.6 9
- P,+AZ+PDB 536 | 833 | 11.61 | 51.20 | 20.1 40.4 10.3
g P,+AZ+PDB+SD | 555 | 940 | 12.30 | 59.00 | 21.8 425 11.09
‘é’ P, 396 | 419 | 876 | 3080 | 158 50.6 4,24
= P,+AZ 47.0 | 443 | 945 | 3350 | 16.7 53.3 5.27
£ P,+AZ+SD 486 | 495 | 10.07 | 38.80 | 18.1 57.4 6.56
- P,+AZ+PDB 502 | 566 | 11.14 | 47.00 19 60.3 7.48
| P++AZ+PDB+SD | 52.0 | 6.83 | 11.80 | 54.50 | 20.8 65 8.79

NI p, 480 | 635 | 1028 | 3280 | 16.1 622~ | 7.8
P,+AZ 559 | 7.16 | 11.19 | 36.90 17.3 65.1 8.84
P,+AZ+SD 584 | 831 | 12.00 | 4150 | 19.2 69.7 10.67
P,+AZ+PDB 603 | 966 | 1342 | 4820 | 20.3 76.1 12.38
P,+AZ+PDB+SD | 62.9 | 10.92 | 14.33 | 56.50 | 22.1 79.9 13.36
Control 157 | 370 | 026 | 0.88 2.50 1.8 2.00

P, 19.2 1.88 | 4.33 | 10.50 7.5 12.6 3.08
P+AZ 233 | 2.02 | 466 | 11.90 9.1 14.3 3.42
P,+AZ+SD 242 | 243 | 497 | 1550 | 10.1 16.0 3.88
P+AZ+PDB 255 | 288 | 552 | 21.20 10.9 17.4 4.26

| P++AZ+PDB+SD | 268 | 3.50 | 5.97 | 25.50 12 19.6 4,79

w INUP, 23.1 312 | 493 | 10.20 8.4 16.4 411
§ P,+AZ 272 | 340 | 545 | 12.60 9.3 18.0 476
S P,+AZ+SD 283 | 400 | 581 | 1560 | 10.3 19.5 5.36
> P,+AZ+PDB 303 | 476 | 664 | 2060 | 115 22.9 6:08
% P,+AZ+PDB+SD'| 32.3 | 543 | 7.09 | 2550 | 127 24.6 6.55
= P, . 209 | 207 | 474 | 890 6.2 27.9 3.35
= P+AZ 258 | 238 | 514 | 10.60 9.1 - 30.0 3.81
2 P,+AZ+SD 273 | 274 | 559 | 13.80 | 10.1 32.8 4.4
= P,+AZ+PDB 282 | 312 | 609 | 1840 | 105 34.0 4.72
=| P,+AZ+PDB+SD | 30.6 | 4.00 | 678 | 2320 | 12.0 38.2 5.44
Nip, 266 | 357 | 569 | 9.00 8.8 34.9 475
P,+AZ 309 | 395 | 616 | 11.20 9.5 36.8 5.41
P,+AZ+SD 327 | 466 | 664 | 1400 | 106 40.3 6.22
P,+AZ+PDB 347 | 543 | 745 | 1830 | 11.5 43.4 6.98

| | P,+AZ+PDB+SD | 364 | 628 | 823 | 22.90 | 127 46.6 7.49
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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 112 | 0.381 0.214 0.50 0.21 0.71 0.55
ZnxP 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
Ir.xZnx 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 0.21 071 | 055
frr. x P x Bio 0.55 0.381 0.214 0.26 0.21 071 | 055
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
microbial activities in flax
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
the presence of P and allows more rapid
transformation of organic matter, The carbon
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
between mineral and bio-fertilizers on
phosphate dissolving bacterial (PDB)
counts, Azotobacter and Pseudomonas (Ps)
counts; the results show that the- initiat
treatment or the non-treated treatment was
lowest (Table 6a), but the increasing

of integration

- achieved with bio-fertilizers and mineral
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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).



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

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

plants .
Total PDB Azotobacter Ps O,
Treatments mgj ‘m’a' counts densities counts mg/100g
2 (*10%cfuig (x10%celis/g {(x10%cfu/g dry soil
(215? s"‘;‘i};g dry soi) dry soff) dry soil) 124hr
Control 28 3.7 6.2 1.6 5.3
Py 34 43 7.4 2.1 6.2
P+AZ 69 6.2 9.3 2.6 6.9
P1+AZ+SD 96 8.5 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 4.1 75
o N | P, 31 4.9 6.2 2.3 6.2
& P+AZ 70 7.0 76 2.8 7.0
o P,+AZ+SD 103 8.2 79 4.0 7.3
> | Po+AZ+PDB 112 8.9 8.0 3.1 8
% | P2+AZ+PDB+SD 145 8.9 8.1 46 8.2
c Py 37 4.7 6.1 2.3 6.7
-% P+AZ 78 6.9 74 2.9 7
o P,+AZ+SD 110 7.1 9.7 40 75
= Pi+AZ+PDB 126 75 9.5 30 7.9
= | P++AZ+PDB+SD 158 8.6 106 45 1 8.1
N P, 38 5.2 6.5 2.3 6.8
Py+AZ 82 7.3 7.7 , 3 7.1
P2+AZ+SD 118 8.0 8.4 45 7.8
P+AZ+PDB 134 8.9 8.4 3.3 8
Py+AZ+PDB+SD 165 9.3 8.9 4.8 8.3
Control 24 32 59 1.2 48
Py 31 4 6.3 2 6
P+AZ 45 5.9 8 2.4 6.2
P,+AZ+SD 63 5.9 8.2 3.5 6.6
P1+AZ+PDB 80 6.4 8 26 6.9
o | P+AZ+PDB+SD 98 6.8 8.6 4 7.2
o N | P, 30 4.3 6.4 2.1 6.1
g P+AZ 49 6.3 8.3 25 6.8
S P,+AZ+SD 70 6.9 8.5 3.7 7-
> P,+AZ+PDB . 89 7 8.6 2.9 7.1
o P,+AZ+PDB+SD 108 75 8.9 4.1 7.4
> P, B 43 6.5 2 6.1
-.% P1+AZ 56 6.5 8.2 27 6.9
Red P,+AZ+SD 79 7.2 8.8 39 7
= P+AZ+PDB 83 7.8 8.7 2.8 7.3
= | P++AZ+PDB+SD 119 8 9 4 7.3
N | p, 32 4.4 6.6 2.4 6.4
Po+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 91 2.9 78
P,+AZ+PDB+SD 128 8.2 ' 9.7 42 7.9
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