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Abstract

Introduction: Maize (Zea mays L.) is of particular importance in Iran as the main source of energy
for poultry and livestock feeding, and for this reason, the development of the cultivated area and the
increase in the production of this product have a special priority. According to the information of the
World Agricultural Food Organization, the cultivated area of corn has reached 98.8 million hectares,
which is 10.4% of the cultivated area of the world, and its annual production is equal to 1.1 billion
tons. Among the factors limiting the production of agricultural products and reducing their quantity
and quality are pests, diseases and weeds. Among these three factors, weeds are of great
importance.The amount of damage caused by weeds in the corn field is different and is usually
between 69 and 84%. Sorghum halepens (L.) Pers. It is one of the most important weeds in corn fields.
Water and soil pollution are important environmental issues that endanger human health. Nicosulfuron
(Crooz) and Rimsulfuron are among the most widely used herbicides in agricultural products, which
are used to control weeds in Iranian fields. Since the herbicides used in fields and agricultural lands
have different durability and effects on the environment, therefore, study and research on the
remaining amount of these products in the soil, as well as investigating its absorption behavior in the
soil and establishing a link between the pesticide and clay particles. Organic matter in soil is essential.
Materials and Methods: In order to investigate the leaching rate of Nicosulfuron herbicide from the
soil column with corn crop vegetation and Sorghum weed under different management scenarios in
the soil profile, a factorial experiment based on a completely random design, with three repetitions in
39 polyethylene columns with a diameter of 12 and a height of 70 cm was designed and used. The test
factors include two types of soil; The soil of Kohdasht (S:) and Khorramabad (S;) regions, as well as
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three types of organic matter including; sheep manure (OM;), wheat straw (OMy), biochar (OMs) and
control (OM,). The levels of biochar and sheep fertilizers were 50 tons per hectare and organic matter
of straw was 1%. After designing and preparing soil columns, corn and sorghum plants were cultivated
in them. During the growing season, 5 periods of irrigation were applied and at the end of each
irrigation, the amount of toxin in the effluent from the soil column was measured.

Results and Discussion: The results showed that the effect of soil type, organic matter, irrigation
time, and the interactions of organic matter and irrigation time on the amount of drainage toxin were
significant (p <0.01). The results of comparison between different treatments showed that the use of
organic matter in the soil causes the absorption of toxin and prevents its mobility to the lower layers,
so that the highest and lowest concentrations of herbicides in the drain were observed in the treatment
containing straw and control treatment, respectively. The amount of soil clay plays an important role
in the rate of toxin uptake, so that in the present study, the highest rate of herbicide uptake in columns
containing Sorghum, biochar fertilizer and soil of Khorramabad region and the lowest rate of toxin
uptake in columns containing corn, straw and soil of Kuhdasht region was observed.

Conclusion: The results of the present study show that the behavior of surface absorption and release
of Cruz herbicide in the soil depends on the physico-chemical characteristics of the soil such as soil
clay content, type of organic matter and organic carbon content.

Keywords: Agricultural sustainability, Organic matter, Soil column, Toxicant absorption, Toxicant
mobility
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Table 1- Some chemical properties of soils used

SL wlasin (S1) culvanes S

(S2) ol S

638 sz gm 055

_ _ _ _ SdwgS 395 Sls gols
Soail Soil of Kuhdasht Soil of Koohdasht Cattle biochar
- . Sheep manure Straw
characteristics (Ssy (52 fertilizer
S cél S —s09) e _ -
soil texture Sandy Loam Sandy Clay Loam
o)
16.7 21.72 - - -
Clay %
. 16.06 19 - - -
Silt %
67.24 59.28 - - -
Sand %
RERE 0L
Absorbable 4.69 5.81 1.27 1.13 0.8
phosphorus (ppm)
S ol
0.14 0.14 1.98 1.79 0.52
Total N %
L_,,JT Slge s yo
2.22 2.49 17.24 12.21
O.M%
A Sl
7.53 7.64 8.3 8.1 6.67
pH
S Sl gl
0.79 0.99 15.24 12.88 5.12
EC dS/m

