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URING two successive growing winter seasons (2016/2017and 2017/2018) at the

experimental farm of Meet Ghamr, Dakahlia Governorate, Egypt. A field experiment was
carried out to maximizing use efficiency of mineral fertilizers (N, P and K) by application
of potassium fulvate (KF) and bio-fertilization (Azotobacter chroococcum DSM 2286) on
growth, yield and some chemical compositionsof wheat plant (7riticum aestivum L.) variety
Giza 171. The layout of the experiment was a split- plot design, with the main plots arranged
in a randomized complete blocks design, with three replicates. This experiment includes three
main treatments and four sub-main treatments. Where the three levels of mineral fertilization
“NPK” (60, 80 and 100% of the recommended mineral fertilization) were assigned in the main
plots. On the other hand, the application of potassium fulvate and biofertilization were assigned
in the sub-main plots. After 75 days from sowing, fresh and dry matter yields, chlorophyll
(a, b and atb), carotenoids in leaves, dehydrogenase activity in rhizospheric soil and the N,
P, K, Fe, Mn and Zn in shoots of wheat plants were determined. As well as at harvest stage,
weight of 1000 grain (g), yields of straw and grains (ton ha'), and their content of N, P, K,
Fe, Mn and Zn were determined. The obtained results indicated that, the application of KF
and Azotobacter chroococcum alone or in a combination resulted in a significant increase
in all studied parameters compared to the control. Under 80 % of the recommended mineral
fertilization (N, P and K), the dual application of KF + Azotobacter chroococcum showed a
significant augmentation in all studied parameters compared to the control under 60, 80 and
100 % of the recommended mineral fertilization. Therefore, it considered as a more beneficial
treatment in the cultivation of wheat plants (Giza 171 variety) at Nile Delta due to it resulted
in a high yield, quality and reducing the environmental pollution as a result from reducing the
additions of the mineral fertilizer with the organic and the biofertilization one.
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Introduction spring and winter crop. Zaman et al. (2010) found
that, the use of synthetic fertilizers is closely
related to crop yield. It is evident that only half
of the applied nitrogen fertilizers are taken by
the crops and the second half are lostfrom the
agricultural field through surface runoff and
leaching of nitrate as well as volatilization of
ammonia and emission of NO_gases (Gogoi and
Baruah, 2012). For these reasons, great attention

Increasing the yield of wheat (7riticum aestivum
L.) is an important national goal to meet the ever-
increasing food needs of the Egyptian population.
Wheat is one of the three major kinds of cereal
crops (along with maize and rice). Also, it is a
main source of energy, renewable resources for
food, feed and industrial raw materials, the source

of protein and fiber in the human diet, and staple needs to be paid to finding a new type of fertilizer

food crops for more than a third of the world's that, ideally, can be low cost with high nitrogen
population (Ramadoss et al., 2013) grown as a utilization efficiency (Chander, 2012).
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Humic acid (HA) and fulvic acid (FA) are
two important fractions of soil humic substances
(HS) and have a relevant role in the elemental
recycling in the environment and in soil ecological
functions. Humic acid and fulvic acid have an
important role in the primary recycling in the
environment and in the environmental functions
of soil. Fulvic acid plays an important role in the
retention, release, bioavailability and mobility of
macro- and micronutrients and organic chemicals
in the soil (Hu et al., 2019).

Fulvic acid has a significant effect on
chemical reactions due to the presence of more
electronegative oxygen atoms than any other
humate materials, which enhances the permeability
of the membrane (Mosa et al., 2020). Fulvic
substances can affect the physiological processes
of plant growth directly or indirectly (Yang et
al., 2013 and Mohamed, 2020) and can improve
plant growth under soil conditions by enhancing
the absorption of nutrients and reducing the
absorption of some toxic elements (Kulikova et
al., 2005). Anjum et al. (2011) reported that fulvic
acid increases the chlorophyll and water content
of the leaves. It also increased photosynthesis,
reduced stomata opening, and transpiration,
which stimulated growth and reduced water
loss. Several beneficial effects have been
attributed to the application of potassium fulvate
to leaves or soil, including stimulation of plant
metabolism, increased enzyme activity, increased
bioavailability and absorption of nutrients and
increased crop growth and productivity (Abd EL-
Kader, 2016 and Hamad and Tantawy, 2018).

