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Abstract 

Background:  The heavy use of conventional mineral fertilization considerably increased wheat growth and yield 
components. However, the excessive nitrogen fertilization accounts for large expenses on farmers’ budget and has 
negative environmental drawbacks to soil and water ecosystems. Recently, establishing wheat plants associations 
with a variety of N2-fixing cyanobacteria and/or growth promoting microorganisms in farming systems as nutrients 
source is seen as ecofriendly and economically feasible solution.

Results:  In this work, the influence of different nitrogen (N) levels (100% N, 75% N, and 50% N as urea) and cyano‑
bacteria (Cy) and/or yeast (Y) inoculation each alone or both in combination with different nitrogen levels were 
assessed on two different wheat (Triticumae stivum L.) genotypes (Sids-14 and Giza-171) through field experiments 
over two consecutive seasons (2019/2020 and 2020/2021). Although, the full recommended dose (FRD) (100% N) 
showed the highest chlorophyll (Chl) a, b content during tillering stage, grains quality (NPK-uptake, protein%), and 
wheat yield components in both genotypes. The integrated inoculation of cyanobacteria and yeast with 50% N, 75% 
N-fertilization enhanced wheat growth characteristic (Chl a,b) and upgraded soil microbial community (nitrogenase 
activity and CO2 evolution) in Sids-14 and Giza-171. Cy combined with Y and partial N-fertilization levels enhanced 
NPK-uptake Kg/fed and protein% in wheat grains in the two wheat genotypes. Moreover, this combination recorded a 
wheat yield components (plant height, number of spikes/m2, number of grains/spike, 1000 grains wt (gm) and grains 
yield (tonne/fed) insignificantly different from those obtained by FRD in wheat cultivation.

Conclusion:  The integrated application of cyanobacteria with yeast and 50% N or 75% N-fertilization improved soil 
fertility index and promoted NPK- uptake, protein% and wheat yield components, showing comparable values to 
conventional chemical fertilization. Cyanobacteria combined with yeast inoculation had socio-economic benefits as  
it can save about 25–50% of the required mineral nitrogen fertilizers for wheat crop production.
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1 � Background
Wheat accounts for 33.5% of total world food grain pro-
duction and is a significant source of carbohydrate and 
protein in the human diet, wheat straw also is one of 

the major sources of animal fodder. The recent report of 
USDA in 2021 indicated that the estimated wheat pro-
duction in Egypt reached 9.0 million metric tonnes in 
2021/2022 from an average area 1.4 million hectare [1]. 
However, population growth resulted in a progressive 
local consumption of wheat in food and industrial use. 
Therefore, government seeks to increase production 
area through introducing new varieties with high grain 
yields, optimizing fertilization’s practices and planting 
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methods that can significantly increase the wheat pro-
duction per unit area [2].

In modern agriculture, wheat production has been 
traditionally improved by using specific ratios of min-
eral fertilizers such as nitrogen and phosphorus [3]. 
However, the frequent application of chemical fer-
tilizers imposes multiple ecological risks through 
denitrification, volatilization and leaching of these 
agrochemicals into soil and water webs. Moreover, 
the extensive use of mineral N as NH4+ (ammonium) 
induces toxic effect to plant by decreasing ATP produc-
tion and disrupts the development of many important 
plants  [4]. Thus, finding viable alternatives as nutrient 
supplements is  a serious demand [5, 6]

Recently, cyanobacteria-based biofertilizers are gain-
ing much concern as a viable alternative to conven-
tional chemical fertilizers. The remarkable returns of 
biofertlizers application include enhanced crop yields 
per unit area in a relatively short time, low energy con-
sumption and minimum level of soil and water contam-
ination. Besides increasing soil fertility and biological 
control of some soil borne plant pathogens through 
stimulated antagonism [7]. Among myriads of nitro-
gen (N2)-fixing microorganisms, cyanobacteria are one 
of the most efficient N2-fixers in a diverse agricultural 
soils [8]. The free-living cyanobacteria can fix 10–30 kg 
of N/ha/year besides the added organic matter to soil 
rhizosphere. Thereby, they are considered as a key com-
ponent of naturally available biofertilizers [9].

Cyanobacteria have been demonstrated to produce 
a wide array of secondary metabolites such asplant 
growth regulators (PGR) (cytokinin and indole-
3-acetic acid) [10], polysaccharides, vitamins [11, 12], 
amino acids [13, 14], and antimicrobial agents [15]. 
These extracellular substances significantly contribute 
in plant growth improvement and subsequent yield. 
Cyanobacteria induce plant growth by increasing avail-
ability of macronutrient elements such as nitrogen (N), 
phosphorus (P) and potassium (K) as well as essential 
elements to plant or through upgrading levels of plant 
hormones [16, 17].

Nostoc is a widespread heterocystous filamentous 
cyanobacterial genus has great potential of N2 fixation 
under variable ecological and agricultural conditions 
[9]. Nostoc can establish N2-fixing symbiotic association 
with broad range of host plants such as liverworts and 
hornworts [18], or form a free-living (non-symbiotic) 
association. Creation of artificial association between 
Nostoc strains and rice plant revealed a positive chemo-
taxis of Nostoc toward plant roots [19]. Nostoc musco-
rum and Nostoc commune were also found to produce 
a wide range of beneficial and bioactive substances to 
plant growth [9, 14]. Consequently, many trials have been 

made to form intact associations between the free-living 
N2-fixing cyanobacteria and wheat plant [20–22].

The yeast species Saccharomyces cerevisiae is an eco-
friendly and natural biological stimulator for plant 
growth. Previous reports elucidated the high efficiency of 
yeast extract to increase plant growth, yield components 
and grains quality of different crops such faba bean [23], 
rice [24], sugar beet [25] and maize [26]. As a result, the 
development of biofertilizers using a combination of two 
or more microorganisms such as cyanobacteria-bacteria 
or bacteria-bacteria has been found to enhance wheat 
height, dry weight, and grains yield [16, 17, 21, 27]. How-
ever using cyanobacteria-yeast association with different 
N-levels is still uncovered. Therefore, this study aims to 
(1) explore the effect of cyanobacteria and yeast inocu-
lation, either each applied alone or both in combination 
with different N-levels on wheat growth, grains quality 
and wheat yield components. (2) to reduce the environ-
mental risk induced by excessive mineral nitrogen used 
in wheat cultivation. (3) to explore the effect of both 
cyanobacteria and yeast inoculation on soil fertility sta-
tus through measuring nitogenase activity as N2-fixation 
index, and CO2 evolution as an indicator of soil microbial 
activity.