SV S e bl s sl ysis 51 S slod s onlic

ol 00

alS oglhs az e J5uS jshieay o5k cnl szl o
)‘l c0dds oolazwl (_g)l.o] C}Jc @ azgi bde,led p S50 Jolge



ol 9 5, bail

YAY

Gudiodd 0 ouud odliiw! (ST b s ygsw 3l (S Lo —Y JSCi

Figure 1- Polyethylene columns used in the research
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Table 2- Analysis of variance of herbicide content in drainage from soil columns
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Figure 2- Effect of soil type on the amount of herbicide present in the effluent from the soil column
(S:1: Kuhdasht Soil and S;: Khorramabad Soil)
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ola; 0 04ge iSdile Jlaie Ll 5l ol l_is alise
OM Ty sl )lass pm SN oSS g 5| (9,5
slo,les uizen g OMT, OM\ T, OM,T¢ OM, T
OSSls gesl oo, O mha s o JToole 5l enlan g0
5 Sb g9 Jlie 5l (o9 Jlo pne pd oy e Sl I3 Sine
@l S g | sy Sl Gl JTeske 58
o) CrreS 9 (i 50 059, 1Y) (n 3VL ol L
S o5t ) s A5l s Qi 5o o555
Soslul s s 5 OMi Ty Lo @ by po oo oy

b e JToole

©loj 3 39290 iSUle (e p qlie Julie 1
SB Ggw I (295
e Jolite Sl el (o9 Jlosine s Jdoan
oSaile e 2 ()lel by 5 JT ool 53 Joliia il
e 51 (e el gl Bymo oS (i 3l (g5
e Saile olime )l 5l lal pley 5 JTosls g5
Jssz Gl @l 4 az g LAY Jgaz) <85 plnil S 5t
e Sile Glime (1) (S s (1 FF) (3L
S ol> slojles s OMIT, slojles jo S e
G les o aiolis 5l ol s ol sl i vl i



VAY @3 ol gy b S 51 (5955) (09398 sarglSd (AT (0l 1 (5559l g yrte (glogy sl i1

o 8 Ll e Sl Gl as de &bl iScale
0dS sl SO lgredy yei ) ool Gluls a5 g, gba
4o S-metolachlor gg—coi v s g S 0 jralS cel S

(LOpez-Pifieiro et al., 2014) el o0y S

5 oll pre—s oS S L JT S sl

James et ) wiS’ s sgasme S Ldg 8,k 51, Jesleg
S g aSaale oy oz Yl § Jxb 5o .@l., 2022
oa ooly Hlid gl el 035 Dlallas 5l (6 )l £9S50
sl pSale S o sla Shy p S Slbdol a5 el
dilisee olalhs gl 0)a8 o 80 S o sop)lS

SB g 3l 2955 Sloj 10 99290 (5l )3 0,59 55e) AShle Glimo 1 5okl o) 3 JT ool £98 Jilkiio J1-F Jgur
Table 3- Interaction between organic matter type and irrigation time on the amount of herbicide (micrograms per liter) in the
effluent from the soil column

‘SJT ool £ ‘5)1.54_7 ol gic)’ owdde cdale ‘SJT oolo o ‘5)l¢.gi ob) \.-Tb)’ owsdale cdale
Organic Irrigation Concentration of Organic matter Irrigation Concentration of
matter type time herbicide in drainage type time herbicide in drainage

b d
555) OMy T 0.046% 555 )5 OMs T 0.041%
(asinss T, 0.044 (o5 T, 0.035f
T 0.034% ’ T 0.0299
(Sheep T, 0.025" (Be?f manure T, 0.021°
manure) T 0.02 biochar) T 0.017
T, 0.055% T 0.00/
OoM4 )
5 0l5)OM; T 0.049° Tosls - T 0.0/
Slosle a0 wall) )
(G5’ T3 0.036° Control without Ts 0.00
(Straw) T, 0.025" (oroznric; ;V;tt:r‘; T 0.0
Ts 0.021" g Ts 0.00

Al ged o gire Dglis 9o yd B Jleiml mhaws 13 S5l ae3] Gulusl 5 S e By > slls sla Keilee (gt 2 40 gkl loj Ti ( JT oole £5i OM;
OM;: Organic matter type, T;: Irrigation time. In each column, the averages with the same letters do not have a significant difference based on

the Duncan test at the five percent probability level.

