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Improving the economical yield of commonly cultivated crops is one of the most pressing social and
scientific issues in modern agriculture. This paper was conducted to investigate the bio-efficacy of arbus-
cular mycorrhizal fungi (AMF) in improving phosphorous (P) utilization and increasing the yield of onion
plant grown in sandy soil under a drip irrigation system. The obtained results showed that AMF inocula-
tion of onion and application of 120 kg P fertilizer ha�1 significantly increased the fresh and dry weights,
chlorophyll content of onion as well as P concentration in the root, shoot, and bulb during two growing
seasons. Moreover, AMF increased the bioavailability of P in the rhizosphere and significantly enhanced
the N-utilization by the inoculated plant. The economic yield of the onion plant inoculated by AMF and
fertilized by different doses of P fertilizer was much higher than that obtained by the control (without
AMF). These findings indicated that inoculating the onion plant in the field with AMF could be very effec-
tive in increasing the yield of the onion plant. Additionally, this study suggests AMF as a low-cost and
promising candidate for the sustainable production of the onion crop using reclaimed sandy soils and
a drip irrigation system.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Onion, Allium cepa L., is one of the most important commercial
crops and ranked as the second economical value after some culti-
vated vegetables (FAO, 2020). The plant has a distinctive flavor and
is used in dishes, soups, sandwiches, and salad and also is cooked
alone as a vegetable. Onion is consumed after maturity in the form
of a dry-bulb or at its young green stage. The mature dry bulbs con-
tain proteins, starch, sugars, and some vitamins (Jilani et al., 2010).
Besides its nutritional value, onion showed some medical applica-
tions because of containing several anticancer agents (Bagali et al.,
2012) which have been shown to prevent cancer in animals.
Generally, the edible parts of Allium spp. plants contain volatile
sulfur-containing compounds, which have a distinct flavor and
are responsible for the pungent odor (Gîtina et al., 2014). Biologi-
cally active organo-sulfuric compounds, S-alk(en)yl-L-cysteine sul-
foxides (such as alliin and g-glutamylcysteines) dominates onion
flavor. In addition, the sulfoxides are found in the cytoplasm and
in the vacuole. These compounds are responsible for the character-
istic smell and taste of onion andmost of their biological properties
(Lanzotti 2006).

Currently, chemical fertilizers are used to increase the produc-
tion of most crops and meet the growing demands for food due
to the increasing human population. Unfortunately, these fertiliz-
ers had high production costs and showed a harmful effect on
the environment. Thus, the interest in finding alternative green
sources such as biofertilizers as eco-friendly systems with the abil-
ity to improve the crop yield and lower the cost of production is
growing and will continue to rise. Recently, the use of microbial
populations as bio-fertilizers have emerged as promising alterna-
tives of these chemicals for lower-cost production, enhanced envi-
ronmental sustainability, and improved yield (Egamberdiyera,
2007).

Several reports revealed that arbuscular mycorrhizal fungi
(AMF) can increase both water and nutrient absorption as well as
increasing the bioavailability of phosphorus (P) to host and
improve plant growth (Golubkina et al., 2020a, and refrences
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therein). AMF have synergistic effects with other microorganisms
and improve the yield of several crops (Lukiwatid and
Simanungkalit, 2002; Heggo and Barakah, 2003; Marulanda et al.,
2003). Generally, plant and AMF interaction is an important asso-
ciation in the rhizosphere with improvement physical, chemical,
and biological properties in soil (Smith and Smith, 2011). AMF
operated in rhizosphere soil by using a wide range of different
mechanisms. Such nutrients dissolving phosphorus through the
production of organic acid (Eldhuset et al., 2007). The use of AMF
as phosphate dissolving microorganisms was proposed as a low-
energy and low-cost mechanism that enhances the effectiveness
of phosphate fertilizers (Richardson, 2001; Gyaneshwar et al.,
2002). Nitrogen fertilizer is also responsible for an important part
of agriculture-related pollution through nitrate leaching, ammonia
volatilization, and nitrous oxide emissions; thus, the efficiency of
fertilizer utilization use has to be considered (Lobos Ortega et al.,
2016).

In this paper, the role of AMF in reducing phosphorous (P) fer-
tilization, improving nitrogen utilization, and increasing the yield
of onion plant grown in sandy soil under a drip irrigation system
was assessed for the first time. We also evaluated the rate of root
colonization and its potential for improving the P levels in the rhi-
zosphere during the two successive growing seasons.
2. Materials and methods

2.1. Plant and soil

Onion (Allium cepa L., cv. Shandweel) seeds were purchased
from the Agronomy Research Institute (Agricultural Research Cen-
tre, Giza, Egypt). Field soil in this study was reclaimed from sandy
soil. It was subjected to chemical, physical and mechanical analy-
ses (Carter and Gregorich 2007). All the studied parameters are
listed in Table 1.
2.2. Isolation arbuscular mycorrhizal fungi (AMF) and inoculum
preparation

