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ABSTRACT

Nicosulfuron belongs to the group of herbicides that has soil residue and its residue in the soil cause
damage to sensitive crops in the crop rotation. To study the roll of chemical and biological degradation in
nicosulfuron herbicide persistence in the soil under controlled conditions, an experiment was carried out
in a factorial randomized complete block design with three replications during 2015-2016. The first factor
was sterile and non-sterile conditions of soil and fertilizer; the second factor included the afplication of
organic and bio-fertilizers at four levels of cow manure, vermicompost, mycorrhiza (2 % w/w) and
control treatment without fertilizer and the third factor included incubating periods at eight levels éO, 4,8,
16, 35, 50, 80, 100 days). The results showed that nicosulfuron degradation was chemical hydrolysis
under sterile conditions and biodegradation and chemical hydrolysis under non sterile conditions.
Nicosulfuron degradation rate was not significant different in control treatment (without organic
fertilizers apPIicatio_n) under sterile and non-sterile fertilizer and soil conditions, but increased with
application of organic and bio-fertilizers. and Herbiced residue was deacresed with application of organic
and bio-fertilizers. The lowest residue rate was obtained from the application of cow manure under non-
sterile (0.01 mg/kg/ day) and sterile 0.03 mg/kg/ day) conditions. The highest and the lowest degradation
rate were observed in the cow manure treatment under non-sterile conditions (0.044 mg/kg/ day? and
control treatment under sterile conditions (0.018 mg/kg/ day). Also the lowest and the highest half-life
was 15.33 and 38.5 day, obtained from the apPIication of cow manure under non-sterile conditions
respectively. According to the results, chemical hydrolysis and biodegradation had effective role in
nicosulfuron degradation.

Keywords: Half-life, HPLC, hydrolysis, residue.

* Corresponding author E-mail: e-izadi@um.ac.ir
S (83518 5 5 sl «Dlikos Olojle (sl s s 5 (5355LES 5 sel 5 Sl S e ( (KB palS Sl i el Sla e )
(Plant Protection Research Department, Fars Agricultural and Natural Resources Research and Education Center, AREEO, Shiraz.)



(MW saglacile Juls dome /(VE ) O 5 25

Yo

ss=>s o= L (Grey et al, 2012) 1L . ials
Ol (St Jlesle 53l L oS sl s 258
b Gl oy Ll iSca e
(b 4525 IS, 5bay (Johnson et al., 2010)
3am S Jsles p S Sl o 5 S
Loea Lo AScile g oS s (sladnl b
adox Slopsl fosd g l—a S ile 55
S S s ol g odes (O s S
Al ()5 a2 A e ST e
.(Rache et al., 1997; Colquhoun, 2006)

&b sl Josdsm glaisdle placd 50554
L sooiins 4, 5 (Fuesler & Hanafey, 1990)
5 (Mueller & Senseman, 2015) 5> Sk ay ol
Ll RPN plberd Sasdea (dl Ll 5 s
.(Sarmah & Sabadie, 2002; Colquhoun, 2006)
39 LA.} w‘ﬁ‘ Ln 45 w‘ ol U:J)‘; .}9[.5)‘ w\ DL
Sl 5 s s e s des can il lals
Gl ol 54158 iamen .(Johnson et al., 2010)
Ooosilsmdls oyl (ghel kil d s &S
Rouchaud ) O 5, 54 5w &0 (Johnson et al., 2010)
O34 s (et al., 1998; Colquhoun, 2006
Jee095 58 5w 5 (Pons & Barriuso, 1998)
3L il 53l (Sabadie, 1996)

s bgsale Ll S sl S
Lol 5l 5 S s | Lol 46l clacy sl
BUAY e:LiL.:l _,\,J.;) g:~€.> 65}"\ CL.A Q‘j&ﬂ\_z
RS e SLo La@ls .(Stenersen, 2004)
Gk Sl S s S GlandlSls S
AS a1y b iScie K36 sl glac b
Lyl b oS ol cpl s slael (Stenersen, 2004)

