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Effects of Atrazine on Soil Fungi in Sugarcane Fields, Suphan Buri and Khon Kaen Provinces
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Abstract: The study of the effects of atrazine on soil fungi in sugarcane fields at Khon Kaen and Suphan
Buri provinces aimed to investigate the physical and chemical properties of the soil and the diversity
of soil fungi using metagenomics. The soil properties analyzed included particle size distribution, pH,
organic matter, available phosphorus, exchangeable potassium, and cation exchange capacity. The
study also measured the residual atrazine in the soil and analyzed the structure of fungal population
before and after application of atrazine, at 2 hours and 30 days, by extracting and amplifying the DNA
from soil samples. The findings showed that the soil in sugarcane fields of Khon Kaen had a sandy
texture, slightly acidic pH, and low levels of organic matter, available phosphorus, exchangeable
potassium, and cation exchange capacity. In contrast, the soil in the sugarcane fields of Suphan
Buri was loamy, with a neutral pH, moderate organic matter, high levels of available phosphorus and
potassium, and a moderate cation exchange capacity. In terms of atrazine residues, no traces of atrazine
were found in the soil before its application in both areas. However, atrazine was detected in the soil
after its application, and the concentration decreased over time. The metagenomic analysis of soil fungi
revealed that, in the Khon Kaen sugarcane fields, the fungal diversity was higher in soils treated with
atrazine at 2 hours after application compared to before the application and 30 days after application.
The five most abundant fungal genera in this area were Ruhlandiella, Penicillium, Thielavia, Calvatia
and Alfaria. In the Suphan Buri sugarcane fields, the highest fungal diversity was observed in soils
before the application of atrazine. Two hours after the application, the fungal diversity decreased, but it
increased again 30 days after the application. The five most abundant fungal genera in this area were

Scytalidium, Gyrodontium, Aspergillus, Gymnascella and Humicola.
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N19NILANLIUIABYUNIA (particle size
distribution) Im&A3 Pipette (Gee and Bauder,
1986) ANANNLTUNIA-ANY (pH) (National Soil
Survey Center, 1996) aun3adng (Organic
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ethyl acetate 75 AadanTlusae9AY 1uenld
i 10 la9lu ultrasonic bath w1 25 WA
antiuilinsessnunszaEnsaces 1 ave
WhatmanTM 1841i3%% GE Healthcare UK Limited
7ifl sodium sulfate agduuy wazdedan ethyl
acetate (AR) 2 A% uaztilinWesmeawiay
LLﬁQﬁQﬂLﬂ‘ﬁ%m rotary evaporator ﬁfqmmﬁ 40
aeAnEadad UsulTuimsaag ethyl acetate
(PR) auldtFuimns 2 Jadans ldluaans vial
i l3iAsneiiansensndudaainies Gas
Chromatography (GC) 31 7890B fiva Agilent
FAFIMTIATA Nitrogen-Phosphorus Detector
(GC-NPD) BN MLARNIZNN YL 8RR
fsil dnedunl DB-35 A9NENT 30 Wms N9
0.25 HAANAT WAUENAUEINANY 0.25 NARIWAT
waauAENaN thickness MIvumadnsantng
WUU spitless r%mmmﬁm@éfmf injector 230
B9pANLTA TR §EUNYH detector 300 BIANLTALTEIA
BB AaNTTensnsIve 1.4 NadaAsHeUNT
dlusiann anfaedne 1 lulasans Mdszazinanlu
nMARFaeENg 25 usaaatng
meanAREuIRaNAIaEeRY LAz AN
NUALBULR RIS

afppLaURANNFBLN9AY 0.25 nSu Tag
”lsﬁfgmmﬁmﬁl,ﬁummm Qiagen Dneasy Power Soll
Kit (QIAGEN, Germany) antin R Bunng
Taeld universal primers AnmEuudiang ITS
region alddmsudnms dun 1ITS-1 region
(ITS5-1737F : GGAAGTAAAAGTCGTAACAAGG,
ITS2-2043R : GCTGCGTTCTTCATCGATGC)
WAz ITS-2 region (ITS3-2024F : GCATCGAT-
GAAGAACGCAGC, ITS4-2409R : TCCTC-
CGCTTATTGATATGC) Atmgnevinalangld

Table 1 General characteristics of soils in the experiment.

