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ABSTRACT

BACKGROUND: Optimum uses of nutrients is the most important factor in agricultural
systems due to limitations of nutrients especially nitrogen.

OBJECTIVES: Current study was done to assess the consumption of different amounts of
nitrogen and Nitroxin biological fertilizer on crop production of dual-purpose barley for-
age.

METHODS: This research was conducted in the cropping year of 2013-2014 in Ahvaz
city in the form of a split plot using randomized block (RCDB) with three replications. The
investigated treatments include the use of pure nitrogen at three levels (including the use of
50, 100 and 150 kg.ha™) and the use of Nitroxin biofertilizer at three levels (including no
use of nitroxin (control), use of 2 and 4 liters per hectare), were placed in the main and sub
plots, respectively.

RESULT: The results showed that the effect of different amounts of nitrogen fertilizer and
nitroxin biofertilizer on leaf area index, dry forage yield, forage protein yield and seed pro-
tein percentage were significant. The highest leaf area index at the flowering stage (4.5),
dry forage yield (2450.3 kg.ha’l) and forage protein yield (544.9 kg.ha"l) belonged to the
treatment of 150 kg N.ha™. The consumption of higher doses of nitroxin caused a signifi-
cant increase in the leaf area index at the flowering stage, dry forage yield and forage pro-
tein yield, although there was no significant difference between the consumption values of
2 and 4 liters per hectare in terms of these traits.

CONCLUSION: The interaction effect of the treatments on the studied traits were not
significant, according to this, under the consumption of larger amounts of nitrogen (up to
150 kg.ha™") or the use of biological fertilizer at the rate of 2 liters per hectare (considering
the lack of significant difference with the consumption of 4 liters per hectare) can achieve
quantitative and qualitative yield of forage in dual-purpose barley cultivation.
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1. BACKGROUND

Cereals provide 70% of food for
people on earth. Among the plants of
this region, wheat, rice, corn and barley
are the most important sources of food.
More than three-fourths of energy and
one-half of the protein needed by hu-
mans are provided by cereals. It seems
that despite the obvious features of
these plants, cereals will not be replaced
in the future and their importance will
increase in the future. Barley is one of
the oldest agricultural plants and its
cultivation dates back to seven thousand
years BC. This plant is the least ex-
pected agricultural plant, whose range
of adaptation and distribution is more
than other agricultural plants. Barley is
the fourth most important cereals in the
world after wheat, rice and corn (Nour-
mohamadi et al., 2001). Every year, a
relatively large area of land in
Khuzestan is dedicated to forage barley
cultivation. The use of one and some-
times two times of barley before seed
production, either by direct grazing or
picking, especially if it is not accompa-
nied by correct management and scien-
tific principles, can cause a decrease in
seed production, which sometimes
reaches 100 percent. This point, togeth-
er with the low natural quality of for-
age, causes that the cultivation of such a
product is ineffective in many cases
(Fatahi Doost, 2018). One of the im-
portant factors in increasing the agricul-
tural production in line with the opera-
tion according to the breed and accord-
ing to the crop is the optimal manage-
ment of the use of chemical fertilizers.
One of these important elements is ni-
trogen, which is widely used as a chem-

ical fertilizer by most plants (Fataii,
2007). One of the main pillars in sus-
tainable agriculture is the usage of bio-
logical fertilizers with the aim of elimi-
nating or reducing the consumption of
chemical inputs and increasing soil fer-
tility (Koocheki et al., 2008). Among
the biological fertilizers, we can men-
tion Nitroxin, which contains the most
effective nitrogen-fixing bacteria from
the genus Azotobacter, Azospirillium,
and phosphate dissolvers from the ge-
nus Pseudomonas, which improve the
organic matter and biological activity of
the soil and the supply of nutrients to
the plant increases the yield (Kocabas et
al., 2010). By using nitroxin biological
fertilizer, not only can avoid using ni-
trogen chemical fertilizers, but also be-
cause of the multiple effects of nitroxin
biological fertilizer, can produce more
products. Nitrogen is one of the main
elements required by plants and the
need for nitrogen is more than other
elements. Cereals need to absorb 22 to
25 kg of nitrogen to produce one ton of
seeds. The amount of nitrogen fixation
by free air nitrogen-fixing bacteria in
suitable conditions is reported to be
about 20-40 kg.ha‘1 per year, which
requires a large amount of organic mat-
ter for nitrogen fixation (Fataii, 2007).
Due to the fact that Azotobacter is a
heterotrophic bacterium, it is necessary
for the soil to be rich in organic matter
to supply its carbon. For this purpose,
the combined use of nitroxin and chem-
ical fertilizers is recommended in Iran's
soils, which mostly have little organic
matter (Sharifi Ashoorabad, 1998).
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2. OBJECTIVES

This research was carried out with
the aim of investigating the consump-
tion of different amounts of nitrogen
and nitroxin biological fertilizer on in-
creasing the quantitative and qualitative
yield of dual-purpose barley forage.