2 oS Sl o S LSy e

-

Aol
D=8 a) cn e L S dle 5 LS
Clamel 5, lS gl bt 5 aglacide
1 s S o llaals slanaly a2k
Khoury et al., 2003; Mueller & ) s ls JLds
03,5 31 058 g iS5 iSCile (Senseman, 2015
St S gl o 55T 01350 5 0550 i pd) e
O3 s saslacile J =S 6l oS ol (ALS)
s ol s g glaiSile ool ol oS
(oS B e Sl 5 S my b D3 ]
Mueller & Senseman, ) Js,ls sl 35,5l
53 YU s ol L iScile o) (2015
QS o sl sl Cus g 5 A ls S
Rahman et al., 2011; Mueller & Senseman, )
=105 OLS wdd plosil Slalllas bl L, (2015
TGN RS PR3 NP SPWRRE JRIEIR-Y
Al Sl L ol Josdl s > LG
au e g by (lZadi et al, 2011, 2013)
sl (S sl S w e sl
(SN0 03 ol JLAY) AScids gl S5
055 Cnle (I (K i S b
3508 Sl O s e b gl Sl (ST
Gl sme can il (Z3L) Sl gla S o iScile
(S ) ae Bl s (T esle b
el s ez ol e b
Stenersen, 2004; Allettol ) coul (L wusl 15 o
ol s (etal., 2010; Mueller & Senseman, 2015
WS an el il L oS cd sas 55158 bl
S 3 s ol il o slaiSile Ll

‘Acetolactate synthase
"Beta vulgaris L.
*Sorghum bicolor L.
"Medicago sativa L.



Vo e 058 3 sS0 iS e (8L 55 tn ) 5 slend 450 A )

O ala L; g:’-il-‘)‘ d’i\ (Sl o Cbu‘ )}.:S
oSle s s pled s B
OF Bkl abi)l 5 S s O sl g 553
ol wjjgiéugjsqchu);ug;x

L

W yg; 9 319
S IR TSy QR C PR T VS N
b3l 5o LSS aw b slas LS slassL
é))}LZS 0SSN )JAQQLA;LLG f}lﬁ uu.:bu

Al AFAE-00 Jle )3 dgdie s b oKD
Jol Tl Jals ilasl 53 ooy 3550 Jalse
2,8 WJsl St Olgeas 558 5 S L 2l s
3 sk e eS8 glas S
Ol 5 pss H5SL Olgeas (555 5,8 Osb) Jals
o o Sia s LS s ek g SIS
Olgeas 3o, Vrorg A 00 X0 O (s Ol
A3 g p g ) S

o o Jils & S (bl 3, S
il Jlesle 5 iScile 68z )8 4ile
Lo 5 S S apal ke ol gl A g
10 b is e ) hlal Ssoe dai
i sad 5l opd 5 (AL Ll A el (g e Sl
= (Ot SBL S L5) (g e e 55 SUIL
4okt auSans 4 38 bl Loy s
bilse Cola Sson G hoss 50 o
S Olascin (Briceno and Palma, 2007) .50
el oal G Ui s il s 5e slas S
Q38 g 355 s s Ly o p sk
aM&F\&WQcM%&BMFvﬁO'
53 ek o 0558 5 S5 5 A Jame e s VO
LGl O 4ol ookl L J gk

ladsod (Jsle 3 51 .y .(Poppell et al., 2002)

gl o s SIS S0 W kS e g 8wl
Bilpd spe b 3 e 5 1 sbassS (bl
Saa Sldie Gl 5 andel O (IS e
&4 ,36 (Rathod & Patel. 2010) S+ ;5 lie
3o b o plesd oot 5 o Se Cle
Rathod & ) das [ials 1) la_iscil g Bul
sl 15 (Patel. 2010; Rahman et al., 2011
WS o cwl B JT ol S
Rahman et al., ) 03,58 505 sla iSale
Sondhia & Singhai, ) O, 54 s s s (2011
Vicari et)oj)jﬁyﬁ),o}),ayﬂﬁ «(2008
Sl 1 Lol g Bulb 5 il | (al, 1996
(s Glla S 58 LIS s s
LS Lo e SlAdS 5 CewseS )
oot g SRl o3 TV (s e Sl
Shahgholi et al., ) sl aals doys oY of
L aS ool OF sdiasilis 5 W 5,058 L. (2014
sl 5 a5 T slassS 5,08
iseS e «(Barzoei et al,  2016)
(Mehdizadeh,. 2012; Fakhrerad et al., 2013)
Jeelasd s Daps sl 5 D5 s NS
James et al., 1999; Wang et al., 2006; Wang et )
Vicari et al.,, 1996; ) 03,54y, «(@l., 2008
Forouzangohar et ) J; ! «(Perruci et al., 2000
(Hadizadeh, 2008) 3, s4) s 5a) s (al.,, 2005