2 � Methods
2.1 � Experimental design and field preparation
The field experiments were conducted at Sids Agricul-
tural Research Station, Agricultural Research Center, 
Beni-Suef Governorate, Egypt (Latitude: 29º 04  N, 
Longitude: 31º05 E) during two consecutive seasons 
(2019/2020 and 2020/2021). The initial soil analyses 
of the experimental area during two seasons indicted 
slightly alkaline clay soil, pH (7.96 and 7.83) with low 
organic matter (1.6 and 1.8%), low salinity (1.02 and 1.15 
dS/m), and available nitrogen contents (22.1, 16.6  µg/g 
soil) [28].

To study the effect of both cyanobacteria (Cy) and 
yeast (Y), Saccharomyces cerevisiae inoculation each 
applied alone or both in combination with the mineral 
fertilization on two different genotypes of wheat plant 
(Triticumae stivum cv. Sids 14and Giza 171). The experi-
mental field was prepared by plowing and puddling, and 
then divided into 60 plots (2 m × 1 m each) to represent 
10 different treatments for each wheat genotype in three 
replicates. The experiment plots were laid out in ran-
domized complete blocks design. All agronomic prac-
tices were kept uniformly according to the Crop Field 
Research Institute, Agricultural Research Center (Fig. 1). 
Urea (46.5% N) was used as mineral nitrogen fertilizer, 
and was applied according to the requirement of each 
treatment. Where the full recommended nitrogen  dose 
(100% N) is (180  kg/ fed N), 75% N (135  kg/ fed) and 
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50% N (90  kg/fed). The biological amendments, Cy, Y, 
and their combination with mineral fertilization (75% N, 
50% N) are represented by different seven treatments for 
each genotype. Super phosphate (15.5% P2O5) as phos-
phorus source (30 kg/fed) and potassium phosphate (48% 
K2O) as source of potassium (50 kg/fed) were uniformly 
applied to all plots.

2.2 � Preparation of the microbialinoculants
Cyanobacteria inoculation (Cy) consists of a microalgal 
mixed culture of Nostoc spongiaeforme EMCCN 3074, 
Nostoc mucorum EMCCN 3075 and Nostoc commune 
EMCCN 3076, and yeast inoculation (Y) of Saccharo-
myces cerevisiae were used as biological amendments. 
Both cyanobacterial and yeast inoculation were applied 
twice as soil drench at the rate of 119 L/ha (50 L/fed) 

after 30 and 55 days of sowing wheat seeds. The cyano-
bacteria strains were isolated from Egyptian agricultural 
lands and were identified using molecular tools [29]. The 
microalgal strains were deposited in the Egyptian Micro-
bial Culture Collection Network (EMCCN) at Agricul-
tural Research Centre, Giza, Egypt. The cyanobacterial 
strains were maintained and propagated in liquid BG110 
medium [30] until the stationary phase, and the micro-
algal mixed culture was done by mixing equal volumes 
from each species. The commercial baking yeast Sac-
charomyces cerevisiae was propagated in standard yeast 
medium (10  g/L yeast extract, 20  g/L peptone, 200  g/L 
D-glucose), and was incubated for 48 h at 30 °C to ensure 
the required cell viable count (109 cfu/ml).

2.3 � Soil microbial activity
2.3.1 � CO2 evolution
The soil microbial activity represented by CO2 evolution 
was evaluated in rhizosphere of wheat soil after 65 days 
of plant growth using the method of Pramer and Schmidt 
[31]. In 500 ml serum bottles tightly closed with rubber 
stoppers, ten grams from soil samples were fitted into 
a cylindrical polyethylene bag and hanged over a mix-
ture of 100  ml, 0.05  N NaOH and 3  ml 50% ml BaCl2, 
and incubated at 30  oC for 3  days. The amount of CO2 
in mg/100  g soil was deduced by titrating the residual 
NaOH with 0.05 N HCl (1 ml HCl = 1 mg CO2). A con-
trol bottle without soil sample was used as blank.

2.3.2 � Nitrogenase activity
The activity of nitrogenase enzyme, as indicator of free 
living N2-fixation potential in rhizosphere of wheat soil 
(µmole C2H4/g dry soil /h) was determined according the 
method described by Dilworth [32]. Briefly, 15 gm from 
each soil sample was homogenized with 2 ml, 10% glucose 
to activate soil microbes [33]. Soil samples were placed 
separately in 100 ml serum bottles stoppered with tight 
rubber silicon caps and were incubated at 30 °C for 24 h. 
10% (v/v) of head space gas was replaced by equal volume 
of acetylene gas (C2H2) by aid of sharp needle syringes. 
The injected bottles were re-incubated for another 4  h. 
One ml from the head space gas was analyzed to deter-
mine the content of developed ethylene gas (C2H4) by 
gas chromatography (Hewlett Packard, HP 5890 series 2 
plus) fitted with dual flame detector and capillary colum1 
(cross linked Al2O3) 50 m × 0.53 cm × 15.0 µm film thick-
ness. The applied temperature of injector, column and 
detector was 170  oC, 120  oC and 170  °C, respectively. 
Flow gas rate was 10 ml/min. Ethylene–air mixture was 
used for generation of standard ethylene curve. Results of 
N-ase activity were calculated as ethylene produced/gdry 
soil/ hr.

Fig. 1  Randomized complete blocks design of the field experiments 
on integrated biofertilization effects on growth and productivity of 
wheat plant A: after 3 weeks of germination, B: tillering stage and C: 
heading and flowering stage
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2.4 � Plant analyses
2.4.1 � Pigments content
At the vegetative growth stage, after 65  days of growth, 
random samples of three plants from each plot were col-
lected. The pigment contents (chlorophyll a,b and carot-
enoids) were determined according to Lichtenthaler 
[34]. 50 mg from middle leaf tissue was soaked in 10 ml 
acetone 80% (v/v), samples were frozen for 48 h in dark-
ness. The pigment extract was separated by centrifuga-
tion for 10  min at 3000  rpm, chlorophyll (Chl) a,b and 
carotenoids contents (mg/g fresh wt) were determined 
by measuring absorbance at 663  nm and 647 nm and 
470 nm using the following equations.

