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AGRONOMY (AGRONOMIA)

ABSTRACT: The use of large quantities of mineral fertilizers causes many environmental problems. The aim of this study was to 
study the effect of minerals, organic and bio-fertilizers on yield and it’s components of three synthetic varieties of maize and the 
possibility of replacing part of the mineral fertilizers with organic or bio-fertilizers. The layout of the experiment was Randomized 
Complete Blocks Design in split plots arrangement with three replicates. The experiment included three synthetic varieties of 
maize in the main plots and five fertilizer treatments in the sub plots. The results showed that maize varieties had non-significant 
difference in all studied characters except the number of rows per ear; Baghdad-3 gave the highest mean of the number of rows 
per ear (14.98 row ear-1). Also, the results indicated that there were significant differences among fertilizer treatments in all studied 
characters, the application of 50% mineral fertilizer + spraying seaweed extract at 10% had the highest means of number of ears 
per plant (1.43 ear plant-1), number of rows per ear (15.08 row ear-1), number of grains per row (39.34 grain row-1) which led to 
highest grain yield (9077 Kg ha-1), while the application of mineral fertilizer as recommended gave the highest mean of 500 grain 
weight (111.78 g).
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Efeito da aplicação de bioestimulantes
nos parâmetros agronômicos de variedades de milho

RESUMO: O uso de grandes quantidades de fertilizantes minerais causa muitos problemas ambientais. O objetivo deste trabalho 
foi estudar o efeito de fertilizantes minerais e orgânicos e biofertilizantes na produtividade e seus componentes de três variedades 
sintéticas de milho e a possibilidade de substituir parte dos fertilizantes minerais por fertilizantes orgânicos ou biofertilizantes. O 
experiment foi conduzido em um delineamento em blocos completes casualizados com parcelas subdivididas e três repetições. 
O experimento incluiu três variedades sintéticas de Milho nas parcelas principais e cinco tratamentos de fertilizantes nas 
subparcelas. Os resultados mostraram ausência de efeito significativo das variedades de milho para todas as características 
estudadas exceto o número de linhas por espiga, em que Baghdad-3 apresentou a maior média (14,98 filas espiga-1). Os 
resultados também indicaram diferenças significativas entre tratamentos de fertilizantes para todas as características estudadas, 
com a aplicação de 50% de fertilizante mineral + pulverização de extrato de algas marinhas a 10% apresentando as maiores 
médias de número de espigas por planta (1,43 espigas planta-1), número de linhas por espiga (15,08 linha espiga-1), número de 
grãos por linha (39,34 grãos linha-1) levando a maior produtividade (9077 Kg ha-1), enquanto a aplicação de fertilizante mineral 
segundo a recomendação levou à maior média de peso de 500 grãos (111,78 g). 

Palavras-chave: fertilizante; extrato de alga marinha; produtividade; Zea mays
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Introduction
The highest yield can be obtained when there is a suitable 

compatibility between the genotypes and growth factors 
available such as nutrients add to crops. Maize is a C4 plant, 
which responds to large amounts of mineral fertilizers, so 
there are attempts to replace part of these large amounts of 
mineral fertilizers with safe alternatives by applying a clean 
agriculture system or organic and biological farming to obtain 
good quality of yield, preserving the amount of yield per unit 
area and preserving environmental factors from pollution. 
The recent studies indicated a possibility reduced 50% of 
the recommended mineral fertilizers by replacing them 
with organic and bio-fertilizers (Al-Hilfy & Al-Temimi, 2017). 
The researchers believe that the use of algae of all kinds as 
active organic fertilizers is better than mineral fertilizers, as 
they are a natural source that is environmentally friendly, 
biodegradable, in addition to low cost and not polluted or 
harmful to human and animal health as compared with the 
excessive use of mineral fertilizers that harm the fertility 
of the soil and cause a lot of problems for farmers (Al-
Khayyat, 2004; Abdel Hamid, 2008; Kightlinger et al., 2012). 
Seaweed extract contains all trace elements (Devi & Mani 
2015; Pal et al., 2015) and some content plant hormones 
such as auxins, gibberellins and cytokines (Zhang & Ervin 
2008; Lotze & Hoffman, 2016), Therefore, using it may led to 
significant increase in yield of some crops due to improving 
plant metabolism function (Zhang & Ervin 2008; Wang et al., 
2016). From other hand, Malusà et al. (2016) emphasized 
that the bio-fertilizers have the ability to give a similar yield 
to the mineral fertilizers, i.e. they have an important role in 
the nutrient management system in agricultural soils and 
reducing the negative impacts of mineral fertilizer on the 
environment. Also, Abasi et al. (2011) reported that the bio-
fertilizers, fungal (MAF) or bacterial, have a positive effect on 
the growth and yield of maize as well as content of nutrient 
especially nitrogen and phosphorous, and noted that adding 
fungi and bacteria together was more effective in absorbing 
nutrients compared with adding each of them separately. 
So, because of the above the present study was designed to 
determine the effect of mineral, organic and bio-fertilizers on 
yield and it’s components of three synthetic varieties of maize 
and the possibility of replacing part of mineral fertilizers with 
organic or bio-fertilizers.