Spores of AMF were extracted from the rhizosphere of a fertile
soil cultivated with onion plants at the Nuclear Research Center,
Egyptian Atomic Energy Authority, Inshas, Egypt. The mycorrhizal
spores were extracted by the wet sieving and decanting technique
according to Gerdemann and Nicolson (1963). The extracted AMF
spores were stored at 4 �C until used. Morphological characteristics
of attached hyphae, hyphae, azygospores, chlamydospores, and
sporocarps of the collected AMF were extensively studied. Identifi-
cation and characterization were carried out according to the key
of Schenck and Perez (1990). Distribution of the extracted AMF
genera in 1 kg of soil sample was as follows: Glomus sp. 80%, Gigas-
pora sp. 15%, Acaulospora sp. 3%, and Sctellospora sp. 2%. AMF inoc-
ulation was carried out after each season as follows: 100 mL spore
suspension (contains 30,000 spores) was added to 1 kg sterilized
soil, distributed evenly to the whole plot, mixed by tillage with soil
at planting.
Table 1
Mechanical, chemical and physical properties of soil.

Chemical properties Physical properties

0.91% Organic matter 17.21%
35 (mg kg�1) Available N 6.07%
18 (mg kg�1) Available P 11.22%
141 (mg kg�1) Available K 1.65 (g cm�3)
0.68 EC (ds m�1) 7.69
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2.3. Field experiment

Two field experiments were carried at the experimental farm of
the Nuclear Research Center (Egyptian Atomic Energy Authority,
Inshas, Egypt) during the two growing seasons of 2018/2019 and
2019/2020 to study the effect of arbuscular mycorrhizal fungi
(AMF) inoculation interacted with mineral P fertilizer on growth
and yield of the onion plant. Onion seeds were planted in a nursery
for 55 days and then transplanted to the field. The transplanting
was settled upon the two sides of the irrigation line included a
dripper 25 cm along. The experimental area was divided into equal
size plots; the plot area was (1.5 � 2) 3 m. The experiments were
included three levels from monocalcium phosphate fertilizer
(15.5% P2O5) as follows 40, 80, and 120 kg ha�1 with or without
AMF inoculation (control). One level of nitrogen fertilizer was
added at a rate of 140 kg N ha�1 in the form of ammonium sulfate
(21.2 % N) at two equal doses whereas the first started at 21 days
after transplanting and the second started 21 days after the first
time. (15NH4)SO4 with enrichment 5 % N atom excess was mixed
with ordinary fertilizer in microplot (0.60 m long � 0.50 m apart)
to be 0.30 m2 for measuring nitrogen efficiency as N-utilized.
Potassium sulfate (48% K2SO4) at the rate of 200 kg ha�1 was also
applied before transplanting.

2.4. Estimation of root colonization

Root samples were collected during the two seasons of the
experiment after 30, 60, and 90 days after transplanting. The col-
lected samples were stained according to the method described
by Phillips and Hayman (1970). In brief, roots were washed in ster-
ile distilled water, softened for 24 h in KOH (10%), washed in sterile
distilled water. After which, roots were acidified for 1 h at room
temperature in lactic acid (5%) and then stained for 24 h with ani-
line blue (0.01%) in pure lactic acid. Finally, roots were cut into
1 cm sections and mounted onto slides in glycerol then analyzed
using a computerized light microscope (Motic images 2000, ver-
sion 1–3, Micro-Optic Industrial Group Co. Ltd, Japan). The percent-
age of AMF colonization was calculated according to Trouvelot
et al. (1986).

2.5. Measured plant parameters

Plants samples were taken 110 days after transplanting for esti-
mating both fresh and dry weight (g plant�1) and total chlorophyll
contents (mg g�1 dry weight) in plant leaves according to the
method described by Gross (1991). In brief, leaves were ground
in cool water in darkness and adjusted to volume 25 mL by dis-
tilled water. Then 0.5 mL of this solute was mixed with 4.5 mL ace-
tone 80% and centrifuged 3000 rpm for 10 min. The upper zone of
this solution was taken for spectrophotometery (Gross, 1991).

At the harvest time, the economical yield expressed as bulbs
weight (kg ha�1) was measured. Besides, shoots, roots, bulbs were
dried and ground to determine the phosphorous content according
to the method described by Cottenie et al. (1982). In brief, plant
sample was placed in 100 mL flask and Darco-G-60 was added fol-
lowed by 50 mL of NaHCo3 (0.5 M) solution, next flask was corked,
Mechanical properties

Field capacity 26.60% Coarse sand
Wilting point 52.60% Fine sand
Available water 4.30% Clay
Bulk density 16.50% Silt
pH (1: 2.5) Sandy soil Texture
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and allowed for shaking for 30 min. The content was then filtered.
5 mL filtrate was taken in 25 mL volumetric flask and 2 drops of 2,
4- paranitrophenol were added. 5 N H2SO4 drop by drop was added
with intermittent shaking till yellow color disappear, content was
diluted about 20 mL with distilled water and then 4 mL ascorbic
acid was added then the mixture was shacked well and the inten-
sity of blue color at 660 nm on colorimeter was measured. The
absorbances were compared and concentrations of phosphorous
using standard value were calculated.