2.4.2 � Determination of nitrogen, phosphorus and potassium 
(NPK) uptake

At harvest stage, wheat plants were cut just above the soil 
surface, plants were oven dried at 70 °C up to a constant 
dry weight. Percentages of NPK in wheat grains were 
determined using the Kjeldahl method as described by 
Jackson [35]. 0.5 g of grinded wheat grains were digested 
by a mixture of concentrated sulfuric acid and perchlo-
ric acid (1:1, v/v) under 400  °C in the electrical digestor 
(2020 Tecator analytical company). Samples were then 
cooled down and diluted by distilled water to a  know 
volume up to 100  ml. The digested solutions were used 
for the determination of NPK% in grains which were 
then used in calculating the N, Pand K-uptake (Kg/fed) 
according to Yoshida [36]. Nitrogen content was meas-
ured by transferring 10  ml of the digested samples to 
the distillation tubewith 20 ml of 40% NaOH in distilling 
unit (Kjeltec system 1002, Tecator). The steam of distilled 
ammonia was trapped in 100-ml flask containing 10  ml 
Boric acid (pH 5.0). The absorbed ammonia content was 
determined by titration against N/70 HCl. Phospho-
rus was determined by measuring the absorbance of the 
formed complex of ammonium phosphomolybdate with 
SnCl2 at 640  nm[37] using spectrophotometer (Spec-
tronic 21D), KH2PO4 was used to generate a standard 
phosphorus curve. Potassium was measured by the flame 
photometer as described by Jackson [35] using Jenway 
flame photometer (PfP7, UK). Protein content was deter-
mined by using nitrogen-to-protein conversion factors 

Chla

(

mg

g

)

= 12.25(A663)− 2.79(A647)

Chlb
mg

g
= 21.50(A647)− 5.10(A663)

Carotenoids

(

mg

g

)

=

(

1000(A470)−1.82[Chla]− 85.02[Chlb]
)

198

(NPCF, 5.7) according to Jones [38]. A blank-free sample 
was done for every analysis, and all measurements were 
conducted in 3 independent replicates.

2.5 � Wheat yield components
Plant samples in 1.0 m2 were randomly selected from 
each plotat harvest stage to determine plant height (cm), 
number of spikes/m2, number of grains/spike, weight of 
1000 grains wt (gm) and grains yield (tonne/fed).

2.6 � Statistical analyses
The obtained data were   statistically analyzed using 
analysis of variance procedure according to Gomez and 
Gomez [39]. Means were compared using Gen-Stat soft-
ware at 5% level of probability.

3 � Results
3.1 � Effects of biofertilizers on N2‑fixation efficiency 

and soil microbial activity
The interactive effects of cyanobacteria and yeast either 
each inoculated alone or both in combination with differ-
ent levels of mineral nitrogen fertilization on soil micro-
bial activity (e.g., nitrogenase activity and CO2 evolution) 
are shown in Table (1). Compared to FRD (100% N), the 
biological amendment with cyanobacteria significantly 
increased nitrogenase activity (N-ase) and CO2 evolu-
tion in soil rhizosphere of the two wheat genotypes. For 
instance, N50 + Cy and N75 + Cy significantly increased 
(P ≤ 0.05) N-ase activity in Sids-14 by 576% and 688%, 
and in Giza-171 by 1508% and 1427%, respectively, during 
1st season. Similarly, N-ase activity was found to consid-
erably increase in Sids-14 (196% and 202%) and in Giza-
171 (100% and 93.2%) during 2nd season. Furthermore, 
the integrated biofertilization using N50 + Y + Cy and 
N75 + Y + Cy showed the highest increase in N-ase 
activity in Sids-14 (710%, 1258%) and Giza-171(5047%, 
3345%) at the 1st season, and also at 2nd season in 
Sids-14 (270%, 279%) and Giza-171(141%,124%). 
N50 + Y + Cy and N75 + Y + Cy significantly increased 
CO2 evolution in soil rhizosphere of Sids-14 (58%, 56%) 
and Giza-171(151%, 80%) at the 1st season, and in Sids-
14 (71%, 74%) and Giza-171(85%,72%) at the 2nd season. 
Although cyanobacteria amendment increased the soil 
microbial activity, however, the integrated application of 
cyanobacteria with yeast had the highest inductive effects 
on N2-fixation process and the soil microbial activity of 
the two wheat genotypes through field experiments.

3.2 � Effects of biofertilizer on wheat growth
Nitrogen is a structural element of chlorophyll mol-
ecules and affects its accumulation in the plant leaves. 
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Our results indicated that the Chl a,b contents were pro-
gressively decreased with reduction in applied mineral 
nitrogen levels (N 100˃N75˃N50%). The FRD resulted 
in high pigmentation patterns in Sids-14 and Giza-171 
genotypes over the two seasons. Meanwhile, integrated 
biofertilization (N50 + Y + Cy and N75 + Y + Cy) sig-
nificantly increased Chl a, b contents in two wheat 
genotypes when compared with individual Cy or Y treat-
ments. Integrated biofertilization had statistical insignifi-
cant results (P ≤ 0.05) compared to FRD, and sometimes 
Chl a, b values surpassed those obtained by 100% N (e.g., 
Chl a of Sids-14 during 2nd season, Chl b of Sids-14 dur-
ing 1st and 2nd and Chl b of Giza-171 at 2nd season). 
On contrast, the individual biological treatments such as 
Cy, N50 + Cy, N75 + Cy, N50 + Yand N75 + Y marginally 
decreased Chl a contents in Sids-14 by 6.3–31.3% at 1st 
and 2nd season. Similar results were also found in Giza-
171 where Cy, N50 + Cy, N75 + Cy, N50 + Y and N75 + Y 
decreased Chl a contents by 6.3–43.8 at 1st and by 6.25 
at 2nd season. At the level of genotype, slight fluctuations 
were observed in Chl a, b contents of each wheat strain 
during 1st and 2nd seasons, and both showed compara-
ble pigmentation patterns in response to biofertilization 
(Table 2).

