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Abstract
Background and Obijective: In order to study the effect of pesticides on soil biological quality, three
herbicides and insecticides with the highest consumption rates, on soil eco-physiological and chemical
indices were investigated.
Method: The experiment was carried out as factorial in a completely randomized design with seven
treatments of which were triplicated. The pesticides were applied as constructed by the manufacturer and
then the pots maintained in a greenhouse condition for two months. Then, some of the soil eco-
physiological and chemical indices were measured after one month and also after two months.
Findings: The results showed that in comparison with the application of the pesticides caused a
significant decrease in soil bacterial and fungal population, basal respiration, substrate-induced
respiration, microbial biomass carbon, microbial biomass nitrogen, and microbial quotient and a
significant increase in soil metabolic quotient. The results also showed that the application of the
pesticides has no significant effect on soil organic carbon. The results showed that, although soil eco-
physiological indices decreased after one month, the indices increased after two months reaching the level
that was before application of the pesticides. The results also showed that 2, 4-D had the highest and
Chloropyrifos had the lowest adverse effects on the indices.
Discussion and Conclusion: It could be concluded that application of the pesticides which are used in
this work decreased soil biological quality short terms.
Keywords: Soil pollution, Pesticides, Sustainable Agriculture, Soil Biological Quality
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Table 1- Some of the Soil Physical and Chemical Properties

3 3 oS 39 o S o
reSE) | neSsk EC (dS/m) pH
B B (Q2,0) (Qo,0) [EWPRY) (EWPY) (EWPY)
(pSSskS (PSS skS
FaA \F V0o o+ VIAS YIA Y YA ¥4
Ghalo3l 50 ooliiunl 3590 S s G ST g 5l (F ¥ Jguz
Table 2- Some of Soil Biological Properties
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Table 3- Analysis of Variance of Pesticide, Time and Their Interactions on Some of Soil Biological
and Chemical Indices
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Fig 2- The effect of pesticide application on soil

fungal population
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Fig 1- The effect of pesticide application on
soil bacterial population

G5 Az g Sy
5 cdls b iSesl 5,5 a8 ol ol iagh ol mls
5 Sy sl s S phlaln, Cenex
lis Ses Slidss .l ools talS |, S1 S55ss 508551
I 4 65 Ghlals b iSedl sgw 56 a5 wlesls
3575 b (1) WS oe oy Boe ué Shagzge gl Lol Coans
CohsS 5 oS il Ban b iS5l o8 A ol
la S8l 5l oolial (5 955 o0 plavl 55,5lsS Y game
S50 50 SN Sen wzse (55,5laS DY same il adg ol
s S5l 5 SB CekS o] aecan; 5l

AT 655 sl (Lt i ) gl (V0) el oo



1¥o

ey iliseo Lo iS0 i g S ile 5T

Ao orlple (V) Lo cude 05 las St 51 Spglie
P el (295 o35is) (ASerte (nl G99
28 els e 05 slag L 4 Cond S 0 cule
Spsllarel 5 e a5 wols Glas Gliixe (nl (izren
S 0 7,8 Googisy (el cmge (o) VT) S oligS yo
Getod ol 00 (e S ol S sy (Jg el cald
3 1 YO LialS coge (69,8985 0,5 a5 ol lis (6,500
(e (V) Cowl ouds dald 4 s S 4SSl i
oSl laiSedl op)l5 a5 wleols  lis o lasize
L SE (99,500 slacallad LS & Gosin g IS 5 % 2ol
N SB o58 p e 5l cge Sk wns oo I8 Sl o
Olis (6500 Gadizd @l (1) sgdioe S lop,S Jed
2 alS poedle e (o —o9d (Solla aSile 45 sl
o 3 (V) Sy e b e e slaSll> Coses
e orost oSols a5 ool ond eols plis dial,
Bradirhizobium cawjen 5L g Lgw (o (e jod
GodS o gleose slass g ools malS 1, japonicum

(YY) el ools a7 AV B 551y (59 508

Slodgw; Brae I 8 maw 4y g (Wloais ools las aesls
lomsls el L2alS a8 catls el s e 140 (Y 5 ) SC)
Sl 0 )l5 5 S Camdg 4 olo 90 5l iy 5 005 (g
ol 0ads Joolo 58 (6,500 Dlidod )0 bl (ul 45 eaw,
Yok b S 08 @l o o Ll bl andl (YF)
oS 6500 o o )ls (55t Dlidios 4 s la a5l e
wl)l ol 0)50 Sl als Gl sl ik
el @3S il by la 158l a0 wilesges
0098 5l o bl g, ad, (V) cwl g6 5 s SL
S 15 oS e il s 4 ol (Sn ln 5]
) il cree a5 wil Sl 4 eles o,
ol plaase (YA) 058 o0 oisesl polas ollail>5
Gpan 555liS 3 o550l oS Llb Sdl (il a5 wlasls
dod bawgi a5 (opl 9929 b aill oo a4y JB gl o
oS wlools lis @ladod g 0gd cod plxil 535 ol il 5
@ onl 0 Sude Slas Ll St e 08 slas S
VY Jlo o o) g 50ke Guiod b s 150