3. MATERIALS AND METHODS
3.1. Field and Treatments Information
This research was carried out in the

cropping year of 2013-2014 in the city

of Ahvaz with a longitude of 48 degrees
and 40 minutes east and latitude of 31
degrees and 20 minutes north and a
height of 22.5 meters above sea level.
To determine the physical and chemical
characteristics of the soil, before any
land preparation operation, samples
were randomly collected from 0-30 cm
depth of the soil from five points, and
after drying in the air and passing
through a 2 millimeter sieve, some of its
physical and chemical characteristics
was determined.

Table 1. Physiochemical characteristics of the soil in the experimental area

Soil K P oC H EC Depth
texture (mg.kg'l) (mg.kg'l) (%) P (ds.m'l) (cm)
Loam-sand 113 6.4 0.96 7.18 2.04 0-30

The results of soil analysis are shown in
table 1. The research was carried out as
a split plot using completely random-
ized block (RCBD) with three replica-
tions. The investigated treatments in-
clude the usage of pure nitrogen fertiliz-
er at three levels [including the usage of
50 kg.ha! (Ny), 100 kg.ha' (N,) and
150 kg.ha{1 (N3)] and nitroxin biological
fertilizer at three levels [including the
absence of Nitroxin) (control) (By),
consumption of 2 liters per hectare (B)
and 4 liters per hectare (B;)] were
placed in the main and sub plots, re-
spectively. This experiment consisted of
27 plots. Each plot included 7 planting
5 lines meters long with a distance of 20
cm from each other. The distance be-
tween the two main plots was 1.5 m and
secondary plots were 0.5 m apart.

3.2. Farm Management
Tillage operations included irrigation

before planting, semi-deep plowing,

disc, troweling and fertilizer spraying.
50% of the nitrogen consumed at the
same time as planting and the rest in the
middle stage of tillering was consumed
from the source of urea. The amount of
80 kg of phosphorus from the triple
superphosphate source was mixed with
the soil before planting. Nitroxin ferti-
lizer was used as a solution in irrigation
water. The first irrigation was done im-
mediately after planting, and subsequent
irrigations were done as usual according
to needs and rainfall conditions. Weeds
were controlled by manual weeding.

3.3. Measured Traits
3.3.1. Plant height

To calculate the plant height, the
height of about 20 plants was randomly
measured from soil surface to the tip of
stem in the physiological maturity stage
and their average was considered as
plant height (Yaghoubian et al., 2017).
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3.3.2. Leaf area index

To measure the leaf area index at the
flowering stage, the area of the leaves of
each plant was determined using the
copying method. Leaf area index (LAI)
was calculated using the following
equation (Gardner et al., 1985).
Equ. 1. LAI=LA/SA
LA: leaf area in square meters
SA: land area in square meters

3.3.3. Forage yield

Harvesting of green forage was done
at the end of tillering at the 30th Zadox
stage. Green forage was harvested from
the 3 middle lines, after removing 0.5
meters above and below the plots at a
level equal to 1.5 square meters and
weighed separately. In order to deter-
mine the yield of dry forage, 200 gram
sample of the product of each plot is
separated and dried in an oven at 70
degrees for 48 hours until the yield of
dry forage is calculated through the fol-
lowing equation (Mardasi and Mojad-
dam, 2016). Equ. 2. Dry weight of for-
age on the harvested surface =
Dry weight of the sample in the oven x
weight of fresh forage/200

3.3.4. Forage protein percentage

To determine forage protein percent-
age, at first total nitrogen was deter-
mined by Kjeldahl method and then
multiplied by a factor of 5.7 and the
forage protein percentage were calculat-
ed (Walton, 1983). To determine forage
protein yield per unit area, forage pro-
tein percentage of each experimental
unit was multiplied by its dry forage
yield (Mojaddam, 2009).