Meng ) cé, anlys s 5l posS sloazals sl )] oo
9 ‘s.ljl)s ‘)L?ﬁ'i’? )fu“o (59"'0'7” 5o sQ.g.|)..v05>LC (et al., 2019
gy 3 1 A (208 5 2Lk sse slodisS g9
> (Yousaf et al., 2018) ols _zul58l puiS slaazals
) ool yB Gl g Aol a5 culooly s Sllas
sas o LialS (55,8 slasSls o 1) La aSeos]
ol (Khorram et al., 2016; Cheng et al., 2017)
bl ol o i e b ol S dile Yoans S o
S o lay] Do g0 sl A Wi (6 65 i o8l
S8 g il By 4O s Aol )0 g 0l SIS ke
S SB s e pSaale o Faile Kos Bk ) S
5 o2t o) Sedslsm 5 (Gl 5 ge—olip—usS]
Duraes et ) s s  Siwo Of lgizme 9 S slos o (gou 5]
S o wb @l 2018; Swartjes and Van der Aa, 2020

Sy 2 She ol slaan B (JUl g o 58 i

Pérez-) el S o Lo iSuile (S o0 5 o Sasle)
DS 8] pgas o3> S > uizes (Lucas et al., 2020
OM) JT8lge 5 o, SB slgime sl Lalge 5l s
g5 aS ol plis ieghy sleasdl S e )18 S PH
25U aSale oeaal e S 0 35290 JT ools
P oSl 5l g b jlade wilg o g anBls goly;
S pbay wules 6l JT slge g5l slaca i
S5 lzsm 055 sl a5 b ol o Glalesl 050 slodisas
3l g Slade e D cdeds (S:0Ms sla)lens)
@lo)los 45 g y5—o ;0 035 Wly o5—iul 5,50 1S ile
9 i 355 53l slojlas (izean 5 JT oole (ygas
Lly ool yo a3 S )15 6 s (ool Jlade (IS golS
S )l cdllae iz 5l (S p @l b Gdod pl s
S ooiirdol o sss 3l ool Wi asie eios

Azl y0 gooly ials gobjax B suis jo pSale Qi



ol 9 5, bail

YAA

I olge 55 S ) lime Gyzen S (olorsS b
Sty @l o IS5l oo (Ko JT ()5 Slyims
() 0,8 aods 159,150 5 Slsien 1) ol iy 5l ouel
5 st ssiinsS 055 alox 5l S olge cilizee S 5 1
S5 4o sie 39,5 Sl gl 5 ol Gliee p (IS0l
095 Syl S slggiw o S dle Qi pliae (o 5YL
Ol (yeS 5 9B oaalts olle 5 adlaie S5z s
Slaggios peizmen g aals B gol> Gligiw )3 0o
Ol (1D Al Gy CbaneS ddhie S g ilSgolS
O e 2z (e )0 oot Sl 2B S,
Jlots i tangS S 4 co sblp 5 SIS 4S5 j5ba
LATD oS oo 655 sl o S50 5l it ) (Soine
2059 & S g 5l (2955 o s 5l sl
5005 0 alS g o sine ysboas ( JT olse (5l slag g
5 @950 425 9 Sollad (Ll ey Gl e el cnl Yo
2 Ll 51 AV) 0,5 oyl ol slaes,lal 5o sl cypizmad
p3Y by Cajlame po Lo iSedl cdigiyu 5l LT
Ly ] o S0y T il B> 4y (o1,
O kel lyisa S Ss Bib 5l 5 e la S ]
slo)Sal, 5l ooliiwl cadb oo pya (5,25 05 9 YL )3
=395 Ol (I sloailay 5l ool alor 5l (2 o
oloj o (et (Sogll Gl JBlo a6l 55

5,5 drogi |, oS el 5l eslizl

Sl Swlw
B _iils ) o)Lo._..S 6}5)‘ Nl Lo)—‘ prow QL:S)LT )‘|
10,98 5 S abg e Sltolojl plonil cga 50 i)

