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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.
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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
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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

(psm SRy Jo) OB o 5oyl AU o o ol 5, St 5 Saw Sl 4 Ml s s il ls 4525 =0 S

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
30 b . 30 a
= [
g l Ry T S T I
= 20| [ T s 20 | [T T
2 8 j'
3 g
o c
- i - i
5 10 = 10
0 S L S 0
C ST1 ST2 C ST1 ST2

AU o (0) G st ol 53 53 (S it 5 @) 0358 s 0l 53 S T Mo do s (:Kile -0 S
Sl ST2 (2 ¥okg/m® [l ST (ol [l 1€ Glome szl 800) om0y Jod 53 OB 2 o jlas
o £ -kg/m’

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

o Cuibge Mg e Sl 5 Ul
a8 5l golaw @ilse a8 g L pboSscas
pso e lelul Sl 4ds L baS ol ue
s See 5 A e olml guan a5 5 WS ol
Slilpe 4 amas ;s aims o SRS i anly 5o o
5 S5l bl 5 LS Llbs G b 8 Wl
shools Jalss s n wsdpe ol Yo Shas |

Sesa gilie cbgle 5 bl S, sba

Wb sl el sbeaiiomml 5 saSuag
b, 5o s (Ahman, 2001; Collins et al., 2001)
Nikdel & Dordaei, 2011; Babmorad et al., 2010; )
Sl S ol Seas sy L s (Babmorad & Askary, 2003

s o oliS 8 59 5 sl i85 a4l sas



b L b asssS 5

4 a5 b s $se 3l (Ahman & Wilson, 2008)
oot Bailawy 5o 35250 2l ol mhau gos VL
5 SBL A 505 ssmy a3 cpl Sied 5 05s s Sl
Ll wag b G e e i sl
.(Minhas et al., 2022)
88 93 s ol awlis 0t LERsy o
5o sddednlie GBI 4 el S5l 0358 5 S5 psie
o Jab Ller b ool Gl el
s b ot b NSl b S ol ol
5 bl a o ols s Ol gl 6ol sae
5 AIMan saslcwss mls | gl .cli bisle
(Salix viminalis) s, obs s o) L (Y- - A) Wilson
BIVENSERNE B 1t T LTINS 1L R VN TS
andl et ) e sy 5iS s @Bl o) 5o
Ol sin b 23358 g5 cal 52,8 Gl ol s
S Ol il Sl 4 o plss Ok
onmercals S, Ky s sl gl
5 8 ﬁb s b4 (Y)4) 4,8 5 Panasiewicz
s (Salix viminalis L.) &y ol ,s g, OB o)
o= 5, 5l ey U (Y4N4) ol 5 Guoging
olab (Lo g K Gy sdiiw S OASL
R P QU S P e TS A SRTS R O]
AB sss 0 W SIS IS s el S5 ol
5 b, psto o,y PP Lalews 5 08
st piiie cpedes SOlalae o Lol sas 35158 e lhag
53 8ke o) asbews 5,8 51 losdlly ate ol 5
oS e il cde 4 LS po b bl
sanlie g3l (ite bl b ool (So T lS
Holm & Heinsoo, 2013; Ahman & ) cwl souis
(VaaV) ol,Sea 5 Augustin . bl s (Wilson, 2008
S8 ol b sais,ll sl nsio 5o s S i)l 8
Chrysomela ) 158, sbKasm 2 5 s
Lo s Sae 5 X0 5 4dw b ,se 3l (SCripta