2.6. Chemical analysis

Rhizosphere soil samples were taken 90 days after transplant-
ing for estimation of available phosphorus in soil according to
the method described by Olsen et al. (1954). Total nitrogen deter-
mination according to Bremner and Mulvaney (1982). 15N percent-
age in plant sample as atom excess which determined using
emission spectrometry as described by Bursh et al. (1982).

2.7. Statistical analysis

Experimental results were expressed as the mean of ten repli-
cates. Experiments were designed in a randomized complete block
design in ten replicates. The data in each season were statistically
analyzed according to procedures outlined by Snedecor and
Cochran (1989). The treatment means and interaction were com-
pared using the least significant difference (LSD) test.
3. Results

3.1. Effect of phosphorus fertilization and AMF inoculation on root
colonization

The effect of AMF inoculation on root colonization was recorded
after 30, 60, and 90 days of transplanting. Fig. 1 presents the micro-
scopic visualization of AMF showing arbuscules, spores, and
hyphae in the roots of onion. The obtained results clearly showed
that no colonization on root after 30 days. Results presented in
Table 2 confirmed that the colonization of AMF in the roots of
onion after 60 days of planting reached 70% with level 80 kg P fer-
tilizer ha�1. Similarly, Table 3 showed AMF colonization increased
most rapidly reaching 81% after 90 days with level 80 kg P fertilizer
ha�1 during the two growing seasons. The inoculation by AMF and
application of P fertilizer together were more effective in enhanc-
ing root colonization. The highest records of AMF infection per-
centages were recorded using 80 kg ha�1 P fertilizer for the
onion plant through the two growing seasons. Mycorrhizal
Fig. 1. Microscopic visualization (40�) of arbuscular mycorrhizal fungi showing arbusc
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colonization of roots was declined when increasing above 80 kg
P2O5 ha�1 either at 60 or 90 days (Tables 2 and 3).
3.2. Effect of phosphorus fertilization AMF inoculation on availability
of P in the rhizosphere

Table 4 presented the effect of AMF with different P levels on
the availability of P in soil rhizosphere after 90 days from planting.
The obtained data (Table 4) indicate that the inoculation with AMF
increased P concentration in the soil as compared with control
treatment (without AMF). The obtained data further showed that
increasing phosphorus fertilization was accompanied by an
increase in the recorded P in the rhizosphere. The highest concen-
trations (54.39% for the season 2018/2019, and 76.13% for the sea-
son 2019/2020) of the available P in the rhizosphere during the
two growing seasons were recorded at 120 kg P2O5 ha�1. The max-
imum available P in soil with level 120 kg P2O5 ha�1 was 76.13%
compared with control which was 20.20% in the same level in
the second season. Similar results with too lower extent were
noticed during the first season.
3.3. Effect of phosphorus fertilization and AMF inoculation on growth
parameters of the onion plant

Data presented in Fig. 2 clearly show that fresh and dryweight of
onion plants positively responded to AMF inoculation with each
mineral phosphorus fertilizer level as comparedwith control (with-
out AMF). The recorded values of fresh and dry weight gave maxi-
mum values with mycorrhizal inoculation at 120 kg P2O5 ha�1 as
the recommended dose. This observation was obvious little differ-
ence values between values of dry and fresh weight with increase
phosphorus fertilizer levels between the second level 80 kg P2O5

ha�1 and the third level 120 kg P2O5 ha�1. Relatively, mycorrhizal
inoculation caused increments in fresh weight (34.8, 22.7, and
11.7%, for the 1st season and 23.1, 22.4, and 12.6%, for the 2nd sea-
son) with mycorrhizal inoculation over the control with the three
respective P fertilizer concentrations. The results showed that the
dryweight per plant increasedby increasing thephosphate fertilizer
rate from40 to 120 kg P2O5 ha�1 in 2018/2019and 2019/2020 grow-
ing seasons as shown in Fig. 2. The highest dry weight was 33.7 and
32.6 in the first season and 41.0 and 35.3 in the second season with
or without mycorrhizal inoculation, respectively. The data illus-
trated in Fig. 2c showed that all different levels of phosphorus fertil-
ization with or without mycorrhizal inoculation affected of total
chlorophyll content. The obtained results further showed that
chlorophyll content in inoculated plants was slightly higher than
in control. Application of phosphorus fertilizer up to 120 kg P2O5
ules and spores (a) and spores and hyphae (b) in the onion root.



Table 2
Effect of AMF inoculation on mycorrhizal colonization (%) after 60 days of onion plant growth under different levels of P fertilizer.

P fertilizer conc. (kg ha�1) Mycorrhizal colonization (%)

Season 2018/2019 Season 2019/2020

Control AMF Control AMF

40 0.001 23.0 9.67 30.33
80 0.001 70.0 10.33 70.33
120 0.001 39.0 10.33 43.66
LSD (0.05) P fertilizer: 1.72

AMF: 1.41
P fertilizer AMF: 2.43

P fertilizer: 1.40
AMF: 1.15
P fertilizer AMF: 1.98

Table 3
Effect of AMF inoculation on mycorrhizal colonization (%) after 90 days of onion plant growth under different levels of P fertilizer.