3.3 � Influence of biofertilizer on wheat grain quality
NPK-uptake by wheat grains implies quality of wheat 
grains. As anticipated, FRD resulted in the highest NPK-
uptake (Kg/fed) in the two genotypes over the 1st and 
2nd seasons. Results indicated that the NPK-uptake was 
significantly decreased with decreasing of applied min-
eral nitrogen levels (N 100%˃ N 75%˃N 50%). Our results 
also indicated that the treatment with Cy as a sole biofer-
tilizers or yeast with partial mineral nitrogen fertilization 
(e.g., N50 + Y, N75 + Y) induced remarkable decreases in 
NPK-uptake of wheat grain in both genotypes. However, 
the integrated biofertilization of cyanobacteria and yeast 
with partial mineral nitrogen fertilization showed simi-
lar and insignificant values of NPK-uptake obtained by 
100% N (Table 3). Among seven biological amendments, 
N75 + Y + Cy recorded the highest averages of NPK-
uptake of wheat grains in Sids-14 (52.8, 7.7 and 15.9 kg/
fed) and in Giza-171 (63.9, 11.3 and18.9  kg/fed) during 
1st season. The efficiency of N75 + Y + Cy was also con-
firmed by results of 2nd season where NPK-uptake was 
53.1, 7.6 and 15.1  kg/fed in Sids-14 and 64.1, 7.7 and 
17.6 kg/fed in Giza-171.

Protein content of wheat grains supported the results 
of photosynthetic pigments, and indicated a significant 
positive relationship between protein content and N-fer-
tilization. The highest protein content in wheat grains 
was detected at 100% N as well as under treatments of 
integrated biofertilization. Giza-171 showed the highest 

protein content (10.2%, 10.5%) at the 1st season and 
(10.0%, 10.3%) at the 2nd season under N50 + Y + Cy and 
N75 + Y + Cy treatments, respectively.

3.4 � Influence of biofertilizers on wheat yield components
The interactive effect of inoculation with cyanobacte-
ria (Cy), yeast (Y) and mineral fertilization on wheat 
yield components is shown in Tables  4 and 5. Results 
indicated that crop growth indices during stage of veg-
etative growth (e.g., heading, plant height and number 
of spikes/m2 were N-level dependent. Reducing mineral 
nitrogen fertilization by 75% N significantly decreased 
plant height, and this reduction was more pronounced at 
50% N in Sids-14 (14.5%, 6.4%) and in Giza-171 (13.1%, 
11.2%) at 1st and 2nd season. On the other hand, treat-
ment with Cy as a sole biofertilizers or N50 + Y remark-
ably decreased plant height in Sids-14 (12%, 11%) at 1st 
season and (10.3%, 7.3%) at 2nd season, and in Giza-171 
(9.3%, 14%) and (3.7%, 6.5%)  at 1st and 2nd seasons, 
respectively, when compared with FRD. Contrarily, the 
integrated biofertilization represented by N50 + Y + Cy 
and N75 + Y + Cy showed comparable results of plant 
heights with that of 100% N which, attained the highest 
plant height.

Results of number of spikes/m2 interpreted the level 
of soil nitrogen content, and showed similar pattern to 
previous results. Where 75% N significantly decreased 
number of spikes/m2 and this reduction was further 
strengthen by 50% N in Sids-14 (26.8%, 31.2%) and in 
Giza-171 (20.2%, 14.2%) during 1st and 2nd seasons.

Treatment with Cy as a sole biofertilizers or N50 + Cy 
and N50 + Y was also not enough for wheat growth and 
significantly decreased number of spikes/m2 in Sids-14 
(23%, 14.5% and 16.2%) in the 1st season and (30%, 16% 
and 23%) in the 2nd season. Giza-171 exhibited also 
a comparable reduction patterns of spikes/m2 (15.8%, 
6.4% and 13%) at 1st season and (10.2%, 0.7% and 6.1%) 
at 2nd season. On contrast, the integrated inoculation of 
N50 + Y + Cy and N75 + Y + Cy significantly enhanced 
the number of spikes/m2 compared to individual treat-
ments of Cy or Y alone, and showed equivalent results 
to those of 100% N particularly at 2nd season for both 
genotypes.

At the harvest stage, results of wheat yield index rep-
resented by number of grains/spike, weight of 1000 
grains and grains yield (tonne/ fed) were consistent 
with the photosynthesis and growth indices results, 
and reflected the positive relationship between wheat 
yield components and N-fertilization levels (Table  5). 
Treatment with 100% N recorded the highest number 
of grains/spike, weight of 1000 grains and the greatest 
wheat yields for both Sids-14 and Giza-171 over two 
seasons. However, 75% N treatment decreased number 
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of grains/spike, weight of 1000 grains and wheat yields, 
this reduction was more pronounced under 50% N level 
in Sids-14 (38%, 3.8% and 18.6%) at the 1st season and 
(21.3%, 10.1% and 23.3%) at the 2nd season. Giza-171 
also showed a similar reduction patterns (28.7%, 16.7% 
and 24.9%) at 1st season and (21.2%, 17.4% and 31.5%) 
at 2nd season. At the level of genotype, Giza-171 was 
more vulnerable to N-level deficiency and showed 
higher reduction percentages of number of grains/
spike, weight of 1000 grains and wheat yields (tonne/
fed) when compared to Sids-14.

On the other hand, treatment with Cy as a sole 
biofertilizer significantly decreased number of grains/
spike, weight of 1000 grains and wheat yield in Sids-
14 (29%, 1.8% and 25.7%) during the 1st season and 
(18.7%, 10.7% and 31.2%) in the 2nd season, and also 
in Giza-171 (29.9%, 12.2% and 30.1%) at 1st season 
and (27.1%, 12.3% and 23.5%) at 2nd season. Similarly, 
N50 + Cy and N50 + Y did not fulfill nitrogen require-
ment needed for wheat growth and resulted in signifi-
cant decreases in number of grains/spike, weight of 
1000 grains and wheat yields in the two wheat geno-
types. The integrated biofertilization of N50 + Y + Cy 
and N75 + Y + Cy significantly enhanced number of 
grains/spike, weight of 1000 grains and wheat yields 
compared to individual treatments of Cy or Y alone. 
Moreover, both genotypes treated with N50 + Y + Cy 
and N75 + Y + Cy showed wheat yields (tonne/fed) sim-
ilar to those of 100% N over two seasons.