als )\j'e} Ja;\.’ ol u.o.a O g0y

Yo-

s S5 mlie 53 &S Hsboles (s o 5 0N s !
S sadednlin SUI S s Kl
5 S bl s as aw a4 Lo plis
5 s osm Sl s Ll aluil saSe SUI Ol ailsn
5 Nsx S, ol “5@..\-?U'U Kb el Al
isio SLodlg 5wl s Yaans ssio ladls
»> {Babmorad & Zeinali, 2022) %o . sanlis
Sl w358 5 G e ol Aol onb
oo YU osls cas b glssales b LIS,
a5 &S Ssboles b s sanlie a0 ol
a8 Jol gy Jad Iol asle 4w 3 s S5 s
25 OB o o pse DS bl )
55 2 50 Jlae 5o s 8 saalie addlaes ;50 45 4o
NS o Gl bl ppio ol 6oy 855
srcsr 5 oaiSe OBl o) pa)5e Liuss Joad b
A b line
s s (Salix spp.) s wbe asus ol cals
alal L a3l ;‘\:A <2, s (Populus spp.)
55 My S s bl sia Jols 4850
Makovskis ) cosl Jglaie calizes b, 528 50 pdnazs
(e (et al., 2023; Marron, 2015; Larsson, 2003
5 AL Sl Glanl B Llude ) glars s
Spddols (nl Bl Gl sanca S sy sladl;
soliad W85z 5o sl olady Ll sl ol S
N pame Sadl LK K o 5 Ll cud sas
2 2 lossl b Gl | s 2l e
Mikkelsen et al., ) 5,15 3505 balas L 22555 I
g Mol ol 5 ML L ass,S (2006
A6 o | olS larlil plast oS5 5 a3, 5 Shas
Ordlin Kl 255 agia Fadse ool aas 1
5 OBl ol olsea 4ds 5 LBl 5 S bl L)l
b asms Jlaisl o) omman a2l I 5T i ey
ol oLS (6l oalinals) pe dlany sl (oS5 S
Ll bl 5 bl 4 Ml dates | oS 5 sl



YON

SNl csbwiar )5 guds AL 2 Culss
23 Syl Uﬂ Sy K olgisa of 5,0 5 5K
JT 3l g0 ckw 350 o shatedy U’LG)\SJ;L? 5 s ol
5 o My GRlBl g 5 S ale ole
S 5l eoliad 2l 5 sl sty 55 galaml o33l
S oslizad s g 5l il L GGG ol
Ll el s Jslase bySpeas 55 JI wlews ol
5 bl 4 sascaS HblE Okl ul Bl e 5l SIS
RAREBIEREPe JT aslawy b 20,8 31 5o bgsles
L el ol OMol o U asssS by ol adllls
Sy sddsdnlie Sl 4 So 5O ol ol 3l
b cameips 2l 0358 5 (S50,0 455 53 pgte olis o
Olesoge ple 4 ary 5 sedbew Sl cule,
o s ey 5 OBl Sl eslaad b ks
by oo dlge @3S Wl K oolsea DL
230 855 93 amglin s (o 5l CAe e
Seas b2 ol b AH ey Al essS 5 s ns
4 Cawd 0355 psio plsos ol pla e )4
S N rsm S 2] & Cand G rgio Ol

Hag jpalie S e 0)ly Ca 0 4 ol ol

References

-Abaii, M. and Adeli, E., 1983. Pests of forest trees and
shrubs of Iran. Agricultural Research Education and
Extention Organization, Plant Pests and Diseases
Research Institute, Tehran, 147p (In Persian).

-Ahman, 1., 2001. Management of pests and diseases in
biomass willow. Journal of the Swedish Seed
Association, 111: 98-103.

-Ahman, I. and Wilson, F., 2008. Symptoms of pests,
rust and other disorders on leaves of willow
fertilised with wastewater, urine or sewage sludge.
Biomass and Bioenergy, 32: 1001-1008.

-Augustin, S., Wagner, M.R., Chenault, J. and Clancy,
K.M., 1997. Influence of pulp and paper mill
wastewater on Chrysomela scripta (Coleoptera:
Chrysomelidae) performance and Populus plant
traits. Environmental Entomology, 26: 1327-35.

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

L LoBscasS 5 oo celyy wnl sals glas 4 o0
}34,.3 9 .)J\.) ‘51‘\1 CJ’L:A 4 L;JL) g_si““‘ﬁ AL AT Lgukjf
5 ook adlas ol LAL;)L%)QBT@J;.‘,;& ol s

00 poe Q\.’:.é-)a a o.,\...";a)b u‘~~\ ) J.;JM;, ol u\..w
GGl M) dxtes gt ol eoler sy S

ol ol o O S olssa o Sse
4SS .(Babmorad & Zeinali, 2022) ol sz ol 5o

St pse QL0 5o ) (i Sl il 2y s
8355 yo ol 0 53 5 ol sm Sense il 4 Ml |
£33 b 53 coriman ot Gl ese iz 3l 4l
gt b S5 53 p Gy pye Siw 2l plib )
O & ey sdalie 0058 Hglo Ol sy iy
B u-fégﬂ aas Ol b Sl ys 53 LS, r&-“-’ﬁj
(Monosteira unicostata) K 55 saaze Olallls

ol az S5 L ppo e DBl 5l S olsea
.(Babmorad et al., 2012; Talhouk, 1977)

S S A

B3 5 Copde Sl 4 amy b 2l slaans 5

-Babmorad, M. and Askary, H., 2003. Biological study
on poplar lace bug, Monosteita unicostata Muls. &
Rey (Het.: Tingidae) in laboratory and greenhouse
conditions. Iranian Journal of Forest and Range
Protection Research, 1(2): 119-132 (In Persian).