Aoa)fks.a

References

5B Cos S50 39390 Sla iS ] C g (il
40325 9 65l oS 2 ezmen an])E Lo oS 009wl b
G g 5l 2L ST as Ll 5ol JuS e 1,
Ol Jé‘..\) £ LS‘)'.‘ ‘n)‘y b b e jlase o l.(buwfp&—‘
sy 130wl oo by 2S5 el oy (] e Sog I
il alex 5l SB sla Sy a4 SB o b pmSale s5luls,
4S5 sbas @)l K SB I ool sgime 5 S
Syme Judoas Olilp 3 S joefi cdlib glas>
Sty T 03l im0 L LS aizmed § i )
@S el 0dges Qi 1) e 5l (6 e e (59 )z g
Rigi) o ls cillas ylabime plo Sladss mli b Gabos o
and farahbakhsh, 2019; Schneider et al., 2015; Gu et
RSN [0 ‘u’_fl o3ls g ) Olime 99T .@l., 2003
s (Noshadi et al., 2014) ves o yiols |, iScale
o loss jo iSdale oxdaw Cd> a5 sls las Ko Liules]
(S1) aals Jloss 4 G Hlogm + S 5 ald 555 + S5
als cllas sls iagh sleazsli L as ag YL
Sl oS 5 45 W05 (g pS At Geins nl o) Kt
g 5 ES e Gl 5y S5 IS 4 e S L

(Abdollahi et al., 2019) 54 0 S

5 (5 Ao
s i L8, &S aes e Ly ol ey
slaTig am S )0 55,8 Sile gll—ula, 5

Abdollahi, K., Movahedi Naeini, S.A., Barani Motlagh, M., Ebrahimi, P. and Roshani, Q., 2019. The effect of

livestock manure and its biochar on the uptake and leaching of metrobiosin in a loamy sand soil. Journal of

Soil Management and

https://doi.org/10.22069/ejsms.2019.15991.1855

SustainableProduction, 9(2),

pp.150-137. [In Persian].


https://doi.org/10.22069/ejsms.2019.15991.1855

YAQ @33 oL gy b S 31 (3955) (3998 guoglSes S Cile (90T (6353 o o slag L 51

Albers, C.N., Jacobsen, O.S., Bester, K., Jacobsen, C.S. and Carvalho, P.N., 2020. Leaching of herbicidal residues
from gravel surfaces e A lysimeter-based study comparing gravels with agricultural topsoil. Environmental
Pollution, 266(3),115225. https://doi.org/10.1016/j.envpol.2020.115225

Avarseji, Z., Gholamalipour Alamdari, E. and Ajami T., 2021. evaluating the effect of soil organic matter on
leaching  depth  of imazethapyr. Journal of Plant Protection, 34(4), pp.527-539.
https://doi.org/10.22067/jpp.2020.32839.0

Buerge, 1.J., Kasteel, R. and Poiger, T., 2024. Leaching of herbicides and their metabolites in lysimeters filled with
soils  from  railway  tracks. Science of the Total  Environment, 909, 168396.
https://doi.org/10.1016/j.scitotenv.2023.168396

Carter, M.R. and Gregorich, E.G., 2008. Soil sampling and methods of analysis. 2nd ed, Canadian Society of Soil
Science. https://doi.org/10.1201/9781420005271

Cheng, J., Lee, X., Gao, W., Chen, Y., Pan, W. and Tang, Y., 2017. Effect of biochar on the bioavailability of
difenoconazole and microbial community composition in a pesticide-contaminated soil. Applied Soil Ecology,
121, pp.185-192. https://doi.org/10.1016/j.aps0il.2017.10.009

Duraes, N., Novo, L.A.B., Candeias, C. and da Silva, E.F., 2018. Distribution, transport and fate of pollutants. In:
Duarte, A.C., Cahada, A., Rocha-Santos, T. (Eds.), Soil pollution: from monitoring to remediation. Academic
Press, London, UK, pp.29-56. https://doi.org/10.1016/B978-0-12-849873-6.00002-9

Erenstein, O. Jaleta, M., Sonder, K., Mottaleb, K. and Prasanna, B.M., 2022. Global maize production,
consumption and trade: trends and R&D Implications. Food Security, 14(5), pp.1295-1319.
https://doi.org/10.1007/s12571-022-01288-7