waTulad next-generation sequencing (NGS)
Tnel uwamwasy lllumina NovaSeq 6000 9816w
a s A 1% ° = o &
AduenldazgninllFaumeuiugudeyates
'ﬁ;@%WﬁiN *] (microbial database)
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[uunatiald RDP classifier iugudeaya Fungal
OTUs antiuyinnngszy Phylum, Class, Order,
Family, Genus kas Species AN Operational
taxonomic unit (OTU) wazamuneuls ahinues
ey uanniaaIn 10 susuwInazgnanaglu

= - o o Ak A o A o
na "au" (Others) waza1AUNlEn194n Feeiy
gudeyaazgninetlungu “lansu” (Unknown)
ApvifdeyasmiaNaInaeueds luAulag

14 Shannon-Wiener index
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nanfsaATIEvaat19Aulullaglgn
Py o o | oa A a a
sagludandnreulnuiiile AuduARTIUL N
a 1 a G o I o
1A pH iunsngau ez ingeslussay
A1 (3.41 nSusanlansy) Usunounaanasandlu
Usylemdasluszausn (3.80 Nadnfusianlianiu)

. a ~ P o

warlFunainunadeufuanidasulaluseau
BN (11.28 Haandusanlanii) ANquanilasu
wanleaauetlusvaumn uazdatinsnulullas
dgndes Aamdngnasnuys dilenuidumudon
a a = o i o
161 pH Wlunane dsunoaunsedngetluseau
11unana (15.80 nfusenlansy) Usunouneanass
vz Tamfagluseiuge (123.30 Aa@niusie
Alansy) wazFunaddnunadaninan asnslel
FLAUGY (147.63 NaAnFusanlanid) Auquan
Lﬂaﬂul,mmifa@@u@fﬂui:ﬁuﬂ’mﬂmq (Table 1)

pH oM Avail. P Exch. K CEC Particle size distribution (%) Textural
Treatments (1:1) class
: (gkg")  (—-—-mgkg" - (cmolkg')  Sand Silt Clay
Chum Phae, 6.01 3.41 3.80 11.28 3.22 63.66 32.09 4.25 Sandy loam
Khon Kaen
Uthong, 7.02 15.80 123.30 147.63 13.28 33.79 4518 21.03 loam

Suphan Buri
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2. N19MAsIALATIERUT N UEITRING T U
ANAG LAY
HANN3AIIATAL BN M ELTIRN AN
1uﬁu°nmLLﬂmﬂQﬂfé’aﬂu‘ﬁuﬁ%WT ATBULML UAY
AWITOULT WLITN NAUININIIWUANIBININTU F1TIA
TaiwuignsamaduanAnglumn 71 2 U7 i
ANINUENTAMINTY 2 2l WU wlasmaans
Tuituis s nreuLnuT BN nEN 1N 2.02
fndnsusenu 1 Alansu Wemanrinlyl 24 $alus
AeANLE MR WTY 2.1 3 TiaAnTusieny 1
Alansu Weszeznavaminan s uauisves
WAMMAINY 30 TU AR lUNLeININTURANANS
Tumu dauuﬂmwm@mluﬁuﬁﬁ”\mﬁmwaimﬁ
wudn 3un e s auTinsaany luauull
Femn et luiuiismdareuuniu Aandany
13 2 T2 l9ATIANLANINTL 0.57 RaANUsa AL
1 Alansu wasiBanougnsainaumdarniuang 24
Falue WUB MU 1.49 DaANsuseAw 1 Alaniu
A BN mIEaranaiiiasTaz A MAS
WUAN TN UTY (Table 2) FureaneiuTiTiieny
wAnFaiY AANa N0 lunnsgaduaI NIty
AuAnsnay Tmﬂ‘wudﬁL“f:@ﬁuiuﬁam"m%uuﬁu?ﬁa

Table 2 Amount of atrazine (mg/kg) in soil.
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naauldlAY wenaniganudn wamaandli
AandngnasnaERTun b wisadnggandAuly
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gesamMIEUENUN IRl e
fageAARRRLNNLATEIANENY 1T Wang et al.
(1999) ﬁmmdﬁmmmwummﬁmﬁ@mgﬁﬁu

