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- ABSTRACT

Both the nitrogen fixing, plant growth promoting Azolfa pinnata and a mixture
of two cyanobacteria strains viz. Nostoc muscorum and Anabaena oryzae commonly
used in rice cultivation were applied in a field trial for barely. The experiment was
conducted at South El- Hossinia Res. farm Station, Ei-Sharkia Governorate, Agric.
Res, Center {ARC), Egypt, at the winter season of 2007/08. The trial was to study the
- effect of Azolfa (fresh, dry. and as extract as foliar spray) and cyancbacteria as
suspension for seed soaking and filtrate for spray treatments as well as urea
(46.5%N)} as nitrogen fertilizer on growth, vield and yield components of barley
(Hordum vulgare) cultivated in saline soil (EC: 23.5 dSm'1). Also, to study their effect
on some soil characteristics (chernical properties and biological activity). Resuits
revealed that the highest organic matter per cent was due to the use of dry Azofla
(1.35} (T3). All tested biofertilizer treatments decreased both EC and pH compared to
the control treatment. Foliar spray by both Azofla and cyancbacteria as foliar spray
plus 100% N as urea {Ts) gave the highest sail available N, P and K vaiues. The
treatment (T9) of A. pinnata and cyanobactetia applied as foliar spray gave also the
highest vaiues of all soil biological activity parameters. Results also exhibited a
favorite influence of foliar application for both Azolfa and cyanobacteria (Tg), since it
gave significantly higher barely yield, yield components and N,P and K contents of
both grains and straw compared to the other biofertilizer treatments and control
{100% N). However, based on the present study it may be of beneficial to use Azoila
and cyancbacteria as foliar spray plus mineral N fertilizer for barley plants.

INRODUCTION

Barley (Hordeum vulgare) is the fourth important cereal crop after
maize, wheat and rice. It is widely used as malt for manufacturing beverages
or malt enriched food products in the world. it is used as fodder crop for
animal and human food in the form of preached grain.

The main problem in South El — Hossinia (EL-Sharkia Governorate)
soils is high content of both CaCG; and high salinity. Regarding the effect of
halo telerant Nz~ fixing microbes on a possible amelioration for some
physical properties, Rogers and Burns (1994) observed a significant
increase in the values of soil aggregates stability due to an increase in
polysaccharide content of soil when inoculated with N-fixing cyanobacteria.

The intensive use of expensive mineral fertilizers in recent years,
which resulted in environmental poliution problems, has focused the
attention of researchers on the possibility of using bio-fertilizers as an
alternative or a complementary for mineral fertilization.

N-fixing Azolla and blue-green algae (cyanobacteria) serve as an
excellent source for utilizing solar energy efficiency for providing the soil with
organic matter (Venkatarman, 1981). Mandal et a/. (1999) owed the positive
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effect of Ny-fixing cyanobacteria on plant growth and yield of crops to the
production of growth- promoting substances, i.e., gibberellins, cytokinins,
auxins, abscisic acids, vitamins, antibiotics and aminc acids. Azofla is an
important biclogical source to improve the N halance of many crops.
Choudhury and Kennedy (2004) reported that aquatic biota cyanobacteria
and Azolfa can supplement the nitrogen requirement of plants, replacing 30-
50% of plant required urea-N. Azolla symbiont is able to release nutrient into
soil availing them for plant uptake (Wagner, 1997). Azolla when decaying
releases nutrients better as fresh matter than desiccated matter in water
{Marwaha. et al., (1992).

The main target of this study is to a certain the impact of using Azolfa
(fresh, dry and extract foliar spray) and /for cyanobacteria suspension and
extract on barely yield and its components when cultivated in saline soil .As
well as to study this impact én N, P and K contents of both barley grains and
straw, some soil chemical, and biological properties.

MATERIALS AND METHODS

Materials:
1-Barley seeds:
Barley seed cultivar Giza 123 (Hardeum vulgare} were Kindly
obtained from crop Res. Institute, Agric. Res. Center (ARC), Giza,Egypt.
2- Azolla and cyanobacteria strains:

Both Azolla (Azolfa pinnata} and cyancbacteria (Nosloc
muscorum and Anabaena oryzae) strains were kindly provided Agric. Res.
Microbicl. Dept. Soils, water and Environ. Res. Inst., ARC Giza, Egypt.
Azolla was grown in the greenhouse up to log .phase on Yoshida medium
{Yoshida et al., 1976), while cyanobacteria strains were grown in the Lab. on
BG11 medium (Allen and Stanier, 1968)) under continuous illumination
{5000 Lux) up to the iog. Phase.

