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FIELD experiment was carried out to investigate the effect of

different levels of phosphorus fertilizer application Py (without P
fertilizer), P; (15 kg P,Os /fed), P, (225 kg P,Os/fed) and the
recommended dose Pz (30 kg P,Os /fed), either alone or in combination
with phosphorus biofertilizer (phosphorus solubilizing bacteria Bacillus
megatherium) and foliar spray of micronutrients (Fe + Mn + Zn at mixture
rate 1:1:1) on yield, yield components and seed quality of soybean. The
results showed that the yield and its components were significantly
increased with the levels of mineral P-fertilizers, biological P-fertilizers and
foliar spray of micronutrients alone or in combination. Also, the results
disclosed that the highest values of yield components were obtained with
combination of P rate of 225 kg P,Os/fed with inoculation of P-
biofertilizer and foliar spray of micronutrients. Application of phosphorus
at the rate of 22.5 kg P,Os/fed in combination with phosphorus dissolving
bacteria significantly increased the uptake of macro-, micro-nutrients,
protein and oil contents. Moreover, the combined application of mineral
phosphorus and foliar micronutrients application had positive effect on N,
K, Mn, as well as protein and oil content. The interaction between
phosphorus level at 22.5 kg P,Os/fed, phosphorus biofertilizer and foliar
micronutrients had significant influence on uptake of K, Fe and Mn in
seeds of soybean plants. Therefore, it could be concluded that, biofertilizers
could replace a portion of the chemical fertilizers in soybean production
reducing environment problems linked to the mineral fertilizers.
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Soybean (Glycine max L.) is one of the most important summer leguminous
crops, extensively successful in many provinces in Egypt and worldwide. It
consists of around 20% oil and 40% protein. Therefore, it is an excellent source
of food for human and animal consumption (Abdelhamid and El-Matwally,
2008). Soybean oil is one of the common vegetable oils containing a significant
amount of unsaturated fatty acids including linolenic acid (omega-3 fatty acid),
linoleic acid (omega-6 fatty acid) and oleic acid (omega-9 fatty acid) (Yaklich
et al.,, 2002). Its dietary composition is reported to be the best in the legume
family containing vitamins good for diabetics (Agwu et al., 2009).

The use of fertilizer is considered to be one of the most important factors in
increasing crop yield. Phosphorous has been shown to be an essential element and
its application has been shown to be important for growth, development and yield
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of soybean (Kakar et al., 2002). Phosphorus is an important plant nutrient involved
in several energy transformation and biochemical reactions including biological
nitrogen fixation. Phosphorus fertilizers have low efficiency of utilization due to
chemical fixation in soil (MeviSchutz et al., 2003). Phosphorus deficiency can
cause a limit nodulation in legumes and P fertilizer application can also overcome
this deficiency (Carsky et al., 2001). The use of phosphate solubilizing bacteria is
able to change insoluble phosphorus in soil into the absorbed soluble form (Turan
et al., 2006). El-Gizawy and Mehasen (2009) showed that application of mineral
phosphorus fertilizer with phosphate- solubilizing bacteria had a significant effect
on bean seed yield and its components, nitrogen, phosphorus and zinc content in
seeds. Seeds inoculated with biofertilizers in combination with foliar application of
micronutrients gave higher values of all estimated parameters of pea bean than
plants fertilized with chemical fertilizers in the presence or absence of foliar
application (Zaghloul et al., 2015). In all cases, fertilizers are major factors in
maintaining soil fertility, but using too much of them, greatly reduce the amount of
soil microorganisms. Environmental problems caused by irregular application of
chemical fertilizers have harmful effects on biological cycles and destroyed farming
stability systems; these factors altogether encourage the application of biofertilizers
(Kannayan, 2002). Integration of chemical and biofertilizers is one of the ways to
increase production in sustainable agriculture (Ali et al., 2008). From otherwise,
one biological way to increase the productivity in the agricultural sector is the
effective use of beneficial microorganisms that have more ability to enhance plant
growth and yield.

Micronutrients application led to enhance plant productivity, leaf area and
grain yield as result of increasing the enzymatic system of plants (Zayed et al.,
2011). Micronutrients foliar application treatment showed a significant effect on
the produced the highest values of plant height at harvest, number of branches per
plant, number of pods per plant, 100 seed weight, seed yield per plant, seed yield
(kg ha™), oil content, oil yield, protein content and its yield of soybean compared
with control treatment (EI-Haggan, 2014).