3.3.5. Seed protein content

The amount of seed nitrogen was
calculated using the Kjeldahl method.
The amount of seed protein was ob-
tained by multiplying the Kjeldahl ni-
trogen by 6.25 coefficients (Keeney and
Nelson, 1982).

3.4. Statistical Analysis

Variance analysis of data was done
in the form of split plots with SAS
software (Ver.9), and the averages were
compared by Duncan's multi-range test
at 5% probability level, and graphs were
drawn by Excel software (Ver.2010).

4. RESULT AND DISCUSSION
4.1. Plant height

The effect of different amounts of ni-
trogen consumption and nitroxin biofer-
tilizer was significant at the 1% of level
on plant height, but their interaction did
not have a significant effect on this trait
(Table 2). The highest and lowest plant
height with an average of 25.90 and
16.73 cm belonged to the treatments of
150 and 50 kg.ha"1 of nitrogen, respec-
tively (Table 3). By creating favorable
conditions for the plant and providing
elements such as nitrogen, the material-
ization process becomes favorable and
the height of the plant also increases.
Nitrogen consumption reduces ratio of
abscisic acid/gibberellin and increases
the plant growth (Marschner, 2012).
These results were consistent with the
results of Momen et al. (2013) who re-
ported that wheat stem height can be
affected by nutritional factors and con-
sidered main reason for height increase
to be elongation between nodes.
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Mosanaei et al. (2017) and Mojiri
and Arzani (2003) reported that in-
creased nitrogen consumption increased
plant height. The highest plant height
was obtained from the treatment of 4
liters per hectare of nitroxin with an
average of 87.12 cm and the lowest
from the absence of nitroxin (control)
with an average of 72.31 cm (Table 3).
In addition to bio fixing nitrogen and
dissolving soil phosphorus (especially

in areas with high soil calcium), biolog-

ical fertilizers produce significant
amounts of growth stimulating hor-
mones, mainly auxin, gibberellin and
cytokinin, on growth and development,
yield crops as well as growth character-
istics such as plant height affect and
cause its increase (Zahir et al., 2004).
Ahmadi and Jaafarinia (2015) reported
that nitroxin biofertilizer increased plant

height.

Table 2. Result of analysis of variance effect of treatment on studied traits

S.0.V daf Pl‘ant Leaf are‘a index at Dry .forage
height flowering stage yield
Replication (R) 2 2.04 0.04 76.31
Nitrogen (N) 2 300.03" 6.54" 1558.01"
E, 4 28.51 0.54 130.45
Nitroxin (B) 2 357257 8.78" 1780.92"
NxB 4 0.81™ 0.023™ 12.63™
E, 12 25.06 0.34 125.17
CV (%) 6.14 14.4 5.06

ns

, * and **: no significant, significant at 5% and 1% of probability level, respectively.

Continue table 2.
S.0.V df Forage protein Fo.rage.: Seed protein
percentage protein yield percentage
Replication (R) 2 4.55 0.032 1.85
Nitrogen (N) 2 56.13" 160.27" 18.11°
E, 4 7.31 14.05 4.03
Nitroxin (B) 2 33.04° 108.01™ 11.68"
NxB 4 1.65™ 1.52ns 0.91™
E, 12 4.75 9.67 3.06
CV (%) - 10.57 6.78 14.6

™ and **: no significant, significant at 5% and 1% of probability level, respectively.

On the other hand, Biari er al. (2008)
also stated that application of bioferti-
lizer containing growth promoting bac-
teria such as
plant height. They attributed reason for
increase the absorption of required nu-
trients by plant and secretion of growth-
promoting substances due to the use of

Azotobacter increases

biofertilizers. As Yosefi et al. (2011)
reported that the application of biologi-
cal fertilizer increases plant height by
producing regulatory hormones such as
auxin and gibberellin acid.