FAO, 2021. Food and agriculture organization corporate statistical database.
http://www.fao.org/faostat/en/#data/QC

Forouzangahr, M., Haghnia, G., Kouchaki, A. and Tabatabai Yazdi, F., 2005. The effect of organic matter and soil
texture on the degradation of atrazine and metamitron herbicides. Agricultural Science and Technology and
Natural Resources, 9(1), pp.140-131. [In Persian]. https://dor.org/20.1001.1.24763594.1384.9.1.10.8

Genuis, S.J., Lane, K. and Birkholz, D., 2016. Human Elimination of organochlorine pesticides: Blood, urine, and
sweat study. BioMed Research International, 1624643, https://doi.org/10.1155/2016/1624643

Giuliano, S., Alletto, L., Deswarte, C., Perdrieuxa, F., Daydéa, J. and Debaeke, P., 2021. Reducing herbicide use
and leaching in agronomically performant maize-based cropping systems: An 8-year study. Science of the Total
Environment, 788(1), 147695. https://doi.org/10.1016/j.scitotenv.2021.147695

Gu, J. D., fan, Y. and Gu, J.D., 2003. Biodegrability of atrazine, cyanazine and dicamba under methanogenic
condition in three soils of china. Chemospher, 52(9), pp.1515-1521.
https://doi.org/10.1016/s0045-6535(03)00490-9

Hosseinpour, A., Haghnia, G.H., Alizadeh, A. and Fotovat, A., 2009. Changes in chemical quality of percolating
raw and treated municipal wastewaters through soil columns. Water and Soil, 23(3), pp.45-56. [In Persian].

https://doi.org/10.22067/jsw.v0i0.2283


https://doi.org/10.1016/j.envpol.2020.115225
https://doi.org/10.22067/jpp.2020.32839.0
https://doi.org/10.1016/j.scitotenv.2023.168396
https://doi.org/10.1201/9781420005271
http://dx.doi.org/10.1016/j.apsoil.2017.10.009
https://doi.org/10.1016/B978-0-12-849873-6.00002-9
http://dx.doi.org/10.1007/s12571-022-01288-7
http://www.fao.org/faostat/en/#data/QC
https://dor.org/20.1001.1.24763594.1384.9.1.10.8
https://doi.org/10.1155/2016/1624643
http://dx.doi.org/10.1016/j.scitotenv.2021.147695
https://doi.org/10.1016/s0045-6535(03)00490-9
https://doi.org/10.22067/jsw.v0i0.2283

RULS S ER I va.

Izadi, E. Rashed Mohassel, M.H., Zand, E. Nassiri mohalati, M. and Lakzian, A., 2008. Evaluation of soil texture
and organic matter on atrazine degradation. Environmental Sciences, 5(4). pp.64-53. [In Persian].

James, T.K., Ghanizadeh, H., Harrington, K.C., Bolan, N.S., 2022. The leaching behaviour of herbicides in
cropping soils amended with forestry biowastes. Environmental Pollution, 307, 119466,
https://doi.org/10.1016/j.envpol.2022.119466

Jursik, M., Kocarek, M., Kolafova, M. and Tichy, L., 2020. Effect of different soil and weather conditions on
efficacy, selectivity and dissipation of herbicides in sunflower. Plant, Soil and Environment, 66(9), pp.468-
476. https://doi.org/10.17221/223/2020-PSE

Kadian, N., Gupta, A., Satya, S., Kumari Mehta, R. and Malik, A., 2007. Biodegradation of herbicide (atrazine) in
contaminated soil using various bioprocessed materials. Bioresour Technology, 99(11), pp.4642-4647.
https://doi.org/10.1016/j.biortech.2007.06.064

Khorram, M.S., Zheng, Y., Lin, D., Zhang, Q., Fang, H. and Yu, Y., 2016. Dissipation of fomesafen in biochar-
amended soil and its availability to corn (Zea mays L.) and earthworm (Eisenia fetida). Journal of Soil
Sediment, 16(10), pp.1-10. https://doi.org/10.1007/s11368-016-1407-4

Kodesova, R., Kocarek, M., Hajkova, T., Hybler, M., Drabek, O. and Kodes, V., 2012. Chlorotoluron mobility in
compost amended soil. Soil Tillage Research, 118(4), pp.88-96. https://doi.org/10.1016/j.still.2011.10.014

Lopez-Pifieiro, A., Pefia, D., Albarran, A., Sanchez-Llerena, J., Becerra, D., 2014. Longterm effects of olive mill
waste amendment on the leaching of herbicides through undisturbed soil columns and mobility under field
conditions. Soil Tillage Research, 144, pp.195-204. https://doi.org/10.1016/j.still.2014.08.001.