-Babmorad, M. and Zeinali, S., 2022. Investigation of
the harmful and beneficial arthropods associated
with poplar species in Tehran and Alborz Provinces.
Iran Nature, 7(5): 63-78 (In Persian).

-Babmorad, M., Azizkhani, E. and Zeinali, S., 2010.
Poplar  pssylid, Camarotoscena fulgidipennis
Loginova (Hom.: Psyllidae) damage on poplar
species and clones in Karaj, Iran. Iranian Journal of
Forest and Range Protection Research, 8(2): 119-
127 (In Persian).

-Babmorad, M., Hesamzadeh.Hejazi, S.M., Bagheri, R.,
Sadeghi, S.E. and Zeinali, S., 2012. Comparing the



b L b asssS 5

oviposition rate of Monosteira unicostata (Mulsant
& Rey) on poplar clones in Karaj. Iranian Journal of
Forest and Poplar Research, 20(4): 678-669 (In
Persian).

-Baran, A., Cayci, G., Kutak, C. and Hartmann, R.,
2001. The effect of grape mare as growing medium
on growth of hypostases plant. Biosolid-Technology,
78: 103-106.

-Bouyoucos, G.J., 1962. Hydrometer method improved
for making particle size analyses of soils. Agronomy
Journal, 54(5): 464-465.

-Bremner, J.M., 1996. Nitrogen-total: 1085-1121. In:
Sparks, D.L., Page, A.L., Helmke, P.A., Loeppert,
R.H., Soltanpour, P.N., Tabatabai, M.A., ... and
Sumner, M.E. (Eds.). Methods of Soil Analysis, Part
3: Chemical Methods. Soil Science Society of
America, Inc., American Society of Agronomy, Inc.,
Madison, Wisconsin, 1390p.

-Collins, C.M., Rosado, R. and Leather, S.M., 2001.
The impact of the aphids Tuberolachnus salignus
and Pterocomma salicis on willow trees. Annals of
Applied Biology, 138: 133-40.

-Guoging, X., Xiugin, C., Liping, B., Hongtao, Q. and
Haibo, L., 2019. Absorption, accumulation and
distribution of metals and nutrient elements in
poplars planted in land amended with composted

sewage sludge: A field trial.
Ecotoxicology and Environmental Safety, 182:
109360.

-Holm, B. and Heinsoo, K., 2013. Municipal wastewater
application to short rotation coppice of willows-
treatment efficiency and clone response in Estonian
case study. Biomass and Bioenergy, 57: 126-135.

-Khial, B. and Sadraei, N., 1984. Poplar pest’s
investigation in lIran. Research Institute of Forests
and Rangelands Puplication, 117 p (In Persian).

-Larsson, S., 2003. Short-rotation willow biomass
plantations irrigated and fertilized with wastewaters-
results from a 4-year multidisciplinary field project
in Sweden, France, Northern Ireland and Greece
supported by the EU-FAIR Programme (FAIR5-
CT97-3947). European Commission DG VI,
Agriculture; Final report.

-Makovskis, K., Karlis, D., Toms, A.S., Viktorija, V.,
Arta B. and Dagnija, L., 2023. Long term effect of
wood ash and wastewater sludge fertilization on tree
growth in short-rotation forest plantations on
abandoned agricultural land: A case study.
Sustainability, 23: 16272.

-Marron, N., 2015. Agronomic and environmental
effects of land application of residues in short-
rotation tree plantations: A literature review.
Biomass and Bioenergy, 81: 378-400.

-Mclean, E.O., 1982. Soil pH and lime requirement:
199-224. In: Page, A.L. (Eds.). Methods of Soil
Analysis, Part 2: Chemical and Microbiological

Yoy

Properties, Second Edition. American Society of
Agronomy, Inc., Soil Science Society of America,
Inc., Madison, Wisconsin, 1159p.

-Mikkelsen, L., Elphinstone, J. and Jensen, D., 2006.
Literature review on detection and eradication of
plant pathogens in sludge, soils and treated biowaste.
Desk study on bulk density. Bruxelles: The
European Commission DG RTD under the
Framework.

