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Abstract

Today, the intensive use of chemical fertilizers causes various environmental problems. Inoculation of microbial
preparations as an alternative to chemical fertilizers to plants can be an effective method for sustainable production
efforts. Silicon application shows potential to increase nutrient uptake by roots and nutrient availability in the
rhizosphere through complex mechanisms, can increase P availability in the soil. In this study, the effects of silicon
application and inoculation of phosphorus solubilizing bacteria and mycorrhiza on sunflower plant growth and
phosphorus utilization efficiency were investigated. Oil sunflower seed, Glomus etunicatum, mycorrhiza complex and
with phosphorus bacteria were inoculated. Si application was also made at doses of 0-30-60 kg/da. After the sowing of
the experimental plants, mycorrhiza and P bacteria were inoculated. The experiment was terminated when 50% of the
flowers bloomed. According to the results, average plant height, flower wet and dry weights showed significant
differences with Si treatments, Si with mycorrhiza and P bacteria treatments. 30 Si kg/ha dose had more positive effects
on plant growth.
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INTRODUCTION al., 2019), paddy (Pati et al., 2016; Hu et al.,
2018), maize (Owino-Gerroh and Gascho,
Silicon, which is not classified as an absolutely ~ 2005), potato (Soltani et al., 2017; Soratto et
essential element for plants, has actually been al., 2019) plants under conditions of limited
observed to have beneficial effects in various  availability of phosphorus. Si has been reported
plant species and environmental conditions. It  to be effective in alleviating P deficiency by
has been reported that Si has the potential to increasing root uptake and utilization of
increase the wuptake of nutrients in the  phosphorus within plant tissues (Neu et al.,
rhizosphere and root zone through complex  2017; Zhang et al., 2019).
mechanisms (Pavlovic et al., 2021). Si has been Although the use of phosphorus fertilizers is
described by various researchers as an  recommended to eliminate P deficiency in soil,
“agriculturally essential element” due to its there are factors that reduce the efficiency of
ability to increase plant resistance to plant  phosphorus use in acidic and calcareous soils.
diseases and pests and stressful conditions such ~ In recent years, it has been reported that
as drought, metal toxicity, salinity and sodium arbuscular  mycorrhizal  fungi  (AMF),
(Detmann et al., 2012; Klotzbiicher et al., 2018; phosphate solubilizing bacteria (PSB) and Si
Liang et al., 2015). Some plant species are application can be effective and economical
minimally affected by Si fertilization compared  solutions to increase the availability and
to other plants (Coskun et al., 2019). efficiency of phosphorus in soil (Etesami et al.,
Silicon has been reported to play an important 2021). In this study, the effects of inoculation
role in P nutrition as well as in the uptake of  of sunflower plants with different doses of Si, a
other plant nutrients (Schaller et al., 2021; phosphorus solubilizing bacterium and two
Pavlovic et al., 2021). Also, Si has been shown  different mycorrhizae on plant growth
to have a mitigating effect in wheat (Kostic et ~ parameters were investigated.
al., 2017; Neu et al., 2017), tomato (Zhang et
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MATERIALS AND METHODS

The experiment was conducted as a pot
experiment in greenhouse conditions in the
spring of 2024. Before the experiment was
established, leek seeds were inoculated (500
spore/pot) with the existing Glomus etunicatum
mycorrhiza species obtained from previous
projects and mycorrhiza isolated from natural
plant roots from the mining area under
greenhouse conditions. When the inoculated
seeds develop as plants and reach the height of
30-40 cm, the underground part of the plant
was taken along with the soil, mixed
thoroughly and stored at +4°C until use. Thus,
the propagation of these mycorrhizae from leek
roots was carried out.

The experimental soil was collected from a
depth of 0-30 cm, sieved through a 4 mm sieve,
and filled into the pots by weighing (4 kg of

soil pot') as an oven-dried basis. The
experiment was conducted in a factorial design
with three replications and three factors:
Mycorrhiza: Glomus etunicatum and natural
mix mycorrhiza inoculation (500 spores/pot to
a depth of 10 cm from the soil surface) and
without inoculation (MO).

Phosphorus bacteria were applied from a
commercial preparation (Bacillus pumilus) with
inoculation (B+) and without inoculation (B-).
Silicon application: Si(OH)4 containing 26%
water soluble silicon from a commercial
product (Agrisilica) was used. Application
doses were 0 (Si0), 30 (Si30) and 60 (Si60) kg
Si/da.

Sunflower seeds (MAY M96CL02 oil
sunflower seed) were sown 8 seeds in each pot
and diluted to 5 plants after emergence.

The analysis results of the soil used in the
experiment are presented in Table 1.

