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HE AIM of this study was to assess the effectiveness of mixed

Bacillus strains applications. These strains are B. megaterium var.
phosphaticum which efficient in dissolving phosphate, B. circulans as
potassium release bacteria and B. polymyxa as nitrogen fixer. The
effect of the applied mixed bacillus strains, natural fertilizers and their
interactions on the growth, nutrients uptake of nitrogen, phosphorus
and potassium, and yield parameters of wheat plants grown in a potted
soil under natural conditions were studies. The results revealed that,
the application of biofertilizers (Bacillus strains) with natural
fertilizers (rock phosphate and feldspar) in alkaline soil caused a
significant increase in growth and macronutrients (N, P and K) at
vegetative stage which directly enhanced the yield parameters of
wheat plants. Moreover, these dual fertilizers caused significant
increase in ions (N, P and K) and crude protein contents of grains. It
can be concluded that the combination between biofertilizers and
natural fertilizers are one of the best modern tools and can replace the
chemical fertilizers.

Keyword: Bacillus megaterium, B. circulans, B. polymyxa, Rock
phosphate, Feldspar.

Wheat (Triticum aestivum L.) is considered as a strategic commodity crop in
Egypt. It provides more than one, third of daily caloric intake of Egyptian
consumers (Rosen, 1993). Wheat is the major stable crop produced in Egypt; its
production doesn’t meet the current demand. Wheat like other crops in Egypt
suffers from the alkalinity of the soil which enhance the transformation of
available P after short period of application to tricalcium phosphate which
unavailable to plants (Zayed, 2005). Consequently, to achieve optimum crop
yields, soluble phosphate excess fertilizer has applied at rates which caused
unmanageable excess of phosphorus application (Brady, 1990). On the other
hand, potassium deficiencies become problem because K decrease easily in soil
due to crop uptake, run off, leaching and soil erosion (Sheng et al., 2002).
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Direct rock phosphate (RP) and feldspar as potassium material (RK) are not
readily available to plants because they are released slowly and their use as
fertilizer often causes insignificant yield increases of current crops (Zapata and
Roy, 2004). The conversion of insoluble phosphate in rocks into soluble forms
available for plant growth is through acidification, chelation, and exchange
reactions (Gerke, 1992). Nitrogen, phosphorus and potassium are known to be
essential nutrients for plant growth and development. Intensive farming practices
that achieves high yield require chemical fertilizers, which are not only costly but
may also create environmental problems (Rigby and Caceres, 2001; Lee and
Song, 2007).

The use of plant growth promoting rhizobacteria, including phosphorus and
potassium solubilizing bacteria and nitrogen fixation bacteria, as biofertilizers,
were suggested as sustainable solution to improve plant nutrient and production.
The sound management of fertilization must attempt to ensure on both an
enhanced and safeguarded environment, therefore, balanced fertilization strategy
that combines the use of chemical, organic or biofertilizers must be developed
and evaluated (Chen, 2006).

The aim of this study was to evaluate the potential of direct application of
rock P and feldspar with mixed Bacillus strains efficient in dissolving phosphate,
potassium release and nitrogen fixing for improvement of NPK uptake and their
effects on vegetative growth and yield parameters of wheat plants grown in
alkaline soil.

Material and Methods

Soil, used throughout the present study, was collected from the cultivated
fields in Diarb Negm, Sharkia Governorate, Egypt. Chemical and physical
properties of the collected soil samples were recorded in Table 1. Pot experiment
was carried out at natural conditions at the botanical garden of the Faculty of
Science, Zagazig University. The studied wheat grains (Triticum aestivum L.) cv.
Sakha 93 was obtained from Agricultural Research Center, Giza, Egypt.

TABLE 1. Physical and chemical characteristic of experimental soil.

Physical properties . Total metal conc.
Organic | E.C. H (mg/kg soil)
: matter% | (dsm?) | P
Clay | Silt |Sand 0 Cca®? [Mg?| K* [Na*| CcI'| P
51.67 | 20.65 | 27.1 104 196 (81913 | 34 |12|82|6.2]|6.26

Bacillus strains; B. megaterium var. phosphaticum, B. circulans and B.
polymyxa were kindly supplied from the Microbiology Department, Agriculture
Research Center Giza, Egypt. Wheat grains were wetted by adhesive agent (5%
Arabic gum), then air dried for 30 min. in shade after that inoculated by the
solution of microorganisms using a liquid culture from Bacillus strains (B.
megaterium, B. circulans and B. polymyxa) (Omar and Seddik, 2007).
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Experiment