Therefore, the objective of this study was to evaluate the role of phosphate
solubilizing bacteria in soybean production as well as to study the possibility of
decreasing rate of mineral P-fertilizer in presence of these bacteria as a growth
motive in increasing the solubility and absorption of phosphate fertilizers.

Materials and Methods

A field experiment was carried out during two summer seasons (2013 and
2014) in Gemmeiza Agri. Res. Station, Gharbia Governorate located at lat. 30.47,
long 31.00 and 14.80 m above the sea level to evaluate the effect of different
levels of mineral P-fertilizer combined with or without phosphorus solubilizing
bacteria (Bacillus megatherium) and foliar spray of micronutrients on yield and
its attributes, nutrients uptake and quality of soybean. Soil samples were taken for
physical properties according to KLute (1986). Soil samples were subjected to the
chemical properties including determination of the available N, P and K as
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outlined according to Page et al. (1982). The physical and chemical properties of
the experiment soil were presented in Table 1.

TABLE 1. Physical and chemical properties of the soil used.

Property Value Property Value
Particle size distribution
Clay % 54.25 Soluble ions (cmol, kg™) in soil paste
Silt % 30.50 Na* 21.00
Sand % 15.25 K* 0.75
Textural class Clay ca** 7.01
EC (dSm™) 3.80 Mg* 9.24
in soil paste extract CI 20.12
pH [Soil suspension 1:2.5] 7.81 HCO3 5.22
Organic matter (g kg% 2.05 S0, 12.56
CaCOj3 (g kg™ 3.22
Available macro- and micro-nutrients (mg kg™ soil)

N P K Fe Mn Zn
56.70 7.21 354 9.99 411 3.23

Experiment was conducted in split split plots design in complete randomized
blocks with three replicates. The main plots included non-inoculated plant (Bo)
and inoculated plant (B,), sub-plot was considered four levels of mineral P-
fertilizers (Py, P1, P, and Ps), while sub-sub plot represented in presence (F;) and
absence (F,) of foliar application of micronutrients. Concerning Bio-fertilizer,
phosphorin (Bacillus megaterium var. phospaticium), was supplied by Bio-
fertilizers Production Unit, Soil Microbiology Dept. Soils, Water and
Environment Res. Inst., Agric. Res. Center. Giza, Egypt. Inoculation with
phosphorin as a bio-fertilizer was performed through mixing seeds with
appropriate amount of this inculator (200 g / fed).

Soybean (cv. Giza 111) obtained from Crops Institute, Agriculture Research
Center, Giza, Egypt. Seeds were inoculated with biofertilizer using Arabic gum
as an adhesive material just prior to sowing. The micronutrients treatments were a
combination in the form of EDTA compound of Fe-EDTA (12%), Zn-EDTA
(14%) and Mn-EDTA (12%) with a ratio of 1:1:1 (using 0.2 g of each element/L).
Foliar spray solution from the mixture of the chelated compounds was applied at
a rate of 200 L/fed in two times, the first was 40 days after sowing and the second
was a month later.

The four levels of mineral phosphorus namely P, (without P fertilizer), P, (15
kg P,Os /fed), P, (22.5 kg P,Os/fed) and the recommended dose P; (30 kg
P,Os/fed) were added before planting in the form of calcium super phosphate
(15.5% P,0s). The recommended doses of N (50 kg/fed) as urea (46.5% N) and K
(24 kg/fed) as potassium sulphate (48% K,0) were applied to all treatments at the
proper time. Sowing of soybean seeds was carried out on the 20" and 25" of May
in the first and second seasons, respectively. At harvest, seed yield and its
components were estimated. Seed oil percent was age estimated according to
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AOAC (1990). Crude protein content was also calculated by multiplying N % by
6.25 as described by Hymowitz et al. (1972). Yield data were statistically
analyzed according to Snedecor and Cochran (1990).