Biofertilizers have been identified as an
alternative to mineral fertilizers to increase soil
fertility and crop production in a sustainable
manner (Sakara and Badour, 2020). Also,
biofertilizers have emerged as an important
component of the integrated nutrient management
programs and hold a great promise to improve
crop vyield with minimum environmental
degradation. Strains of Azotobacter, Rhizobium,
Bradyrhizobium, Azospirillum, Pseudomonas,
Bacillus and Acetobacter etc. have been
developed as biofertilizers for cereals, pulses,
vegetables, oil seeds, cotton, sugarcane, wheat,
etc. (Swarnalakshmi et al., 2013).

Therefore, the present study aims to investigate
the potential of potassium fulvate as “organic
fertilization” and Azotobacter chroococcum
DSM 2286 “as bio-fertilization” individually
and in combination on reduces the requirement
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of mineral fertilization, enhanced nutrient uptake
and productivity of wheat plants under clayey
loam soil conditions.

Materials and Methods

This study was performed at private farm
of Meet Ghamr, Dakahlia Governorate, Egypt
(Latitude 30° 71° N and the Longitude 31° 25’E),
during two successive growing winter seasons
of 2016/2017and 2017/2018. This experiment
was conducted to study the ability of potassium
fulvate (KF) and Azotobacter chroococcum
DSM2286 (biofertilization) to maximizing use
efficiency of mineral fertilization which applied
at 60, 80 and 100 % of recommended doses of
N, P and K according to Egyptian Ministry of
Agriculture (75 kg N fed”, 15 kg PO, fed' and 24
kg K O fed') on growth, yield and some chemical
compositionsof wheat plantsvariety Giza (171).

This experiment was conducted in a split-
plot design, includes twelve treatments in three
replicates. Therefore this study including 36
experimental plots, where the area of each plot
was 10.5 m? (3.5m x 3 m). These plots were
divided into three main groups (12 plots/the main
group) representing the application of mineral
fertilizers (N, P and K) as a percent (60, 80 and
100%) of its recommended doses, i.e. urea 163”
kg fed ', mono calcium phosphate 100” kg fed
““ and potassium sulfate 50” kg fed'“. The plots
of each main group were divided into four sub-
main groups (3 plots/the sub-group) representing
the sub-main study factor by the following four
treatments, i.e.control (without any applications
of KF or biofertilizer), potassium fulvate (KF)
alone at an application rate of 2 kg fed™' as a soil
application, biofertilizer  alone (A4zotobacter
chroococcum DSM 2286) at an application rate of
20 L fed! "feddan=4200m? “as a soil application
and combined application of KF and biofertilizer.

Random disturbed soil samples from the
surface layer (0-30 cm) of the tested soil were
collected before planting. Soil samples were air
- dried, ground, mixed well,sieved through a 2
mm sieve. The samples then were analyzed for
determination of some physical and chemical
properties, also, the content of some available
macro- and micronutrients according to the
methods described by Page et al. (1982) and Klute
(1986). Also, the used potassium fulvate “KF”
was purchased from the agriculture commercial
market, where it’s analyzed for some physical
and chemical properties according to Page et al.
(1982). The obtained data were recorded in Table
1.
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Azotobacter chrococoum DSM 2286 was
grown in King’s medium (Atlas, 1995). Cultures
were incubated at 28 C° for three days on a rotary
shaker until the early log phase to ensure a popu-
lation density of 10° cfu/ml culture.

This strain (Azotobacter chroococcum DSM
2286), was obtained from bank strains of Labo-
ratory Soil Microbiology, Department of Soil
Science, Faculty of Agriculture, Menoufia Uni-
versity, The strain was previously defined by ge-
notypic identification which performed by ampli-
fication and partial nucleotide sequencing of the
16s ribosomal DNA (16s rDNA) (El Zemrany et
al., 2015).

Wheat (Triticum aestivum L.) grains were
obtained from Crops Research Insatiate,
ARC, Giza, Egypt. The sowing date was at 15
November and harvesting date was 29 April, of
each season. The addition of N and K fertilizers
at three application rates of recommended dose
were divided into two equal portions after 30
and 60 days of sowing in both study seasons.
The amount of P-fertilizer was added to the soil
during soil preparation. Potassium fulvate "KF*
and biofertilization treatments were applied in a
liquid formulation as a soil application at 0, 30
and 60 days after sowing.