Table 1. Initial physicochemical properties of selected soil used in pots

Parameters Results Commentary Literature of analysis method
pH (1:2.5 soil:water) 8.8 Strong alkaline (Richards, 1954)
EC (1:2.5 soil:water) Lightly Salt (Richards, 1954)
(uS em™) 428
CaCOs (%) 38.23 High (Bayrakli, 1986)
Organic matter (%) 1.45 Little (Walkley and Black, 1934)
Texture class Loam (Gee and Bauder, 1986)
Ca (mg kg™ 3415 Sufficient (Thomas, 1982)
Mg (mg kg™") 368 Sufficient (Thomas, 1982)
K (mg kg™) 210 Sufficient (Carson, 1980)
Na (mg kg™!) 114 (Thomas, 1982)
P (mgkg") 34.7 More (Olsen and Sommers, 1982)
Fe (mg kg™") 3.86 Medium (Lindsay and Norvell, 1978)
Zn (mg kg™!) 3.75 Sufficient (Lindsay and Norvell, 1978)
Mn (mg kg™") 1.03 Deficiency (Lindsay and Norvell, 1978)
Cu (mgkg™) 0.72 Sufficient (Lindsay and Norvell, 1978)
B (mg kg™ 2.65 More

After sowing, the experimental plants were
irrigated according to the field capacity of the
soil, and the plants were waited until the
formation of the flower plate to see the
inoculation and effectiveness of mycorrhiza
and P bacteria. The experiment was finished
when 50% of the flowers opened after four
months of development. N-P-K fertilizer was
applied to the plants once during the growing
period. During harvesting, the plants were cut
above the soil, the above-ground parts and root
parts of the plants were taken separately and
brought to the laboratory. Wet weights of
above-ground stems and flowers and dry
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weights after drying at 65°C were taken on a
precision balance. Mycorrhizal inoculation
status of plant roots was determined in “Nikon
ECLIPSE E 100” (Koske and Gemma, 1989;
Giovenetti and Mosse, 1980). Chlorophyll was
measured twice and plant height was measured
three times at one month intervals throughout
the experiment.

Statistical analysis of the values obtained as a
result of the research, it was carried out with
the Minitab 18 Statistical Software package
program. All data (Si, Mycorrhiza, and P
bacterium interactions) were subjected to the
Tukey's multiple comparison test to determine



the statistical significance of the treatment
effects.

RESULTS AND DISCUSSIONS

The results showed that silicon application had
a significant effect on plant height, flower
weight and mycorrhizal hyphae formation.
Similarly, Si*Mycor., Si*P  bac. and
Si*Mycor.*P bac. interactions also showed
significant effects on plant height, plant top and

formation (Table 2). Leaf chlorophyll contents
varied between 21.62-32.66 on average (Figure
1), plant height values varied between 36.67-
48.80 cm, 49.87-63.33 cm, 77.87-89.73 cm in
three different periods and the highest values
were in Si60-Mmix-PBac+ treatment (Figure 2).
In ornamental sunflower, silicon treatment
resulted in the formation of thick and straight
stems, increased flower and stem diameters and
height, and improved sunflower quality
compared to untreated controls (Kamenidou

flower weights and mycorrhizal hyphae and Cavins, 2008).
Table 2. Analysis of the variances for the measured traits
Leaf Plant height Plant weights | Flower weights Mycorrhiza
Applications Chlorophyll measurements "
I 5 1 5 3 wpt dry vs{et dg Arbiiscul | Pouch | Hyphae
weight | weight | weight | weight (%) (%) (%)
Si doses ns ns HE *x ns ns ns ol ol ns ns *
Mycorrhiza ns ns ns ns ns ** ** ** ** *E *x **
P bac. ns ns ns ns ns ns ns ns ns ns ns ns
Si*Myc ns ns * * ns *x ol ol HE ns ns ns
Si*P bac. ns ns ** ** * ** ** ** ** ns ns ns
Myc*P bac. ns ns ns ns ns ns * ol * ns ns *
Sl* MyC*P ns ns * & ns sk sk ok * ns B3 ok
bac.

ns, nonsignificant; *, significant at P<0.05**, significant at P<0.01.
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Figure 1. The effects of Si (Si0; Si30; Si60 kg/da),
Mycorrhiza (with, G.etunicatum; Natural mix;
without, M-) and P Bacteria (with, P Bac+; without,
P Bac-) on the leaf chlorophyll contents

Wet and dry weight of the above-ground part of

the plant increased significantly — with
mycorrhiza application; this increase was
especially  higher in  Si30-Mycorrhiza

treatments. Similar situation was also observed
in mycorrhiza and P bacteria co-application. In
Si30-G. etunicatum-P Bac+ treatments, the wet
weight of the above-ground part was 144.62 g
and the dry weight was 32.71 g, while the wet
weight was 113.81 g and the dry weight was
27.74 g in the control treatment (Figure 3).
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Figure 2. The effects of Si, Mycorrhiza
and P Bacteria on the plant heights (cm)

When the effect of soaking the seed in different
concentrations of nano-silicon solutions on the
germination characteristics of sunflower was
investigated in the pre-sowing revitalization
processes, it was observed that germination
time was significantly reduced and root length,
average daily germination, seedling vigor index
and final germination percentage were better
(Janmohammadi and Sabaghnia, 2015).