Results and Discussion

Seed yield and its attributes

Data revealed that increasing levels of P fertilizers were significant increases
over that of P, (control) in 100 seed weight, pod, straw and seed yields (Table 2).
Also, increasing the rate of P-fertilizers up to 75% (P,) from (30 kg P,Os) caused
significant increases in 100 seed weight and pod yield, and up to 100% (P3) in
case of seed yield. These data were confirmed with results considering that
leguminous crops require more phosphorus than other crops to attain optimum
growth and productivity (Gitari and Murith, 2003). However, the results are in
agreement with that obtained by Tomar et al. (2004) and Qasim et al. (2009) who
stated that increased levels of P had a positive effect on 100-seed weight, number
of pods and seed yield of soybean. Similar results were obtained also by Zarei et
al. (2012). In addition, significant increases were achieved in faba bean yield and
its attributes by increasing phosphorus fertilization rate up to 46 kg P,Os/ fed (EI-
Gizawy and Mehasen, 2009). The increase in seed yield might be associated with
high number of pods/plant, 100-seed weight and seed yield. The results are in
accordance with those obtained by Ahmed and El-Abagy (2007).

Application of bio-fertilizer or micronutrient spraying individually caused
significant superiority in the mentioned estimations to that without any of them.
Regarding the effect of micronutrients spray, the results showed that, treating
seeds with micronutrients as foliar application significantly improves the yield
and its components rather than without using foliar application. Such increase
indicates the efficiency of applying micronutrients by foliar method in correcting
micronutrients deficiency that improve nutrients balance, use of NPK fertilizers
and vyield in turn. Thus, bio-fertilizer and/or micronutrients spraying raised the
applied P rate use efficiency. It can be noted that, plants treated with P
biofertilizer and foliar application of micronutrients were more effective than
plants without P biofertilizer and foliar application of micronutrients recording
55%, 33%, 24% and 29% for weight of 100-seeds, pods, straw and seed vyield,
respectively. In this regard, Amara (1998) found that spraying with
micronutrients resulted in a large increase in total microbial counts in rhizosphere
and increased nodule numbers and weights on bean yield. Imtiaz et al. (2003)
stated that lack of just one micronutrient can greatly reduce plant yield.
Furthermore, data in Table 2 reveal that treating seeds with P- biofertilizer
significantly increased the vyield and its components compared with non-
inoculated seeds. Bio-fertilizer results are in accordance with those obtained by
Mekail et al. (2005) and Yilmaz (2008). Also, llbas and Sahn (2005) in their
work on soybean showed that inoculation with phosphorus has significant effect
on 1000-seed weight.
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TABLE 2. The effect of all ireatments used on vield comp onents and vields.

T ] 5 Without Bio-P- With Bio-P-
Fert(By) Fert{Bj) Mean of P.F Mean of PB
characters | levels P L.SD at 5%
Mean
Fq F Fy 3] Fq F By By
.4 Py 932% | 1138 | 1407 | 15848 | 12.65° | 11.69% 13.61% 10.35 14.92* T
-] 2
E P | 1287 | 1584 | 1708% | 198™ 1637 | 1495 17.807 1431° 1844 |B 035
F 0.2
=]
ol P; | 16758 | 1759% | 2003 | 2360 | 1936* | 1839 19.54" 17.171 2182 |P.B 070
= 2 = = = = P.F 043
= P; | 18191 | 1874 2018 20.35 19.49* | 1919 20.60% 18 46 2027
"5 B.F 031
"]
= Mean | 1427 | 1584 17.84 19.90 17.00 1641 1789 1506 wae |TE-E 060
Po | 1742 | 20978 | 2406 25011 22091 | 2074% 2344 1919 2498 8° i
= P | 2578t | 2700 | 3073 | 3224 | 29 | 2823 29621 2636° | 314882° | B TP33
& F 10795
& Py | 2706% | 2093% | 3440° s046* | 3366" | 3073 3528 2501 | 424333 | PB 158467
¥ PF 21589
= d ol i A [ a L ]
A P; | 30151 | 3195 2303 1862 3546 3204 4020 3105 362783 | 5. F 158.67
Mean | 2509 | 2746 3078 3681 3004 2794 3214 2630 sagog | BEB-F 30532
Py | 1306% | 1686% | 2120® | 213" | 1811 | 1m13° 1910° 14960 | 212667 | P 19040
T B 16042
o Pr | 2066° | 2573 | a780° | 3960d° | 3095 20231 3266 2320° B/I0.0 | £ 13876
.E]-g -