Pot experiment using completely randomizing block design with three
replications and nine treatments, (1) control without inoculation, (2) chemical
fertilizers, super phosphate and potassium sulfate (SP + KS), (3) rock phosphate
(RP), (4) feldspar (RK), (5) rock phosphate + feldspar, (6) chemical fertilizers +
Bacillus mixed strains, (7) rock phosphate + Bacillus mixed strains, (8)
feldspar+ Bacillus mixed strains, (9) rock phosphate and feldspar + Bacillus
mixed strains. Three grains of wheat were sown in each plastic pot, which was
filled with 10 kg/pot of collected soil. Phosphorus was applied either as super
phosphate (15.5% P,Os) at the rate of 0.15g P/kg soil or fine rock — P
(22.5%P,05) at a rate 0.10g/kg soil. Potassium was applied either as potassium
sulfate (48% K,0) with 0.05 g /kg soil or rock-K (feldspar 11% K,0) with a rate
of 0.22 g/kg soil. All treatments had received nitrogenous fertilizer (Ammonium
nitrate 33.5%) with a rate of 0.22 g/kg soil and organic fertilizer (farmyard
manure) at the rate of 0.67 g/kg soil. The samples were collected for the mineral
analysis at vegetative stage after 45 days from planting. The plants were
harvested after 180 days from planting to determine the yield parameters and
chemical analysis.

Plant analysis

Wheat plants were harvest and then separated into shoots and roots. Total dry
weight of shoots and roots were determined after drying at 70 °C to a constant
weight. The dried materials were digested by sulfuric acid for nitrogen
determination by using the micro Kjeldahl method (Chapman and Pratt, 1961).
Phosphorus was extracted by nitric acid and determined according to Frie et al.,
1964. The potassium content was extracted and determined according to Allen
et al. (1984). The method used for determination the nutrients (N, P and K)
uptake was that of Chapman and Pratt (1961). Crude protein content of plant
tissues was estimated according to Bishni and Hughers (1979).

Statistical analysis

The data obtained in the present study were subjected to analysis of variance
according to Snedecor and Cochran (1982). Significant differences among
treatment means judged with least significant difference (LSD) at 5% level.

Results and Discussion

Growth parameters

Data showed that biofertilizers, natural fertilizers and/or chemical fertilizers
and their interactions improved variability in the morphological parameters at
vegetative stage (Table 2). The higher increase in the plant height (40%) was
recorded with combined application of biofertilizers and natural fertilizers (RP +
RK) compared with control. Results also recorded significant increase in number
of tillers (70%), number of leaves (73%), fresh weight (73%) and total dry
weight (116%) per plant compared with control. These results are in accordance
with previous studies of Yazdani et al. (2009) and Abd EI-Ghany, et al. (2010).
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Similar values were obtained by the combination of biofertilizers with chemical
fertilizers.

TABLE 2 . Effect of chemical and natural fertilizers (RP and or RK) with or without
biofertilizers on growth parameters of wheat plants, after 45 days from

planting.
Plant

Treatment h(iir%t;t TiIIeNrc')s/cp))fIant Iea\Z(s)/S];ant sig\cl)tt' (Og;) sl:l’)lg\clft' (%f)
Control 42.00g 2.50d 950e 167e 0.48 f
SP+ KS 51.00 e 3.00bd 13.00bc 2.03ce 0.69 cd
RP 4850 f 2.50d 11.50 cd 1.91de 0.68 cd

RK 48.50 f 2.75cd 12.00 cd 1.82 de 055ef
RP+RK 51.25e 2.85cd 13.00bc 212ce 0.71cd
(SP+KS)+bio. 58.00 a 4.00a 16.50 a 270a 0.95 ab
RP + bio 55.50 b 3.25bc 16.00 a 2.63ab 0.88b
RK + bio 5450bc 3.50h 14.00 b 2.21bd 0.75¢
(RP+RK)+hio 58.93 a 425a 16.50 a 2.89a 1.04a

LSD g5 2.25 0.47 1.04 0.40 0.09

SP-super phosphate; KS-potassium sulfate; RP- rock phosphate; RK- feldspar.
Different letters within a column indicate a significant difference at P < 0.05, n=3.

These enhancements in growth parameters by the combined applications of
biofertilizers (mixed strains) with natural fertilizers may be due to the ability of
the bacillus to produce hormones, especially IAA (De Sousa and De Silva,
2012). The phosphate-dissolving bacteria (B.megaterium) also may have
increased the uptake of phosphorus and trace elements (El-Haddad et al., 1993)
which affect the nutritional status of plant and consequently enhance the growth.
It is known that phosphorus and nitrogen play a major role in the molecular
structure of nucleic acids DNA and RNA resulting in an increment of protein
synthesis and protoplasm formation concomitantly with increases in vegetative
growth (Mengel. and Kirkby, 1987 and El-Shanshoury, 1995).