Maqueda, C., Villaverde, J., Sopena, F., Undabeytia, S. and Morillo, S., 2009. Effects of soil characteristics on
metribuzin dissipation using clay-gel-based formu- lations. Agricultural Food Chemistry, 57(8), pp.3273-3278.
https://doi.org/10.1021/jf803819q

Marofi, S., Shakarami, M., Rahimi, G. and Ershadfath, F., 2015. Effect of wastewater and compost on leaching
nutrients of soilcolumn under basil cultivation. Agricultural Water Management, 158, pp.266-276.
https://doi.org/10.1016/j.agwat.2015.05.007

Mehdizadeh, M., Ezadi, E., Naseri, M.T. and Rastgo, M., 2016. Influence of different organic fertilizers on
metribuzin persistence in soil under controlled conditions. Agronomy Journal (Pajouhesh & Sazandegi), 109,
pp.132-139. [In Persian]. https://doi.org/10.22092/aj.2016.106750

Meng, L., Sun, T., Li, M., Saleem, M., Zhang, Q. and Wang, C., 2019. Soil-applied biochar increases microbial
diversity and wheat plant performance under herbicide fomesafen stress. Ecotoxicology and Environmental
Safety, 171, pp.75-83. https://doi.org/10.1016/j.ecoenv.2018.12.065

Milan, M., Vidotto, F. and Fogliatto, S., 2022. Leaching of glyphosate and AMPA from field lysimeters.
Agronomy, 12(2), N0.328. https://doi.org/10.3390/agronomy12020328.

Noormohamadi, Gh., Siadat, A. and Kashani, A., 2009. Cultivation volume one (Cereals). Shahid Chamran

University of Ahvaz Publications, Ninth Edition. [ In Persian].


https://doi.org/10.1016/j.envpol.2022.119466
http://dx.doi.org/10.17221/223/2020-PSE
https://doi.org/10.1016/j.biortech.2007.06.064
https://doi.org/10.1007/s11368-016-1407-4
http://dx.doi.org/10.1016/j.still.2011.10.014
https://doi.org/10.1016/j.still.2014.08.001
https://doi.org/10.1021/jf803819q
https://doi.org/10.1016/j.agwat.2015.05.007
https://doi.org/10.22092/aj.2016.106750
https://doi.org/10.1016/j.ecoenv.2018.12.065
https://doi.org/10.3390/agronomy12020328

Y4y @33 oL gy b S 31 (3955) (3998 guoglSes S Cile (90T (6353 o o slag L 51

Noshadi, N., Homaei, M., Mahmoudian Shoshtari, M. and Abbasi, F., 2014. Transport and degradation of
herbicides in soil in different irrigation systems. Iranian Journal of Soil and Water Research, 45(3), pp.255-
266. https://doi.org/10.22059/ijswr.2014.52190

Nouri, M., Homaee, M. and Bybordi, M., 2014. Comparing petroleum and water hydraulic properties in soil.
Journal of Science and Technology of Agriculture and Natural Resources. Water and Soil Science, 15 (66),
pp.123- 134. [In Persian]. https://dor.org/20.1001.1.24763594.1392.17.66.12.6

Pérez-Lucas, G., Gambin, M. and Navarro, S., 2020. Leaching behaviour appraisal of eight persistent herbicides
on a loam soil amended with different composted organic wastes using screening indices. Journal of
Environmental Management, 273, 111179. https://doi.org/10.1016/j.jenvman.2020.111179