= [
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@'VlﬁWZ‘]ﬁ]ﬂﬂ'}’]&lﬂ\iﬂuﬂj@\‘lﬂﬂﬂi"]%u Tusu vLﬁLLﬂl

v
A a

Wehu Usunudunsadng UTunmu Aoy

a a ¢

auUNTe UATAN pH 189AYW Farruggia et al.
(2016) E9NUIINNILARDUTVRIBININTU LAY
azifandasiunisgaduespeaasssdlufiu &
PSnnudursadnnuazaynipfumnialaAgeay
gaduamaduliliuin emamduainnsoaany
AAAINNIZLAUNNTNINNNEATN LEUNNTAANEIFD
FR8UAIANSSTHINR TiAANAUlLAuLY
nane Flilassaisresanlaeunasly uaz
aunsaiAnnssyeldnusssngi dafinlu

P3unuiassnn

Sampling time after spraying atrazine

Location

Chum Phae, Khon Kaen

Uthong, Suphan Buri

before spray
after spray 2 hours
after spray 24 hours

after spray 30 days

ND ND
2.02 0.57
2.13 1.49
ND 0.12

ND=Not detected

3. TASa@S NGNS TINTUATAMNURINUATE
maaﬂ@:uﬂszmmiﬂuﬁuﬁﬁﬁmiwmma
ATIATITVANALLLATRS ITS B34 LThand
ITS1-ITS2 9@silsza1nssn ’Luﬁuﬁﬂ@né’@ﬂﬁﬁmﬂ%
g1381M97%1 U 3 Faaan Taun Aeunuens Ty
UFINUEINITU 2 Falue wasndaniue ns

30 Fu wudn lusaeteRuiiiuannulasign
Soeiluuidmsnuenuriu WAZAINTAGNITOULT
ANuNINEUANFLILAT RAIN g ld 293,858
WAY 276,223 read AINAIAL AIN19NIEY
operational taxonomic unit (OTUs) Ty 9 faetin
Auld 5,915 OTUs denudnluiuiilgndas
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Fwdnaauuriy i 273 OTUs 109 AuRNLIIIN
fuluta 3 Faeeinedu e 107 OTUSs finudan
AUTTNINARDENIAUAUNUBINTITI LAZARINY
aMAu 2 F1lua 50 OTUs AinLsaniuseming
FaE AL UNUEININTY WATUAINUENTTY
30 §u 196 OTUs TiNLsaafuszwing faagingd

PRAINUBININTU 2 T2 119 WAZURINURININTU 30
Ju (Figure 1A) luunlgndesdamningnasnis

Before spraying

atrazine

2 hours after atrazine
application

30 geys afier atrazine @

applicaton

7l 372 OTUs TaasAuTinUsanmulusta 3 faeth
A el 66 OTUs TinUsniusyninasagingd
ARUNUENINTY LazudsHLaInINTy 2 dalus,
93 OTUs ALIsaufusssdng faehapuraumn
AININTU WATUAINUBNINTY 30 41, 106 OTUs
ANLFINRUIZNIN FraensRundanLaInsdy

2 Falad waznaInLeInIdu 30 34 (Figure 1B)

Before spraying 2 hours after atrazine

afrazine application

30 day=s after atrazine

applcaton

Figure 1 Venn analysis of the OTUs. Different groups are shown in different colors, and the numbers in the overlapping
portions represent the number of species common to all the groups (A=Khon Kaen, B=Suphanburi).

zi’ﬁﬁumaﬁ‘dmiﬁ'dmlmgﬁmﬁﬁLLuﬂ
ajlulWaN Ascomycota Wudn Faetngmulu
'ﬁuﬁﬂ@.ﬂé’@ﬂﬁquﬁfmmaul,l,riuﬁim:wmri@uw'u
aM3duTl Ascomycota R 28 1ilafifus
waiLamMeNTy 2 dalie wu 39 Wesidus v
W MINTU 30 §u WU 61 wefiFus uaziud
Ugndasdandngwesniys wudn neunuens
TuN Ascomycota vanue 44 wlefiFus vammin
ansndu 2 dalue wu 36 wWesiFus waariuen
913139 30 54 W 49 WlefiFud Mameasnsel
AeAARBITUINEUIR Prober ef al.(2014) 7
21 DNANNYANANYTOILAZNITUNTNIZAN L UD
91 Ascomycetes Tupiuvialan deumiing Phylum
Ascomycota L‘fluqmumﬁuﬁﬁmmimmﬁu
waznulduniig (Sterflinger et al., 2012;
Abed et al., 2013; Bastida et al.,, 2013) Tungs
199 Ascomata @aulunjmsaany Class

