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Abstract

Background and objectives: Wastewater treatment plants generate substantial amounts of
sewage sludge, necessitating proper management and disposal strategies. Given its potential to
improve soil physico-chemical properties, sewage sludge can be repurposed as an organic
fertilizer in poplar plantations, contributing to sustainable agricultural practices. However, due
to its high nutrient content, particularly nitrogen and phosphorus, concerns arise regarding its
potential impact on tree health, including increased susceptibility to pests and diseases. Excess
nutrients may alter plant metabolism, making trees either more attractive to herbivorous pests or
more resilient to infestations. To evaluate this hypothesis, a field study was conducted to assess
the effects of fertilization with sewage sludge from the South Wastewater Treatment Plant of
Tehran on pest and disease incidence in two poplar species (Populus nigra 62/154 and Populus
alba 45/67).

Methodology: This study, as part of a broader project on the potential application of sewage
sludge in poplar plantations, was conducted using a randomized complete block design (RCBD)
with two factors: (1) sewage sludge at three levels (0, 10, and 20 kg/m?) and (2) species at two
levels (P. nigra 62/154 and P. alba 45/67). The experiment included three blocks, each
containing six plots (each 16 m?), representing a combination of sewage sludge treatment and
poplar species. In total, the experiment comprised six treatments (3 sewage sludge levels x 2
species) with three replications. Each plot contained nine trees. Over four consecutive growing
seasons, all poplar trees were systematically monitored for pest and disease occurrence, and data
were recorded in pre-prepared forms.

Results: During the first growing season, no significant pest infestations were observed in either
poplar species, and trees subjected to different sewage sludge treatments showed no differences
in this regard. In the second growing season, Monosteira unicostata was identified as the
primary pest, causing partial leaf fall in the middle of the growing season. The infestation rate in
P. alba was nearly twice as high as in P. nigra, though no significant differences were observed
among sewage sludge treatments. In the third growing season, Phloeomyzus passerinii and
Chaitophorus populeti were the most prevalent pests on P. nigra, whereas Phloeomyzus
passerinii and Monosteira unicostata were the dominant pests on P. alba. In the fourth growing
season, water stress led to the presence of Melanophila picta on some P. nigra trees and
Phloeomyzus passerinii on some P. alba trees. Across all four growing seasons, no significant
differences were detected among sewage sludge treatments in terms of pest incidence.
Conclusion: The results of this study indicate that sewage sludge fertilization did not
significantly influence the susceptibility of either poplar species to pests and diseases. This
finding is crucial for sustainable forestry management, as it suggests that the four-year
monitoring period revealed that P. alba exhibited greater resistance to economically significant
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pests compared to P. nigra. Future studies could further investigate the long-term effects of
sewage sludge on soil microbial communities and tree physiological responses to better
understand its broader ecological impacts.

Keywords: Amorpha populi, Monosteira sp., pests, Populus spp., Sewage sludge



Yoooles XY e ol gl s WS cBlim 5 Colam Olido ke 4,25

03445 9 S 3 poe S0 GG skow 9 WBT » NS yxt b B33gs Wb

T 5l aepamedn 5SS e N Lo a3l
Ol Ol wsi\eS s s s el i o3l ) a8 &l s liins a3 25 Dlobind (Jsts sty 5 =
az.salehi@rifr-ac.ir : s Sl

Ol ol 855 s 5 Gsel iz sl 58 W e 5 WS Sl e (iR skl -

VXS B Yy VEY/Y/YA sl

ouuS>
o el B2 5 Cande Dos,2 4 Az LS o My o ool polie ONoL cbalhaiar (Cue 5 atls

S olsiea OSB3 ) wnit s S plend 5 (S Sleosad 5 s S Sl balbadar 5o sud g ONSL
ole e op Vb am 5 b s sl pm el o oS S plsiea S5 omd ol K gsm 51 I iy
5 bl a4 Ml T b satslag olis s 5o & 5)ls smy G cal b 5 0355 e nsh (MSL o s ssmpe glde
35 sio olss slslen 5 SUT L OB ol b 20558 5T o e adlle S b el sl il i Lo lan
i g (P.alba 20/45) 55,8 5 (P. nigra 62/154) ¢ 5 45