In both two seasons, at 75 days of sowing,
plant samples were successively taken randomly
from three replicates of every treatment at single
to determine fresh and dry matter yields (g/m?),
chlorophyll a, b, atb and carotenoids (mg g
FW) in leaves according to the methods described
by Moran (1982). Dehydrogenase activity in
rhizospheric soil “DHA” p formazan g' hour’!
was determined according to Page et al. (1982).
Also, at the same time, the plant samples contents
of N, P, K, Fe, Mn and Zn were determined
Cottenie et al. (1982).

In both two seasons, at harvesting time, the
plants of each plot were harvested separately.
The grains were separated from straw to measure:
weight of 1000 grains (g), grains and straw yield
as ton ha' and % protein in grains. Grain and
straw samples were air-dried then, oven-dried at
70 C° for 48 hr., weighed, ground and digested
for chemical determination according to the
method described by Chapman and Pratt (1961).
N, P and K content in the digests were determined
according to the methods described by A.O.A.C.
(1980) and Cottenie et al. (1982). Crude protein
percentage was estimated in the different parts
by multiplying N % values by 5.75 as described
by A.0.A.C. (1985). The atomic absorption
spectrophotometer was used to determine Fe, Mn
and Zn concentrations in the prior parts according

to the methods recommended by Cottenie et al.
(1982).

Statistical analysis

Results from identical experiments of the 2
years were combined for analysis. Significant
differences among treatments means were
determined at P 0 0.05 by using LSD test and
Duncan’s Multiple Comparisons Test. Data of the
present study were statistically analyzed using
CoSTATE Computer Software, according to
Gomez and Gomez (1984).

Results and Discussion

Plant measurements of vegetative growth period

Fresh and dry matter yields (g/m?)

The present data in Fig. 1 showed that fresh
and dry matter yields (g/m?) of wheat (Giza 171
variety) plants shoots as affected by the studied
treatments of mineral fertilizers (N, P and K)
at a rate of 60, 80 and 100 % of recommended
doses, at 75 days after sowing. There is a
significant increase of both fresh and dry matter
yields consequently applied separately and in a
combination of K fulvate +4. chroococcum, in
compared to the treatments received only mineral
fertilizers. The maximum values of the dry
matter yields were obtained with the treatment of
”KF+Bio* which received 100 % of recommended
mineral fertilization compared to unamended
control treatments with the same percentage of
recommended mineral fertilization (100 % NPK).

As regards the effect of KF + 4. chroococcum
application in combination with 80 % of the
recommended mineral showed a significant
increase of the fresh and dry matter yields of
wheat plants shoots over the treatments of 60, 80
and 100 % of the control treatments. These results
are confirmed with that obtained by Hamouda et
al. (2015) and Abou El Hassan and Husein (2016).

Data in Fig. 1 indicated that, the A.
chroococcum individually or with KF have a
beneficial effects on fresh and dry matter yields
of wheat plant shoots. These results agreed with
those of Lopez-Gomez et al. (2014a and b) and
Kang et al. (2015).These findings are due to the
high potency of Azotobacter chroococcum DSM
2286, as Co-inoculation of nitrogenase activity,
P-solubilization capacity, salt tolerance, and IAA
production rate (El Zemrany et al., 2015). These
explanations are in coincidence with Farid et al.,
(2018) and El Zemrany et al. (2019) who reported
that the application of biofertilizers and humic,
fulvic and K-humate had a positive effect on the
growth and enhanced NPK mineral uptake of faba
bean and peanut plants.
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TABLE 1. Initial properties of the soil used and applied potassium fulvate (KF), during the two growing seasons

(2016/2017 and 2017/2018) (combined seasons)