At scale of genotype, Sids-14 treated with N50 + Y + Cy 
showed significant yield components (number of grains/
spike, weight of 1000 grains and wheat yields) compared 
to Giza-171 over 1st and 2nd season.

4 � Discussion
4.1 � Integrated biofertilization increased N2‑fixation 

efficiency and soil microbial activity
The remarkable increases in N-ase activity and CO2 
evolution after treatment with cyanobacteria indicated 
their effective role in N2-fixation process. Which can be 
further strengthen through using a mixed treatments 
of cyanobacteria with yeast due to existence of growth 
promoting producer microorganisms in farming systems 
(Table 1). A similar finding has been reported by Ghazal 
et al. [16] where the integrated application of cyanobac-
teria with Rhizobium radiobacter significantly increased 
soil microbial community with Azotobacter spp. and 
Azospirillum spp. and increased number of N2-fixing 
cyanobacteria which led to a  consecutive increasing in 
CO2 evolution and dehyderogenase activity. Cyanobac-
teria and yeasts have been elucidated to produce phyto-
hormones and extracellular bioactive substances such 
as enzymes, polysaccharides, phenolic compounds and 
organic acids  which help in improving soil microbial 
activity and soil health [40, 41]. In the present study, we 
observed that increasing the nitrogen levels to 100% N 
significantly decreased N-ase activity and CO2 evolu-
tion we attributed that to suppressing the number of 

Table 1  Soil biological activity after 65 days from wheat growth as affected by cyanobacteria (Cy), yeast (Y) inoculation and nitrogen 
fertilization (N; nitrogen dose). The color scale pattern was generated in Excel, lower values are denoted in yellow color, whereas higher 
values are depicted by a green color. Each value is mean of 3 independent replicates ± SE

Nitogenase activity C2H4/g dry soil/h  CO2 mg/100 g soil
2019 2020 2019 2020

Treatments Sids 14 Giza 171 Sids 14 Giza 171 Sids 14 Giza 171 Sids 14 Giza 171
N100 1.3±0.2 1.0±0.1 13.7±1.2 16.1±1.7 75.3±3.7 70.0±5.0 68.0±4.7 66.0±5.8
N75 8.1±0.5 7.2±0.9 23.9±1.7 18.8±1.7 73.3±4.4 73.7±8.4 69.0±3.5 67.3±6.7
N50 9.1±1.2 9.7±1.5 38.2±2.7 27.8±1.7 53.3±5.6 66.7±3.4 71.0±2.9 79.0±12.8
Cy 6.9±1.4 7.3±0.6 37.3±1.4 28.2±8.9 103.3±17.7 80.0±11.4 81.0±7.2 85.7±9.4
N50+ Cy 8.5±0.1 16.8±1.8 40.6±2.1 32.2±2.7 111.0±5.2 107.3±6.9 113.7±4.7 111.0±6.1
N75+Cy 9.8±1.6 16.0±1.8 41.4±1.2 31.1±0.1 106.0±23.5 92.7±9.8 91.3±3.8 98.3±4.9
N50 + Y 3.6±0.5 5.1±0.5 26.1±1.7 12.8±1.7 103.3±22.2 96.7±21.4 84.3±10.4 99.0±9.3
N75+Y 3.7±0.1 5.9±0.8 10.2±1.2 8.4±0.7 71.7±17.7 94.3±18.2 90.0±11.7 95.3±19.4

N50 + Y +Cy 10.1±1.4 53.8±10.5 50.7±0.9 38.9±8.5 118.7±5.5 175.5±4.6 116.0±4.2 122.0±10.5
N75+Y+Cy 17.0±2.0 36.0±3.0 51.9±1.2 36.1±2.3 114.3±3.5 132.3±12.9 120.0±2.1 116.0±4.0
LSD 5% Genotypes 2.27 2.86 11.6 7.6

LSD 5% Treatments 5.07 6.39 25.8 17

LSD 5% G x T 7.17 9.04 36.5 24
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free-living nitrogen fixing microorganisms in soil. Appli-
cation of urea-N significantly decreased nitrogenase 
activity of the N2-fixing cyanobacterium Stenotropho-
monas maltophila with a dose-dependent manner, and 
completely inhibited at 300 mg/L [42].

4.2 � Integrated biofertilization increased wheat growth 
and improved grains quality

Cyanobacteria association with yeast and partial 
N-fertilization increased Chl a, b contents in both 
wheat genotypes (Table  2). Our result is in accord-
ance with Abdel- Rahman et  al. [23] and Agamy et  al.
[25] where, the stimulating effect of yeasts (Saccharo-
myces sp.)  on Chl a and b is due to increasing photo-
synthetic efficiency. Cyanobacteria-wheat association 

significantly contributed in improving wheat growth 
characteristics and grain weight due to the high phy-
tostimulation potential of cyanobacteria besides their 
high efficiency in N2-fixation [10]. In the present study, 
cyanobacteria association with yeast and partial  N-fer-
tilization  (N50 + Y + Cy and N75 + Y + Cy) significantly 
contributed in increasing protein% and NPK-uptake in 
wheat grains of Sids-14 and Giza-171 (see Table 3).