P fertilizer conc. (kg ha�1) Mycorrhizal colonization (%)

Season 2018/2019 Season 2019/2020

Control AMF Control AMF

40 0.001 36.33 14.33 45.33
80 0.001 80.66 12.33 81.33
120 0.001 45.66 10.66 53.33
LSD (0.05) P fertilizer: 0.99

AMF: 0.81
P fertilizer AMF: 1.39

P fertilizer: 1.28
AMF: 1.05
P fertilizer AMF: 1.81

Table 4
Effect of AMF inoculation on concentration of the available phosphorus (%) in rhizosphere after 90 days of onion plant growth under different levels of P fertilizer.

P fertilizer conc. (kg ha�1) Concentration of phosphorous (%) in rhizosphere

Season 2018/2019 Season 2019/2020

Control AMF Control AMF

40 19.60 24.50 20.57 30.43
80 21.33 50.87 25.03 59.17
120 20.30 54.93 20.20 76.13
LSD (0.05) P fertilizer: 0.64

AMF: 0.52
P fertilizer AMF: 0.92

P fertilizer: 0.37
AMF: 0.30
P fertilizer AMF: 0.53
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ha�1 with mycorrhizal inoculation gave the maximummean values
of total chlorophyll which equal to 56.2 and 56.0 mg g�1 dry weight
at 1st and 2nd season, respectively.
3.4. Effect of phosphorus fertilization and AMF inoculation on
phosphorus concentration in onion plant parts

Fig. 3 showed that P concentration in roots, shoots, and bulbs
was increased in AMF inoculated plants compared to control. Rel-
atively, AMF inoculation caused increments in P concentration in
the root (Fig. 3a) by about 17% and 21% over the control for the first
season and the second season, respectively. Moreover, AMF inocu-
lation caused a relative increase in P concentration in the shoot
(Fig. 3b) by about 29% and 17% over the control during the two sea-
sons. P concentration in the bulb (Fig. 3c) almost followed the same
trend as previously observed for root and shoot. P concentration in
bulbs was considerably increased by inoculation with AMF during
two seasons. P concentration in either root, shoot, or bulb reached
maximum value when soil fertilizer with adding 120 kg P2O5 ha�1.
3.5. Effect of phosphorus fertilization and AMF inoculation on N-
utilization by onion plant

Table 5 presented the effect of inoculation with AMF under dif-
ferent P levels on nitrogen utilization by onion. The obtained
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results clearly showed that AMF inoculation enhanced N utilization
from chemical fertilizer more efficiently than those of the control
(Without AMF). The highest value of N-utilized by the plant was
detected with the full dose of 120 kg P2O5 ha�1 in presence of
AMF inoculation during the two seasons. AMF inoculation caused
increments in N utilization percentage by about 44.8, 47.8, and
23.0% for the 1st season and 24.1, 40.3, and 30.2% for the 2nd sea-
son over the control with three respective levels of P fertilizer.
However, significant differences were obtained from the applica-
tion at 80 and 120 kg ha�1 kg P2O5 ha�1. The values of N-utilized
with AMF inoculation by onion plant as affected by the third level
were nearly closed to those recorded with the second level through
the second season.
3.6. Effect of phosphorus fertilization and AMF inoculation on the
economical yield

Results presented in Table 6 clearly showed that AMF inocula-
tion and P fertilization had a significant effect on onion bulbs yield.
During the two growing seasons, onion bulbs yield increased lin-
early with increasing phosphate fertilizer level with AMF inocula-
tion. The increasing level of phosphate fertilizer progressively
increased the economical yield of the onion plants across AMF
inoculation (Table 6). Application of AMF inoculation with a level
of 120 kg P2O5 ha�1 gave maximum values of economical yield



Fig. 2. Growth parameters of the onion plant influenced by AMF inoculation and
different levels of phosphate fertilizer. (a) Effect of AMF inoculation and different
levels of phosphate fertilizer on fresh weight (g plant�1) of the onion plant. (b)
Effect of AMF inoculation and different levels of phosphate fertilizer on dry weight
(g plant�1) of the onion plant. (c) Effect of AMF inoculation and different levels of
phosphate fertilizer on chlorophyll (mg g�1 dry weight) of the onion plant. Data on
the left-hand side represent the 1st season and the right-hand side represent the
2nd season. Means with different letters for each group (Control or AMF) were
considered statistically different.
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were 32.69 and 32.12 ton ha�1 in the two seasons respectively but
there no significant difference was obtained from application 80
and 120 kg P2O5 ha�1 during the two growing seasons.
4. Discussion

In the present study, the percentage of root colonization after
60 days with 80 kg P fertilizer ha�1 reached their maximal level
of 70.0% with AMF inoculation followed by 120 and 40 kg P fertil-
izer ha�1. The highest AMF colonization percentage after 90 days
with AMF inoculation reached 81.33% using 80 kg ha�1 P fertilizer.
Alloush and Clark (2001) reported that AMF improves plant growth
and nutrient uptake at low soil fertility and it can increase the
effectiveness of P fertilizer added to soils than phosphate fertilizer
added alone. Very low and very high phosphate fertilizer levels
may reduce AMF infection colonization (Koide, 1991). Levels of soil
P higher than that required for plant growth eliminated the devel-
opment of the arbuscular of AMF. Arbuscules structure produced
within the host plant cells by AMF resemble miniature shrub-like
trees (Dickson et al., 2007), the addition of excess phosphate
results in no arbuscules forming which are responsible for the
transfer of absorbed nutrients from the fungus to the host plant
(Hughes et al., 2008; Golubkina et al. 2018).