-Minhas, P.S., Saha, J.K., Dotaniya, M.L., Sarkar, A.
and Saha, M., 2022. Wastewater irrigation in India:
Current status, impacts and response options.
Science of the Total Environment, 20: 808:152001.

-Moffat, A.J., Armstrong, A.T. and Ockleston, J., 2001.
The optimization of sewage sludge and effluent
disposal on energy crops of short rotation hybrid
poplar. Biomass and Bioenergy, 20: 161-1609.

-Nelson, D.W. and Sommers, L.E., 1996. Total carbon,
organic carbon, and organic matter: 961-1010. In:
Sparks, D.L., Page, A.L., Helmke, P.A., Loeppert,
R.H., Soltanpour, P.N., Tabatabai, M.A., ... and
Sumner, M.E. (Eds.). Methods of Soil Analysis, Part
3: Chemical Methods. Soil Science Society of
America, Inc., American Society of Agronomy, Inc.,
Madison, Wisconsin, 1390p.

-Nikdel, M. and Dordaei, A., 2011. Antixenosis
resistance of different poplar clones to three
important pest in East Azarbaijan, Iran. Journal of
Iranian Plant Protection Research, 24(4): 481-488
(In Persian).

-Panasiewicz, K., Niewiadomska, A., Sulewska, H.,
Wolna-Maruwka, A., Borowiak, K., Budka, A. and
Ratajczak, K., 2019. The effect of sewage sludge
and BAF inoculant on plant condition and yield as
well as biochemical and microbial activity of soil in
willow (Salix viminalis L.) culture as an energy
crop. Peerd, 7: e6434.

-Rajabi Mazhar, A., Farashiani, M.E., Babmorad, M.,
Hashemi Khabir, Z., Alavi, J., Mohammadpour, P.,
Taghizadeh, M., Mansorghazi, M., Mehravaran, D.,
Tavakoli, M., Haghighian, F., Farahani, S., Askary,
H. and Zamani, S.M., 2023. Monitoring of important
pests and disease of poplar trees in Iran. 3 ™ National
Congress on Forest and Range Protection in Iran.
May 9-10, Research Institute of Forests and
Rangelands, Page 14 (In Persian).

-Rhoades, J.D., 1982. Soluble salts: 167-179. In: Page,
A.L. (Eds.). Methods of Soil Analysis, Part 2:
Chemical and Microbiological Properties, Second
Edition. American Society of Agronomy, Inc., Soil
Science Society of America, Inc.,, Madison,
Wisconsin, 1159p.

-Royle, D.J. and Ostry, M.E., 1995. Disease and pest
control in the bioenergy crops poplar and willow.
Biomass and Bioenergy, 9: 66-79.

-Sadeghi, S.E., Salehi, M. and Askary, H., 2001. Poplar



Yoy

pest management in Northern provinces of Iran.
Iranian Journal of Forest and Poplar Research, 7 (1):
1-34 (In Persian).

-Salehi, A., Calagari, M. and Ahmadloo, F., 2018.
Effect of some soil properties on growth of three-
year black poplar (Populus nigra L.) trees in poplar
plantations in south of Tehran. Iranian Journal of
Forest and Poplar Research, 26(3): 344-354 (In
Persian).

-Salehi, A., Calagari, M., Ahmadloo, F., Sayadi, M.H.J.
and Tafazoli, M., 2022. Productivity of Populus
nigra L. in two different soils over five rotations.
Acta Ecologica Sinica, 42(4):332-337.

-Shodjaei, M., 1986. Investigation of biological and
ecological characteristics of insect background and
resistance of poplar trees in Iran. Proceedings of the

Yu)\A.:‘YY,\,\?‘Qlﬂ\é‘lﬁjtgii;?gb\.aaj@.bgw;s@chf:_‘.

seminar on the importance of poplar, Institute of
Forests and Rangelands Research, 45: 27-35 (In
Persian).

-Sixto, H., Grau, J.M., Alba, N. and Alia, R., 2005.
Response to sodium chloride in different species and
clones of genus Populus L. Forestry, 78(1): 93-104.

-Talhouk, As., 1977. Contribution to the knowledge of
almond pests in East Mediterranean countries. VI.
The sap-sucking pests. Zeitschrift fur Angewandte,
Entomologie, 83(3): 248-257.

-Zhang, Y.H., Tian, Y., Ding, S.H., Lv, Y., Samjhana,
W. and Fang, S.Z., 2020. Growth, carbon storage,
and optimal rotation in poplar plantations: a case
study on clone and planting spacing effects. Forests,
11(8): 842.