Materials and Methods
 A field experiment was carried out during Autumn season 

of 2019 from July 2019 to December 2019, at Field Crops 
Department - College of Agricultural Engineering Sciences - 
University of Baghdad, Iraq, located at latitude of 33º.32’ N 
and longitude of 44º.23’ E in a sandy loam soil as show their 
physical and chemical properties in Table 1.

The layout of the experiment was Randomized Complete 
Blocks Design in split plots arrangement with three replicates. 
The experiment included three synthetic varieties of maize 

{Bohooth-5018 (V1), Baghdad-3 (V2) and Sumer (V3)} in the 
main plots and five fertilizer treatments in the sub plots, 
which were:

1. (Control) Application of mineral fertilizer according to 
recommendation (T1). 

2. Application of 50% mineral fertilizer + spraying seaweed 
extract at 5% (T2).

3. Application of 50% mineral fertilizer + spraying seaweed 
extract at 10% (T3).

4. Application of 50% mineral fertilizer + seeds pollution 
with Azotobacter chroococcum + Glomus mosseae (T4).

5. Application of 50% mineral fertilizer + seeds pollution 
with Pseudomonas flourescens + Glomus mosseae (T5).

Soil managements especially plowing were carried out as 
required, the net area of sub Plot was (3 m long x 4 m width) 
12 m2 which contained 4 rows, 0.75 m apart and 0.25 m within 
the plants. A distance of 1 m was left between the experimental 
units and 1.5 m between the replicates. The seeds of three 
synthetic varieties of maize were sown on 16th July 2019 at 
a rate 53333 plant ha-1. The algae extract (Spirulina algae) 
which properties are shown in Table 2. was prepared by taking 
10 grams of dried powder and soaked in 100 ml of distilled 
water, after which it is placed in the autoclave for 30 minutes, 
and then it is cooled and filtered using a piece of cloth, and 
thus we obtain a liquid algae extract at a concentration 100% 
(Mohanty & Adhikary, 2018). The required concentration of 
the liquid extract is prepared according to the dilution formula. 
was spraying at three times (4, 8 and 12 leaves stages)

The bacterial biological fertilizer consisting of two isolates 
of bacteria, Azotobacter chroccocum and Pseudomonas 
fluorescens, was prepared by preparing a medium suitable for 
their growth, and the day before planting, the bacteria were 
injected into the growth medium, and kept under appropriate 
conditions (low temperature) until the time of use and 30 

Table 1. Physical and chemical soil properties.

Table 2. Content of liquid Spirulina extract from nutrients and 
growth regulators.
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minutes before planting was done. Treating planting seeds 
with biological fertilizers at 10 g of bio-fertilizer per 1 kg of 
seeds and homogenized well by adding gum arabic at a 
ratio of 1:10 (Bahrani, 2015). As for the Mycorrhizae fungus 
G. mosseae, which consisted of dry soil, the spores and the 
infested Mycorrhizae roots, was added at once in contact with 
the seeds inside the planting pit at a rate of 10 g per pitch.

Recommended nitrogen fertilizer was applied as a urea 
(46% N) with an average 300 Kg ha-1 in two equal doses 
(1/2 at six leaves stage and 1/2 after 30 days of the first 
dose), whereas phosphorus fertilizer (300 Kg ha-1) as super 
triphosphate (46% P2O5) and potash fertilizer (225 Kg ha-1) as 
a potassium sulfate K2SO4 (45% K) were applied at the time 
of planting (Mnajid & Oiyed, 2013) Crop managements were 
carried out as needed, and the plants were harvested after 
the appearance of maturity signs.