Yeast-based biofertilization increased photosynthetic 
pigments, vegetative growth characteristics and induced 
protein, sugars, free amino acids and carbohydrate con-
tents in faba bean, sugar beet and corn [23, 25, 43]. A 
yeast species Williopsis saturnus was found to endophyti-
cally produce two auxins molecules indole-3-acetic acid 
and indole-3-pyruvic acid when inoculated to Zea mays 

Table 2  Interactive effect of cyanobacteria (Cy), yeast (Y) inoculation and mineral fertilization (N; nitrogen dose) on pigments content 
of wheat plant after 65 days of germination during two consecutive seasons 2019 and 2020. The color scale pattern was generated 
in Excel, lower values are denoted in yellow color, whereas higher values are depicted by a green color. Each value is mean of 3 
independent replicates ± SE

Chl a (mg/g fresh wt) Chl b (mg/g fresh wt) Carotenoids (mg/g fresh wt)
2019 2020 2019 2020 2019 2020

Sids 14 Giza-171 Sids 14 Giza-171 Sids 14 Giza-171 Sids 14 Giza-171 Sids 14 Giza-171 Sids 14 Giza-171
N100 1.6±0.22 1.6±0.03 1.6±0.05 1.6±0.01 1.5±0.12 1.4±0.03 1.1±0.05 1.0±0.01 0.5±0.01 0.4±0.01 0.4±0.03 0.5±0.01
N75 1.4±0.0 1.5±0.03 1.4±0.05 1.4±0.04 1.4±0.01 1.3±0.03 1.0±0.05 0.9±0.04 0.4±0.02 0.4±0.01 0.4±0.02 0.4±0.01
N50 1.3±0.09 1.4±0.15 1.4±0.02 1.4±0.02 1.3±0.09 1.3±0.15 0.8±0.02 0.9±0.0 0.4±0.0 0.4±0.01 0.4±0.02 0.4±0.03
Cy 1.5±0.11 1.4±0.08 1.1±0.06 1.5±0.08 1.6±0.06 1.4±0.08 0.7±0.05 1.0±0.04 0.3±0.0 0.4±0.01 0.3±0.02 0.4±0.02
N50+ Cy 1.3±0.14 1.4±0.12 1.6±0.04 1.6±0.06 1.3±0.11 1.4±0.12 1.1±0.07 1.1±0.02 0.4±0.01 0.5±0.01 0.5±0.0 0.5±0.02
N75+Cy 1.4±0.09 1.0±0.15 1.8±0.04 1.5±0.13 1.3±0.08 1.0±0.15 1.3±0.03 1.0±0.11 0.4±0.01 0.4±0.01 0.5±0.02 0.5±0.04
N50 + Y 1.1±0.01 0.9±0.18 1.5±0.06 1.6±0.02 1.3±0.05 1.2±0.18 1.0±0.03 1.0±0.04 0.3±0.0 0.4±0.01 0.4±0.01 0.4±0.01
N75+Y 1.5±0.08 1.5±0.08 1.6±0.04 1.5±0.07 1.5±0.08 1.6±0.08 1.2±0.07 0.9±0.07 0.4±0.02 0.4±0.0 0.5±0.05 0.4±0.02

N50 + Y +Cy 1.7±0.09 1.6±0.12 1.8±0.04 1.6±0.03 1.7±0.10 1.5±0.12 1.3±0.15 1.5±0.23 0.5±0.02 0.4±0.01 0.4±0.01 0.3±0.01
N75+Y+Cy 1.6±0.21 1.6±0.11 1.7±0.12 1.5±0.06 1.8±0.24 1.5±0.11 1.2±0.08 1.3±0.27 0.5±0.0 0.4±0.01 0.4±0.04 0.4±0.02
LSD 5% Genotypes 0.11 0.06 0.11 0.08 0.01 0.02

LSD 5% Treatments 0.24 0.12 0.24 0.17 0.02 0.05

LSD 5% G x T 0.34 0.18 0.34 0.12 0.03 0.07

Table 3  Interactive effect of cyanobacteria (Cy), yeast (Y)  inoculation and mineral fertilization (N; nitrogen dose) on macronutrient 
contents of wheat grains at harvest over 2019 and 2020 seasons. The color scale pattern was generated in Excel, lower values are 
denoted in yellow color, whereas higher values are depicted by a green color. Each value is mean of 3 independent replicates ± SE

N- uptake (Kg/fed) P- uptake (Kg/fed) K- uptake (Kg/fed) Protein (%)
2019 2020 2019 2020 2019 2020 2019 2020

Treatments Sids 14 Giza 171 Sids 14 Giza 171 Sids 14 Giza 171 Sids 14 Giza 171 Sids 14 Giza 171 Sids 14 Giza 171 Sids 14 Giza 171 Sids 14 Giza 171

N100 56.2±11.8 67.4±0.9 62.1±4.9 64.6±7.9 10.8±1.9 14.4±3.6 9.2±0.8 10.2±0.5 17.4±0.5 18.1±0.8 18.2±0.9 18.1±0.5 9.8±2.2 10.6±0.5 9.0±0.3 9.7±1.3

N75 48.1±4.2 50.0±11.4 42.7±2.7 51.8±0.5 10.1±1.8 10.5±1.6 5.7±0.5 6.0±0.3 17.0±1.3 15.9±0.6 13.5±1.9 14.7±1.1 8.2±0.6 8.3±1.6 8.1±1.3 9.5±1.1

N50 34.7±9.9 34.9±1.1 33.0±3.6 51.7±9.4 6.1±0.6 7.0±1.4 4.1±0.3 5.5±0.5 13.3±1.4 12.5±1.1 10.0±1.0 15.3±0.8 7.1±1.8 7.3±0.1 7.7±0.8 9.3±1.6

Cy 30.7±4.4 37.0±6.8 31.9±.3.4 43.6±8.0 5.6±0.5 5.7±0.6 4.5±0.5 5.4±1.2 12.0±0.3 11.9±0.2 11.5±0.5 12.2±1.7 7.0±1.1 8.4±1.6 7.2±0.6 8.6±0.3

N50+ Cy 52.1±11.5 53.8±4.3 47.8±6.6 46.1±3.8 6.6±1.7 6.2±0.8 5.9±0.2 4.2±0.6 15.4±1.8 15.7±2.3 16.2±2.2 13.9±0.9 9.7±1.3 9.1±0.9 8.2±1.3 8.7±0.8

N75+Cy 59.3±4.2 57.5±4.1 47.4±8.0 49.7±7.1 5.8±0.4 7.4±1.9 5.3±0.1 4.7±1.0 16.6±0.3 16.6±1.2 14.1±1.5 14.3±2.0 9.9±0.2 8.9±0.4 8.6±0.5 9.6±0.7