Our results showed that inoculation with AMF significantly
increased available P in the rhizosphere compared to the control.
Obtained results revealed that a reverse correlation can be drawn
between P in the rhizosphere and mycorrhizal colonization. Our
335
results further suggested that very high and very low available P
levels in soil may reduce mycorrhizal colonization. These results
are in agreement with those obtained by Koide and Li (1990) and
Koide (1991). The authors concluded that the level of P in the rhi-
zosphere influence the establishment of mycorrhiza with a high-
level inhibition of colonization. An increase in the level of P in soil
results in a reduction in spores’ production by fungus these spores
responsible for root infection (Menge et al., 1978). Smith and Read
(2008) observed that P in soil is the most important edaphic item
for the process of mycorrhizal symbiosis. Garcia and Mendoza
(2008) reported that the best arbuscular colonization was related
to the highest N and P concentrations in plant tissue, suggesting
a correspondence with an increase in the rate of nutrient transfer
between the cooperative accomplices.

In the current study, the fresh and dry weight, as well as total
chlorophyll content of the onion plant, were linearly and positively
affected by AMF inoculation. The maximum fresh and dry weights
were on average observed under the highest phosphate level
120 kg P fertilizer ha�1. Similarly, Mohamed et al. (2014) reported
that the total dry weight of the onion bulb gave maximum value
when soil fertilized with NPK with inoculation by AMF. Mycorrhiza
could increase all parameters because mycorrhizal fungi increase
the absorption of water and mineral nutrient (Balloei et al., 2009;
Golubkina et al. 2019). Also, Abadi et al. (2015) reported that the
seed yield of the black cumin plant increased significantly with
AMF inoculation. Moreover, AMF improved chlorophyll concentra-
tion and probably photosynthesis leading to increase dry mass
bulb (Bolandnazar et al., 2007). Chanda et al. (2014) found that
inoculation with AMF enchanted chlorophyll content compares
to non-mycorrhizal. Also, Rahimi et al. (2012) found that the inter-
action of AMF inoculation and water stress created significant dif-
ferences in chlorophyll A, B, and carotenoids. Singh et al. (2012)
found that chlorophyll content increased after AMF inoculation
as a result of higher concentrations of Mg, Fe, and Cu tissues influ-
encing chlorophyll synthesis.

Maximum P concentrations in roots, shoots, and bulbs were
increased compared to control due to AMF inoculation. In the same
connection, Karandashov and Bucher (2005) reported that one of
the most effects of AMF inoculation on the host plant is the
increase in P in the plant mainly due to mycorrhiza absorbed phos-
phate from the soil and transfer it to host roots. The fungal hyphae
transport phosphate large distances into roots cortical cell (Parkash
and Aggarwal, 2009; Golubkina et al., 2020b). Clark and Zeto
(2000) demonstrated that AMF plays a dominant role in increasing
phosphorus solubilization and nutrient uptake as P, N and K. Podila
and Douds (2010) reported that AMF improved absorption of P and
other nutrients by plants.

Nitrogen is a major essential element and the amount of avail-
able nitrogen in the soil is a limiting factor for natural and agricul-
tural plant production (Ohyama et al., 2014). Our results showed
that N-fertilizer was more efficiently used by inoculated plants
as compared to control. 15N dilution techniques have been decisive
for evaluating the impact of agronomic management on N and P
cycling. Stable isotope label has suggested that inorganic nitrogen
is taken up by the extra mycelium, incorporated into amino acids,
translocated from extra to intra-mycelium fungal structures as
arginine, and then transported as ammonium to the plant
(Govindarajulu et al., 2005; Jin et al., 2005).

In this study, the highest bulb weight was found in response to
the application of 80 kg ha�1 P fertilizer due to the adequate nutri-
ent, moisture, and light which helped to increase the average
weight of bulb per plant (Khan et al. 2002). In the same connection,
onion response to the phosphate fertilizer application of up to
90 kg ha�1 P fertilizer was reported by Costa et al. (2009), obtaining
a yield of 33.4 kg ha�1. Resende et al. (2016) observed maximum
yields for two onion cultivars with a dose of 132 kg ha�1 P



Fig. 3. The concentration of P in the onion plant influenced by AMF inoculation and different levels of phosphate fertilizer. (a) Effect of AMF inoculation and different levels of
phosphate fertilizer on P content (%) in roots of the onion plant. (b) Effect of AMF inoculation and different levels of phosphate fertilizer on P content (%) in shoots of the onion
plant. (c) Effect of AMF inoculation and different levels of phosphate fertilizer on P content (%) in bulbs of the onion plant. Data on the left-hand side represent the 1st season
and the right-hand side represent the 2nd season. Means with different letters for each group (Control or AMF) were considered statistically different.