& 233" a b 2 b c 1 PB 32084
E Py P; s 4173 4764 5893 3041 3498 4433 3203 oLl el
@ P; | 2360® | #1807 | 4s4on¢ | 4686" | a266* | 3450 5033* 32701 | 461333 | B-F 196.4

2 PB.F 39248
Mean | 1991 | 3153 3801 4168 3279 2896 3661 2573 39850
Py so5' | sas? sgt | 757 5921 537 646" s20f 66361° | 1o
= P1 633 706 766 1013 779°¢ a9t ga0" 670° 889 B ? llgig
A T
B P; | 740 | 749" o491 1214% 886" B44h* 956 744d 108183 | PB 3995
3 2 A —|PF 2498
P; 787t | TofE 845° 1134 o13* 816° 081* 783t 08950" | BF 3095
Mean | 666 692 782 1029 793 724 861 680 206 i

Fp=without foliar application Fy= with foliar app lication Prwithout P fertilizerPy= 15 kg P05 fed Py 22.5 kg P O0sfed P30 kg P05 fed
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Many investigators obtained similar results of the interaction between the P
rates of bio-fertilizer and spraying micronutrients including (1) due to mineral P
application and P-bio-fertilization (Singh et al. 2008; Selvakumar et al. 2012 and
Uddin et al. 2014), (2) due to mineral P application and micronutrients foliation
(Kashturikrishna and Ahlawat, 1999) and (3) due to P bio-fertilization and
micronutrients spraying (Amara, 1998). This might be due to combined
stimulating effect of phosphorus dissolving bacteria and P fertilizer levels in
supplying the growing plants with their phosphorus requirements.

Concerning the trible interaction between the treatments of P,B;F; was
significantly the best one. The relative increase for weight of 100 seeds, pods,
straw and seed yield were 30%, 67%, 150% and 54%, respectively, compared
with P3 (30 kg P,Os) without bio-fertilizer or micronutrients spraying in the two
studied seasons .This may be attributed to the plant growth promoting substances
produced by the bio-fertilizer, in addition to the reasonable quantity of
atmospheric nitrogen fixed by Azotobacter chrococcum. These reactions saved
more available nutrients for enzymes required to build up the different organs
compounds and consequently for better growing soybean plant. The general
physiological status of the plants as indicated by the dry weight always exhibited
positive response to use bio-fertilizer addition. These results are in accordance
with Hamed (2003) in his work on faba bean and El- Gizawy and Mehasn (2009)
who concluded that adding 40 kg P,Os mixed with phosphate dissolving bacteria
(PDB) under spraying of 0.04% Zn EDTA (14% Zn) may be the recommended
treatment for improving the productivity of faba bean crop. Thus, it could be
recommended that using P, (i.e., 75% from the recommended P application rate)
in presence of P bio-fertilization and micronutrients spraying gave the best
significant results for 100 seed weight, pod, straw and seed yields of soybean
under the experiment condition as compared to applying higher inorganic P
fertilizer levels, which exert a massive cost on the farmer (Dutta and Prohit,
2009).

Nutrients uptake

Macronutrients

As indicated by the effect of phosphorus levels, the data in Table 3 showed
that not only the positive effect of P application on P uptake, as expected, but also
its significant positive effect on N and K uptake. Also, raising the rate of P
application up to 100 % (P5) achieved the highest values for the aforementioned
parameters. Therefore, the application of phosphorus has a dramatic effect on
legumes when it applied to soils low in phosphorus. Phosphorus helps legumes
plants in root nodulation, efficient use of nutrients, N, fixation and efficient
partitioning of photosynthates from vegetative to reproductive parts (Gitari and
Mureith, 2003). These results are in conformity with those that report a
significant increase in N, P and K content and uptake in the leaves or straw due to
P application in soybean (Fatima et al., 2007).

Egypt. J. Soil Sci.



EVALUATION OF BIO-AND MINERAL PHOSPHORUS FERTILIZARS 7

TABLE 3. The effect of all treatments used on macronutrients uptake in seeds of soybean plants.