L polSlaesl (iSe i 00,15 Jlie )0 e p)5 slas St

olo Ky CdS 3 oy S Swj sl p ST il (uKilio dumslio— ¥ Jgu

Table 4- Mean Comparison of the Effect of Pesticides on Some Biological Indices of Soil after One

Month
W Sl i b is | S00856) Osr | 8008585 (S
b caner | oSl Canar | Cfb“’““” * “'C“"(;"“’ 7 ::”“ 7 );j
m - m - 29 29 P -
Number. gr'*) | Number. gr*) gL gL = = oslizial 550 AT ST
105 dm 105 Ckg* Ckg* MGNmic Kg) MYCric K
. X dm.day® | dm.day? dm dm
V/eYP I Y/ov° N V.2 yyov® o3 o915
a\% YA YVAC JESA Vou” VoSAC RIS
1631 vy © YIVE° <I¥ay? A V-AS© e o osh oS5l
JoA-¢ v/-¢d YN o° <IFE0™ NG V) Fre sy
Joov V/VYE Ak ‘.o o asa 3,58
Vo YIY-© Y/f0™ AT 125 V1£9° e 5955 65
VY A /ey <JFYA? Yo VEAY? el




[ oo 9 Jus g8

a4 oloc}.’.é)g)éﬁ\' O)M‘M}M‘-;s”’&‘ﬂﬁjh

\F5 ]

FATB) dgdign WAlS (29,500 bl (99,550 S035S)
lo iScdl op)lS a5 ol las Gubiss oy ml s &b
ol e cwl sl S 05 S 0 g0 Slo pixe JialS > ge
4 29,500 6035555 (S 9 SB N n)S o S Ll
I3l 2950 $0355s) S e &S wliee et 6570
2 950 oy G 00 Sle 4y als S S
S5, osse 8l el ele oS wms e T skl
o o 6l S T S ss, s 05 S
5wl oo S o Olpss 4 ol 23 ls S 59 S0
ol 3B Ll sy dnags 5 0B, p ele 3l & g0 o
il Glr Ol L Gl I ke s 23S
SE Ll Sless S0 SB (05500 Conex Gy st
ool Sl s g S caaS bas glp (YF) 0ges ool
b Candy o baslh nl Wb (S st gk
Sy 30 45 sl gy g Lai (el Sl 900 S
Jyaze 0y Coled )0 SB wlcensST Jolad (19,55 o2 &
oS Bl 5l 0o 5 S B Sl oo o55)5laS las 5o

RUIFIRVAPE VLY

(MECMIc.g-1Corg) (os,See o 4
o o o -
~ o)) o0 [E [N]

©
N}

b 5 ot ((Seilam oS Jeld S Sl
SlapiarwgSl 10 pa Sl 0515 Lai> corge all 0 S
(YY) 00,5 o0 00l Copoe SlapiwawsST 0 w2 b
g andls 0gzs S CudS 5l 65laS G 58 bl
9 el SB S5l Sae slaasl b 5l il S cwdle
5 ot Gl Shy S CudS 0 sl G55 8 Ojg0
ool I 3 ol LS b e Dok 0B 0 ST S5
S i sST Ol 4 S Sojglsn 53651 slaas s o5
SIS (oo yedS S e Ay Slpd Gop Sjge 3 5 005 el
S cadle g CulS Ghom sl st sbagasls (1F)
5 2 ez Il atl (ol jl (S Nsdoe a8 S I @
oS g lag B g lae il Comex (09, Ke (035355 (59
03gr S (59,50 dnalzr ZuaS gosimo i 4 Sl 5 4y
P b RPN S Ll Cemexr Gl L
@95 Goe 5 Slplie oy alez 5l b azls ) Ko
Gorte Il il e S ) G goains LS
oS ol L el s Rl G e S SG e Sdslie
GRS 392y ke g 035 oo sdaline SL 09,50 s0355s5

oile oli sgz b Lyl pl s il go S apssS] o

045
¥ 04
4 035
J 03
S 025
= 02
(=]
S 015
§ o1
< 0.05
8
J 0
3 o N ) N >
8 3\0 \‘\o‘\ Q}«S& OQQ ’1/?‘9 %\\\ 660
P & @& & & ¢
1S O Q R X &
o) &oQ & \§°
o N
@ <&

SB 29,500 05 2 ilizie g isedl il -F Uso S Sdglin gope p il gloiscdl b -v IS

olo S S 3l g

Fig 4- The effect of pesticide application on soil
microbal quotient after one month

olo SO S 31 e

Fig 3- The effect of pesticide application on soil

metabolic quotient after one month



A4

ey iliseo Lo iS0 i g S ile 5T

Reinecke S, Reinecke A. The impact of
organophosphate pesticides in orchards
on earthworms in the Western Cape,
South  Africa. Ecotoxicology and
environmental safety. 2007;66(2):244-
51.