Sordariomycetes, Dothideomycetes,
Eurotiomycetes iag Class ‘ﬁmm‘ﬂ‘wuimulﬁmm
Hae lawn Orbiliomycetes, Lecanolomycetes
WAL Leotiomycetes Class Sordariomycetes
Wae Eurotiomycetes Tueanwuidu Class ‘ﬁﬁ
ARINUAINUAIEgIuazAtsanL LA lunn 7
CLERNEM ﬂqu@ﬂfiﬁmﬂzﬁuﬁﬁmmmv]uqﬂu
TYULHIA ANNTNU8991 11 Class Sordariomycetes
fendndudenalsafufisuasdnd vanain
defamudnfuseulaliiufiouazidusfidae
deg@aneLAsINRTTndgnT defaadasiunis
UNUALUADIEIAB1MNT AL (Qin et al, 2014)
uenaniganuinfaduiaiilaianansadugiu
sdualugiudeya NCBI 18 danulusating
ﬁummﬁyuﬁﬂqﬂé’@ﬂﬁwi’m@umu fiszazing
ABUNLENINTYL WU 29 iwleFifus uaanuaInm
B 2 dnTia Wi 30 e FiFus LaswdaUEMINTY
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30 4u wu 20 wWedidus luiunlgndesdsndin
ANITOLT FEUTINAINOUNUBINIITY WU 32
Wafdus naanueins @y 2 dalue wu 45
ilafidus aanuaInITu 30 J1 WU 33 wlafidus
Inaasuiuamanddoulunnsesiudundnans
Fungi incertae sedis Tanunnnidudusuaadly
nMsANENATATL (Figure 2)
Phylum Basidiomycota §n31&411441

- vl
Faaunarnuansuazasaanulaialy lusyuy
AnA12951 (Buée et al., 2009) TNABAARRINL

= g v @ . \ o o
N19ANEUNLE AL THAUINANNTEUANALLLIA T
slulndntley 10 wWefidus Tnaanduiuadau
Iuaimsafiuana Calvatia, Rhizoctonia, Thele-
phora, Gyrodontium kA Ganoderma ﬂqamd’l‘ﬁ

a} o a v o rdl ell ¥
dWunnsuiuadndsenausaanaiugnineades
AunyeeaeTia (de Hoog et al., 2000) iy

4' o ¥ a o A 2 1 . N
iﬁwwﬂummiiﬂnuwﬂmm Rhizoctonia hay
Ganoderma tusu

Phylum Chytridiomycota, Mucoromycota

waz Glomeromycota mzaanulatiaaninlunis
naaesniall Tnalunlaedaadandnaauwnu
WU Phylum Chytridiomycota 0.4, 0.8 uag 1.0

Phylum

B v _rungep_nscomyeota
] [ i _rungp_Fungy_phy_tncertae_seds
k_Fung__
1 k_Fungip_Basadomyrota
, Il _rngp_roreretompcota
W < _Fegie_ommacmpsta
1 Wl < _Fugie_mucoromycota
. W_Fung:p__Clomeromycota
B &_Fungip_Entorrhizomyrota
[ &_Fungcp_Aphsidomycota
1 b_Furg.p_Kackuebomyiots
K_Fungip_Rezelomytots
1 [ +_rongip_Mencblepharemyeota

wasidus Mucoromycota 0.2, 0.1 WA 0.03
e fifus Rsveiziaaniounuennsiy naawy
2 2l uAZUAIIL 30 SU ANANAL Phylum
Glomeromycota Wil 0.1 wlefifus Rsvazinama
Wue I 2 Falu uazudaiueMINEY 30 4
ulaedaedandngnesiLs wu Chytridiomycota
0.2, 0.09 WAz 0.03 Lafidus Mucoromycota
WU 0.6, 0.9 uAz 1 Wefifus fiszaznaneunin
A MINTUNFINLBNINTY 2 Falue wazudanin
30 JURNNANAL ANALLLATRY Mucoromycota
war Chytridiomycota dqulunjdmatluana
Mortierella WWa¢ Pizellomyces ANNAIAL ﬁlx‘iﬁ
mmmdﬁLﬂun@jumﬁwuﬂ@ﬂluﬁu (Zhang et
al., 2014) ﬁmmﬂm’mm%ﬂmmiﬂumq@‘ﬁﬁﬂﬁ
ansdunidieglununanadusinaivisiil
UsslemifufigannninfiazyinlsiAnnnseiosaans
e luAl (Brown and Jumpponen, 2014)
TuaniziRgafudanudnsnguilanunsadald
andeneluallesaessensianaiflunaslen i
(Daniels, 1981) N ANEHIATIHEN NN TR T4
WudﬁﬁuLummmmmﬁ”lﬁ’ﬂ,l,ﬂdw:ﬁmqumu