Cor by 5o ML Sl ekl e b aney 5o Slided 035 S Sl teed &S o) SR (I, 5 3l
P ‘,Jf’\_:gy. 5\ ) CL“ aw 53 OMSB ol (V55816 5o b ol JulS oL CJL B s St &) poa il
Jg abol & O 55 as 2l 1S5 v b (P alba 20/45 5 P. nigra 62/154) b 55 5 5o 45 (Y 5 (me e
s Jab p dob s s sl Ospon 58 clS 4o e o)W e 3 423 VXY Ao 3 2y S O pon st
AL ey B K] S50 s ol adlaes ;s slasleg 5o o plis s aldS slal &0 Sl Sl ©ne 4
o Vo SRS ST A TN B B I B S S | R SECI NES J e
Verm AN s aons APl o FemFY e o Teo YY) s o Yoo i SG ool o he Jels
A el M a s alol 8 Gl o) GKile e A C shiag 15 5 slap b s do o

cilisn lasleg ol o 5 s saalin 65 55 50 Gl s ) Pt csl olab (s, Jol Jead 5o bl @Lﬁ
ol S 88 53 oas eateanlin Sl o e sy pas S 5o il Ko b sl B el 5l 58 ol oo
Monosteira unicostata (Mulsant & ) e el e sy b Joulsl 5o S 1 o) IS 4 ol ,s 4 s oolus
s ol om Wl g o o oliis sl 5 b 3l cpl & 0358 st ks Ol Gas S 5y (Rey)
R U I T B Y PP P R U YA I SRS [ I S I EE P P I
S s 5 (Phloeomyzus passerinii (Signoret)) ey as bl wsy 8 steo olsys s, sadeanli
sl o e sy ol b 5o s i s age wxd 2l w58 o olis s 5, 5 (Chaitophorus populeti)
ws 23l 00,8 yso gliss g, s (Melanophila picta) Slssc e Sapw S8l G0 ste oliss Gs, wrds,l
satoly GBI 4 Sl 5l OB el Gilien sbles isio L0 o 6 Ghes ez 9 o U 5ol saaline e
Az edalie gl

Ll sy ol Sl BB o b S ol olis st R S (JS 58 1S S e
S5 55 pgo ol Al (BL e ool azal bl Sl 4y 058 5 S 48 33 pyo ol


mailto:az.salehi@rifr-ac.ir

b L b asssS 5

ol s 3l J;'r)\}.a "‘\:':56“ Dl e 4 golasl Q)LAAS@'U_\@))\:.,\ JB)'\ 0358 poro Sl s ol plas 0058 5 W

é}}]fﬂ 6\'&@”\"’3 ;5\» &3& CA‘Pj b g)y\.éb u}JUJA @Y}L u‘j\ u\a\y@ a.XuT uu\b Ju.)y 6thq Jo}».é

oly e Ly caSny e O ol Seosba
o5b eVl s sy catly npte olishs
sl Cbal g b 5l g abse cal ol 1) golasl
Sheslanad b S ol Lull 5 o5l st
o el S S sbeasSey i 5 ool
53 Sloss NLAw 5bs 3 uﬂ 355 K plsea S
ole Il ol ) el 5 el ails (g5 55leS
Moffat et ) S J1 slpe 5 G5 ,2eeS 5 G5 ey gl
el 3 el &S ol lasS s 4 (al, 2001
wwals dalea s 4 1y Sl 3 Jasec ) oS
Olssay ONSL xd alos ol wan Az g,
5 DSk ada wl b 5l U e o p Jsame
Solie ke )l can Wlg e oSl JT wlewy
s ommed (S Glagdien, 5 ol Ll
Baran et al., ) s50 S olens 5 S5 Olo s
MSB ad slas 8 51 S aS Tl (2001
cor sl s LK o ol 5l elad Xl o
polie AVl Wy 4 45 L (Marron, 2015) asl
Solge Mol baslsaias ) ONSL 2d (ool
5 ol Bl shitesy sasad 5 Cadolil I ey ol
» ol el 5 5 Capde s phe Al 2 Osn
Sl Lo s 85 (2L Gbaly Csaoler
S eslaal el
S eslimad b oles Slie olie VL 55,5 L L
oMol ol LOdSL Wl bsle
s oA sbdle o 5 55 Jhl el 50
5l sms bl 5 GBI 4 glisss Ol )3l
Bl 5l gl 5 @B J S (Minhas et al., 2022)
So15 e g 6L’=fv-'~'w- 5 b, o 5o & cul e