At harvest time, samples of 10 plants were taken from 
two central rows in each plot when harvested to measure 
the number of ears plant-1, number of rows ear-1, number of 
grains row-1 and 500 grain weight. Grain yield (ton ha-1) was 
calculated after manual threshed of 10 plants of two rows 
of each plot and then the grain weight was converted from 
g plant-1 to ton ha-1 with save moisture content (14%). The 
recorded data were statistically analyzed according to the 
analysis of variance at p > 0.05 by using the GenStat software. 
The least significant difference (LSD) was used to compare 
calculated average of studied traits (Steel & Torrie, 1980).

Results and Discussions 
Number of ears per plant

The results in Table 3 indicate that there were non-
significant differences among maize varieties in the number 
of ears per plant. While the effect of fertilizer treatments was 
significant and the application of 50% of mineral fertilizer 
with spraying of seaweed extract at 10% (T3) had the highest 
mean (1.43 ear plant-1) without significant difference with the 
application of 50% of mineral fertilizer with seeds pollution 
of Azotobacter chroococcum + Glomus mosseae (T4) (1.33 
ear plant-1), whereas the application of mineral fertilizer 
as recommended (T1) and the application of 50% mineral 
fertilizer with spraying of seaweed extract at 5% (T2) had the 
lowest means (1.23 ear plant-1, respectively). The reason of the 
superiority of T3 treatment may be attributed to the fact that 
it contains adequate amounts of plant growth regulators such 
as auxins, gibberellins, cytokines, and necessary nutrients for 
plant growth and development (Table 2), which made it a good 
fertilizer source, in addition to balance of nutrients absorption 
by the plant caused by spraying seaweed extracts during critical 
stages of plant growth. Also, the application of 50% mineral 
fertilizers reduced the negative effect resulting from adding 
large amounts of mineral fertilizers, (which increases the 
soil pH and an reduces the absorption of available nutrients) 
(Mohanty et al., 2013). From other hand, the bio-fertilizers 
had direct role in increasing the roots and their spread area 
which mean an increasing roots ability to absorb the largest 

amount of nutrients, reflected positively in the increase of dry 
matter and thus stimulate the growth and development of 
secondary ears (Bashan & de Bashan, 2010). These results are 
in agreement with Alousi & Elsahookie (2006) which indicated 
that the sink strength in the maize varieties which have more 
than one ear was increased when the nutrients are available 
in appropriate amounts and available absorption by the plant. 
The interaction between two factors had non-significant effect 
on the number of ears per plant (Table 3).

Number of rows per ear
Regarding the number of rows per ear, the results in Table 

4 showed significant differences among maize varieties in the 
number of rows per ear, the Baghdad-3 variety (V2) gave the 
highest mean (14.98 row ear-1) without significant difference 
with the Sumer variety (V3) (14.78 row ear-1), while the 
Bohooth-5018 variety (V1) gave the lowest mean (14.48 row 
ear-1). This is due to their genetically components and their 
response to the environmental conditions. The number of 
rows per ear was significantly affected by fertilizer treatments 
(Table 4), the T3 treatment recorded the highest mean (15.08 
row ear-1) without significant difference with the T4 treatment 
(14.86 row ear-1), while the T2 treatment recorded the lowest 
mean (14.48 row ear-1). The reason of an increasing the 
number of rows per ear may be attributed to the richness of 
seaweed extracts in macro and micro nutrients in addition to 
their content of plant growth regulators, especially cytokines, 
andoleic acid and gibberellins, and these have an effective 
role in increasing the yield by supporting plant nutrition, 
which is reflected in increase the leaf area, which in turn leads 
to an increase in the accumulation of dry matter. It also works 
to increase the percentage of pollination and fertilization by 
reducing the decrease the rate of ovules abortion (Zhang & 
Ervin, 2008; Wang et al., 2016), as the availability of nutrients 
at this stage, especially nitrogen, leads to an increase in the 
size of ear. The number of rows in ear and the number of grains 
per row are determined at this stage, which is reflected in the 
increase in the grain yield. The reason may also be attributed 
to the ability of the biological fertilizers represented by the 
fungus Glomus mosseae to absorb nitrogen, phosphorous, 
potassium, calcium, sulfur, iron, manganese, copper and zinc 
from the soil and transfer these nutrients to the plant through 
the roots. These results are in agreement with Wuhaib et 

Table3. Effect of fertilizer treatments on the number of ears 
per plant of maize varieties.
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al. (2009) and Sharifi & Taghizaden (2009) who indicated 
that the number of rows per ear increased by increasing the 
availability of nutrients at the different stages of plant growth. 
The interaction between the two factors had non-significant 
effect in this trait.