Without Bio-P- With Bio-P-
Macronutrients P Fert. (Fy) Fert. (By) P Mean of P.F Mean of P.B L.SDat
fed* levels Mean 0
(Refed’) Fo F Fo F Fo F B | B S %
Py 3778 | 4209 | 4290 | s878 | 4539° | 4034° | s0.u4® | 3993 | sos4e®
b b ah a a P 19.98
P, 4291 | 4671 | s307 | 6971 | 53.00" | 4199 58.21 4481* | 6139* |5 1516
F 1249
P, 4850 | 5021 | 6649 | 8302 | 6196 | 57.40% | 6662 | 936* | 7476 |PB 295
N PF 1767
P, 5239 | 5296 | 6351 | 7878 | 6206 | 57.05% | 6587 | s267 | 7104* |BF NS
PEF NS
Mean | 4540 | 480 | 5650 | 7257 | 5563 | 5094 6029 467 | 6453
Py 217 2.78 296 348 285t 2.57 313 248 | 3.2
P 025
P, 1.19 335 3158 422 258 3.38 1.78 327 | 300° E:]]-ll;
4 1 . |P.B 050
i P, 341 3.90 544 631 4.61 4.43 511 366 588 |or s
BF N.5
P; 3.67 438 | 465 575 | 417" 4.16 5.07 403 | 520" |pRF
N.5
Mean | 311 3.60 4.16 454 3.80 3.64 4.27 336 455
Py o8 | 11.03* | 11565 | 1429 | 1170° | 10,64 1271 | 1046t | 1294°
P 053
P 114% | 14.51% | 1544% | 2003° | 1535 | 13432 1727 | 1297 | 1773 | B 043
F 056
P, 14.46° | 14.78% | 1720 | 24417 | 1746 | 1583 1959° | 1462 | 2080° 11;']? Iﬁ;
" F o
BF N.5.
P; | 1501 | 16.05™ | 1605% | 2262 | 17.711* | 1558 | 1933 | 1553 | 1938 |pRyF
157
Mean | 1267 | 1412 | 1506 | 2034 | 1556 | 1387 1723 1340 | 1771

Fy= without foliar application F)= with foliar app ication Py=withouiP fertilizerP;= 15 kg P;0;/fed Py= 225 ke P30:fed Py 30 ke P10 fed
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Concerning the effect of foliar application of micronutrients under different
levels of P fertilizer, the data in Table 3 showed that N and K uptake were
significantly affected. Also, the data reveal that P; with foliar applied achieved
the highest values of macronutrient uptake. This may be due to the effect of
micronutrients which can play an important role in the availability of phosphorus
in the soil. Imtiaz et al. (2003) stated that adequate nutrition of plant with
micronutrients depends on many factors. Among them is the ability of soil to
supply these nutrients, rate of nutrients absorption by the plants, distribution of
nutrients to function sites and nutrients mobility within the plant. In this respect,
El-Fouly and Fawzi (1996) noticed that micronutrients application encourages the
growth of roots, which in turn take up higher contents of N, P and K and finally
being reflected on the yield.

Regarding the effect of interaction between P biofertilizer and different levels
of mineral phosphorus fertilizer, the results in Table 3 show that there was a
significant enhancement in the uptake of N, P and K in comparison to plants
untreated with biofertilizer. It is also reported that, P,+ P biofertilizer gave the
highest values compared with the other levels of phosphorus fertilizer. This may
be explained as the application of biofertilizers could make such nutrients more
available for plants. While, the combined treatment of P-biofertilizer and foliar
spray of micronutrients insignificantly increases the uptake of N, P and K.
Phosphate solubilizing microorganisms increased available phosphorus and
nitrogen in the soil which increases their concentration by plant, also increased
the grain protein. Likewise, phosphate solubilizing bacteria have the capability to
solubilize the residual or fixed soil P and increase the availability of P in the soil
(Singh et al., 2008) producing the growth promoting substances (Selvakumar
et al., 2012) and thereby increase the overall P-use efficiency of the crops.
Moreover, bio-phosphate bacteria efficiency increased by application of
biological phosphorus fertilizer combined with chemical phosphorus fertilizer.
Mahfouze and Sharaf - Eldin (2007) reported that phosphorus solvent bacteria
have the ability to produce organic acids that would increase solubility of
phosphorus available for plant. It can be noted that plants treated with P
biofertilizer and foliar application of micronutrients were more effective than
plants without them, they were recording 38%, 35% and 32% for N, P and K
uptake, respectively.