Hart M, Brookes P. Soil microbial
biomass and mineralisation of soil
organic matter after 19 years of
cumulative  field applications  of
pesticides. Soil Biology and
Biochemistry. 1996;28(12):1641-9.
Franco-Andreu L, Gomez |, Parrado J,
Garcia C, Hernandez T, Tejada M.
Behavior of two pesticides in a soil
subjected to severe drought. Effects on
soil biology. Applied Soil Ecology.
2016;105:17-24.

Garcia-Ruiz R, Ochoa V, Hinojosa MB,
Carreira JA. Suitability of enzyme
activities for the monitoring of soil
quality  improvement in  organic
agricultural systems. Soil Biology and
Biochemistry. 2008;40(9):2137-45.
Parelho C, Rodrigues A, Barreto M,
Ferreira N, Garcia P. Assessing

microbial activities in metal
contaminated  agricultural  volcanic
soils—An integrative approach.

Ecotoxicology and  environmental
safety. 2016;129:242-9.

Tejada M, Garcia C, Hernandez T,
GOmez . Response of Soil Microbial
Activity and Biodiversity in Soils
Polluted with Different Concentrations
of Cypermethrin Insecticide. Archives
of environmental contamination and
toxicology. 2015;69(1):8-19.

2B S5SB phlilri, Selled 5 Comar oSSl 0l
5 d.;b S ‘LQ:E)@ 9 L:bdj.'flq Curo> udbls —>g0 g ails

(SIS 02 9 (29590 GOOF S 9SS 9 )5 el
ol ol b sl snd S Sdglie oy il 5 S

FB Srae lo jlele S5l G baals (nl Ol oS
a3l Jb s 4 Loy oo 9o (b ()] g 5 0092 2anlie
on &S ol plas mll eres Cwl oo, LS edl
SeilsisS g s SloaSls p il Ll 5l la s ]
05 s lS 9 (n ke 69,995 5 9)l0 sezg Dsls S
oS ol o yile ol arls el cnl 2 1) it 5B
Sl 55 5 LS e 4 ole g0 5l e aaSedl 5
o zSedl @ae sl Ot 8,50 50 oy sed Jg Sl odns,
Ngy &5 Cewl (Saa 1 t0gei a5 lebl S piacngST
anelz 0,515 5 oS )0 et Crge Dae il o Dl ks

&l

1. Helfrich LA, Weigmann DL, Hipkins
PA, Stinson ER. Pesticides and aquatic
animals: a guide to reducing impacts on
aquatic systems. 2009.

2. Seiber JN, Kleinschmidt LA.
Contributions of pesticide residue
chemistry to improving food and
environmental safety: past and present
accomplishments and future challenges.
Journal of agricultural and food
chemistry. 2011;59(14):7536-43.

3.  3.Niemi RM, Heiskanen I, Ahtiainen
JH, Rahkonen A, Mantykoski K,
Welling L, et al. Microbial toxicity and
impacts on soil enzyme activities of
pesticides used in potato cultivation.
Applied Soil Ecology. 2009;41(3):293-
304.




[ Ol)Sen g Jusgd

Q2 olo (990,959 AY 0)loud s § buzxo (55919550 g pale

YA ]

18.

19.

20.

21.

22.

23.

24,

25.

26.

Mechanisms of pollution induced
community tolerance in a soil microbial
community exposed to Cu.
Environmental Pollution. 2014;190:1-9.
Jones JB. Laboratory Guide for
Conducting Soil Tests and Plant
Analysis: CRC Press; 2001.

Gupta PK. Soil, Plant, Water And
Fertilizer Analysis (2Nd Ed.): Agrobios
(India); 20009.

20. Nelson DW, Sommers LE. Total
carbon, organic carbon, and organic
matter. Methods of soil analysis part 3—
chemical methods.
1996(methodsofsoilan3):961-1010.
Olsen S, Sommers L, Page A. Methods
of soil analysis. Part 2. Chemical and
microbiological properties of

Phosphorus ASA Monograph.
1982(9):403-30.
22. Jackson ML. Soil chemical

analysis: advanced course: UW-
Madison Libraries Parallel Press; 2005.
23. Alef K, Nannipieri P. Methods in
applied  soil  microbiology  and
biochemistry: Academic Press; 1995.
Schinner F, Ohlinger R, Kandeler E,
Margesin R. Methods in Soil Biology:
Springer Berlin Heidelberg; 2012.
Banks ML, Kennedy AC, Kremer RJ,
Eivazi F. Soil microbial community
response to surfactants and herbicides in
two soils. Applied Soil Ecology.
2014;74:12-20.