' v
a g

ANYIDIFN (<1% esanAuLLaneulAisNm)

100%]
0%
BO%W

Figure 2 Relative abundance of fugal communities across all Phylum level and Genera level; KK= Khon Kaen, SP=Suphan
Buri, OH = before spray, 2H = after spray 2 hours, 30D = after spray 30 days.
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Table 3 Indices of fungal community richness and diversity of soil collected from sugarcane field at Khon Kaen and

Suphan Buri province.

Sample Shannon ACE Chao1
Khon Kaen before spray 7.08 804.53 803.66
Khon Kaen after spray 2 hours 8.15 1533.93 1529.33
Khon Kaen after spray 30 days 5.99 913.45 910.12
Suphan Buri before spray 77 831.53 826.48
Suphan Buri after spray 2 hours 6.79 827.12 823.92
Suphan Buri after spray 30 days 6.92 857.03 851.96

a9
% o o o A al o

T ki@NsINaAdInNEN A NN lLnNg
e o v 2,
poupndrNtluulanlgnials nsmaassasaiild

o o o A = £ dl =
ansnAndanaanaiuluulaslgndes inedne
NEANTLYLUBI419DININTUADINAUNILELLIAN
ABUNUBININTY  NRINUBININTY 2 TalNa way
30 AU nudnldSemandunnAtaluRuAeuinnng
NUANT BAZAINITOATIANUAINTITUNAINUENT
2 daluailienaidinllemadulufnazres
anadaulidanuisansanuls ANNAINLYAY
amadnlufuluaiuiladanisfulazanin

- S P Y
e ntAsaeduiy F9auluiunlgndey
Fandaguesnuys Midususauainnsngady

amdulldiduszesnanunundmiluiuidgn
Fousansnrauuiuiifufunsg daunanseny
99917 1H a0 T uRe AU ARBIATIL
WU wilasdgndesludandnueunniuuaeny
a1M91%1 2 F9l39 HANAINUAELAZAINY
qmmugatﬁmmmﬁmﬁumn%mmm‘l%ﬁudq
21 T3uaIa ldNaAFe AL YTeeNaNIIAULN
alinarunnldamadulunisasyiulale lu
Uz uwilasilgndasludandngnesutznudn niew
w'ummﬁuﬁmwwmﬂummmmauqqﬁqm
wazilszannsspuazilasuuladlingani s
83T 2 $2109 UaTLlsE TN I AL AT LAY
WUBINTU 30 4 2 MITuenalidenanIznuse



82

ANFNANFASLNHATUAENITAANIS O (3) : 73-84 (2569)

o A A L X 4oy oa
suluiunlgndesdic 2 Aun dadelupuena

g pHER m@nizwumnmmﬁum [ARERRIAIRNNIRN

a Ao

fv«;@umquﬂmuau‘imﬂqﬁﬂ%‘u 7 wifaziing
Wuemdu ustladeidugnmni AT UAT
flafilgn enaflunundrdyndriivilslaseaiig
Uszannsspuliulaauulasnisldamsdul
Ui vl laidenaniaqaunidediedie
dfty A ldannmanduinadaamaila next
generation sequencing (NGS) Tmﬂmﬁﬂﬁug’m
mﬁq‘&uLﬂq@L‘ﬁ'@ﬁm:mmﬁwmnumwmqmu
ﬁau‘tmﬂnWiizq@”ﬂwmmfammumﬁﬂu‘ﬁuﬂqn
gaeildamaiuludminreuuiuuazgnes oy
LL@mﬂﬁiﬁuﬁqmqwmnmWﬂummﬁuﬁz};\amn
phylotypes mQQiﬁﬁQﬂizqu’mﬁqmﬁm Phylum
Ascomycota fAULLATR431AATIANLMANE
Fadaulugiiusildanunsamiziaaddann
anmuandenidaugandnaes Fungi incertae
sedis A9A238N153LATLLAiLAN LD 594
FNHUENTNTUTDII UG LR IS AR LN
luszivanasialyl dayaniseynadswiiaziun
fugesnfulunisufauifenidaliuinae
phylotype dnvinsaasdaya atnglafiniuniaide
‘f:l,‘fluﬂ?@H@ﬁuﬁmﬁwﬁumﬁﬁﬂu@mmmmz@w
dudszlamlunisiivuaiuanianis@nenaanu
MANNMANETRII AURTINsReLALBFREN IR
JaNgeNINTU