YYY
S g QT;ujmfé.jjl}S\ S e Sos sl g ol e
5l Qe osr S g ( S tilons sl godS slaely
doddlo

ool o e a8l saxie LYo 4 L3l slaans s
C':L“ Gl L b en aen g 5 Comes L5 ) o
4 Slal pelex 5l 0s5ls, SRl L alas
S 5 o> @L:-" DB 5 5SS 5l s OV e
sroh 23548 sbaS L Seas 6)\5Jf~l->: R
5 ol plie 5 Jir 2 Com 5 e 255
Royle and Ostry, ) &loas ke Ldnans o355
N esge) Mg o oo ad,as Jdsa b e (1995
Sixto et al., ) oLsl ax o5 zuS SLET <850
a5l el w5 .(2005Salehi et al., 2022;
s wer Seby eds s 5o Am g, 500
5 pse kit kg\.ram'jfjg ol gl s s kgﬂSJi:;,
sy ol cdsde plalins, ole oy s UL
o 45_9; 99 ( Rged s kit LthA;}g o )‘ ..,\J‘aay.
s 54 (P. caspica) cxaw 5 (Populus euphrotica)
e 5l a8 Jls 5 g Eose gble ey
cba g xls Sl Lol wolasl 5 e slase
50 (P alba) es,S 5 (P nigra) s b s
5 Sloas HSscis 5 euS e bli 5 e cbazais
w.,\ﬁ_,..b 2ole th\.:}g J;L.u A Q‘ﬂ‘ OM@‘}) éé‘}).)
Sla)ls (P. euramericana) -, I, 5 (P. deltoides)
ol Jes s e YU Gl 5k e 5 e
(Salehi et al., 2018) w5 oo LSS
2 My SRl b e 5 o cely 5
el layex s ool olasl el 3l CL.H P



) 80 SO u)‘\.&\ﬁu;ﬂbu.hébjs

o 595 g 3l

st o ) s oSims] 3 iasp ol
) 53 olate cudy ol st ol 528 Wl e 5 WK
5 (P. nigra 62/154) 5 5 455 55 3l o sbadlg
OB o KT s w)y (P alba 20/45) 5,8
oMb sleaiar 31 (tasn cpl 5o eolazals e S
Jaze 5 lidos ool & 5 4 06 S o
owlie pn st Vooe o B Sl 4y (fe) e A
Al s gl e a s 5 S b5l o caS
5 5 (S 5 b (Gie) @Hleesll sl
5 aadllans s ge ols pio en Il olontinl L)
oley 5 s oS g YXY ol b osazesll e
Ve o) phe an 3 OB o Ll bl cals
il iy 5552550 S50k (e 0SS Y
O gos el 4o o Oll s S kel o s s
R P S I TS W SR WRP N~ P W
el

Joo S Qfﬂ Cogoh ot SRy SSosba
o (V5586 55 L ol S GaSsk b I o
3 (e 2 p SAS Y 5\ ) o an 5 IS
av b (P alba 5 P.nigra) qhaw 53 53 isio 45 (Y
e VPO ) Ssh e s O s Sl
\eds)h(%f&e.ﬁkuo—%chw&'&bxf
Yoo (@58 5l Yo OB oo Sl V) Sl ns
ol slaw o Jlel gl s calS a6y, LIS
S ocwl S5 oble by dol 4 O s e
Jsb s <okl Ol Jole J“'L' Sl gl S
A sk s s bl ol g, ol s cals i,
oS wlale Ojpon J Ll a4y,
A5 ol adlees e slaoles Lo e gl
I W F I AR SRR 'Op S FURACH H]
el ol dop Wiy gy, bl e