Nitrogen, phosphorus and potassium uptake

Joints together biofertilizers and rocks (RP + RK) recorded highest values in the
uptake of nitrogen (19.55), phosphorus (5.20) and potassium (50.65) mg/ plant. In
addition, nearby results obtained with the dual treatments (biofertilizers and chemical
fertilizer) where the nitrogen, phosphorus and potassium uptake were 18.24, 4.47 and
45.6 mg/ plant respectively (Table 3). Han et al. (2006) demonstrated that the
application of rocks (PR + RK) with mixed strains of B. megaterium and B. circulans
that solubilized them might provide faster and continuous supply of P and K for the
plant. Therefore, it is possible that more available P, due to solubilization by the
bacteria, which may be caused also the enhancement of N uptake (Supanjani et al.,
2006). It seemed that, the direct application of rock phosphate and rock potassium
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materials combined with biofertilizers may be agronomically more useful in alkaline
soil and environmentally safe than chemical fertilizers (Rajan et al., 1996).

TABLE 3. Effect of chemical and natural fertilizers, with or without biofertilizers
on nitrogen, phosphorus and potassium uptake at vegetative stage (after
45 from planting).

Treatment Nitrogen Phosphorus Potassium
(mg/plant) (mg/plant) (mg/plant)
Control 528 091h 14.98 h
SP+ Ks 10.35eg 2.07e 27.95¢ef
PR 891fh 204ef 25.09f¢g
KR 7.081i]j 149fg 21449
PR+KR 10.72ef 213e 29.039d e
(SP+Ks)+hio. 18.24 a 447b 456 b
PR + bio 15.4b 414 b 38.19¢
KR + bio 12.83cd 2.85cd 32.55d
(PR+KR)+bio 19.55a 52a 50.65 a
LSDg g5 0.20 0.50 0.70

SP-super phosphate; KS-potassium sulfate; RP- rock phosphate; RK- feldspar.
Different letters within a column indicate a significant difference at P < 0.05, n=3.

No. of No. of Wit. of Wt. of Straw
Treatment Spike/ grain / 1000 |grain/plant | yield/plant | (G/S)
plant plant grains(g) (@) (9)
Control 150e | 3450 m | 31.30¢g 1.08j 0.92 h 1.173
SP+ KS 250¢c 77.009 37.27e 287e 1.56d 1.839
RP 165e 50.751 33.90f 1701 140ef 1.214
RK 2.00d 59.00 i 33.90f 2.00fg 1.23¢g 1.626
RP+RK 250c 75.50 h 37.48¢e 285e 1.49de 1.899
(SP+KS)+bio. | 3.50a 131.00a | 43.28b 5.67a 2.30a 2.465
RP + bio 250c 81.15f |4214bc 3.42d 2.05b 1.668
RK + bio 3.00b 100.0c | 43.00b 4.30b 1.82¢ 2.362
(RP+RK)+hio | 3.50a 127 b 45.04 a 5.72a 2.33a 2.454
LSD o5 0.23 1.35 1.35 0.17 0.12

SP-super phosphate; KS-potassium sulfate; RP- rock phosphate; RK- feldspar; G/S- ratio

of grains :
difference
at P <0.05, n=3.

straw yield/ plant. Different letters within a column indicate a significant
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The beneficial effect of Bacillus polymyxa may be attributed not only to its N-
fixation ability, but also to its solubilization of organic phosphate compounds
(Subba Rao, 1984), suppression of pathogenic organism in the rhizosphere (Holl
et al., 1988) and caused an increase in aggregated soil particles by 57% which led
to a more porous structure within the rhizosphere soil and consequently enhanced
water retention and nutrient transfer in soil (Gouzou et al., 1993). Data also,
showed that the combination of two rocks with biofertilizers was more effective
than a single one, for enhancing the nutrient uptake by wheat plant. Such effect
of biofertilizers on nutrients uptake may be due to its important role in changing
soil pH, where the solubilization of inorganic and organic phosphorus occur as
consequence of the action of low molecular weight organic acids such as
gluconic, succinic, lactic and citric acids which are synthesized by various soil
bacteria (Rodriguez and Fraga 1999; Rodriguez et al., 2004). Also, it was
concluded that the application of biofertilizers (triple Bacillus strains) combined
with natural fertilizers (RP + RK) to alkaline soil increased the efficiency of P, N
and K minerals in soil. This increment in phosphorus uptake may be due to the
decrease of soil pH and the increase of soil phosphatase activity.