L als
Blosy e oy sbalsly 4 g L
2Ol ol ol S s b iSdile
o 3 oS o Fls sl 5 el DY paams
@l ool L Sle s gl B 18
53 st Dlides oS Lol 51 cplply s
Sbaiscdle pland 5 (fe) 455 A& L LU
03 Qo385 sSE Sl ohpa Loyl J 54 s



(MY smslacide [ils dme /(080 0) OIS0 5 o gns "

YV0 glos 55 St slad god ol (g 92 s 55 A= s ol Ol s B byl ol 55K sbas

33 423y £0 Sl L VY LA L "‘de"‘.l”‘ PRSI
Do Gk iSile G 5 LSl OIS 5
Khoury et al., ) 42 wlol St & 5ed 4 ol aS

.(2003

O & 5o Sran Gk 3 ol b b A Ve
Slsdine M,f}ﬁ LU bais s s sl
3 St Lld e 5 5Ll s badi sl 5 A aes
Fakhrerad ) . S 513 5l S sle as 5 YV slas

ol xS Ly, ey p sl et al, 2013

iabojl sy g T 35 g SB b Sy S p ) Jge
Table 1. Some characteristics of soil and organic and biological fertilizers used in the experiment

N K P oC EC H
(mgkg') (mg kg') (mgkg') ) (dsm) a
Silt loam 0075 180 98 0.68 148 8.72
Cow manure 11375 4104 7480 20 452 8.72
Vermicompost 10033 2371 7820 15 5.81 844
Mycorrhiza 6125 97 3680 10 246 8.12
Organic Mater (OM) ,Organic carbon (OC) «O) J o5 {OM) J ool

B0 los 3 (sl plsl oB5,) M s o s
N R P P B
03 3 o A LA G b a2 sl A e
Gy HPLC olKas & (s a5,85n +/80 13
S ool S ow p\l (Wu et al., 2010) .z
5 S5l S ol bk IS 5 Ji sl
sk Lol s esliad sy sl sl

Ll eslinl' S e oS 5 5 gl s
eaSiagn oilesl s iSile sliladl s
Jlo ot el dgie (S35 pole oKl ey
© e ol cxle fynled HPLE oK
U Ope bt Sy Sl LS
ke YO U5k 4 Jal 6y i 5l Cis e Sns
a@:.@ﬁﬁ;dﬂ&io eI P
3B g B eiS ol e S 4 e B
sl te 5305 Ol ol eslital 3,50 S e
YTV e Gl LGS St Sl

‘Analytical grade

"Merck

"High performance liquid chromatography
*Shimadzu SCL- 10AVP

*UV- Vis

Sl slaesl 52 HFLS Sz 2 Sl e badd sl
By L S oKl glos 5o i 55
wle> 3 (Sl 0ol S gl Al W e

Ad 6,1 sljfu:;b a5 =T
e SV S S 0ausil s S gl Al gl
B Jime (62 e 00 s sladl 5 4 lad sal
w5 b bole Al T
5 A Blol e Aoy 4wy Sl LS S
Saets Sl 31 e A o3l OIS s b agds Y
T e 4 adds 3 Hla Sler Hes b aaised 058
£Y oaily Sl IS 15 4 e gle 56 i
Lol Jsloee 2 doo 0/00 e A4S 03y s
4 e RIS oS 5 Jl S S S s
Lol ¥ ole o baised 5 A8 6lol b ge
Sl N0 e LS el O S
s boaglh T buse 5 ds bl Oleeg IS (6o
s e e L g0l g S 03l OIS
s e oI 56 5 JT 56 G kb 3L oS >
o Oley Ses ) Ao V0 O3S wlsl al>
ST e ledl b a5 S5 o)L colias stils 3L

LW L ol LS)}T o dj.l}r.d .b).fu 6)L.u\,l>



VoY e 058 3 sS0 iS e (8L 55 tn ) 5 slend 450 A )

slladl Sl Aoy Ar 5 00w gl Y
el Sile S K O s SO
Gobl gl ple 5 bl (b anglie ol
:(Soltani, 2014) L& esles! g dsles