LANA1TB19DY

U Fevausuni 2548. 113619951 TAsaT 2.
FUNNUNNUNINUVRENHATAVART,
NINNWNUIUAT. 733 Mﬁﬂ.

Abed, R.M.M., A.M. Al-Sadi, M. Al-Shehi, S.
Al-Hinai and M.D. Robinson. 2013.
Diversity of free-living and lichenized
fungal communities in biological soil
crusts of the Sultanate of Oman and the
irrolein improving soil properties. Soil
Biology and Biochemistry 57: 695-705.

Babic, S., M. Petrovic and K. Kastelan-Macan.

1998. Ultrasonic solvent extraction of
pesticides from soil. Journal of
Chromatography A 823: 1-2.

Bartnicki-Garcia, S. 1987. The cell wall in fungal
evolution. pp. 764-775. In: Evolutionary
Biology of The Fungi, Eds., Rayner,
A.D.M., C.M. Brasier, D. Moore,
Cambridge University Press, New York,
USA.

Bastone, J.D. and W.G. Tyson. 2014. Linking
microbial community structure,
interactions and function in aerobic
digesters using new molecular
techniques. Current Opinion in
Biotechnology 27: 55-64.

Bastida, F., T. Hernandez, J. Albaladejo and
C. Garcia. 2013. Phylogenetic and
functional changes in the microbial
community of long-term restored soils
under semiarid climate. Soil Biology
and Biochemistry 65: 12-21.

Bonfleur, E.J., V.L. Tornisielo, J.B. Regitano and
A. Lavorenti. 2015. The effects of
glyphosate and atrazine mixture on
soil microbial population and
subsequent impacts on their fate in a
tropical soil. Water, Airand Soil Pollution
226: 21.

Buée, M., M. Reich, C. Murat, E. Morin, R.H.
Nilsson, S. Uroz and F. Martin. 2009.
Pyrosequencing analyses of forest
soils reveal an unexpectedly high
fungal diversity. New Phytologist 184:
449-456.

Brown, S.P.and A. Jumpponen. 2014. Contrasting
primary successional trajectories
of fungi and bacteria in retreating
glacier soils. Molecular Ecology 23:
481-497.



Agricultural Science and Management J. 9 (3) : 73-84 (2026)

83

Chapman, H.D. 1965. Cation exchange
capacity, pp. 891-901. /n: C.A. Black,
ed. Methods of Soil Analysis. Part Il.
Agronomy No. 9. American Society of
Agronomy, Madison, Wisconsin.

Chapman, H.D. 1965. Cation exchange
capacity, pp. 891901. /n C.A. Black,
ed. Methods of Soil Analysis. Part Il.
Agronomy No. 9. American Society of
Agronomy, Madison, Wisconsin.

Chernov, T.I., A.K. Tkhakakhova and O.V.
Kutovaya. 2015. Assessment of
diversity indices for the characterization
of the soil prokaryotic community by
metagenomic analysis. Eurasian Soil
Science 48: 410-415.

Daniels, B.A. 1981. The influence of
hyperparasites of vesicular-arbuscular
mycorrhizal fungi on growth of citrus.
Phytopathology 71: 212-213.

de Hoog, G.S., J. Guarro, J. Gené and M.J.
Figueras. 2000. Atlas of Clinical Fungi,
2"" ed. Centraalbureau voor Schim-
melcultures, Utrecht, The Netherlands
and Universitat Rovira i Virgili, Reus.
Spain. 1126 p.

Farruggia, F., C. Rossmeisl, J. Hetrick and M.
Biscoe. 2016. Refined ecological risk
assessment for atrazine. United States
Environmental Protection Agency,
Washington D.C. USA. 518 p.