Haghighatzadeh and Mojadam, Investigating the Effect of Nitrogen... 63

4.2. Leaf area index at flowering stage
Leaf area index was affected by ni-
trogen consumption and nitroxin biofer-
tilizer at the 1% of probability level, but
the interaction of treatments on this trait
was not significant (Table 2). The high-
est leaf area index was assigned to the
treatment of 150 kg.ha™ of nitrogen
fertilizer with an average of 4.5 and the
lowest was assigned to the treatment of
50 kg/ha of nitrogen fertilizer with an
average of 3.57 (Table 3). Increasing
the availability of nitrogen fertilizer for
the plant stimulated the growth and in-
creased the leaf surface index. Increas-
ing the leaf area and rapid closing of the
canopy can increase the received radia-
tion and photosynthesis and increase
yield. As the studies of Athernadeem et
al. (2009) showed that nitrogen fertiliz-
er had a positive and significant effect
on the number of leaves, so that the
maximum number of leaves was pro-
duced with the increase of nitrogen con-
sumption up to 150 kg.ha’l. They also
stated that the leaf area index showed a
significant increase with increasing ni-
trogen consumption. The results of the
research Gharaati (2007) and Ahmad et
al. (2006) confirmed the results of this
research.The highest leaf area index was
obtained from the treatment of using 4
liters per hectare of nitroxin, with an
average of 3.21, and the lowest leaf area
index was obtained from the treatment
of not using nitroxin (control) with an
average of 3.54 (Table 3). Azospirillum
and Azotobacter bacteria improve vege-
tative growth and leaf development by
providing nitrogen, and as a result, the

leaf area index also increases. In this
regard, Bakhshaie er al. (2014) stated
that nitroxin biological fertilizer with
Azospirillium and Azotobacter bacteria
increased the leaf area index. As Ha-
midi et al. (2009) showed with the ap-
plication of biofertilizer, the number of
upper leaves of the cob and the number
of leaves per plant increased. They ex-
plained the reason for this issue to im-
prove access and better absorption of
nutrients. The results of the study by
Biari et al. (2008) showed that growth-
promoting bacteria had a positive and
significant effect on the leaf area index.

4.3. Dry forage yield

Dry forage yield was significantly af-
fected by different amounts of nitrogen
and nitroxin biofertilizer, but the inter-
action of treatments did not have a sig-
nificant effect on this trait (Table 2).
The highest yield of dry forage be-
longed to the treatment of 150 kg.ha of
nitrogen fertilizer with an average of
2450.34 kg.ha'1 (Table 3). Some re-
searchers have attributed the effect of
nitrogen in increasing forage yield to
the regulatory role of nitrogen in the
production of amino acids and plant
hormones related to the division and
expansion of the cell wall, and others
have attributed the role of nitrogen to
the development of developmental stag-
es, which in later stages lead to the rea-
son for receiving more light energy
leads to the production of more dry mat-
ter (Siam et al., 2008).
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Table 3. Mean comparison effect of different level of Nitrogen and Nitroxin Biofertilizer on

studied traits

Plant Leaf area index Dry forage
Treatments height at flowering yield
(cm) stage (kg.ha'l)
Nitrogen
50 (kg.ha™) 73.16¢ 3.57b 1938.47¢
100 (kg.ha™) 81.04b 4.08ab 2234.65b
150 (kg.ha™) 90.25a 4.5a 2450.34c
Nitroxin Biofertilizer
0 (Control) 72.31b 3.21b 1952.13b
2 (L.ha™) 85.03a 4.40a 2300.25a
4 (L.ha™) 87.12a 4.54a 2371.08a

*Mean which have at least once common letter are not significant different at the 5% level using (DMRT).

Continue table 3.

Forage Forage protein Seed
Treatments protein yield protein

(%) (kg.ha™) (%)

Nitrogen
50 (kg.ha™) 18.68b 362.1c 10.57b
100 (kg.ha™) 20.91ab 467.26b 11.93ab
150 (kg.ha™) 22.24a 544.95a 13.44a
Nitroxin Biofertilizer

0 (Control) 18.33b 357.82b 10.25b
2 (L.ha™) 21.72a 499.61a 12.69a

4 (L.ha™) 21.80a 516.89a 13a

*Mean which have at least once common letter are not significant different at the 5% level using (DMRT).