Popov, V.H., Cornish, P.S., Sultana, K. and Morris, E.C., 2005. Atrazine degradation in soils: the role of microbial
communities, atrazine application history, and soil carbon. Australian Journal of Experimental Agriculture,
43(7), pp.861-871. https://doi.org/10.1071/sr04048

Pot, V., Benoit, P., LeMenn, M., Eklo, O.M., Sveistrup, T. and Kvarnerc, J., 2011. Metribuzin transport in
undisturbed soil cores under controlled water potential conditions: experiments and modeling to evaluate the
risk of leaching in a sandy loam soil profile. Pest Management Science, 67(4), pp.397-407.
https://doi.org/10.1002/ps.2077

Rigi, M.R. and Farahbakhsh, M., 2019. Evaluation of leaching and degradation of metribuzin herbicide in different
soils. lranian Soil and Water Research (lranian Agricultural Sciences), 50(1), pp.1-12. [In Persian].
https://doi.org/10.22059/ijswr.2018.203562.667435

Sadeghzadeh, F., Wahid, S.A. and Jalili, B., 2017. Sorption, degradation and leaching of pesticides in soils
amended with organic matter: A review. Advances in Environmental Technology, 3(2), pp.119-132. [In
Persian]. https://doi.org/10.22104/aet.2017.1740.1100

Schneider, J.G., Haguewood, J.B., Song, E., Pan, X., Rutledge, J.M., Monke, B.J., Myers, D.F. Anderson, S.H.,
Ellersieck, M.R. and Xiong, X., 2015. Indaziflam effect on bermudagrass (Cynodon dactylon L. Pers.) shoot
growth and root initiation as influenced by soil texture and organic matter. Crop Science, 55(1), pp.429-436.
https://doi.org/10.2135/cropsci2014.02.0155

Soltani, N., Dille, J., Burke, I., Everman, W., VanGessel, M., Davis, V. and Sikkema, P., 2016. Potential corn yield
losses due to weeds in North America. Weed Technology, 30(4), pp.979-984.
https://doi.org/10.1614/wt-d-16-00046.1

Swartjes, F.A. and Van der Aa, M., 2020. Measures to reduce pesticides leaching into groundwater-based drinking
water resources: an appeal to national and local governments, water boards and farmers. Science of The Total
Environmenyal. 699, 134186. https://doi.org/10.1016/j.scitotenv.2019.134186

Takeshita, V., Mendes, K.F., Alonso, F.G., Tornisielo, V.L., 2019. Effect of organic matter on the behavior and
control effectiveness of herbicides in soil. Planta Daninha, 37.

https://doi.org/10.1590/s0100-83582019370100110


https://doi.org/10.22059/ijswr.2014.52190
https://dor.org/20.1001.1.24763594.1392.17.66.12.6
https://doi.org/10.1016/j.jenvman.2020.111179
http://dx.doi.org/10.1071/SR04048
https://doi.org/10.1002/ps.2077
https://doi.org/10.22059/ijswr.2018.203562.667435
https://doi.org/10.22104/aet.2017.1740.1100
https://doi.org/10.2135/cropsci2014.02.0155
http://dx.doi.org/10.1614/WT-D-16-00046.1
https://doi.org/10.1016/j.scitotenv.2019.134186
http://dx.doi.org/10.1590/S0100-83582019370100110

oySed g (6 Lail vay

Theng, B.K.G., Kookana, R.S. and Rahman. A., 2000. Environmental concerns of pesticides in soil and
groundwater and management strategies in oceania. In: P.M. Huang and I.K. Iskandar (Eds.), Soils and
Groundwater Pollution and Remediation. CRC Press. Boca Raton. Florida.

Yousaf, B., Liu, G., Abbas, Q., Ali, M.U., Wang, R., Ahmed, R., Wang, C., Al-Wabel, M.I. and Usman, A.R.A,,
2018. Operational control on environmental safety of potentially toxic elements during thermalconversion of
metal-accumulator invasive ragweed to biochar. Journal of Cleaner Production, 195, pp.458-469.
https://doi.org/10.1016/j.jclepro.2018.05.246

Zamani, P., 2011. Statical Design in Animal Scinces. Bu-Ali Sina University, 645 p. [In Persian].


http://dx.doi.org/10.1016/j.jclepro.2018.05.246