a. Soil physical properties
. . e e . °
Particle size distribution (%) Textural class
C.sand | F. sand [ Silt \ Clay
3.2 | 22.5 | 37.5 \ 36.8 Clay loam
b. Soil chemical properties
Soluble ions (mmole L)
O.M. H EC,
CaCOs | SP a ;2?5, soil: | soil paste, Cations(mmole L") Anions(mmole L)
gkg! o water Susp.) @@Sm™) | Ca** Mg** Na* K* COs ™ HCOs ™ CI" | SO4*
0.16 | 0.12 75.0 7.91 2.28 0.52 0.46 1.10 | 0.20 — 0.35 1.31 0.62
c. Soil nutrient contents
Macronutrients (Available) Micronutrients ( DTPA extractable)
mgkg™! mgkg™
N P K Cu Fe Mn Zn
42.60 6.40 200.50 2.46 6.45 1.50 1.46
Potassium fulvate properties
Appearance M‘Zf,jt;“e S“'(‘f,zi)“‘y F “1:}',2;‘“‘1 pH N (%) P (%) K (%)
Dark brown powder 5.75 100 65 5.61 0.55 2.97 8.0
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Fig. 1. Mean values (2016/2017 and 2017/2018) of fresh “a” and dry matter yields “b” (g/m?) of wheat (Giza 171
variety) plants shoots at 75 days after sowing, as affected by bio and organic fertilizers (A. chroococcum +
K Fulvate) under 60 (black), 80 (shadow) and 100 % (dotted) of recommended dose mineral fertilization
(N, P and K).KF: Potassium fulvate. a to i Differences between values having the same high script in each
column are not significant at P < 0.05
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Nutrients content of the wheat plant shoots

Macronutrients content

Data listed in Table 2 revealed that, in general
there are a significant increases in the concentration
(%)of N, P and K and their uptake (mg plant™) in
the shoots of wheat plants due to the applications
of KF and biofertilization with 4. chroococcum
individually or in combination compared to the
control treatments. These findings were found
with the three levels of mineral fertilization.

In addition, the combination treatments of
"KF+ A. chroococcum “with 100% of mineral
fertilization, gives the maximum values of N,
P and K concentrations (%) which were: 2.46,
0.32 and 3.71%, compared to those found in
the control, which were: 2.28, 0.26 and 3.51 %
for N, P and K, respectively, whereas, the same
treatments resulted in uptake values of 68.04, 8.72
and 102,31, while in their control treatments these
values, were: 49.24, 5.57 and 75.89 mg plant' for
N, P and K, respectively.

Micronutrients content

Data in Table 2 also show that KF and A4.
chroococcum individually or in combination
increased Fe, Mn and Zn (mg kg™') and their uptake
(mg plant') as compared with control treatment
under the three levels of mineral fertilization (60, 80
and 100% of recommended dose). The maximum
values of Fe, Mn, and Zn concentration (mg kg
) were: 337.50, 52.50, and 19.00 mg kg, where
these values with their control, were: 289.00, 47.00
and 15.50 mg kg, respectively. Also, their main
uptake of Fe, Mn and Zn (mg plant") were: 0.93,
0.145 and 0.052, while, in their control, were: 0.63,
0.102 and 0.034 mg plant’,respectively,where
these maximum values were obtained with the
combination treatments of "KF+ A4. chroococcum*
along 100 % of mineral fertilization.

The treatment of KF+ A. chroococcum
with 80% at the recommended dose of mineral
fertilization gained macro- and micronutrient
concentration and its uptake over application rates
at 60, 80 and 100 % of the recommended mineral
fertilization does. Similar results were obtained
by Nowick (2014) and Farid et al. (2018).

On general view over the results of the increases
effect of the interaction of the dual application of
“KF x biofertilization* ,’biofertilization X mineral
fertilization” and “ KF x mineral fertilization” on
N, P, K, Fe, Mn and Zn concentration and uptake
in wheat plants were highly significant.

Chlorophyll and carotenoids contents

Determination of chlorophyll content as an
indirect method of estimating the productivity
of vegetation represents a good way to gain an
understanding of the photosynthetic regime of
plants. The content of chlorophyll a, chlorophyll
b, chlorophyll (a+b), and carotenoids contents
were measured in all experimental treatments
as a function of mineral nutrition at the outset
of flowering. Data in Table 3 declared that , the
contents of chlorophyll a, chlorophyll b, chlorophyll
(atb) and carotenoids in wheat plants affected by
individual KF, biofertilization and combination “KF
+biofertilization” treatments were significantly
greater higher than that found in the control
treatments. Indeed, the found chlorophyll (a+b)
contentrecorded were 0.930,0.938,0.946 and 0.949
mg g FW with the treatments of control, “KF*,”A4.
chroococcum” and “KF + biofertilization” at 100
% of recommended dose of mineral fertilization,
respectively. Whereas, the carotenoids contents
were 0.352, 0.359, 0.361 and 0.364 mg g'FW with
the same abovementioned treatments. The obtained
results show the importance of inoculation by 4.
chroococcum with KF under mineral fertilization
in enhancing the chlorophyll and carotenoids
contents, consequently its beneficial effect on
promoting the productivity of wheat plants. The
higher values of chlorophyll and carotenoids
content in "KF+ A. chroococcum treatments of the
wheat plants have contributed to the higher grain
and straw productivity in the plants grown with the
100 % recommended dose of mineral fertilization
(Tables, 3 to 5).Anjum et al. (2011) reported that
fulvic acid increased chlorophyll and water content
of leaves. It also increased photosynthesis, reduced
stomata opening status, and transpiration thus led
to growth stimulation and water loss reduction (Li
et al., 2005). Also, they found that fulvic acid and
humic acid have been used to regulate plant growth
under well-water.