Table 5
Effect of AMF inoculation on nitrogen utilization (%) of onion plant grown under different levels of P fertilizer.

P fertilizer conc. (kg ha�1) Nitrogen utilization (%)

Season 2018/2019 Season 2019/2020

Control AMF Control AMF

40 24.61 35.63 26.86 33.31
80 29.71 43.92 30.82 43.25
120 36.42 44.81 35.99 46.87
LSD (0.05) P fertilizer: 2.17

AMF: 1.77
P fertilizer AMF: 3.07

P fertilizer: 2.42
AMF: 1.97
P fertilizer AMF: 3.42
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Table 6
Effect of AMF inoculation on economical yield (bulb weight, ton ha�1) of onion plant grown under different levels of P fertilizer.

P fertilizer conc. (kg ha�1) Economical yield (bulb weight, kg ha�1)

Season 2018/2019 Season 2019/2020

Control AMF Control AMF

40 23,397 28,440 24,758 28,598
80 25,608 31,315 26,611 31,780
120 28,908 32,690 29,551 32,124
LSD (0.05) P fertilizer: 842

AMF: 688
P fertilizer AMF: 1192

P fertilizer: 588
AMF: 480
P fertilizer AMF: 830
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fertilizer, comparable to the economic dose of 130 kg ha�1 P fertil-
izer. The application of 71 kg ha�1 of P fertilizer provided the com-
mercial maximum yield of bulbs in onion crop, as well as
60 kg ha�1 P fertilizer by Wamser et al. (2011) and 132 kg ha�1 P
fertilizer by Resende et al. (2016).

5. Conclusion

This study indicated that AMF can increase the production of
onion yield with second and third levels from P fertilizer under
drip irrigation during two successive seasons. Inoculating onion
plant in the field with AMF could be effective onion plant produc-
tion as a result of the fertility root zone which can enhance absorp-
tion of nutrients and then improved yield recommend before
inoculating soil with AMF. Economic onion yield (dry bulb weight)
increased significantly with increasing P fertilizer 120 kg ha�1 by
AMF inoculation. These findings suggested that AMF will be, in
the near future, an emerging and promising candidate in sustain-
able agriculture, as alternative green technology to minimize the
use of synthetic fertilizers.
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Gîtina, L., Dinică, R., Neagu, C., Dumitrascu, L., 2014. Sulfur compounds
identification and quantification from Allium spp. fresh leaves. J. Food Drug
Anal. 22, 425–430. https://doi.org/10.1016/j.jfda.2014.04.002.

Golubkina, N., Krivenkov, L., Sekara, A., Vasileva, V., Tallarita, A., Caruso, G., 2020a.
Prospects of arbuscular mycorrhizal fungi utilization in production of Allium
plants. Plants 9, 279. https://doi.org/10.3390/plants9020279.

Golubkina, N.A., Caruso, G., Vidican, R., Sellitto, V.M., Pietrantonio, L.D., Martorana,
M.E., Lumini, E.F., Balestrini, R., 2018. Effetto dei funghi micorrizici su fisiologia,
produttività e qualità di cipolla, aglio e porro. Agrisicilia 4, 41–44.

Golubkina, N., Zamana, S., Seredin, T., Poluboyarinov, P.A., Sokolov, S., Baranova, H.,
Krivenkov, L., Pietrantonio, L., Caruso, G., 2019. Effect of selenium
biofortification and beneficial microorganism inoculation on yield, quality and
antioxidant properties of shallot bulbs. Plants 8, 102. https://doi.org/
10.3390/plants8040102.

Golubkina, N.A., Amagova, Z., Matsadze, V., Zamana, S., Tallarita, A., Caruso, G.,
2020b. Effects of arbuscular mycorrhizal fungi on yield, biochemical
characteristics, and elemental composition of garlic and onion under
selenium supply. Plants 9, 84. https://doi.org/10.3390/plants9010084.

Govindarajulu, M., Pfeffer, P.E., Jin, H., Abubaker, J., Douds, D.D., Allen, J.W., Bucking,
H., Lammers, P.J., Shachar-Hill, Y., 2005. Nitrogen transfer in the arbuscular
mycorrhizal symbiosis. Nature 435, 819– 823. 10.1038/nature03610.

Gross, J., 1991. In: Pigment in vegetables: chlorophylls and carotenoids. Van
Nostrand Reinhold, New York. https://doi.org/10.1007/978-1-4615-2033-7.

Gyaneshwar, P., Kumar, G.N., Parekh, L.J., Poole, P.S., 2002. Role of soil
microorganisms in improving P nutrition of plants. Plant Soil 245, 83–93.
10.1023/A:1020663916259.

Heggo, A.M., Barakah, F.N., 2003. Phosphates activity as affected by plant root
exudates, aruscular Mycorrhiza and P-fertilizer source. In: Conference of
Enzymes in the Environment. Activity, Ecology and Applications. Praha Czech
Republic.

