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Abstract

Introduction

After cereals, oilseed crops are the second most important source of energy and edible vegetable
oils for human populations worldwide. In many countries, including those that rely heavily on
imported edible oils, increasing the production of oilseed crops such as soybean is of strategic
importance for improving food security and reducing import dependency. Phosphorus is the
second most limiting essential nutrient for plant growth after nitrogen. However, a substantial
proportion of phosphorus applied as chemical fertilizer becomes fixed in the soil and unavailable
for plant uptake, thereby reducing fertilizer use efficiency. One practical and environmentally
sustainable approach to improving phosphorus availability is the application of phosphorus
biofertilizers, such as phosphate-solubilizing microorganisms and arbuscular mycorrhizal fungi,
which enhance phosphorus solubilization and uptake by plants.

Materials and Methods

This study was conducted to evaluate the effect of mycorrhizal fungus, inoculation of phosphate
biofertilizer on growth and consumption of phosphorus chemical fertilizer in Parsa soybean in
2019 at the research farm of Yasouj University located in Dashtrom. This study was conducted
to evaluate the effect of mycorrhizal fungus, inoculation of phosphate biofertilizer on growth and
consumption of phosphorus chemical fertilizer in Parsa soybean in 2019 at the research farm of
Yasouj University located in Dashtrom. The experiment was conducted as a factorial based on
randomized complete blocks with three replications. The experimental treatments consisted of
four levels of phosphorus chemical fertilizer (triple superphosphate): 0, 60, 120, and 180 kg. ha™?,
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and four levels of biological phosphorus fertilizer: no biofertilizer (control), phosphate
biofertilizer containing Pseudomonas bacteria, mycorrhizal fungus (Glomus mosseae), and the
combined application of phosphate biofertilizer and mycorrhizal fungus

Results and Discussion

The results showed that the interaction between chemical phosphorus fertilizer and phosphorus
biofertilizer significantly affected the leaf area index (LAI). The application of 180 kg ha™' of
chemical phosphorus fertilizer combined with inoculation of phosphate-solubilizing bacteria and
mycorrhizal fungi increased the LAI by 112.61% compared with the control. Inoculation with
phosphorus biofertilizers significantly increased nutrient concentrations in both shoots and seeds.
The greatest increases in nutrient concentrations were observed with the combined application of
phosphate-solubilizing bacteria and mycorrhizal fungi, whereas the control treatment recorded
the lowest values. The interaction between chemical phosphorus fertilizer and phosphorus
biofertilizer also had a significant effect on seed yield. The highest seed yield (2,085 kg ha™") was
achieved with the application of 180 kg ha™! of triple superphosphate combined with inoculation
of phosphate-solubilizing bacteria and mycorrhizal fungi, whereas the lowest seed yield (971 kg
ha™') was recorded in the treatment without chemical phosphorus fertilizer or biofertilizer
(control). Furthermore, phosphorus use efficiency decreased as the rate of chemical phosphorus
fertilizer increased. At the application rate of 60 kg ha™' of triple superphosphate, inoculation with
phosphate-solubilizing bacteria and mycorrhizal fungi significantly improved phosphorus use
efficiency compared with the other biofertilizer treatments, resulting in a 38.17% increase over
the control.

Conclusion

Therefore, this study demonstrated that the application of phosphorus biofertilizers, including
phosphate-solubilizing bacteria and mycorrhizal fungi, enhanced vegetative growth, seed yield,
oil yield, and phosphorus use efficiency in soybean. However, as the application rate of chemical
phosphorus fertilizer increased, the effectiveness of the biofertilizers declined significantly.
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Table 1. Physicochemical properties of the soil at the experimental site

Soil texture pH EC Organic carbon Total nitrogen P K Fe Zn
ds.m? ) o -
(com? (mg. kg*)

|oamy c|ay 7.9 0.6 0.9 0.09 7 99 104 0.6

Sud (s 3 9 (o SBST Wb o bgu 413 9 (198 PIWI 35 (595 9 (T (pumlis yiud (39 yd polie (Dl yo (3uilo) Wb o19 4 326 S -F Jour
Table 2. Analysis of variance results (mean squares) for nitrogen, phosphorus, potassium, iron, and zinc in soybean shoots and seeds under the influence of chemical
and bio-phosphorus fertilizers