Dehydrogenase activity “DHA”

Dehydrogenase activity (DHA) is frequently
used as a measurement of the overall microbial
activity in the soil. Data reported in Table 3 display
the values of dehydrogenase activity (ng formazan
g soil hour) in rhizospheric soil of wheat plants
(Giza 171 variety) at 75 days after sowing as
affected by individual or combined application
of KF or/and 4. chroococcum treatments. Results
pointed out that dehydrogenase activity in the
rhizospheric soil of wheat plants significantly
increased with all organic and biofertilizers
treatments more than the untreated one.

Egypt. J. Soil. Sci. Vol. 61, No. 1 (2021)
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TABLE 3. Mean values (2016/2017 and 2017/2018) of chlorophyll a, b, (a+b) and carotenoids (mgg-1FW) and
dehydrogenase activity in rhizospheric soil of wheat plants at 75 days after sowing, as affected by organic
and biofertilization under three rates of recommended dose of mineral fertilization (N, P and K).

= « ) = -
£ = | 2 | 2. | £
E g Sg_ ? 2 § Dehydr:otgenase
T 2 Organic and 3 s = < = activity
“l: E biofertilization treatments 6 5 1 1
St
=
= formazan g-1
= mg g-1 FW H soil h-1 ’
Control 0.568i 0.257i 0.825i 0.348i 48.91i
60 % KF 0.588¢g 0.258¢g 0.846¢g 0.353¢g 60.76g
A. chroococcum 0.596¢ 0.262e¢ 0.858e 0.355¢ 85.85¢
KF + A. chroococcum 0.608b 0.265b 0.873b 0.358b 94.93bc
Mean 0.590c 0.261c 0.851c 0.354bc 72.613b
Control 0.617h 0.25%h 0.876h 0.350h 52.15¢
90% KF 0.632f 0.267f 0.899f 0.355f 66.09f
A. chroococcum 0.639d 0.269d 0.908d 0.356d 89.83d
KF + A. chroococcum 0.668b 0.270b 0.938b 0.361b 96.24b
Mean 0.639b 0.266b 0.905b 0.356bc 76.078a
Control 0.656h 0.274h 0.930h 0.352h 53.18h
100% KF 0.662f 0.276f 0.938f 0.359f 67.47f
A. chroococcum 0.669c¢ 0.277¢ 0.946¢ 0.36l1c 93.91c¢
KF + A. chroococcum 0.670a 0.279a 0.949a 0.364a 98.40a
Mean 0.664a 0.277a 0.941a 0.359a 78.240a

KF: Potassium fulvate.

a to i Differences between values having the same high script in each column are not significant at P I 0.05.

This trend was recorded with the three levels
of recommended dose of mineral fertilization
(NPK) but there resulted in a significantly one
higher increase of the “DHA” than those of
individual KF and A. chroococcum treatments.
The 100 % of recommended mineral fertilization
(NPK) treatments appeared the most positive
effect on the increase of DHA in comparison
to the other treatments (60 and 80%), under the
individual or in a combination of KF and A4.
chroococcum treatments. The application of KF
and A. chroococcum along with NPK fertilization
resulted in an increase in microbial activities over
other treatments(Bharali et al., 2017).

Yield and yield attributes at harvest stage

Weight of 1000 grain

Data in Table 4 denoted that weight of 1000
grain (g) of wheat plants (Giza 171 variety) was
significantly increased by the studied treatments
in compared to the un-treated treatments (control).
Moreover, the data show that the combination
treatments of KF + A4. chroococcum resulted in

a significant increases in 1000 grain weight (g)
as compared to the otherapplications, under the
three levels (60, 80 and 100%) of recommended
mineral fertilization (NPK).The higher number
of filled grain percent influenced the 1000 grain
weight (g) which has contributed to the higher
grain yield due to the application of KF and 4.
chroococcum.