Number of grains per row
Data in Table 5 showed that there were no significant 

differences among maize varieties and the interaction between 
two factors in the number of grains per row, while the effect of 
fertilizer treatments was significant, the T3 treatment had the 
highest mean (39.34 grain row-1) without significant difference 
with the (T5) treatment (38.11 grain row-1), whereas the T1 
treatment had the lowest mean (37.13 grain row-1). This 
superiority may be due to the role of organic extracts and bio-
fertilizers in increasing the products of photosynthesis process 
and transfer to the sinks and increasing the percentage of 
pollination and fertilization, which led to increase in the 
number of grain (Wuhaib et al., 2009), as well as their role 
in increasing the availability of nitrogen, which regulate the 
action of hormones and control the action of auxin in bringing 
about the apical dominance of the ear, the cytokines prevent 
the transfer of auxins from the old grains to the new grains and 
then increase the proportion of the florets fertility(Mohana et 
al., 2015), which positively affected on the number of grains 
per ear.

difference with the T4, T2 and T5 treatments (108.89, 108.22 
and 106.56 g), respectively, whereas the T3 treatment gave 
the lowest mean (103.44 g). The reason for the superiority of 
the treatment T1 may be attributed to the relative decrease 
in the yield components represented by the number of ears 
in the plant, the number of rows in the ear, and the number 
of grains per row, which led to the accumulation of dry matter 
obtained by the plant from the process of photosynthesis 
and its collection in a smaller number of sinks, which was 
reflected in the increase in the weight of the kernel. It should 
be noted that the increase in the weight of the kernel did not 
compensate for the decrease in the number of ear per plant 
and the number of kernels in the ear, which was reflected in 
the decrease in the total grain yield.

Grain yield (Kg ha-1)
The results in Table 7 showed that no significant 

differences among maize varieties and their interaction 
with fertilizer treatments in the grain yield, while the grain 
yield Data was significantly affected by fertilizer treatments, 
the T3 treatment recorded the highest mean (9077 Kg ha-1) 
with an increase 13.51% compared with control treatment 
(T1) and the T2 treatment which recorded the lowest mean 
(7850 Kg ha-1). The application 50% of mineral fertilizer with 
spraying of seaweed extract at 10% (T3) had provided maize 
plants with macro and micro nutrients, in addition to plant 
growth regulators, especially cytokines, indole acetic acid and 
gibberellins, which have an effective role in increasing the 
yield components (Tables 3, 4 and 5) by supporting the plant 
nutrition and then increased the grain yield. These results are 
in agreement with Singh et al. (2015) who found an increase 

Table 4. Effect of fertilizer treatments on the number of rows 
per ear of maize varieties.

Table5. Effect of fertilizer treatments on the number of grains 
per row of maize varieties.

500 grain weight (g)
Table 6 reveals no significant differences among maize 

varieties and interaction between two factors. However, there 
was significant effect among fertilizer treatments, the T1 
treatment gave the highest mean) 111.78 g) without significant 

Table 6. Effect of fertilizer treatments on the 500 grain weight 
of maize varieties (g).

Table 7. Effect of fertilizer treatments on the grain yield (kg 
ha-1) of maize varieties.
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in the grain yield of maize when sprayed with seaweed. From 
other hand, these results mean the possibility of reducing the 
amount of mineral fertilizers 50% of the recommendations 
when spraying algae extract at 10% concentration, thus we 
have reduced the negative impact of the mineral fertilizers on 
the ecosystem and human health by 50%, and in economic 
terms we saved 50% of the production costs resulting from 
adding large amounts of mineral fertilizers.

Conclusions
The fertilizer treatment T3 gave the best results, as its 

superiority in the trait of the number of ear per plant, the 
number of rows in ear, the number of grains per row and the 
total grain yield, and the response differed according to the 
varieties included in the study. 

Fertilizer treatment T1 gave the highest weight of the 
kernel. 

The treatments T4 and T5 superiority the grain yield on 
the control treatment.
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