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Article Info ABSTRACT

Avrticle type: Background and Obijectives: Due to the low amount of rainfall and
Full Length Research Paper  yegetation and the low use of organic fertilizers, Iran's soils have a low
amount of organic matter, which affects the quantity and quality of
agricultural products. Sewage sludge is an organic waste that is used as
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Received: 12.21.2022 fertilizer in agriculture in some areas and can both improve the physical
Revised: 09.27.2023 and chemical properties of the soil and increase the concentration of
Accepted: 09.30.2023 macro- and micro-nutrients that are essential for plant growth. Maize,

Zea mays, is a tropical and subtropical four-carbon plant that is one of the
most important grains in the world and has high nutritional requirements.
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Micro-nutrients, symbiotic fungi, could increase the ability of plants to absorb water and
Mycorrhizal fungi, nutrients better, fight against environmental stresses, and improve plant
Phosphorus, growth and health. Therefore, in the present study, the effects of sewage
Refined sewage sludge sludge application adjusted by inoculation with root endophytic fungi in

maize cultivation on the uptake of some micronutrients and phosphorus
was investigated.

Materials and Methods: A surface soil sample (0 to 30 cm) was prepared
from the agricultural farm of Lorestan University. A factorial experiment in
the form of a completely randomized design including soil microbial
inoculation at three levels (no inoculation, inoculation with Rhizophagos
intraradices, and inoculation with Serendipita indica) and sewage sludge
(zero and 2 percent; w/w) was performed in three replicates under
greenhouse conditions. Maize seeds were grown in 4 kg pots, and after
three months, the concentration of phosphorus, copper, zinc, iron and
manganese elements in the shoot and root of the plant were measured.
Also, some microbial characteristics (respiration, microbial carbon biomass,
and acid and alkaline phosphatase activity) were measured in the soil.

Results: The results showed the positive effect of both applications of
sewage sludge and microbial inoculation on the concentration of elements
in the plant. Biological parameters significantly increased (P<0.05) with
the application of 2% sewage sludge: soil respiration (33%), microbial
carbon biomass (38%), acid phosphatase (35%), and alkaline phosphatase
(6.5%). Also, fungal inoculation significantly increased the concentration
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of phosphorus and micro-nutrients in the roots and shoots of the plant.
There were no significant differences between the applications of the two
symbiotic fungi; the only exception was the Zn concentration of root
that was higher in treatments inoculated with R. intraradices than in
treatments inoculated with S. indica. There was a positive correlation
between available phosphorus with soil organic matter, plant biomass, and
acid and alkaline phosphatase activity.

Conclusion: The results showed the positive effect of using purified
sewage sludge at the level of two percent and inoculation of root
endophytic fungi in the uptake of phosphorus and micronutrients by the
plant, improving plant growth characteristics and improving soil biological
characteristics such as microbial carbon biomass and phosphatase enzyme
activity. Inoculation with both symbiosis fungi was similar, but regarding
this point, the reproduction of S. indica is simpler, so it is recommended as
a plant-promoting fungus that could reduce the application of P fertilizers
and help the plant to uptake more P from soil. In this research, refined
sewage sludge was used in low content (2%), so it is essential to pay
attention to the application of unrefined or higher amounts of sewage
sludge that may result in microbial contamination or future problems.
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Table 1. Some physical and chemical characteristics and concentration of some elements in soil and refined sludge.

o Ao s 9 sl S o= S Al S
Treated soil with 2 % sludge Sludge Soil Unit properties
S el
Sandy Loam - Sandy Loam - i =
Soil texture
7.73 6.71 7.85 - pH
Lals EC
0.81 36 0.58 ds m* (il osbas)
Saturated extract
7.
0.89 9.21 0.47 % < _ o
Organic carbon
bes S Sl
10.8 55 11 % Eadcaiatd
Equivalent calcium carbonate
0.12 2.95 0.07 % Foisr
Total N
508 4959 415 mg kg™ A
Total P
8.4 - 7.1 mg kgt () o JB A
Olsen P
230 1472 196 mg kgt e
Zn
102 843 82 mg kg™ o
Cu
al
26573 29775 25451 mg kgt o
Fe
1032 1271 987 mg kg o
Mn
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Table 2. ANOVA for the effects of treatments on mean square of measured parameters.

o G)L;-:ze;,,..J G)L; o bl
Error Sludge*fungi fungi Sludge parameter
12 2 2 1 df
0.63 0.3 11.15%#* 177.47%%x o gl S 05
Dry weight of shoot
K Oy
0.13 0.93+* 3.79%*+ 21.26%%* e
Dry weight of root
| [RHT I
0.06 0.002 0.21 2,075 A
P con. of shoot
85.36 6.53 622.89%* 8120.90%** o A
P con. of root
0.80 052 5,82+ 526.93%** el s
Zn con. of shoot
0.89 0.076 5.85%* 2158.03*** e
Zn con. of root
0.05 0.21* 0.30% 56.64%%* ol e
Cu con. of shoot
0.06 0.07 1.05%% 176.34%% o
Cu con. of root
|4a alll 3K
2.44 1.26 5.13 6237.33%* o gl 55
Mn con. of shoot
1.36 0.59 6.30% 10579.31%%* o g
Mn con. of root
Isa alll oyal
132 242 11.61%* 1634.20%#* @t ot
Fe con. of shoot
u . T
3.23 0.04 12.50% 9071.60%*+ e ot
Fe con. of root
S gl $Llins
65.53 45.68 1553.23*** 58767.35%**
Soil acid phosphatase
Sk U bl
45.99 13.50 524.97%* 3427.92%**
Soil alkaline phosphatase
Sl Jlasle
0.001 0.001 0.009** 2.52%**
Soil organic matter
S wl
0.001 0.001 0.003* 0.03*** R o
Basal respiration of soil
Sl 63403
2 8.76 359.32%* 6670.12%** s e
Microbial biomass carbon of soil
S S gl o b
0.006 0.004 0.001 0.003 PR e
Metabolic quotient of soil
Sl - | as
0.06 0.23* 0.69%* 5.39%** ol
Olsen P of soil
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Figure 1. Average comparison of Olsen phosphorus in different sewage sludge and fungus treatments.

Abbreviations: SSO without sludge and SS2% level of two percent sludge. Histograms with at least one
common letter have no significant difference at the 5% level of Duncan's test.
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Figure 2. Average comparison of organic matter, microbial biomass carbon, basal respiration, and metabolic
quotient in soil of different sewage sludge and fungus treatments. Abbreviations: SSO without sludge and

SS2% level of two percent sludge. Histograms with at least one common letter have no significant difference at
the 5% level of Duncan's test.
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Figure 3. Average comparison of acidic and alkaline phosphatase activity in soil of different sewage sludge and

fungus treatments. Abbreviations include SSO without sludge and SS2% level of two percent sludge.
Histograms with at least one common letter have no significant difference at the 5% level of Duncan’s test.
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Figure 4. Average comparison of dry weight of shoot and root of corn in different sewage sludge and fungus

treatments. Abbreviations include SSO without sludge and SS2% level of two percent sludge. Histograms with
at least one common letter have no significant difference at the 5% level of Duncan's test.
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Table 3. Phosphorus (mg g™) and microelements (mg kg™) concentrations (std deviation) in shoots and roots of maize.

L o Ok
Sewage sludge application Non- sewage sludge application
L sl L ol sisbe Ok L ol L ol siabe 0ok Elements
Inoculated Inoculated with Non- Inoculated Inoculated with Non-
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