Regarding the trible interaction, the data in Table 3 illustrated that N and P
uptake showed non-significant response to applied mineral P + P bio + foliar
micronutrients, while K uptake significantly responsed. The data showed that
maximum values of N, P, K uptake under P, + B, + foliar were obtained than
those in treatments which received other levels of phosphorus mixed with
biofertilizer and foliar application or that achieved by the single use of inorganic
P fertilizer or either of P bio-fertilizer and foliar micronutrient. In general,
application of P,+B;+foliar exhibited the best treatments in enhancing the uptake
of the studied macronutrients by seeds as it achieved 58%, 71% and 63%
increases in N, P and K uptake by seeds, respectively comparing with P; (30 kg
P,0s) without bio-fertilizer or micronutrients spraying. It is interesting to mention
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that the high increased uptake could be explained as a result of the remarkable
increase in the seeds weight of yield achieved by this treatment. This increase is
mainly attributed to the effect of microorganisms which can play a very
significant role in making available nutrients elements for plants. It is essential to
bring about some microbial transformation of both inorganic and organic
compounds in the soil to make available of these elements to soybean plant.
These results are in agreement with those found by Cabrera (2006) who reported
that the application of biofertilizers enabled plants to extract a higher amounts of
N, P, K, Ca*? and Mg*? and increased yield.

Micronutrients

Data in Table 4 show that the positive effect of P application on Fe, Zn and
Mn uptake and graded the rate of P application up to P; achieved the highest
values over that of P,. Application of bio-fertilizer or micronutrients spraying
individually caused significant superiority in the uptake of micronutrients to that
without any of them. This may be due to improved physical and chemical
properties of the soil and increased the available nutrients to plant. Foliar
application is very fast method for providing required elements in plant because
nutrients are taken up quickly as compared to that through plant roots (El-
Haggan, 2014).

The double interaction between each of those three factors and another
presented in Table 4 clarifies that the combination of bio-fertilizer with P at the
rate P, was the best and significantly encouraged the uptake of micronutrients
(El-Gizawy and Mehasen, 2009). While the effect of combined treatment between
P application and foliar spraying with micronutrients had insignificant effect on
the uptake of Mn only. Also, the interaction between P-biofertilizer and foliar
micronutrients caused significant increase in the uptake of Fe and Mn. The
increase percent for plants treated with P biofertilizer and foliar application of
micronutrients were more effective than plants without P biofertilizer and foliar
application of micronutrients recording 22%, 42% and 104% for Fe, Zn and Mn
uptake, respectively.

Regarding the effect of the three factors together on uptake of micronutrients,
the results reveal that Fe and Mn significantly responded while, Zn was
insignificant. As well as the results mentioned that P; + P- biofertilizer + foliar
spraying of micronutrients gave the highest values compared to the other levels of
P application due to promoting root growth which in turn enhancing nutrients and
water uptake from the soil. The relative increase was 28, 82 and 195% (for Fe, Zn
and Mn, respectively) comparing with P; (30 kg P,Os) without bio-fertilizer or
micronutrients spraying (Zaghloul et al., 2015). In this regard, zinc absorption
reduced by phosphorus application in the soil, but biological phosphorus
fertilizers due to having phosphate solubilizing bacteria had no interference on
other elements uptake (Solimpour et al., 2010).
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TAELE 4. The effect of all treatinents used on micronutrients uptake in seeds of soyhean plants.