In this regard, Niazkhani et al. (2014)
announced in triticale plant by increas-
ing nitrogen fertilizer up to 80 kg.ha'l,
the highest yield of dry forage was ob-
tained, which was consistent with the
results of this research. The highest
yield of dry forage (2371.08 kg.ha™)
was obtained from the treatment of ni-
troxin biofertilizer at the rate of 4 liters
per hectare and the lowest yield of dry
forage (1952.13 kg.ha’l) was obtained
from the treatment of no use of nitroxin
(control). It seems that the fixation of
nitrogen by the bacteria present in ni-
troxin and its release and better absorp-
tion by the plant had a positive effect on
the process of increasing the forage
weight. As Mardasi and Mojaddam
(2016) reported that the effect of nitrox-

in fertilizer on forage protein yield and
forage yield was significant. In this re-
gard, Ahamdi and Jaafarnia (2015)
showed based on their research that
nitroxin biofertilizer increased the dry
weight of forage compared to control.
On the other hand, Romani er al. (2015)
reported that the highest amount of dry
forage was obtained from the biological
fertilizer treatment and the lowest from
the control treatment. These results
prove the positive effect of biofertilizer
in improving the nutritional conditions
of the plant that as a result of bacterial
inoculation in these treatments, the ef-
fectiveness of appropriate growth regu-
lation, physiological and metabolic ac-
tivity in the plant has increased. Other
researchers such as Siahmarguee et al.
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(2022) and Keshavarz et al. (2012) have
also pointed out the role of biological
fertilizers in increasing the yield of dry
forage, which was consistent with the
results of this study.

4.4. Forage protein percentage

The effect of nitrogen consumption
and nitroxin on forage protein percent-
age was significant at the 5% of level,
but their interaction on the forage pro-
tein percentage was not significant (Ta-
ble 2). The highest forage protein per-
centage belonged to the usage of 150
kg.ha! of nitrogen fertilizer with an
average of 22.24% and the lowest be-
longed to the usage of 50 kg.ha’1 of ni-
trogen fertilizer with an average of
18.68% (Table 3). With the increase of
nitrogen, the leaf surface also increases
and as a result, the increase in the ratio
of leaf to stem increases the amount of
protein and decreases the woody and
lignin parts in the forage (Vos et al.,
2005). In this regard, Kiani et al. (2014)
reported that with the increase of nitro-
gen levels, the amount of crude protein
of forage also increased, so that the
highest amount of protein was related to
the level of 210 kg of nitrogen with an
average of 19.5%. Nitroxin biofertilizer
at the rate of 4 liters per hectare with
21.8 forage protein percentage and no
application of nitroxin (control) with
18.33 percent of forage protein had the
highest and lowest of this trait, respec-
tively (Table 3). These results prove the
positive effect of nitroxin biofertilizer in
improving the nutritional conditions by
increasing the physiological and meta-
bolic activities of the plant (Ram Rao et
al., 2007). Due to the presence of stimu-

lating bacteria, biofertilizers, in addition
to more nitrogen fixation, will increase
the quality and forage protein percent-
age and, as a result, it will be palatable.
In this regard, Mardasi and Mojaddam
(2016) reported that the effect of nitrox-
in fertilizer on forage protein yield, seed
yield, and forage protein percentage and
forage yield was significant. They stat-
ed that the effect of nitroxin biofertilizer
can achieve the best yield of seed and
forage in terms of quality, which was
consistent with the results of this re-
search.

4.5. Forage protein yield

The difference between different
amounts of nitrogen consumption and
nitroxin biofertilizer was significant in
terms of forage protein yield, although
the interaction of treatments did not
have a significant effect on this trait
(Table 2). The highest (544.95 kg.ha™)
and the lowest (362.1 kg.ha') forage
protein yields were obtained in the
treatments of 150 and 50 kg/ha of nitro-
gen fertilizer, respectively (Table 3). As
the levels of nitrogen consumption in-
creased, the yield of protein also in-
creased. Increasing the percentage and
yield of forage protein with increasing
nitrogen is the result of more nitrogen
absorption and increased vegetative
growth (Mardasi and Mojaddam, 2016).
Nitrogen, in addition to having a small
effect on yield, because it is one of the
main structures of amino acids, it also
increases the percentage of protein, and
in general, nitrogen more than the re-
quired amount of yield increases the
protein content in the plant. Increasing
the percentage of dry matter and crude
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protein makes the plant palatable for
livestock and improves the quality of
silage (Mirlohi et al., 2000). The high-
est (516.89 kg.ha’l) and the lowest
(357.82 kg.ha) yield of forage protein
was obtained from the treatments of
nitroxin biofertilizer at the rate of 4 li-
ters per hectare and no nitroxin applica-
tion (control), respectively (Table 3).
Due to the increase in nutrient absorp-
tion, higher consumption of nitroxin
increased the amount of protein, which
was consistent with the results of the
research of Ardakani et al. (2006). The
bacteria in nitroxin fertilizer had a high-
er protein yield with the gradual release
of nutrients and their absorption by the
plant. In this regard, Rajaee et al.
(2007) stated that the reason for the
increase in protein as a result of the use
of nitrogen biofertilizer is the supply of
more nitrogen through biological fixa-
tion and the release of absorbable nitro-
gen around plant roots by bacteria.
These results were consistent with the
reports of Mardasi and Mojaddam
(2016) and Moradi er al. (2011) who
pointed out the positive role of nitroxin
biofertilizer in increasing the forage
protein yield.