S.0.V df Shoot N Seed N Seed P Seed P Shoot K Seed K Shoot Fe Seed Fe Shoot Zn Seed Zn
Replication 2 0.15™ 0.24" 1.02m 0.88™ 1.94™ 0.5 0.0002" 0.006™ 0.00006™ 0.00001™
Phosphorus chemical (PC) 3 6.77" 43.33" 52.38" 145.19™ 1.37™ 2.8~ 0.0313" 0.008™ 0.00022" 0.00025™
Phosphorous bio-fertilizer (PB) 3 12.35™ 11.61" 513" 26.48" 5.82™ 1.19 0.0409" 0.051™ 0.00020" 0.00019™
PCxPB 9 1.39" 1.47™ 0.94" 2.05™ 1.57™ 0.45™ 0.0046™ 0.003" 0.00003" 0.000009™
Error 30 11 4.83 1.14 3.36 0.87 0.36 0.0076 0.003 0.00006 0.00002
CV (%) 10.84 12.71 12.77 12.35 11.09 4.68 18.15 13.09 19.16 117

Ml{&)\éksla»&}wc.LPAMAQLiJnS}M):@}c‘SiCla.ﬂ):)‘b@:uc))ui :}g-jjin:.f g._,‘._..SJ.?Ai*)**
**and * indicate the existence of a significant difference at the level of 1% and 5%, respectively, and ns indicates the absence of a significant difference.
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Table 3. Mean comparison for the effect of chemical and biological phosphorus fertilizers on the concentration of nitrogen, phosphorus, potassium, iron and zinc elements
in soybean shoots and seeds

oot N Seed N Shoot P Seed P Shoot K Seed K Shoot Fe Seed Fe Shoot Zn Seed Zn
Treatment
mg.g*
0

§ 5 5~ 60 8.76° 31.26° 5.89¢ 10.08¢ - 12.38¢ 0.41° - 0.035° 0.063°
g 2 Ne 120 9.31% 34.67° 7.71° 14.42° - 12.86 0.52¢ - 0.039% 0.066™
2 ?E 2 180 10.36% 39.40°7 9.12° 17.18¢2 - 13° 0.5%® - 0.0422 0.070%®
O .g_u"—’ ~ 10.17% 39.82% 10.812 17.672 - 13.55% 0.44% - 0.0452 0.0732
» = Control
5 g BP 8.16° 33.91° 7.57° 12.89°¢ 7.5° 12.53° 0.4¢ 0.35° 0.035° 0.062°
e § MF 9.922 35.99% 8.25% 14.87° 8.36° 12.89% 0.532 0.41° 0.040% 0.069?
= f‘l_’ BP + MF 10.122 36.30% 8.53% 15.09% 8.58% 13.152 0.43° "0.48a 0.0422 0.069?
20 10.42 38.94° 9.15% 16.50° 9.182 13.232 0.49% 0.492 0.045?2 0.0722
a o

L, Ao )3 oty o 55 LSD 0331 ol 613 ime Soslis &S e o S Bl (sl sl Le [)}:.w_,a):.‘ﬁ)}giba)ﬁ+ﬁ)4{Qw=BP+MFd]'.ujg.lbe)léﬂ\/”:AJ&)A{QL&..J=BP

BP= Behroshd Phosphate. MF= Mycorrhiza fungi, BP + MF= Behroshd Phosphate+ Mycorrhiza fungi. In each column, the averages with at least one common letter have no
significant difference at the 5% probability level based on the LSD test.
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Table 4. Analysis of variance (mean squares) for leaf area index, yield, and seed oil content of soybean
under the influence of chemical and bio-phosphorus fertilizers

S.0.V df LAI Seed yield Qil yield
Replication 2 2.38" 26433.33™ 1585.29™
Phosphorus chemical (PC) 3 5.56™ 960184.72™ 49381.13"
Phosphorous bio-fertilizer (PB) 3 222" 339265.5™ 19579.83"
PCxPB 9 0.26™ 42117.59" 2202.88"™
Error 30 0.08 14828.33 1371.62
C.V (%) 10.84 7.03 10.84

Ml{@)\é&#@j&(ﬁ-&eM:QUJnSjMJJ@j&cL»)DJJg&JQ}w Jf}ﬁl:{%jﬂ{*)**
** and * indicate the existence of a significant difference at the level of 1% and 5%, respectively, and ns indicates
the absence of a significant difference.