Hughes, J.K., Hodge, A., Fitter, A.H., Atkin, O.W., 2008. Mycorrhizal respiration:
implications for global scaling relationships. Trends Plant Sci. 13, 583–588.
10.1016/j.tplants.2008.08.010.

Jilani, M.S., Ahmed, P., Waseem, K., Kiran, M., 2010. Effect of plant spacing on
growth and yield of two varieties of onion (Allium cepa L.). Pakistan J. Biol. Sci.
6, 37–41. 10.3923/pjbs.2003.1582.1585.

Jin, H., Pfeffer, P.E., Douds, D.D., Piotrowski, E. Lammers, P.J., Shachar-Hill, Y., 2005.
The uptake, metabolism, transport and transfer of nitrogen in an arbuscular
mycorrhizal symbiosis. New Phytol. 168, 687–696. 10.1111/j.1469-
8137.2005.01536.x.

http://refhub.elsevier.com/S1319-562X(21)00782-8/h0005
http://refhub.elsevier.com/S1319-562X(21)00782-8/h0005
http://refhub.elsevier.com/S1319-562X(21)00782-8/h0005
https://doi.org/10.1201/9781420005271
https://doi.org/10.1016/j.apsoil.2007.02.005
https://www.fao.org
https://doi.org/10.1016/j.jfda.2014.04.002
https://doi.org/10.3390/plants9020279
http://refhub.elsevier.com/S1319-562X(21)00782-8/h0105
http://refhub.elsevier.com/S1319-562X(21)00782-8/h0105
http://refhub.elsevier.com/S1319-562X(21)00782-8/h0105
https://doi.org/10.3390/plants8040102
https://doi.org/10.3390/plants8040102
https://doi.org/10.3390/plants9010084
https://doi.org/10.1007/978-1-4615-2033-7


T.M.S. El-Sherbeny, A.M. Mousa and El-Sayed R. El-Sayed Saudi Journal of Biological Sciences 29 (2022) 331–338
Karandashov, V., Bucher, M., 2005. Symbiotic phosphate transport in arbuscular
mycorrhizas. Trends Plant Sci. 10, 22–29. 10.1016/j.tplants.2004.12.003.

Khan, H.B., Iqbal, M., Ghafoor, A., Waseem, K., 2002. Effect of various plant spacing
and different nitrogen levels on the growth and yield of onion (Allium cepa L.). J.
Biol. Sci. 2, 545–547. 10.3923/jbs.2002.545.547.

Koide, R.T., Li, M., 1990. On host regulation of the vesicular-arbuscular mycorrhizal
symbiosis. New Phytol. 114, 59–65. 10.1111/j.1469-8137.1990.tb00373.x.

Koide, R.T., 1991. Nutrient supply, nutrient demand and plant response to
mycorrhizal infection. New Phytol. 117, 365–386. https://doi.org/10.1111/
j.1469-8137.1991.tb00001.x.

Lanzotti, V., 2006. The analysis of onion and garlic. J. Chromatogr. A. 1112, 3–22.
https://doi.org/10.1016/j.chroma.2005.12.016.

Lobos Ortega, I., Alfaro, M., Martinez-Lagos, J., 2016. Soil nitrogen contribution to
grasslands yield in southern Chile its implications for nitrogen use efficiency. J.
Soil Sci. Plant Nutr. 16, 310–322. 10.4067/S0718-95162016005000027.

Lukiwatid, D.R., Simanungkalit, R.D.M., 2002. Dry matter yield, N and P uptake of
soybean with Glomus manihotis and Bradyrhizobium japonicum. In timetable
of international meeting on direct application of phosphorus rock and related
technology–latest developments and practical experiences. International
fertilizer development center muscle shoals (IFDC) USA Kuala Lumpur,
Malaysia, 16–20 July.

Marulanda, A., Azcon, R., Ruiz-Lozano, J.M., 2003. Contribution of six arbuscular
mycorrhizal fungal isolates to water uptake by Lactuca sativa plants under
drought stress. Physiol. Plant 119, 526–533. 10.1046/j.1399-3054.2003.00196.x.

Menge, J.A., Steirle, D., BagyAraj, D.J., Johnson, E.L.V., Leonard, R.T., 1978.
Phosphorus concentrations in plants responsible for inhibition of mycorrhizal
infection. New Phytol. 80, 575–578. 10.1111/j.1469-8137.1978.tb01589.x.

Mohamed, A.A., Eweda, E.E.W., Heggo, A.M., Hassan, A.E., 2014. Effect of dual
inoculation with arbuscular mycorrhizal fungi and sulphur-oxidising bacteria
on onion (Allium cepa L.) and maize (Zea mays L.) grown in sandy soil under
green house conditions. Ann. Agric. Sci. 59, 109–118. 10.1016/j.
aoas.2014.06.015.

Ohyama, T., Momose, A., Ohtake, N., Sueyoshi, K., Sato, T., Nakanishi, Y., Constancio,
A., Asis, Jr., Ruamsungsri, S., 2014. Nitrogen Fixation in Sugarcane. In: Ohyama T.
(Ed), Advances in Biology and Ecology of Nitrogen Fixation. In Tech. pp.49–70.
10.5772/56993.