N50 + Y 37.4±6.5 43.1±8.6 47.0±5.4 46.2±3.2 6.9±0.3 7.5±0.9 6.0±0.9 4.9±0.6 12.2±1.5 15.0±1.7 13.9±1.2 12.5±1.6 7.9±1.4 7.6±0.9 8.6±0.5 9.6±0.6

N75+Y 47.6±8.4 52.6±9.7 55.2±4.9 57.2±1.4 6.5±0.9 8.3±1.4 5.7±1.3 5.8±1.2 14.6±1.6 17.3±0.9 16.2±2.4 14.8±1.7 8.9±0.5 8.3±1.7 8.7±0.6 9.7±0.3

N50 + Y +Cy 53.7±9.7 62.2±13.7 52.2±4.1 59.0±11.3 7.2±1.1 9.6±1.2 7.0±0.6 6.6±0.9 15.7±2.1 16.9±0.5 14.7±1.2 13.6±1.5 9.9±0.5 10.2±2.0 9.3±0.4 10.0±1.0

N75+Y+Cy 52.8±7.6 63.9±6.6 53.1±8.4 64.1±7.2 7.7±1.0 11.3±2.0 7.6±1.3 7.7±0.7 15.9±1.3 18.9±2.1 15.1±1.6 17.6±0.7 9.5±0.7 10.5±0.8 8.9±1.0 10.3±1.1

LSD 5% Genotypes 7.4 5.3 1.4 0.7 1.2 1.2 1.1 0.6

LSD 5 Treatments 16.6 11.9 3.0 1.6 2.8 2.7 2.4 1.4

LSD 5%  G x T 23.5 16.8 4.3 2.3 3.9 3.8 3.4 2.0
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roots and led to significant increases in plant growth pro-
file (e.g., dry weights, roots and shoots length)[26].

Thus, we assume that combination of N2-fixing cyna-
nobacteria with yeast as biofertilizer could synergically 
increase availability of macronutrient and micronutrient 
elements beside their photosimulation potential to wheat 
growth. Yeast application has been proved to reduce the 
use of synthetic fertilizers by 20–30% [44, 45].

Our result also showed that application of the FRD 
(180 kg/fed) significantly induced wheat growth, Chl a, b 
contents in leaves and improved grains quality. This find-
ing is supported by results of Rusek et al. [46] and Mus-
sarat et al.[3]. However, from the economic point of view 
the excessive mineral fertilization is not economically 
feasible.

4.3 � Integrated biofertilization increased wheat yield 
components

Results showed that integrated biofertilization signifi-
cantly improved wheat yield components when com-
pared with individual biofertilization (Tables  4, 5). Our 
results are in accordance with Ghazal et  al.[16] where 
combination of cyanobacteria with R. radiobacter and 
different levels of nitrogen fertilization achieved a greater 
grain yield comparable to 100% N and induced the high-
est NPK-uptake in wheat plants either grains and straw. 
Generally, inoculation of N2-fixing cyanobacteria to cere-
als such as wheat and rice has been proven to induce 
N-availability in soil and consequently to plant leading to 
vigor seedlings with optimal yields at harvest stage [10, 
16, 47]. Cyanobacteria-based biofertilization has been 

Table 4  Wheat yield components during vegetative growth stage (heading, plant height (cm) and number of spikes/m2). Wheat crop 
was treated with cyanobacteria (Cy), yeast (Y) and mineral fertilization (N; nitrogen dose) over two consecutive seasons (2019 and 
2020). The color scale pattern was generated in Excel, lower values are denoted in yellow color, whereas higher values are depicted by 
a green color. Each value is mean of 3 independent replicates ± SE

Treatments
Heading (days) Plant height (cm) N of spikes/m2

2019 2020 2019 2020 2019 2020
Sids 14 Giza171 Sids 14 Giza171 Sids 14 Giza171 Sids 14 Giza171 Sids 14 Giza171 Sids 14 Giza171

N100 102±0.9 101±0.3 99±1.5 97±1.7 117±2.9 107±6.0 110±4.5 107±3.3 463±26.0 392±48.8 490±40.7 410±38.4
N75 100±0.3 98±0.0 90±1.0 95±1.7 112±3.3 110±0.0 103±1.7 100±6.0 375±53.6 327±27.8 465±23.1 410±5.0
N50 100±0.3 99±0.9 87±1.0 93±1.0 100±3.3 93±6.0 103±4.4 95±0.0 339±12.7 313±3.0 337±34.0 352±7.3
Cy 98±1.0 99±1.2 93±1.7 93±1.7 103±5.0 97±9.3 98±3.1 92±2.6 357±28.0 330±6.8 343±31.8 368±53.7
N50+ Cy 100±0.7 103±1.7 90±3.8 95±1.7 103±5.8 102±3.3 107±0.0 98±3.7 422±86.4 367±13.0 412±60.6 413±28.9
N75+Cy 100±1.2 102±1.5 87±1.0 97±2.3 107±5.0 103±7.3 107±4.7 97±1.7 426±36.2 331±30.1 435±31.8 413±72.2
N50 +Y 99±0.3 98±1.7 87±2.4 94±1.7 105±7.3 103±5.8 102±2.9 101±1.0 388±25.0 341±20.0 377±58.9 385±10.0
N75+Y 99±0.6 99±0.7 90±1.0 93±1.7 112±5.0 105±10.1 107±2.7 102±4.4 380±30.0 384±28.4 451±46.0 425±58.9

N50 + Y +Cy 102±1.2 102±1.0 87±1.0 95±0.7 117±7.6 107±5.0 107±5.0 100±1.7 422±10.0 370±30.3 479±43.7 429±70.1
N75+Y+Cy 98±0.3 101±0.7 95±1.5 98±1.0 117±7.3 108±4.4 107±3.3 103±4.4 442±27.8 373±37.0 485±63.6 472±63.8
LSD 5% Genotypes 0.50 0.87 1.62 2.0 8.0 8.0
LSD 5% Treatments 1.11 1.94 3.61 5.0 18.0 18.0
LSD 5% G x T 1.57 2.74 5.11 7.0 25.0 26.0