Grain and straw yields (ton ha-1)

Data presented in Table 4 implied that grain
and straw yields (ton ha') of wheat plants
(Giza 171 variety) were affected by the applied
organic and biofertilizers, under the three levels
of recommended dose of mineral fertilization
(NPK). The grain and straw yields of the wheat
revealed wide variations among the experimental
treatments. There was an increment in grain
and straw yields due to the treatments with the
order of KF + A. chroococcum (in combination
treatment)> KF  (alone)>4.  chroococcum
(alone). In addition, the treatments of levels of
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recommended mineral fertilization (NPK) had
significant differences among them.The combined
applications of KF+ 4. chroococcum raised wheat
grain yields up to 7.880, 9.249 and 9.965 ton
ha''compared to the untreated plants (control)
recorded yield of 6.759, 7.737 and 8.806 ton ha'!
with 60, 80 and 100 % of recommended mineral
fertilization, respectively. Whereas the straw yields
with the same above mentioned treatments reached
to: 10.160, 11.119 and 12.152 ton ha-1 compared
9.211, 9.879 and 10.710 ton ha' for the control
treatments under 60, 80 and 100% of recommended
mineral fertilization, respectively. These results are
in agreement with those obtained by Kamel et al.
(2014), they revealed that, the foliar application
of fulvic acid improved plant growth and yield
quantity and quality of cucumber plants.

In a general view, the results of the all studied
parameters with the combination treatments (KF + 4.
chroococcum) that received 80% of the recommended
mineral fertilization were high and significant in
compared to the results of control that received 60, 80
and 100 % of the recommended mineral fertilization.

Macro-and micronutrients concentrations in
grains and straw

Macronutrients

Nitrogen, phosphorus and potassium contents
(%) in grains and straw (at harvest stage) of wheat
plants (Giza 171 variety) as affected by organic
and biofertilizers with 60, 80 and 100 % of
recommended mineral fertilization, are listed in
Table 5. The data demonstrated that all KF and/or
A. chroococcum treatments significantly increased
NPK content (%) in both grains and straw of
wheat plants under the three recommended
mineral fertilization levels, compared to the
control treatments.

The maximum values of NPK contents of
grains and straw were obtained with the combined
treatments of KF + 4. chroococcum under 100 %
of recommended mineral fertilization, where they
found contents were 2.89, 0.26 and 0.44 % in
grains and were: 0.86, 0.12 and 2.60 % in straw,
respectively, while these contents were 2.35, 0.19
and 0.37% in grains, and 0.71, 0.09 and 2.33 in
straw for the control treatments with the same
level of recommended mineral fertilization.

TABLE 4. Mean values (2016/2017 and 2017/2018) of grain and straw yields (ton ha-1), 1000 grain weight (g) and
protein (%) in grains, of wheat plants after harvest, as affected by organic and biofertilization under

three rates of recommended dose of mineral fertilization (N, P and K)

Grain Straw vield 1000 grain Protein in
Mineral Organic and yield y weight grains
fertilization biofertilization
levels treatments -1
ton ha o A
Control 6.759" 9.211" 59.42° 10.128
KF 7.426° 9.891% 61.90%¢ 11.21%
60% h cd f
A. chroococcum 7.119% 9.513% 61.59¢°¢ 11.85°¢
KF + A. chroococcum 7.880" 10.160°¢ 62.14% 12.36%f
Mean 7.296° 9.694° 61.26° 11.39°
Control 7.737" 9.879% 61.20% 13.00°%
KF 8.663 10.670° 62.55 13.97"
80% " -
A. chroococcum 8.323¢ 10.251°¢ 61.70°¢ 15.01*¢
KF + A. chroococcum 9.249° 11.119¢ 65.09*" 15.58"
Mean 8.493" 10.480"° 62.64" 14.39°
Control 8.806" 10.710¢ 61.55%¢ 13.519%"
KF 9.696" 11.726" 64.00™¢ 15.41°%
100% —
A. chroococcum 9.346¢ 11.210°¢ 63.20"° 16.04%
KF + A. chroococcum 9.965" 12.152% 66.08" 16.62%
Mean 9.453% 11.449° 63.71° 15.40°