Methods:

1-Greenhouse and laboratory works:

1-1. Fresh and dry Azolfa inocula preparation:
1-1.1. Fresh Azolla

Wet Azolla was collected from the growth trays in the greenhouse at
the log. Phase growth, plotted between to layer of tissue paper to get rid
from excess water and then it is ready to be used as biofertilizer. However, a
considerable amount from this Azolla was oven dried (60°C) for 24 hours to
determine its nitrogen contents (Black, 1965)

1-1.2. Dry Azolia: _

Wet Azolla was collected from the growth trays in the green house at
the log .phase growth and allowed to be air dried in the shade. Azolla was
also subjected to determine its nitrogen content as previously mentioned.
1-2. Azolla extract:

Wet Azolla was hardly crushed and blended in a mixture tiil obtaining
a suspension. The obtained suspension was filtrated through a sheet of
cotton cloth. The obtained filtrate will then represent the Azofla extract to be

"used in Azolla foliar spray treatments.
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1-3. Cyanobacteria suspension and cyanobacteria filtrate:

Cyanobacteria strains were grown up to log phase growth in the
Lab. and then mixed together using a mixture to obtain a suspension .The
obtained suspension was then filtered through Wathman paper No.1. The
obtained filtrate will then represent cyancbacteria extract to be used in foliar
spray cyanobacteria treatments.

However, the obtained suspensions for both Azoffa and cyanobacteria
were also mixed together in a plastic bag to be used for carrying out the
soaking treatments. '

1-4, Initial soil analysis:

The experimental field soil was sampled initially before conducting
the experiment to determine its physical and chemical analyses according to
Jackson (1978) .The results of these analyses are shown in Table (1).

2- Field experiment:
A field experiment was carried out at South El- Hossinia Res. farm
- Station, El-Sharkia Governorate, Agric. Res. Center (ARC), Egypt, during the
winter season of 2007/2008 to study the effect of Azolla (fresh, dry and as
extract) and cyanobacteria as suspension for seed soaking and extract for
spray treatments as well as urea (46.5%N) as nitrogen fertilizer on growth
and ¥ield of barley (Hordum vulgare) cultivated in saline soil (EC: 23.5
dSm™).

Fresh and dry Azolla were incorporated into the upper fifth em layer of
the soil, while cyancbacteria suspension was surface applied to the soil.
Both Azolla and cyanobacteria treatments were basically added to soii 15
days before barely seeds sowing .Before sowing of barely seeds, they were
soaked in both Azolla and cyanobacteria suspensions for 2 hours, this was
carried out for the treatments devoted for soaking process. After thirty and
sixty days from sowing ,barley plants were exposed to foliar spra‘ying by both
Azolla and cyanobacteria extracts at the rate of 125 L fed” (Reddy et
al.,1986) only on plots nominated for foliar spraying exposure. Urea
(46.5%N) was applied at the recommended dose (75kg ureaffed’)
individually or in combination with some tested biofertilizer treatments
.phosphorus was added in the form of superphosphate (15.5% P.0s) at the
rate of 100kg fed™, while potassium was added in the form of potassium
sulphate (48%K;0) at the rate of 50kg K;O fed-"Both phosphorus and
potassium were applied during soil preparation. The amount of added Azolla
(fresh or dry) was calculated due to that Azolla contains 4%N on the dry
weight bases.

The experiment was arranged in complete randomized design with three
replicates and contains the following treatments:

Treatments:

T1: 100% recommended Nitrogen dose as Urea (46.5 % N) (control).

T2: 100% recommended Nitrogen dose as fresh Azolla

T3: 100% recommended Nitrogen dose as dry Azolfa

T4: 100% recommended Nitrogen dose +Soaking in Azolla extract

T5: 100% recommended Nitrogen dose + Soaking in cyanobacteria
suspention of (Anabaena oryzae + Nostoc muscorum) '
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T6. 100% recommended Nitrogen dose + spraying Azolfa extract

T7: 100% recommended Nitrogen dose + spraying cyanobacteria filtrate

T8: 100% recommended Nitrogen dose +Soaking in Azolfla and
cyanobacteria suspensions.