P Without Bio-P- With Bio-P-
Micronutrients | levels Fert.(By) Fert(By) P MeamoEn X Mgan o L.SD at
(1]
{em/fed) F, F Fq Fy mean Fy F B, B 5%
P | 114.59™ | 114.01™ | 119.60™ | 135.92% | 12128 | 11714 | 12541 | 114.75" | 127.81F
P 4.22
P, | 12820% | 138.03% | 15857 | 18430° | 15228 | 14330 | 16117 | 133.12° | 171.44° }1? ;-;55'
P, |149.66" |15025% | 182.06° | 218.52* | 17.12* | 16586 | 18439 | 14096° | 20020 |75 250
Fe ; :
BEF 405
P; | 15827 | 166.00% | 17388% | 10405* | 17530* | 16608 | 180.52 | 16218 | 18442" | pRyF
8.0
Mean | 13768 | 14232 | 15855 | 18342 | 15550 | 14812 | 16287 | 140D 1710
Po 352 40.12 4312 | s265 | 4273 | 3917 | 4639 | 3767 | 4788
P 366
P 40.74 4d .51 5350 7272 | s280t 47.17 | s8a2 | 4262 | 6318 |B 274
F 221
P, | 4433 | 4815 | 6447 | 8663 | o700 | s35 | 6730 | 4619 | 75552 |EB 548
Zn PF N5
BEF N.S
P; 4750 | 5765 5600 76.75 | 6087 | s220 | 6720 | s2.58° | 66.8Y | pRF
N.5
Mean | 4104 | 47461 5452 710 | s4.06 4822 | soon | 44.77 63.36
Py s.10 1200 | 14308 | 28270 | 1502 1120 | 2063 | 10558 | 21298 ——
_ B 1465
P, | 1L00" | 1648° | 2501° | 3180° | 2107 | 18.00" |24.14" | 13.74° | 2840° |F 110
- PE 129
P, | 1383 | 1931% | 3063 | 4491* | 2616 | 2223" | 3211 | 1657 | 377 |PF 312
Mn BF 055
P, | 15228 | 2182 | 2871 | 3889 | 2717 | 2197 | 53035 | 1858 | 3380 glﬁf
Mean | 1204 | 1765 2466 | 3597 | 2258 1835 | 2431 | 14.86 30.30

Fy=without foliar application Fj= with foliar application P without P fertilizer Py= 15 kg P205/fed Py 225 kg P20sTed Py 30 kg P2 05 Hed
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Yields of protein and oil

Data presented in Table 5 reveal that raising the rate of P application up
to P; significantly increased the contents of protein and oil in comparison
with untreated plant. In addition, application of bio-fertilizer or spraying
micronutrients individually caused significant response in the content of
protein and oil over to that without any of them (El-Haggan, 2014).
Concerning the combined effect between different levels of P application
and both of P solubilizing bacteria and foliar spraying of micronutrients, the
results in Table 5 reveal that protein and oil contents were significantly
affected by using foliar treatment and P3 recorded the highest values. Amara
(1998) found also that spraying with micronutrients resulted in a large
increase in protein content of broad bean. Hemati (2005) reported that
wheat protein increased by application of micronutrients such as Zn, Mn
and Fe. In addition, the results mentioned that P,+ P biofertilizer gave the
highest values of protein and oil contents compared with the other levels of
phosphorus fertilizer. In this connection Saber et al. (1989) reported that
application of bio-fertilizer increased oil and protein contents as well as
nutrient elements in soybean seeds. It can be noted that plants treated with P
biofertilizer and foliar application of micronutrients were more effective
than plants without P biofertilizer and foliar application of micronutrients
recording 36 and 28 % for protein and oil contents, respectively.

Furthermore, the effect of three factors on content of protein and oil was
insignificant, but, the treatment of P,B;F; was the best one and achieved
relative increase 58 and 43% for protein and oil contents compared with P
(30 kg P,0s) without bio-fertilizer or micronutrients spraying.The increased
protein mainly due to the increase in N content means that biofertilizers can
provide plants with essential nutrients elements required for oil and protein
formation. These results are in line with those obtained by El-Kholy and
Gomaa (2000). The application of inorganic P fertilizer and PBF with foliar
micronutrient might have assured P availability and its subsequent
utilization for formation of carbon skeletons and for the synthesis of amino
acids and ATP that, in turn, might have led to an enhanced synthesis of
protein during soybean seed development (Trwari and Pal, 2005). However,
P,+ PBF + foliar application of micronutrients was found to be the best
interaction between inorganic P levels and bio-fertilizers treatment with
micronutrients. In general, microorganism can play a very significant role in
making available phosphorus to plants. It is essential to bring about some
microbial transformations of both inorganic and organic compounds in soil
to make available of this element to plant.
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Conclusion

In the light of the obtained results, it could be concluded that a combined
application of 22.5 kg P,Os/fad (P,) + P biofertilizer+ foliar micronutrients was
generally significant and provided the best condition for achieving maximum
yield and its quality attributes. In general, environmental pollution could be
reduced by decreasing consumption of chemical fertilizer. Overall, application of
P biofertilizer with mineral phosphorus fertilizer and foliar micronutrients in
addition to yield increasing could be a strategy to achieve sustainable agriculture.
Therefore, the integrated fertilization including mineral (macro- and micro-
nutrients) and bio-fertilizers can be considered an important strategy for
sustainable agriculture.
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