4.6. Seed protein percentage

Seed protein percentage was affected
by different amounts of nitrogen ferti-
lizer and nitroxin biofertilizer, but the
interaction effects on seed protein per-
centage was not significant (Table 2).
The highest percentage of seed protein
belonged to 150 kg/ha nitrogen fertilizer
(with an average of 13.44%) and the
lowest to 50 kg.ha™ of nitrogen fertiliz-
er (with an average of 10.57%) (Table

3). Consumption of high amounts of
nitrogen, in addition to more accumula-
tion of nitrogen in vegetative organs,
increases the rate of nitrogen transfer to
seeds in comparison with carbohy-
drates, and as a result, seed protein in-
creases. Nitrogen plays an important
role in protein biosynthesis and many
biological molecules. Therefore, the use
of nitrogen causes more productivity of
this element in the plant, while nitrogen
plays an active role in the photosynthe-
sis of the plant, so that the speed of pho-
tosynthesis in the plant increases and
finally the production of protein also
increases (Litkeh er al., 2018). In a
study, Alazamani (2014) reported that
the effect of nitrogen fertilizer applica-
tion on seed protein content was signifi-
cant. The research of Overman et al.
(1995) showed that with the increase in
nitrogen consumption, the concentration
of this element in the plant organs in-
creases during the vegetative growth
stage, and during the seed filling stage,
more substances are transferred to the
seeds through the re-transfer of nitro-
gen, the result of which is an increase in
the percentage of seed protein. The
above results were consistent with the
results of Ebadi er al. (2009) and
Klikocka and Ebadi et al. (2016). The
highest percentage of seed protein was
obtained from the treatment of 4 liters
per hectare of nitroxin, with an average
of 13%, and the lowest percentage of
seed protein was obtained from the ab-
sence of nitroxin (control) with an aver-
age of 10.25% (Table 3). Nitroxin ferti-
lizer has probably improved conditions
and increased soil enzyme activity and
nitrogen supply in the soil, which in-
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creases seed protein. By secreting or-
ganic acids and phosphatase, biological
organisms lead to the release of ele-
ments from the complexes in the soil,
and plant access to nutrients increases
(Tejada et al., 2008). Other researchers
considered the reason for the increase in
seed protein as a result of the use of
nitrogen biofertilizer to provide more
nitrogen through biological fixation and
the release of absorbable nitrogen
around plant roots by Azotobacter bac-
teria. This can be due to the improve-
ment of seed nitrogen supply and the
increase of nitrogen consumption effi-
ciency (Egamberdiyeva, 2007). Azadi et
al. (2013) reported a 4.5% increase in
seed protein due to the combined use of
Azospirillium and Azotobacter, which
was consistent with the results of this
research.

S. CONCLUSION

Increasing nitrogen consumption had
a positive and significant effect on plant
height, forage dry forage, protein and
yield of forage protein and seed protein.
The use of nitroxin biofertilizer at the
rate of 4 liters per hectare (which was
not statistically significantly different
from the treatment of 2 liters per hec-
tare) in addition to the production of
growth stimulating hormones, caused
the development of the active level of
the root system and increased plant ac-
cess to nutrients. The highest dry forage
yield and forage protein yield were ob-
tained from the treatment of 4 liters per
hectare of nitroxin biofertilizer. The use
of biofertilizers along with nitrogen
chemical fertilizers can reduce the con-
sumption of nitrogen chemical fertiliz-

ers in addition to producing enough
yields, which significantly contributes
to the health of the environment and is
an important strategy in moving to-
wards sustainable agriculture.
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