T9: 100% recommended Nitrogen dose + spraying Azolla extract and
cyanobacteria filtrate,

At harvest, random plant samples from each plot were collected by
using one square meter wooden frame to determine barley yield and its
components. plant samples were then oven dried at 70°C for 24 hours up to
a constant dry weight, pulverized and exposed for the determination of N, P
and K contents of both grains and straw through the digestion with a mixture
of concentrated sulpheric acid and perchloric acid at the ratio of 1:1 ratio
(viv) (Black,1965). After barely harvesting, the experimental soil was
sampled, air dried and pulverized, and then passed through 2m! sieve and
subjected to determine particle size distribution (piper, 1950), organic matter
(OM) (Walkley and Black,1934), CaCO, (Black, 1965), soif reaction (pH)
(1:2.5 suspension) and electric conductivity (EC)in soil paste
(Jackson,1976). As well as, soil available N,P and K were also determined
- {Jackson,1976). On the other hand, the humid collected soil samples before
drying was used for the determination of soil biological activity in terms of soit
total bacterial count(Allen, 1959), total cyanobacteria count (Allen and
Stainer, 1968), carbon dioxide evolution (Gaur et al., 1871), dehydrogenase
activity (DHA) (Casida et al, 1964) and nitrogenase activity (Dart
et al,,1972). All obtained data were statistically analyzed for least significant
difference between obtained means as described by Gomez and Gomez
{1984).

Table (1): physical and chemica! properties of the experimental soil

CaCO:% | OM% | Clay% | Silt% F'"“.,:“"d f::f; Texture
1.15 0.32 19.25 | 5250 | 2010 8.15 | Sand clay loam
Anions (meq L) Cations (meq L’ EC(dS m™)[pH 1:2.5

SO, | CF |HCOs | K _INa | Mg | Ca |

37.58 | 188 | 9.93 | 1.41 | 196 | 20.16 | 17.94 23.5 8.23

Available nutrients {mg kg™ soil
Cu Zn Mn Fe K P N
0.082 0.62 3.88 2.67 201 4.96 38
RESULTS

Data in Table {2} show some chemical properties of the saline soi
after barley harvesting as affected by different applied treatment of Azolla
and cyanobacteria and /or urea.

Soil chemical properties:
1-Soil organic matter (OM):

Soil organic mater after barley harvesting as affect by the tested
biofertilizer treatments and/or urea is shown in Table (2). Results revealed
that only the incorporation either dry or fresh increased the s0il organic matter
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over all other biofertilizer treatments and control (100%N). However, the
highest organic matter per cent was due to the use of dry Azolla (1.35%) (T3)
followed fresh Azofla (1.17%) (T2).

2-Soil electric conductivity (EC) and soil reaction (pH):

All tested biofertilizer freatments decreased both EC and pH
compared te the control treatment However, the treatment received dry
Azolla T; the least EC (15.42 dSm! ), while the Ieast pH degree (7.65) was
due to the treatment received fresh Azofla (T,).

3. Soil Available N, P and K:

Soil available N, P & K, exhibited higher values due all the
biofertilizer treatments over the control treatment (100% N). Nevertheless, the
highest soil availabie N, P and K values were recorded by the treatments
received 100%N + foliar spray by both Azolla and cyanobactena as foliar
spray (Ts). The correspondlng values were 97.5 mg N kg™ soil, 11.69 mg P
kg soil and 223 mg K kg soil.

Table {2): Some chemical properties of the experimental soil after

barley harvesting as affected by Azolla and cyanobacteria
bio - fertilizers

EC Available h_l{ P ?nd K
Treatment oM% | (ds m"} pH y myg |I:g soil <
T1 (control} | 0.54 18.39 8.17 32 5.01 107
T2 1.17 16.59 7.65 75 8.32 120
T3 1.35 15.42 8.1 86 9.73 213
T4 0.75 16.79 8.05 93.5 7.30 208
T5 0.60 16.70 8.0 69.8 7.63 203
T6 0.80 16.85 7.95 69.0 7.85 205
T7 0.73 17.05 8.11 81.5 8.50 211
T8 0.83 16.75 8.06 95.3 11.50 217
T9 0.95 16.83 8.05 97.5 11.69 223