Yoooles XY e ol gl s WS cBlim 5 Colam Olido ke 4,25

Sor 05 3 S LIF amgasee al CaeeliS
Sl ads b ol e cbaS 5l oluw gio 4 il
Gl (AS 5 (oS SOl o il bl
oS, C}“ Axly s sy o Sas 5 AS e ol
S s Ol 058 5550 5o Gedw Ol pl Lo A e
Shodjaei, ) 4z Ll lesl Loy VFevo Jl
|y psie DB e (VAAY) Adeli , Abaii .(1986
S ol s ol Slesl gblu 5 golasl cuasl S3 4
wee Bl (VAAY) Sadraei 5 Khial o] 51 ax .5 S
o Sadeghi .5 50 S gd H5aS Gl O L5 |, Lo
2 psee obban 08 o 03 (Ye)) LS
Ly dede Ol i 5 DB w8 Yo a8 s bl
s 0> (Y-YY) Zeinali , Babmorad x> S 3 2
O sl 55 isio sbaS Lslols ol o
Ol S ot 4,5V Jols oz 5,5 00 ol
Slssats; 5 o 455 cuta 5 saSl il 4,8 YA
2 el Olidss Al sl o s e )
o gp 5 ol HpaS s laplinl Gla,lS 00
Rajabi ) cwl so &)1 o) e sl 5 OB
390 5 Sladlas o586 Js (Mazhar et al., 2023
Cbole 5 bl ol ol U ass,s sl
Yot o g bl s ol j5i8 5o poto pls s
snoh Mol 2l 55 apm e Wl olie sl 0oy
5 bl gy i cwl Y ad s 03
el OB o b sassles Gl g Slagles
2D g
Wl 25k G2l 5 b, 50 ane 5 4S5 ol
(=oa (SOSS aslan b, 55 s
e 5o wlbaglay 5 bl Cye 5 (slsa
b b aney 3 sy b Ol s S 0
2 S eaSHal plaisa OG5l gose e
ol dloler s s S b wcwla,8 00
S B8 53 o pliss Gl 5 bl 4
b cos (P. alba 20/45) &35S 5 (P. nigra 62/154)



b L b asssS 5

(Bouyoucos, 1962) s jzes,ad is, a4 S sl
colaa (Mclean,1982) glsl 8 5, 4 (PH) av !
Rhoades, ) glusl 8 o,lae 25, 4 (EC) S S
Nelson & ) SN - Iy 25, 4 J) eole (1982
xS 2y, a4 IS o3s,x  [(Sommers, 1996
bl plie Lole L S cble 5 (Bremner, 1996)
o e 3 e Sy eon) e S i
Co 2 HNO; 5 HCI (slaial b izp) (il o2
PerkinElmer ) ICP-MS +&iws 5l eslized L (V a4 ¥

A ¢ _Ss31u (ICP-MS: Elan 9000 DRC-E, USA

YY¥

Jolir (oS 4z 5o b el g a3 ress Dlaalins
FooX) s o)y Yoo S oLl e ke
i s Ao AP Dlgs o,y £o=FN an o)
Sl S e J8 5l g b s o VAN
alos O p s Alol 6 Gl o) Sile (e
XS 3y > b s cand 53wl S5 lle s
Whosls g do oV e 5l iy 28l 4 ol s (Ol ws s
sadedslie OUI i 5)lse ad 5o 5 cwd saz S
Hloas i) 8
b)) calas o S Sl - S Olasis

B onl 5 el sdel \ Jgda s (plis s S )

S oo = (K5 G S 55— s
Table 1. Physico-chemical properties of soil

EC Organic matter N P K
Parameter Texture pH (ds/m) (%) (%) (g/kg) (g/kg)
Quantity Clay loam 7.5 14 0.95 0.09 1.06 21.18
S Ca Mg Fe Zn Cu Mn
Parameter (mg/kg) (g/kg) (a/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Quantity 220.01 50.02 14.12 25.60 88.5 60.13 855.21
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Table 2. Variance analysis observed pests on P. alba trees under sewage sludge treatments (the first quarter of
the second growing season)