Zabaloy MC, Garland JL, Gomez MA.
An integrated approach to evaluate the
impacts of the herbicides glyphosate,
2,4-D and metsulfuron-methyl on soil
microbial communities in the Pampas

10.

11.

12.

13.

14.

15.

16.

17.

Goswami MR, Pati UK, Chowdhury A,
Mukhopadhyay A. Studies on the effect
of cypermethrin on soil microbial
biomass and its activity in an alluvial
soil. Int J Agric Food Sci. 2013;3(1):1-9.
Shukla G, Varma A. Soil enzymology:
Springer Science & Business Media;
2010.

Walia A, Mehta P, Guleria S, Chauhan
A, Shirkot C. Impact of fungicide
mancozeb at different application rates
on soil microbial populations, soil
biological processes, and enzyme
activities in soil. The Scientific World
Journal. 2014;2014.

Tejada M, Gémez I, del Toro M. Use of
organic amendments as a
bioremediation strategy to reduce the
bioavailability of chlorpyrifos
insecticide in soils. Effects on soil
biology. Ecotoxicology and
environmental safety. 2011;74(7):2075-
81.

Getzin LW. Degradation of Chlorpyrifos
in Soil: Influence of Autoclaving, Soil
Moisture, and Temperature 1. Journal of
Economic Entomology. 1981;74(2):158-
62.

Leoni V, D'Alessandro Ld, Merolli S,
Hollick C, Collison R. The soil
degradation of chlorpyrifos and the
significance of its presence in the
superficial water in Italy. Agrochimica
(Italy). 1981.

Caldwell BA. Enzyme activities as a
component of soil biodiversity: a
review. Pedobiologia. 2005;49(6):637-
44,

Wakelin S, Gerard E, Black A, Hamonts
K, Condron L, Yuan T, et al



1F4

ey iliseo Lo iS0 i g S ile 5T

33.

34.

35.

36.

Crouzet O, Batisson I, Besse-Hoggan P,
Bonnemoy F, Bardot C, Poly F, et al.
Response of soil microbial communities
to the herbicide mesotrione: A dose-
effect microcosm approach. Soil
Biology and Biochemistry.
2010;42(2):193-202.

Floch C, Chevremont A-C, Joanico K,
Capowiez Y, Criguet S. Indicators of
pesticide contamination: soil enzyme
compared to functional diversity of
bacterial communities via Biolog®
Ecoplates. European Journal of Soil
Biology. 2011;47(4):256-63.

Nguyen DB, Rose MT, Rose TJ, Morris
SG, van Zwieten L. Impact of
glyphosate on soil microbial biomass
and respiration: A meta-analysis. Soil
Biology and Biochemistry. 2016;92:50-
7.

Rose MT, Cavagnaro TR, Scanlan CA,
Rose TJ, Vancov T, Kimber S, et al.
Impact of herbicides on soil biology and
function. Advances in Agronomy.
2016;136:133-220.

27.

28.

29.

30.

31.

32.

region, Argentina.  Applied Soil
Ecology. 2008;40(1):1-12.

Fu F, Xiao L, Wang W, Xu X, Xu L, Qi
G, et al. Study on the degradation of 2,4-
dichlorophenoxyacetic acid (2,4-D) and
2-methyl-4-chloro-phenoxyacetic
sodium (MCPA sodium) in natural
agriculture-soils of Fuzhou, China using
capillary electrophoresis. Science of The
Total Environment. 2009;407(6):1998-
2003.

Waldrop MP, Firestone MK. Microbial
community utilization of recalcitrant
and simple carbon compounds: impact
of oak-woodland plant communities.
Oecologia. 2004;138(2):275-84.

Cycon M, Markowicz A, Borymski S,
Wodéjcik M, Piotrowska-Seget Z.
Imidacloprid induces changes in the
structure, genetic diversity and catabolic
activity of soil microbial communities.
Journal of Environmental Management.
2013;131:55-65.

Chen C, Wang Y, Zhao X, Wang Q,
Qian Y. Comparative and combined
acute toxicity of butachlor, imidacloprid
and chlorpyrifos on earthworm, Eisenia
fetida. Chemosphere. 2014;100:111-5.
Ma J, Wang S, Wang P, Ma L, Chen X,
Xu R. Toxicity assessment of 40
herbicides to the green alga
Raphidocelis subcapitata. Ecotoxicology
and Environmental Safety.
2006;63(3):456-62.

Parsa M, Aliverdi A, Hammami H.
Effect of the recommended and
optimized doses of haloxyfop-P-methyl

or imazethapyr on soybean-
Bradyrhizobium japonicum symbiosis.
Industrial  Crops and  Products.

2013;50:197-202.