Scil biological activity:

Results revealed that all tested soil biological activity parameters
(Table 3) under different treatments of cyanobacteria and A. Pinnata and
high salinity (EC) were higher than those of control (T1) treatment. However
the treatment (T9) of A. pinnata and cyanobacteria applied as foliar spray .
gave the highest values of all scnl biological activity parameters. i.e., total
bactena count 17.90 x 10° cfu g dry soil, total cyanobactena count 6. 2 x 10°
cfug dry soil, 158.21 mg CO; 100g dry sail day (CO; evolutlon) 80.15 ug
TPF g dry soil (DHA) and 390.19 mmole C,H, g ! dry soil 't (nitrogenase),
followed by (Tas) the so called seaking m both Azolia and cyanobacteria
suspensions, whlch recorded 16.08 x 10° cfu g’ dry soil (total bactena
count), 5.75 x 10° cfu g dry soif, 142.2mg CO, 100 g dry soil day (CO,
evolution), 62.7 ug TPF g dry soil (DHA) and 368.2 mmole C, H, g™ dry soil
ht (nitrogenase).
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Table (3): Effect of Azo/la, Cyanobacteria and orfurea on soil biological
characters after barley harvesting

Total Bact [Total Cyano.| CO:; |(Dehydrogenase| Nitrogenase
counts counts |evolution activi activity

Treatments (10%fu | (107 cfu g | (mg100g | (ug TPFg" dry | (u mole C.H,

1 soil) soil) soil ) soil Day ) g soil’ Thr.” )
T4 4.35 1.66 60.90 10.92 85.00
T 8.90 355 89.60 12.18 140,11
T3 10.17 3.60 105.80 35.20 163.15
T4 12.15 3.90 115.10 42.35 205.70
Ts 14.35 4.35 120.80 4713 235.15
Te 15.40 4.70 125.15 52.18 311.55
Tr 16.05 4.98 135.75 58.85 300.75
Ts 16.80 575 142.20 62.70 368.20
Tg 17.90 6.20 158.21 80.15 390.19

Barely Yield Components:
1. Grain Yield: _

Results in Table (4) exhibit the favorite influence of 100%N + foliar
application for both Azolfla and cyanobacteria extract (Tg), since it gave
significantly higher barely grain yield (3 tons fed ) compared to the other
biofertilizer treatments and control. This trend was true for all tested
biofertilizer treatments except for Ty that gave grain yield of 2.52 tons fed™
and was significantly higher than those givin by the other biofertilizer
treatments.

2. Straw yleld

Data in Table {4) prove the priority of T7, Ty and Ty in recording the
highest . significant barley straw yield of 3.90, 3.90 and 4.05 tons fed™
compared to all the other tested biofertilizer treatments and control.
However, these treatments recorded no significant differences between each
other due to barely straw yield. Obviously, T, the treatment received 100% N
of the recommended dose as urea + both Azolfa and cyanobacteria extract
as foliar spray was superior in giving the highest significant and improved
grain yield only (Table 4).

Table (4): Barley vyield components as affected by Azofla,
Cyancohacteria and/ or urea fertilization in saline soil
Yield (Ton/Fed) Piant 1000-grain |No of spikes {m"
Treatment Grain Straw height{cm) | weight (g) 5
T1 1.73 2.02 63.94 29.57 165
T2 1.93 2.90 70.11 42.02 184
T3 2.07 2.92 72.24 46.01, 196
T4 2.10 3.05 70.71 48.93 213
15 1.98 3.11 70.33 43.26 215
T6 2.31 3.65 77.90 49.62 249
T7 2.15 3.90 80.73 47.48 270
8 2.52. 3.90 80.97 52.64 290
T9 3.00 405 80.91 52.06 304
LSD 5% 0.23 0.35 5.58 5.49 14.01
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3. Plant height:

Barley plant height exhibits in Table (4) pointed out that any of T,
T7. Ts, and Ty had significantly recorded higher values than those recorded
by the other biofertilizer treatments and control (100% N only). The
corresponding plant height values were 77.90, 80.73, 80.97 and 80.91 cm
against 63.94, 70.11, 72.24, 70.71 and 70.33 cm for Ty, Ty, T3, Tq and Ts,
respectively. However, the highest barley plant height of 80.97 cm was due
the treatment received 100%N + Azofla and ¢yanobacteria as soaking (T38).
. Also, it is of worth to note that no significant difference was detected
between the biofertilizer treatments from Tq to Ty which were significantly
higher than those of the biofertilizer treatments from T, to T5 (Table 4).
4. 1000-grain weight:

Due o 1000-grain weight, results confirmed that all biofertilizer plus
100% N treatment gave significantly higher values over the control
treatment. However, the highest 1000-grain weight values-were due to Ty
(52.06 g) and Ty (52.64 g) without significant difference between both of
them. Both -of these high values were significantly higher than those
recorded by the other biofertilizer treatments {from T; to T;) as shown in
Table (4).
5. Number of splkes m*

Again as in plant height, Tz and Ty recorded the highest significant
. No. of spikes m {304) compared to the other biofertilizer treatments and

control. However, no signifi cant difference was detected between Tg and T

due the number of spikes m?. Then the pricrity was also noticed for Ty that
received the foliar spray for both Azolla and cyanobacteria extract rather
than the other biofertilizer treatments and control (100% N treatment) (Table
4).

Nitrogen, phosphorus and potassium contents in both barley grains
and straw:

Data in Table (5) reveal that all the biofertilizer treatments increase
N, P and K contents in both barley grains and straw over the control
treatments (T;). Due to nitrogen percentages in grains, no significant trend
was observed compared to control treatment despite the slight increases
recorded due to all tested biofertilizer treatments (T2 to Tg). While for straw, a
significant trend was achieved by all the tested treatments. The highest
‘'significant percentage of nitrogen of 2.7 was due to T; followed by those of
Tg, (2.56) and T3 (2.45). On the other hand, Ty, T4, Ts, Tg and T; have not
achieved any significant difference compared to the control treatments
({Table 5). In case of phosphorus percentage content in both barley grains
and straw, results indicated that all bicfertilizer treatments recorded higher
significant P percentages increases compared {o the control treatment
except for T, in grains. The highest P percentage of 0.67 was due to T
followed by 0.65 and 0.62 for both Ty and Te, respectively (Table 5). Owing
to P percentage in straw, same trend of grains was observed in straw, since
the highest P percentage was recorded by Ty (0.45) followed by those of Ty
and T, which recorded the same percentage of 0.41 compared to the control
treatment (T,). On the other respect, also both T; and T, recorded P
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percentages contents of straw of 0.32 % and 0.38% which were significantly
higher than the control treatment. It is of worth to note that P percentage of
Te {0.45) was significant by higher also than those recorded by T, and T,
rather than control. With regard to potassium barley grains content, resuits
revealed that both T and T gave K percentages, significantly higher than all
the other biofertilizer treatments rather than controf the corresponding higher
K percentages for grains were 2.45 (Tg) and 2.40 % (Ta). However, K
percentages recorded by, T3, T4, Ts, Tg and T; were significantly higher than
control without any significant difference between each other (Table 5). Due
to K percentages of straw, also both T and To gave significantly higher
percentages compared to the other biofertilizer treatments and control
treatment. The corresponding percentages of Tg and Ty were 2.69 and 2.72
% without any significant difference tetween both of them. -

Table (5): Ccincentration. of N, P and K in barely grain and straw as
affected by Azolla, cyanobacteria and mineral N fertilization
in saline soil

Treatments - N% = P - K%
grain straw rain | straw | grain | Straw
T1 1.27 2.15 0.26 0.23 1.92 1.88
-T2 1.79 230 | 035 0.30 1.95 2.01
T3 2.07 2.45 0.50 0.32 2.03 2.09
T4 2.01 2.30 0.52 0.38 2.08 2.11
T5 2.00 2.28 0.57 0.40 2.20 2.56
T6 2.04 1.88 0.62 0.40 2.36 2.66
- 17 1.95 1.68 0.58 0.41 2.29 2.50
T8 2.30 2.58 0.65 0.41 2.40 2.69
- - T9 2.32 2.70 0.67 0.45 2.45 272
LSD 5% 0.17 0.14 0.11 0.09 0.16 0.11