In another study, it was observed that wheat
root length and root relative yield increased
with 100 mg/kg silicon application (Mali and
Aery, 2008).
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Figure 3. The effects of Si, Mycorrhiza and P Bacteria on
the plant wet and dry weights (g)

While flower wet and dry weight did not
change with phosphorus bacteria application, it
increased  significantly with  mycorrhiza
application. This increase was especially in
Si30-Natural mix mycorrhiza treatment. The
highest flower wet and dry weight values were
again in Si30-G. etunicatum and natural mix
mycorrhiza treatments (Figure 4).

Flower wet and dry weights W Flower wet we‘ight
50 W Flower dry weight

RN

s 3
P Bac- —
P Bac+ |g—
P Bac+ _

Pbacte |
P Bac:
P Bac+
P Bac:
P Bac+
P Bac:
P Bac+
P Bac+
P Bac-
P Bac+
P Bac
P Bac+
P Bac
P Bac
P Bac+

P Bac

MycoM- M- GE GE Nat Nat M- M- GE GE Nat Nat M- M- GE GE Nat Nat

SilkaldaM 0000020 20 30 20 20 20 _AN_AN_AN_AN_AN_ AN

Figure 4. The effects of Si, Mycorrhiza and P Bacteria on
the flower wet and dry weights (g)

It has been reported that the interaction
between Si and other nutrients such as N, P, K
in the soil-plant system has a positive effect on
paddy yield, especially through increasing Si
availability in the soil and increasing nutrient

transfer from the stem to the grain (Huang et
al., 2024).

In our study, it was observed that the effect of
silicon in combination with mycorrhiza
inoculation increased both plant aboveground
parts and flower weight.

Arbuscule, hyphae and pouch (%) values
indicating mycorrhizal inoculation in plant
roots showed significant increases with
mycorrhizal inoculations, while phosphorus
bacteria treatment did not cause significant
differences in these values.

The highest inoculation to the plant root was
especially in the Natural mycorrhiza mix
treatment compared to the control and G.
etunicatum.

In the triple interactions, these values did not
change with silicon doses.

In this case, it can be said that mycorrhizae
isolated from the natural environment are more
effective than G. etunicatum and have a higher
positive effect on plant growth (Figure 5,
Table 3).
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Figure 5. The effects of Si, Mycorrhiza and P Bacteria on
the mycorrhiza inoculations (%)

Table 3. The effects of Si (Si0; Si30; Si60 kg/da) and Mycorrhiza (with, G. etfunicatum; Natural mix; without, M-)
on the plant values

Si Myco. Leaf Leaf Plant Plant Plant Plant Plant | Flower | Flower | Arbii. | Pouch | Hyph.
(kg/da) Chlo. 1 | Chlo.2 | height | height | height wet wet (%) (%) (%)
I(cm) | 2(cm) | 3(cm) | weight | weight | weight | weight
(2) (2) (2) (2)
0 M- 31,2 24,8 39,3 53,9 84,0 116,7 27,2 30,6 4.8 23 37 50
0 G.etun. | 322 24,3 40,8 54,7 83,8 121,6 26,9 35,4 5,1 70 73 75
0 Nat. 31,5 22,8 42,8 56,7 83,3 1152 26,4 31,5 4,7 72 87 93
30 M- 29,1 23,4 41,1 54,9 82,2 101,7 23,0 24,8 3,6 35 13 58
30 G.etun. | 31,1 23,2 43,3 57,9 87,6 132,5 30,2 38,1 5,7 60 58 70
30 Nat. 31,7 22,7 39,3 52,0 80,9 130,7 28,7 41,0 6,0 62 70 82
60 M- 30,4 24,4 45,0 59,4 85,8 116,6 27,2 26,3 3.8 45 20 58
60 G.etun. | 31,9 233 45,0 59,0 87,1 118,1 26,9 30,3 4,6 25 60 77
60 Nat. 30,5 23,8 45,9 59,2 84,6 120,9 28,1 26,8 3,9 73 73 82
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CONCLUSIONS

Overall, this study showed that silicon in
combination with mycorrhiza had a significant
effect on all measured traits; this increase was
especially in the Si30-Natural mix mycorrhiza
treatment.

This study showed that silicon and natural
mycorrhiza  inoculation  together  have
significant and positive effects on sunflower
plant growth parameters; further studies should
be carried out by examining plant nutrient
uptake in this regard. In previous studies, it has
already been stated that silicon is an
agronomically necessary element due to its
positive effects on plant resistance mechanism;
however, it is understood that new studies
should be carried out on the mechanism of
action of this element and its effect on different
plants should be investigated.
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