= Control m Behroshd i i
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— aaa 5/0 aaga aaa
% b2 L aald 2%el 45 a 2
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= < 255
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Chemical phosphorus fertilizer (Kg/ha) Chemical phosphorus fertilizer (Kg/ha)
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Figure 2. Mean comparison for the interaction Figure 1. Mean comparison for the interaction
effects of chemical and biological phosphorus effects of chemical and biological phosphorus
fertilizers on soybean seed yield fertilizers on soybean leaf area index

Lgw (5895 3 5hos y Jhud (s ) 9 (oot SB35 F1 (aTlo duslin -0 Jou
Table 5. Mean comparison for the effect of different levels of chemical and biological phosphorus fertilizers
on soybean oil yield

Treatment Treatment levels QOil yield (Kg.ha 1)
0 265.15¢
Phosphorus chemical fertilizer 60 321.87°
(Kg.hh) 120 361.42°
180 417.22°
Control 289.33°
. - BP 338.18°
Phosphorous biofertilizer ME 351.16°
a
BP + MF 386.99

O 5 il (slls sl Kb &g a 55 55580l goBrad, 4 Dlius =BP+MF A5,k zoEMF i) 4 oles=BP

.‘U)UJ.L;)J@CE.»:):LSD Q}A)wa‘j‘_g)‘zwbngi;}h
BP= Behroshd Phosphate. MF= Mycorrhiza fungi, BP + MF= Behroshd Phosphate+ Mycorrhiza fungi, In each

column, the averages with at least one common letter have no significant difference at the 5% probability level
based on the LSD test
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Table 6- Analysis of variance (mean squares) of phosphorus use efficiency and phosphorus remobilization in soybean under
the influence of chemical and bio-fertilizers

S.0.V df Phosphorus use efficiency Phosphorus Remobilization
Replication 2 0.88™ 12.79™
Phosphorus chemical (PC) 2 6211.88™ 0.48™
Phosphorous bio-fertilizer (PB) 3 1221.08™ 7.86™
PCxPB 6 432.26™ 0.39
Error 22 77.58 0.73
C.V (%) 13.95 26.49

*

MQGA)‘:@&AQ}L&' (a-\r—a-\.'.h:budnS)Mjﬁbj\ c}d.a)é)‘é&.\a Q}L&Jﬁ}ﬁlﬁ%iﬂ\{*j*
**and * indicate the existence of a significant difference at the level of 1% and 5%, respectively, and ns indicates the absence of a
significant difference.
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“— 5/0 a m Mycorhiza & Behroshd+Mycorhiza
E 45 = 1600
2 4o 2 140
S 355 b be g
= 30 3 120
8 s C 2 100
§ 20 o 80
g 15 3 60
S 10 3
2 o ] 4/0
£ oo . g
&e\ oe}‘b {"‘& o o 0/0 . = 'y ‘A
R $ S 3 . . .
© < @* é@% Chemical phosphorus fertilizer
Biofertilizer ¥ (Kg/ha)
9 2boas SO pifon p (Sl duslio —¢ Ko S 9 (lowd ST iSon p (Sle duglie T SO
bgw 30 Haud dume JEH! g jaud (i) Logw 30 Jaud D yan 207 »

4. Mean comparison for the effect of biological
phosphorus on phosphorus remobilization in soybeans

Figure 3. Mean comparison for the interaction effects of
chemical and biological phosphorus fertilizers on phosphorus
use efficiency in soybean
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