KF: Potassium fulvate.
a to h Differences between values having the same high script in each column are not significant at P 0 0.05.
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Micronutrients contents

Data in Table 5 manifested the contents (mg
kg') of the determined micronutrients (Fe, Mn,
and Zn) in grains and straw of wheat plants
(Giza 171 variety). The applications of KF or
A. chroococcum alone or in combination led to
significant increases of Fe, Mn and Zn contents
in grains and straw of wheat plants compared
to the control treatments under all levels of
recommended mineral fertilization. The highest
values of Fe, Mn and Zn contents were recorded
with the combined application of KF and A.
chroococcum, where these contents in grains were:
225.50, 37.50 and 24.50 mg kg, respectively,
but in straw were: 101.50, 14.25 and 21.00 mg
kg, respectively with 100 % of recommended
mineral fertilization treatments. These results are
in lines with Bocanegra et al. (2006) and Yang et
al. (2013) whose they concluded that, the fulvic
acids had the capacity to chelate nutrients and
move through membranes, consequently had
suggested that the fulvic acids may play similar
roles as natural chelators in the mobilization and
transport micronutrients.

Grain protein content

Data recorded in Table 4 demonstrated that
grains protein content of wheat plants (Giza
171 variety) was increased significantly by the
aforesaid treatments with a comparison with
the unfertilized plants. Also, treatments of KF
+ A. chroococcum as in combination treatment
significantly augmented grain protein content
more than that individually treatments by
KF or A. chroococcum under 60, 80 and 100
% of recommended mineral fertilization. In
addition, the addition of 100% recommended
mineral fertilization (NPK) gave a high grain
protein content and surpassed the other mineral
fertilization treatments for all treatments of KF
and 4. chroococcum.

The obtained results in the present study
indicate that, the dual application of KF and
Azotobacter chroococcum had a high capacity to
promote the fresh and dry matter yields, contents
of both macro- and micronutrients (N, P and K)
and (Fe, Mn and Zn) in shoots, grains and straw
of wheat plants, chlorophyll and carotenoids
pigments and dehydrogenase activities, at all
experimental treatments. Those findings might be
due to the high potential of such isolates for IAA
production, nitrogenase activity and solubilization
P (El Zemrany et al., 2015). Also, these treatments
produced the highest fresh and dry matter yields
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of wheat plants as well as the contents of macro-
and micronutrientsi.e. (N, P and K) and (Fe, Mn
and Zn) (Fig. 1 and Tables 2 to 5). This could be
referred to as local changes in root morphology
and biomass, i.e. larger numbers of tips extending
surface within the rhizosphere and augmentation
of'the polysaccharide enrichment of the inoculated
roots, as compared to the unamended controls (El
Zemrany et al., 2006 and 2007). These promotive
effects of potassium fulvate and A. chroococcum
could stimulate plant growth, absorption of
nutrients and their efficiency, as well as the
metabolism of photosynthates. These results
stand in accordance with those obtained by Verma
et al. (2010). Silva et al. (2016) observed that,
fulvic acid easily binds or chelate minerals such
as iron, calcium, copper, zinc and magnesium, as
it can deliver these elements to plant directly. It is
also important to mention that the4. chroococcum
DSM 2286 may help the plants to save their
requirements from nitrogen at the beginning of
the plant life until the first addition of mineral
nitrogen fertilizer. These in turn reflect an
increase in dry matter accumulation, chlorophyll
pigments and dehydrogenase activities, grain
and straw yields. The application of KF and A.
chroococcum amendments along with the mineral
fertilization provided a favorable environment for
rapid microbial growth which caused a greater
increase in nutrient availability of these soils and
results are well corroborated with some previous
findings. These results are in conformity with
the findings of Bharali et al. (2017). Taha et
al. (2016), revealed that, the addition of humic
substances (humic and fulvic acid) significantly
increase the plant growth and mineral contents
of a lettuce plant especially when increasing the
application dose.

Conclusion

According to the obtained results, it can be
concluded that under 80% of the recommended
mineral fertilization (NPK), the dual application of
KF + Azotobacter chroococcum as in combination
treatment is considered a recommended treatment
in the cultivation of wheat plants (Giza 171 variety)
at Nile Delta due to it resulted in high yield, quality
and reducing the environmental pollution as a result
from reducing the additions of mineral fertilizer
with organic and biofertilization one.
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