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FIELD experiment was carried out to investigate the effect of
different levels of phosphorus fertilizer application P0 (without P
fertilizer), P1 (15 kg P2O5 /fed), P2 (22.5 kg P2O5/fed) and the
recommended dose P3 (30 kg P2O5 /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 22.5 kg P2O5/fed with inoculation of Pbiofertilizer and foliar spray of micronutrients. Application of phosphorus
at the rate of 22.5 kg P2O5/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 P2O5/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-1), oil content, oil yield, protein content and its yield of soybean compared
with control treatment (El-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
Particle size distribution
Clay
%
Silt
%
Sand
%
Textural class

Value
54.25
30.50
15.25
Clay

Property

Value

Soluble ions (cmolc kg-1) in soil paste
Na+
21.00
K+
0.75
Ca++
7.01

EC (dSm-1)
Mg++
3.80
in soil paste extract
ClpH [Soil suspension 1:2.5]
7.81
HCO3Organic matter (g kg-1)
2.05
SO4=
-1
CaCO3 (g kg )
3.22
Available macro- and micro-nutrients (mg kg-1 soil)
N
P
K
Fe
Mn
56.70
7.21
354
9.99
4.11

9.24
20.12
5.22
12.56

Zn
3.23

Experiment was conducted in split split plots design in complete randomized
blocks with three replicates. The main plots included non-inoculated plant (B0)
and inoculated plant (B1), sub-plot was considered four levels of mineral Pfertilizers (P0, P1, P2 and P3), while sub-sub plot represented in presence (F1) and
absence (F0) of foliar application of micronutrients. Concerning Bio-fertilizer,
phosphorin (Bacillus megaterium var. phospaticium), was supplied by Biofertilizers 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 0 (without P fertilizer), P1 (15
kg P2O5 /fed), P2 (22.5 kg P2O5/fed) and the recommended dose P 3 (30 kg
P2O5/fed) were added before planting in the form of calcium super phosphate
(15.5% P2O5). The recommended doses of N (50 kg/fed) as urea (46.5% N) and K
(24 kg/fed) as potassium sulphate (48% K2O) were applied to all treatments at the
proper time. Sowing of soybean seeds was carried out on the 20th and 25th 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 P0 (control) in 100 seed weight, pod, straw and seed yields (Table 2).
Also, increasing the rate of P-fertilizers up to 75% (P2) from (30 kg P2O5) 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 2O5 / fed (ElGizawy 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 yield 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 yield,
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 yield and its components compared with noninoculated seeds. Bio-fertilizer results are in accordance with those obtained by
Mekail et al. (2005) and Yilmaz (2008). Also, IIbas and Sahn (2005) in their
work on soybean showed that inoculation with phosphorus has significant effect
on 1000-seed weight.
Egypt. J. Soil Sci.

6

MANAL A. ATTIA et al.

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 2B1F1 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 P2O5) 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 2O5 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 P2 (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 % (P3) 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 2 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).
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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 P3 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, P2+ 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 2 + B1 + 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 P2+B1+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 3 (30 kg
P2O5) 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+2 and Mg+2 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 P3 achieved the highest
values over that of P0. 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 (ElHaggan, 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 P2 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 P3 + 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 P3 (30 kg P2O5) 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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Yields of protein and oil
Data presented in Table 5 reveal that raising the rate of P application up
to P 3 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 conten t 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 P 3 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) report ed that
wheat protein increased by application of micronutrients such as Zn, Mn
and Fe. In addition, the results mentioned that P 2 + 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 2B 1 F 1 was the best one and achieved
relative increase 58 and 43% for protein and oil contents compared with P 3
(30 kg P 2 O 5) 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 2 + 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 signific ant 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 P2O5/fad (P2) + 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 micronutrients) and bio-fertilizers can be considered an important strategy for
sustainable agriculture.
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EVALUATION OF BIO-AND MINERAL PHOSPHORUS FERTILIZARS

تقييم استخدام التسميد الحيوى والمعدنى للفوسفور مع الرش
بالعناصر الصغرى على انتاجية وجودة محصول فول الصويا

منال عبد احلكم عطية  ,داليا عدروز سيد و ملياء عبد احلليم عبد الرمحن
معهد حبوث االراضى واملياه والبيئة -مركز البحوث الزراعية – اجليزة –مصر
اقيمت تجربتان حقليتان خالل الموسم الصيفى  3102و 3102فى محطة بحوث
الجميزة بمحافظة الغربية وذلك لدراسة استخدام معدالت مختلفة من التسميد
الفوسفاتى ( بدون اضافة فوسفور -اضافة  01كجم فوسفور /فدان  3321 -كجم/فدان
واستخدام
– 21كجم/فدان) سواء بمفردها او اإلضافة مع وجود فسفور حيوى
الرش بالعناصر الصغرى وتأثير ذلك على محصول فول الصويا ومكوناته وجودته2
وقد كانت النتائج المتحصل عليها كما يلى :
 أدى استخدام التسميد المعدنى أو الحيوى للفوسفورأو الرش بالعناصر الصغرىسواء بصورة منفردة او مرتبطة الى حدوث زيادة معنوىة لمحصول فول
الصويا ومكوناته
 كذلك أظهرت النتائج ان أفضل معاملة كانت بأستخدام التسميد الفوسفاتى بمعدل ٪51من الموصى به مع التسميد الحيوى والرش بالعناصر الصغرى حيث
سجلت أعلى قيم لمحصول فول الصويا ومكوناته2
 لوحظ من النتائج المتحصل عليها ان استخدام التسميد المعدنى أو الحيوىللفوسفورأو الرش بالعناصر الصغرى سواء بصورة منفردة او مرتبطة أدى
الى حدوث زيادة معنوىة فى محتوى العناصر الكبرى والصغرى وكذلك
محتوى فول الصويا من البروتين والزيت2
 وجد أن أستخدام التسميد الفوسفاتى بمعدل  ٪51مرتبطا مع الفوسفات الحيوىالى حدوث زيادة معنوية فى محتوى العناصر الكبرى والصغرى وكذلك
محتوى فول الصويا من البروتين والزيت بينما ادى استخدام معدالت الفوسفور
مع الرش بالعناصر الصغرى الى زيادة محتوى النيتروجين -البوتاسيوم -
المنجنيز وكذلك البروتين والزيت 2
 كذلك فقد أظهرت النتائج أن أستخدام التسميد الفوسفاتى بمعدل  ٪51مرتبطا معالفوسفات الحيوى والرش بالعناصر الصغرى احدث زيادة معنوية فى
امتصاص البوتاسيوم والحديد والمنجنبز2
 ولذلك فانه من الواضح ان استخدام التسميد الحيوى من الممكن ان يحل محلجزء من التسميد المعدنى فى انتاج محصول فول الصويا مما يؤدى الى تقليل
التلوث البيئى الناجم عن استخدام االسمدة المعدنية2
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