Chemical analysis of grains

Table 4 showed clearly that, the NPK and protein contents in grain were
significant higher with the application biofertilizers and natural fertilizers (PR + KR)
than the other treatments. The results are in agreement with those found by Mehrvarz
and Chaich (2008), Kabesh et al. (2009) and Yasari et al. (2009). This could be
attributed to the increase of ions absorption and translocation to spikes and the direct
effect of bacteria on P and K availability in soil and nitrogen fixation (Premsekhar
and Rajashree, 2009). In the present study, the results also recorded higher level of
crude protein content in grains (49.3%) with the application of biofertilizers and
natural mineral fertilizers compared with the control. These results may be correlated
to the increase of nitrogen and phosphorus absorption and translocation to plant
which enhance the biosynthesis of protein.

TABLE 4 . Effect of chemical and natural fertilizers, with or without biofertilizers
on ions (nitrogen, phosphorus and potassium) and protein contents of
wheat grains.

Treatment Nitrogen % Phosphorus % Potassium % Crudoi)rotem
Control 140e 020 f 0.30e 8.75¢
SP+ KS 1.75cd 0.34de 0.38d 10.94cd

RP 1.76 cd 03le 0.38d 11.00cd
RK 1.74cd 0.24 f 0.39cd 10.88cd
RP+RK 1.77cd 0.36¢ce 0.40cd 11.06cd
(SP+KS)+bio. 2.02ab 0.45a 050a 12.63ab
RP + bio 1.99ab 040ac 044bc 1244 ab
RK + bio 187bc 0.35ce 0.50 a 11.69bc
(RP+RK)+bio 2.09a 0.43ab 0.50 a 11.69bc
LSD g5 0.18 0.05 0.05 1.13

SP-super phosphate; KS-potassium sulfate; RP- rock phosphate; RK- feldspar.
Different letters within a column indicate a significant difference at P < 0.05, n=3.
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Yield parameters

In the present study the yield parameters were significantly increased with the
combined application of biofertilizers and natural fertilizers, where the increase
in number of spikes/ plant 133%, number of grains/plant 69%, weight of grains
per plant 99%, weight of 1000 grains 43% and finally the straw yield/plant 60%,
compared with control (Table 5). Other noteworthy, results showed that the
combination between the biofertilizers and natural fertilizers (RP + RK),
increased the grain: straw ratio/plant (G/S) compared with control. This result
suggested these dual fertilizers had positive effect on the production of wheat
grains. Synergetic effects of biofertilizers and natural fertilizers have also been
reported in various crops such as rice (Tiwari et al., 1989), sugar beet and barley
(Cakamka et al., 1999) and hot pepper (Supanjani et al., 2006). These increments
in yield parameters may be due to increase the solubilization of phosphate and
potassium rocks, which increase the available P and K in soil, and hence
stimulate growth and mineral uptake by plant (Park et al., 2003). Also, may be
attributed to increase of nitrogen fixation by bacillus polymyxa which improve
the vegetative growth and finally the yield of wheat plants (Premsekhar and
Rajashree, 2009 & Vessey, 2003). Data also showed that, the application of the
two rocks fertilizers was more effective than a single one when combined with
biofertilizers.

TABLE 5. Effect of chemical and natural fertilizers, with or without biofertilizers on
wheat plant yield parameters.

No. of No. of Vi/(t)ogf Wt. of Straw
Treatment Spike/ grain/ grains grain/pla | yield/pla (G/S)
plant plant @ nt (g) nt (g)
Control 150e | 3450 m | 31.30¢g 1.08j 0.92h 1.173
SP+ KS 250c 77.009 37.27e 2.87e 1.56d 1.839
RP 165e 50.75 | 33.90 f 1701 140ef 1.214
RK 2.00d 59.00i 3390f | 2.00fg | 1.23¢g 1.626
RP+RK 250¢ 7550h | 37.48e 2.85e | 149de 1.899
(SP+KS)+bio. | 3.50a | 131.00a | 43.28b 5.67a 230a 2.465
RP + bio 250c 81.15f | 4214bc| 3.42d 2.05b 1.668
RK + bio 3.00b 100.0c 43.00b 4.30b 182¢c 2.362
(RP+RK)+bio 3.50a 127b 45.04 a 5.72a 233a 2.454
LSD (05 0.23 1.35 1.35 0.17 0.12

SP-super phosphate; KS-potassium sulfate; RP- rock phosphate; RK- feldspar; G/S-
grains : straw yield ratio. Different letters within a column indicate a significant
difference at P <0.05, n=3.
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Conclusion

It can be concluded that, the combined application of mixture strains with
rocks rock phosphate and feldspar to alkaline soil increased the efficiency of P
minerals in soil. In addition, the utilization of biofertilizers with the direct
application of rocks (RP + RK) in soil increased NPK uptake and the yield
parameters of wheat plants grown in alkaline soil. This suggests their potential
use as fertilizers in alkaline soil.
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