Gee, G.W. and J.W. Bauder. 1986. Particle Size
Analysis. pp.383-411. In: Klute, A., Ed.,
Methods of Soil Analysis, Part 1. Klute
(ed.). 2 Ed., Vol. 9 nd. American Society
of Agronomy, Madison, Wisconsin, USA.

Hedeler, C., H.M. Wong, M.J. Cornell, I. Alam,
D.M. Soanes, M. Rattray, S.J. Hubbard,

N.J. Talbot, S.G. Oliver and N.W. Paton.
2007. e-Fungi: a data resource for
comparative analysis of fungal
genomes. BMC Genomics 8: 426.

Jayne, B. and M. Quigley. 2014. Influence of
arbuscular mycorrhiza on growth and
reproductive response of plants under
water deficit: a metaanalysis. Mycorrhiza
24:109-119.

Krutz, L.J., D.L. Shaner, C. Accinelli, R.M.
Zablotowicz and W.B. Henry. 2008.
Atrazine dissipation in-triazine adapted
and nonadapted soil from Colorado
and Mississippi: implications of
enhanced degradation on Atrazine
fate and transport parameters. Journal
of Environmental Quality 37 (3): 848-857.

Moreno, J.L., A. Aliaga, S. Navarro, T. Hernandez
and C. Garcia. 2007. Effects of atrazine
on microbial activity in semiarid soil.
Applied Soil Ecology 35: 120-127.

National Soil Survey Center. 1996. Soil Survey
Laboratory Method Manual. Soil Survey
Investigation. Report No. 42, Version
3.0 Natural Resources Conservation
Service, United States Department of
Agriculture, Lincoln, Nebraska.

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

Prober, S.M., J.W. Leff, S.T. Bates, E.T. Borer, J.
Firn, W.S. Harpole, E.M. Lind, E.W.



84
ANFNANFASLNHATUAENITAANIS O (3) : 73-84 (2569)

Seabloom, P.B. Adler, J.D. Bakker, Wang, D., J.Y. Shin, M.A. Cheney, G. Sposito

E.E. Cleland, N.M. DeCrappeo, E.
Del.orenze, N. Hagenah, Y. Hautier, K.S.
Hofmockel, K.P. Kirkman, J.M.H. Knops,
K.J. La Pierre, A.S. MacDougall, R.L.
McCulley, C.E. Mitchell, A.C. Risch,
M. Schuetz, C.J. Stevens, R.J. Williams
and N. Fierer. 2015. Plant diversity
predicts beta but not alpha diversity
of soil microbes across grasslands

worldwide. Ecology Letters 18: 85-95.

Qin, H., H. Wang, P.J. Strong, Y. Li, Q. Xu and

Q. Wu. 2014. Rapid soil fungal
community response to intensive
management in a bamboo forest
developed from rice paddies. Soil
Biology and Biochemistry 68: 177-184.

Sterflinger, K., D. Tesei and K. Zakharova. 2012.

Fungi in hot and cold deserts with
particular reference to microcolonial
fungi. Fungal Ecology 5: 453-462.

Thomas, G.W. 1982. Exchangeable cations.

pp. 159-165. In: A.L. Page, R.H. Miller
and D.R. Keeney, eds. Methods of Sail
Analysis Part 2: Chemical and
Microbiological Properties. Soil Science

Society of America, Madison, Wisconsin

Thomas, B.T., D.S.K. Olanrewaju-Kehinde,

O.D. Popoola and E.S. James. 2015.
Degradation of plastic and polythene
materials by some selected
microorganisms isolated from soil.
World Applied Sciences Journal 33:
1888-1891.

and T.G. Spiro. 1999. Manganese
dioxide as a catalyst for oxygen-
independent atrazine dealkylation.
Environmental Science and
Technology 33: 3160-3165.

Wang, J., Y. Ji, Z. Yuan, J. Guan, C. Liu and

L. Lv. 2017. Analysis of bacterial
community structure and diversity
in different restoration methods in
Qixing River Wetland. Advanced
Journal of Toxicology: Current Research
1. 49-55.

Zhang, X., S. Xu, C. Li, L. Zhao, H. Feng, G. Yue,

Z. Ran and G. Cheng. 2014. The sall
carbon/nitrogen ratio and moisture
affect microbial community structures
in alkaline permafrost-affected soils
with different vegetation types on
the Tibetan Plateau. Research in
Microbiology 165: 128-139.



