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Article Info ABSTRACT
Article type: Background and Objectives: Due to the low amount of rainfall and
Full Length Research Paper  vegetation and the low use of organic fertilizers, Iran's soils have a low
amount of organic matter, which affects the quantity and quality of
Article history: agri_c_ultur_al pro_ducts. S{ewage sludge is an organic waste that is used_ as
Received: 12.21.2022 fertilizer in agrlculturg in some areas and can both improve the physwal
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.

Keywords: _ ~ Plant inoculation with symbiotic microorganisms, especially roots
Biological properties of soil,  symbiotic fungi, could increases the ability of plants to better absorb water
Micro-nutrients, and nutrients, fight against environmental stresses, and improve plant

Mycorrhizal fungi,
Phosphorus,
Refined sewage sludge

growth and health. Therefore, in the present study, the effects of sewage
sludge application adjust 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 3
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
of phosphorus and micro-nutrients in the roots and shoots of the plant.
There were no significant differences between the applications of the two
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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 that reproduction of S. indica is simpler, so it is recommended as
a plant-promoting fungi 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 kg'* (Gdsl) o B8 A8
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%** N
Olsen P of soil
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Figure 1. Average comparison of Olsen phosphorus in different sewage sludge and fungus treatments.

Abbreviations: SS0 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.

e P<e/ivn)) (ool pme 5 e M
s ) S sl Ol s sl s e
&L.:.‘lz.e o (P<'/"'\))\.> L;«M_} Mﬁ L;L'NM.A
5 Y L) 23S o355 S 5 s
S Aol Cowsas (U3 5 (gl 3Bl (gl /AN
bl ls S 5B 5 DB o 5,008 36 Sl
Al e S e sl el
Ol ets oW bl &S Jb 3 ek gl
oS s a4 wlg ool USSRV
(0 dsde) aal o 0558l s S pH

Sl 53 e B B S BB a0
0 olS s Jalil el oS sl S JT sl
Ol 5 Olgae 3 ol olS Ay il 5 ole
SL o 58 L (sl o) slade,
S olge sl o 308 Bk 5L e Sl
03555 (p S ‘Lawlf)\b_i?a Carez il 33l sl
SaeaslBls Ko K 5 St i (5 S
btasy S 00 (10) s5ip iyl sdiSids
S 3 o5 0 5T e 3 OSB o kS
b s s Sem eagus S Ol SRIHH sl
(Y0) ol ods S 5 LG sLleus



V€Y & a)h».fs AY 0,92 4)|..\.1‘g: ..\“.Jys‘Slé A.qg.ﬁ.\.o 4?.)'“‘”

Ssgme 0515 oS Ldr ol p sl 5 ads,
(A) Cdlen g

S s 3 A IS e (o
Lilea St (S5l slaShs om0 IS
Blid w3l 5 oS e S S
S S5 sse Sl i (F 5 Y cla IK2)
S LdS 5 el s ol S S5
S M5 GHE pele 4 s sse
Sl Sn 5 oS Ly A, slag
38e 5 A, Gl o olg 5o &S edd S
St ASL o S a8 (TA) 355 olS
Sl b Seages sl 5 O30 (sl
5 S Wiy Gl s b tasn s s (YA)
) D aS IS8 3 00 5 S L (K per S
3,08 Ol Lilsal b A, SRalS 5 g ,ed oML
(YO clods 5158 s 3 o5 Ver @

S el e Dl e ) 0006
Rl GBS 5 3 e 5 S5 (A (edS (e
3)ls S iS55 ege i I slge s 0LLS
5 bt (Sud SR cse ox e s
Szt dsn o ST pd e S S5 e
Jolo Olse @ Llge CwgeS 3 S
> s e S e J.<M~ Sl eSS
sPH O 4 Kooy 53U cpl Ll 3138 50 a0l
A b ) ol Sl S5 el 2 b
OB o CgaS s Sas cale 2l
5 Sk Sl e ) Ll e s e YU (6 ,ed

YY) sl ansls oS ud

VoA

LA‘ g:,_.,;‘ oJﬁ '/\Y J L L@,«: pH UL,MS w\ J\.~>:
Gl 30Led s s Aul58l 4 e Ll S e
&}\)b“%}jdtabjuu.mﬁjtdbujbﬁ
e 5,3kl b (Yoo ) Llblb 5 ku STl
u.(:w,u OSLS clpH s Calises LSL‘”‘ri)j
Bl i Ko s PH L LG 5Ll e
(Y0 dsls a8 L S pH L gl

OB > ekl 3550 ey sen LgLAGJL'é
e JBlind o 5l eeS A 5 g 5l ol
Sl 5T Jled 0T Sl eslizal L & &y e
Aoy 3Blid glan 3T A5 i 5l (gl e
oblS 5l soles L Llg . S.oindica B
Jm o Bl ma 5 Ly S I3 pe e
O a8 SaS oS bwy ol Gl 5 Slis
035 L4 slajles L3 5Bl w5l el 58l
&)J& C}J 9 C»:.“:.e u-:'i\ﬁ\ J,“JJ @ v‘d.‘j;‘-;‘ ol
A OV a3l oS atyy Sli s I
LSl Ko 5 QLS Ll gdonl SLlaws
@ bl Sbld Wg S s sk e A
(TV) Gl 0 315 s a8 15 8o
St 05 2 bjles blize Jl el Sas 05
S 855 Gl Pl e 2B S3ale 5 o 508
JJLP )ﬁ} C,.LCM ﬁ Jﬁ)ls C,‘.w‘ ol bl.:§
o (Y 5V gladsd) YU T esle 5 (gladss
s Oldlas s ool sl oS A, il
St b o S Bl K )

St Ohs g oS Ay dpg ool aha



O g s 59y 8pawr [ eee 5Uliunsd Cdlad o NS (2 3,8 L5

non-inoculated ™ R. intraradices W S. indica

40 -
35
30

dry wieght of shoots
(g pot?)

a a
b
II

a s s
25 A T
20 4
15 |
10 |
5_
0

SS0

sewage sludge

S82%

dry wieght of roots

(g pot?)

non-inoculated ™ R.intraradices W S. indica

12 -
a 3

10 -
8 d be ¢d g
6 I
4
2
0

S50 582%

sewage sludge

s SS2% 5 ool 054 SSO :lajLastl 5B 5 ool (slaslesi s Sp5 aduy 5 (alsn ploil SR 035 il alie -8 S

ML‘;G OSJ‘.: Qf:)i /.6 éﬂ—: Y )|.>‘;'4u Sl WL gS,‘.i'..A s_'éja- sS.: J.;I.b- 6‘)“’ &5"“(‘)53:"’?“ u—’rJ Loy 93
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.
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