Table 5  Wheat yield componentsat the harvest (number of grains /spike, 1000 grains wt (gm) and grains yield (tonne/fed)). Wheat 
crop was treated with cyanobacteria (Cy), yeast (Y) and mineral fertilization (N; nitrogen dose) over two consecutive seasons (2019 and 
2020). The color scale pattern was generated in Excel, lower values are denoted in yellow color, whereas higher values are depicted by 
a green color. Each value is mean of 3 independent replicates ± SE

Treatments
N of grains/spike 1000 grains wt (gm) Grain yield ton/fed

2019 2020 2019 2020 2019 2020
Sids14 Giza171 Sids14 Giza171 Sids14 Giza171 Sids14 Giza171 Sids14 Giza171 Sids14 Giza171

N100 100±5.2 87±8.0 75±5.7 85±9.7 52±3.0 49.3±1.1 56.5±1.6 53.4±2.4 3.4±0.1 3.6±0.1 3.8±0.2 3.7±0.1
N75 85±2.9 67±5.6 70±6.2 81±15.6 51±0.8 41.8±1.3 56.4±1.4 47.4±2.2 3.3±0.1 3.3±0.2 3.1±0.3 3.0±0.4
N50  62±2.5 62±10.7 59±6.8 67±6.0 50±1.4 41.1±1.0 50.8±1.3 44.1±1.9 2.8±0.2 2.7±0.1 2.9±0.2 2.5±0.1
Cy 71±5.6 61±1.4 61±3.2 62±2.7 48±2.5 43.3±6.4 50.5±1.5 46.8±1.6 2.5±0.1 2.5±0.0 2.6±0.1 2.8±0.4
N50+ Cy 74±7.8 72±2.6 64±5.7 70±6.1 47±1.1 42.8±0.5 49.0±1.2 50.1±2.0 2.7±0.3 3.2±0.3 3.1±0.1 3.1±0.3
N75+Cy 97±7.2 76±6.0 65±3.5 86±2.5 48±1.8 42.6±1.5 53.2±0.9 54.2±2.2 3.6±0.2 3.7±0.1 3.5±0.4 2.9±0.4
N50 +Y 73±5.0 56±4.0 62±4.0 69±1.3 48±0.7 41.4±1.2 51.5±1.1 47.9±1.6 2.7±0.1 2.8±0.4 2.9±0.2 2.8±0.3
N75+Y 82±6.0 78±5.7 71±6.1 78±5.1 52±1.1 45.0±0.5 54.7±0.7 51.2±1.6 3.4±0.5 3.6±0.1 3.6±0.2 3.2±0.0

N50 + Y +Cy 76±2.0 74±6.1 75±2.2 71±3.7 49±1.0 42.6±0.5 53.2±1.2 50.4±0.7 3.6±0.3 3.6±0.2 3.7±0.1 3.4±0.3
N75+Y+Cy 90±5.6 78±7.4 75±3.7 83±3.8 51±0.8 44.2±0.3 53.8±1.2 51.2±2.0 3.5±0.4 3.5±0.1 3.8±0.2 3.6±0.1
LSD 5% Genotypes 1.66 1.83 1.27 0.90 0.11 0.10
LSD 5% Treatments 3.71 4.10 2.83 2.02 0.24 0.22
LSD 5% G x T 5.25 5.80 4.00 2.85 0.35 0.31
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reported also to increased yields of fruits (tomato), leg-
umes and cotton by 5–25% [21, 27, 48, 49]. Similarly, 
application of cyanobacteria with 50% N of mineral fer-
tilizer significantly increased rice yield components (e.g., 
number and weight of grains/ spike and total weight of 
100 grains [38]. Hussain and Hasnain [10] explained the 
high production yield of wheat plant inoculated with 
cyanobacterial species (Chroococcidiopsis sp. Ck4 and 
Anabaena sp. Ck1) to the endogenous phytohormones 
(cytokinin and indole-3-acetic acid) during the plant–
cyanobacteria association in the rhizosphere.

On the other hand, yeast acts as biological stimulator 
to growth due to production of growth promoting sub-
stances, and has high ability to make active association 
with the non-leguminous crops such as rice, sugar beet 
and wheat [24, 25]. Foliar spray using yeast (Saccharomy-
ces cerevisiae) increased rice yield components, improved 
seed quality and decreased seed-borne fungi [24]. Yeasts 
also have high potential to decompose complex organic 
matter residues releasing essential macronutrient ele-
ments (N, P and K) and increase their availability to plant 
[43, 44, 50]. Additionally, the cellular content of yeast 
from macronutrients and micronutrients, and vitamins 
was proposed to have stimulant effect on plant to build 
up dry matters [51, 52]

Previous reports demonstrated the positive effect of 
applied nitrogen levels on wheat yield components [2, 
46]. Where, the maximum N-availability in the soil by 
100% N resulted in the highest heading, plant height, 
number of spikes/m2, number of grains /spike, 1000 
grains wt (gm) and grains yield (tonne/fed). Neverthe-
less, the integrated biofertilization showed similar values 
besides increasing soil fertility which suggests this tech-
nology for sustainable agricultural technology.

5 � Conclusion
Saving of available nitrogen source to wheat plant is a sub-
stantial requirement for optimal crop yield with high grains 
quality. However, chemical fertilization imposes several 
environmental problems. Therefore, seeking for ecofriendly 
and cheap biotechnology-driven methods to supply wheat 
plants with nitrogen requirements is a reasonable solution. 
In the current study, application of integrated inoculation 
of cyanobacteria with yeasts along with partial mineral 
nitrogen fertilization (50% N, 75% N), over two independ-
ent field experiments, significantly increased soil microbial 
activity indices such as nitrogenase activity and CO2 evo-
lution. Compared to individual amendments of cyanobac-
teria or yeast alone, integrated biofertilization significantly 
improved plant growth characteristics (Chl a,b), grains 
quality (NPK uptake and protein%), and increased wheat 
yield components (e.g., plant height, number of spikes/m2, 
number of grains/spike, 1000 grains wt (gm) and grains 

yield (tonne/fed)) in two wheat genotypes. Results of inte-
grated biofertilization are comparable to those obtained by 
FRD with non-significant differences. Cyanobacteria-yeast 
combination with adjusted levels of mineral N-fertilizers 
could provide sustainable, cheap and safe solutions for 
modern agriculture technology, and may lead to sustain-
able economic development.
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