DISCUSSION

In the area of agriculture, cyancbacteria are of importance in view of
being used as nitrogen fixing biofertilizer either in free living or as symbiosis
with the water fern azolla (E-Zeky et al., 2005). In the present study, the use
of both cyanobacteria and Azolla applied by different methads plus 100% N
as urea improved the soil chemical characters through decreasing both pH
and EC compared to the use of urea alone. In this concemn, Simpson- ef al.
{1994) explained that in case of using Azolfa for rice cultivation, incorporation
of dry or fresh Azolfa into soil, generally decreased Soit pH with priority to
fresh Azolla, while urea raise the pH values. They attributed this trend to that
the fertilization with urea stimulates Azofla growth and increases their
photosynthetic activity. Therefore, the dissolved CO; in the soil is reduced,
leading to reduce the soil pH. Also both cyanobacteria and Azolla have the
ability to excrete extracellularly a number of compounds, like
polysaccharides, peptides, lipids, organic acids leading to decrease the soil
pH (EL-Ayouty et al., 2004). They alsc added that, the presence of these

11568



J. Agric. Sci. Mansoura Univ., 34 (12), December, 2009

materials in their extracts adsorb both sodium and magnesium ions upon
they get in touch with sail and thus prevent the harm effect of salinity against
the cultivated plants. The experimental soil is generally characterized by high
salinity; the character prevailed in such semi-arid regions. In this concern, all
the applied biofertilizer treatments reduced EC, according to Meoinar and
Ordog (2005) who noted that some plant growth promoting regulators
(PGPRs) are found to be released by cyanohacteria either in free living form
and/or in symbioses as in Azolla, these PGPRs represent the defense
systems that encounters the sait stress leading to decrease the soil EC
degree. Salt affected soils are highly deficient in organic matter and nitrogen.
The efficiency of nitrogen fertilizers is very poor due to extensive losses
through voiatilization in salt affected soils (Rao and Batra, 1983). Soil
avaitable N, P and K were aiso increased due to biofertilizer treatments over
the use of 100% N treatment (control). These findings were observed by
Strik and Staden (2003) who explained that incorporation of fresh or dry
Azolfa into soil increased significantly the soil organic matter, which in tum
upon its decomposition by the soil microorganisms had released the macro
and micronutrients into soil, leading to increase the soil available N, P and K.
Also, under salt stress condition, cyanobacteria added to the soil either as
free living and/for as Azoffa symbiont lead to add to the soil organic maiter,
which is consequently increased the soil biological activity in terms of
increasing the soil total bacterial count, CO, evolution, dehydrogenase
activity and nitrocgenase activity (Singh et al., 2008). This increase of the soil
biological activity increased the soil fertility that in tum is reflected positively
on the barely yield productivity.

Using cyancbacteria fittrate plus Azolfa exiract as foliar spraying (T9)
leads to increase significantly barfey yieid and its components under salt
stress condition. This trend was previously confirmed by Abd EL-Baky et af.
(2008) who found that spraying wheat cultivated under salt stress condition
with micro-algae extracts obtained from chlorella ellipsoida and Spirulina
maxima led to keep good growth and yield of wheat compared to those
received 100% N without algae exfract spraying. In addition, the application
of algal extracts significantly increased the contents of the total chlorophyll
and antioxidant phenomenon. As well as algal extracts exhibited strong
positive correlation with the increase of wheat fresh weight, grain weight and
yield and yield components. They explained that algal spray application
significantly increased the plant nutrients content and had a positive effect on
plant growth, oxidation behavior and activity of antioxidant enzymes in plants
affected by salt stress. Furthermore, bath cyanobacteria and Azolla extracts
are characterized by their cytocinins, gibberelling and auxing content that
enhance the plant growth and furthermore these materials is proved to
overcome the adverse effect of salinity in saline soil (Strik and Staden,
2003). The presence of such phytohormones in both cyancbacteria and
Azolla encourages the agriculturists to use them as biofertilizer that influence
the crop yield especially in reclaimed and salt stressed soils (Mussa, 2005).
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CONCLUSION

Based on the present study, it may be advisable and be beneficial to
use Azofla and cyanobacteria as foliar spray plus 100% N for barley plants
cultivated under saline soil condition. Since, they improved soil available N,
P and K, soil biological activity, barley yield, yield components and N, P and
K contents of both grains and straw. However, this study needs to be
repeated for another season at same and other locations using same cereal
crop and/or other crops thus to have the confidence due to recommendation.
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