Olsen, S.R., Cole, C.V., Watanabe, F.S., Dean, L.A., 1954. Estimation of available
phosphorus in soils by extraction with sodium bicarbonate. US Dept Agric Circ
939.
338
Parkash, V., Aggarwal, A., 2009. Diversity of endomycorrhizal fungi and their
synergistic effect on the growth of Acacia catechu Willd. J. Forest Sci. 55, 461–
468. 10.17221/120/2008-JFS.

Phillips, J., Hayman, D., 1970. Improved procedures for clearing roots and staining
parasitic and vesicular-arbuscular mycorrhizal fungus for rapid assessment of
infection. Trans. Brit. Mycol. Soc. 5, 158–161. 10.1016/S0007-1536(70)80110-3.

Podila, G.K., Douds, J.R., 2010. Current advances in mycorrhizae research. American
phytopathological society press USA, Mn, St. Paul, pp. 127–140.

Rahimi, L., Aliasgharzad, N.A., Oustan, S.H., 2012. Effect of native Azotobacter
chroococcum strains on growth and uptake of nitrogen and phosphorus by
wheat plant in greenhouse conditions. J. Water Soil Sci. 15, 159–171. http://
jstnar.iut.ac.ir/article-1-2046-en.html.

Resende, G.M., Costa, N.D., Yuri, J.E., 2016. Effect of phosphorus levels on yield and
postharvest storage of onion cultivars. Rev. Ceres. 63, 249–255. 10.1590/0034-
737X201663020017.

Richardson, A.E., 2001. Prospects for using soil microorganisms to improve the
acquisition of phosphorus by plants. Funct. Plant Biol. 28, 897–906. /10.1071/
PP01093.

Schenck, N.C., Perez, Y., 1990. Manual for identification of vesicular arbuscular
mycorrhizal fungi. (INVAM). University of Florida, Gainesville.

Singh, N.V., Sing, S.K., Singh, A.K., Neshram, D.T., Suroshe, S.S., Mishra., D.C., 2012.
Arbuscular mycorrhizal fungi (AMF) induced hardening of micropropagated
pomegranate (Punica granatum L.) plantlets. Sci. Hortic. 136, 122–127. 10.1016/
j.scienta.2012.01.005.

Smith, S.E., Smith, F.A., 2011. Roles of arbuscular mycorrhizas in plant nutrition and
growth: New paradigms from cellular to ecosystem scales. Ann. Rev. Plant Biol.
62, 227–250. 10.1146/annurev-arplant-042110-103846.

Smith, S.E., Read, D.J., 2008. Mycorrhizal Symbiosis. 3rd Ed., Academic Press,
London. 10.1016/B978-0-12-370526-6.X5001-6.

Snedecor, G.W., Cochran, W.G., 1989. Statistical Methods. 8th Ed, Iowa State
University Press, Iowa, USA.

Trouvelot, A., Kough, J.L., Gianinazzi-Pearson, V., 1986. Mesure du taux de
mycorhization VA d’un systeme radiculaire. Recherche de methods
d’estimation ayant une signification fonctionnelle. In: Gianinazzi-Pearson, V.,
Gianinazzi, S. (Eds.), Physiological and Genetical Aspects of Mycorrhizae, INRA,
Paris, 217-221. 10.1177/004057368303900411.

Wamser, A.F., Suzuki, A., Mueller, S., Gonçalves, M.M., Valmorbida, J., Becker, W.F.,
2011. Fertilization of onion with phosphorus and potassium in an area with
residual fertilization of tomato. Revista Agropecuária Catarinense 24, 86-88.
https://publicacoes.epagri.sc.gov.br/RAC/article/view/707.

https://doi.org/10.1111/j.1469-8137.1991.tb00001.x
https://doi.org/10.1111/j.1469-8137.1991.tb00001.x
https://doi.org/10.1016/j.chroma.2005.12.016
https://publicacoes.epagri.sc.gov.br/RAC/article/view/707

	Use of mycorrhizal fungi and phosphorus fertilization to improve the yield of onion (Allium cepa L.) plant
	1 Introduction
	2 Materials and methods
	2.1 Plant and soil
	2.2 Isolation arbuscular mycorrhizal fungi (AMF) and inoculum preparation
	2.3 Field experiment
	2.4 Estimation of root colonization
	2.5 Measured plant parameters
	2.6 Chemical analysis
	2.7 Statistical analysis

	3 Results
	3.1 Effect of phosphorus fertilization and AMF inoculation on root colonization
	3.2 Effect of phosphorus fertilization AMF inoculation on availability of P in the rhizosphere
	3.3 Effect of phosphorus fertilization and AMF inoculation on growth parameters of the onion plant
	3.4 Effect of phosphorus fertilization and AMF inoculation on phosphorus concentration in onion plant parts
	3.5 Effect of phosphorus fertilization and AMF inoculation on N-utilization by onion plant
	3.6 Effect of phosphorus fertilization and AMF inoculation on the economical yield

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	References