M. unicostata Ch. populeti
Variation source df Mean square F Pvalue Mean square F Pvalue
Sewage treatment 2 80.11 4.87 0.055 ns 24.77 1.49 0.297 ns
Error 6 16.44 - - 16.55 - -
ns: Non-significant
60 a 40 b
S >y —~ T 2
é Q\O, 30 T -ci-c : : N
S 40 N = -cL-c -c}-c} -c’-c’
S L it P et
8 5 H . H . . H] . H] . H . H
Qo 8- 20 1 eta P P
[ Qo ¥ . i < < ¥ < * + : < :
:. 20 7 ;‘ * < * < < * < * < * < *
= O 10 - : ‘ : « < : < : ] : “ :
> : E : P : > : > : E : E
0 Lt s % 0
c ST1 ST2 C ST1 ST2

blo a 55 OMNSG 2d sb,les L5l Cov 0358 s sBJlE L3 () axd 5 (@) Kiw ST & Ml s Soles - JS2
o Fokg/m® Jles ST2 (o ¥okg/m' Sl ST wals 5l € (lame bzl £ 1 K00) 253 G sy Joab J)

Figure 1. Pest percentage of M. unicostata (a) and Ch. populeti (b) in P. alba trees affected by sewage sludge
treatments in the first quarter of the second growing season (means + SE); C: Control treatment, ST1: 20 kg/m?
sewage sludge treatment, ST2: 40 kg/m?sewage sludge treatment
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Figure 2. Pest infection of Ch. populeti and M. unicostata on leaves of P. alba trees
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Table 3. Variance analysis of pest percentage (M. unicostata) on P. nigra and P. alba trees under sewage sludge
treatments (the second quarter of the second growing season)

Variation source df Mean square F Pvalue
Species 1 5976.88 126.71 0.000**
Sewage sludge treatment 2 1.16 0.025 0.976 ns
Species x Sewage sludge 2 207.38 4.39 0.057 ns
treatment
Error 12 47.16 -

**: Significant at P<0.01; ns: Non-significant
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Figure 3. Pest percentage of M. unicostata in P. nigra and P. alba trees affected by sewage sludge treatments in
the second quarter of the second growing season (means + SE); C: control, ST1: 20 kg/m? sewage sludge
treatment, ST2: 40 kg/m? sewage sludge treatment
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Table 4. Variance analysis of pest percentage (P. passerinii) on P. nigra and P. alba trees under sewage sludge
treatments (the third growing season)

P. passerinii

Variation Source df Mean Square F Pvalue
Species 1 4050.01 77.47 0.000**
Sewage sludge treatment 2 26.16 0.501 0.618ns
Species x Sewage sludge 2 29.16 0.558 0.587ns
treatment
Error 12 52.27 - -

**Significant at P<0.01; ns: Non-significant
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Figure 4. Pest percentage of P. passerinii in P. nigra and P. alba trees affected by sewage sludge treatments in the
third growing season (means + SE); C: control, ST1: 20 kg/m? sewage sludge treatment, ST2: 40 kg/m? sewage
sludge treatment
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Table 5. Variance analysis observed pests on poplar trees under sewage sludge treatments (the third growing

season)
M. unicostata (P. alba) Ch. populeti (P. nigra)
Variation source df Mean square F Pvalue Mean square F Pvalue
Sewagesludge 19.01 0.438  0.664ns 8.77 0.387  0.695ns
treatment
Error 6 43.33 - - 22.66 - -
ns: Non-significant
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Figure 5. Average percentage of M. unicostata on P. alba (a) and Ch. Population P. nigra (b) trees affected by

sewage sludge treatments in the third growing season (means = SE); C: Control treatment ST1: 20 kg/m* sewage
sludge treatment, ST2: 40 kg/m’ sewage sludge treatment
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Table 6. Results of four-year surveillance of pests in P. nigra and P. alba trees

The most important observed pests

Growing season Species
First growing season P.nigra
9 9 P. alba
Second growing season P.nigra
g g P. alba

Third growing season P.nigra
P. alba

Fourth growing season P.nigra
g g P. alba

M. unicostata
M. unicostata, Ch. populeti

Ph. Passerinii, Ch. populeti
Ph. Passerinii, M. unicostata

M. picta
Ph. passerinii
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