= o,lel £ (T oos, dfe) (o lal sl oLzl (£ dslas)
Ol 5 50

GASell gl zelyl ol o bl clsles cpl s
i () iSils W Coss Jels &S el
osbel slas slil 5 oowl EDgo b EDsp L () L
5l oS col oyl ikl glas Olaa 3
g0 bl a4 sl glast 038 WS 5 Gl
awslie 5o b 5l e S S (g el wals s
e b Gligen 3k 5l bl ol als
oY i plnil b bl (suines S a0l LS e
ol dpulous T llie Sepl ax 5 L &S ol S3
Gl dbles 5l og ol bawslie adST 55 Jsir
(bl 4 <=L>.L;\ 5 2 5 (Soltani, 2014) .
Lo o Sls amlie .l plonil Laosls 035 Lo Osesl
Oso3l 5 Rlime 31 pas bn Jhay Sl eslisal L
L doys o éa.w 53 (LSD) s pme oslss 3l
Al plnil (1) asd) SAS Il el eslizd
Lol el (2310 5 Ss 0203 U S5 025 iman
el (VY ased) SMLSw S0 0 5 51 asliad L
A

Do 33 o jasiid Je waadlas cpl s
22 25 p SAS 50 2 S5 S /0N g g S
Lazic ) » S5kS 53 0 55,5 /0) 5 [ lalllas
eSS 53 2,555 +/+Y (& Sunjka, 2014
53 ¢ S$6 +/v0 (James & Trolove, 2009)
el ol 518 (Wu et al, 2010) ¢ S 5LS

Sbslas 5o S 510558 s S0 2l Sl LLIS
3 sl (o gaS s (8 slass 30

iy S w eslizal 5l S &S sy Aoy
S s Ol o A g Sl Al
VO GouF e s ad3s 5 e A S s
s Sen 180 JI As ) aS sy 1)y S
Slp ol S mae Jobs el e
APl TYA ra gib g oSl olins U Og) 98) 3w 555
Jsloms olSans @ sladi gl Gop 3 5l Jb b s
S de)s A ot L O sd) s sS slel
G 3 o s 4 0T gl o8 s
Solasb Ol 5 AScdle S Hseb oo @l 4
VKL W asie (4833 VANA) )58 s 55
GaFES A Gl Sl s (0 ot
) 55w JESem Sy 5l (LOD) ' ol
SIS A Gy b ook cpl sl A eslin
A0 p S5 S /) /) /0 Cilise slachle
o IS pl )l s S lea 3 olSas
R I o S U GBS
.(Shrivastava & Gupta, 2011)

> S Alalas 5l 055 58 5on S 4 2 S
(Muller et al., 2003) 1 pons (V alsles) S

C, = Cy expk®

Do 55 Oy g 55 e Cr calslan ol 3 oS
23 p S5 Se) Lol S Ayl e G
2 eSS s e KOSk g S4lS
Glp Libe Guo) Olas it 5 Gy 0> St p S5kS
Loys A 5 00 Jals ¢l rﬂl Obey  puend
A eslital aw 55 Walee Sl O ) e SO

:(Muller et al., 2003)

(\ dsles)

DTy = “‘72 (Y 4Jslae)
DTg = m% (FaJslao)

Ol NV DT 5 DTso cadslrs 35 O‘J 55 &S

‘Limit of detection
'Signal-to-noise ratio



(MW saglacile Juls dome /(VE ) O 5 25

Vol

Cool ol oylil O 4 W 1S 55 & ojlas
.26 (Khoury et al., 2003; Wu et al., 2010)

;ﬁbs D M)) qA 9 qy A4¢ A¢ g_,.::JSM Jals

0,10 4 1010
R etention Time
w005 Loos  «
g g
o
0.00 | o | 0.00
L T S T T T R N Y
Min ez
09398595 3 liliw! jords Joxo - S
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Table 2. Characteristics of peak location of nicosulfuron standard
Name of the curve Concentration Avrea under the curve Curved height Retention time
Nicosulfuron Standard 1ppm 61365 2600 16.19
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Table 3. Effect of sterile conditions, organic and bio-fertilizers and time incubation on nicosulfuron residue in the soil under

control conditi

ion

Sources of variation df - Mean Squarg

Nicosulfuron residue
Replication 2 0.0001ns
Sterile Condition (S) 1 0.0792**
Organic and Bio Fertilizers (F) 3 0.2377**
Incubator period (T) 7 29167**
SxF 3 0.0061**
SxT 7 0.0056**
FxT 21 0.0084**
SxFxT 21 0.0008*
Error 126 0.0004
CV (%) 407
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Table 4. Bio fertilizers levels sliced at each level of incubator period onditions

day df Non Sterile Sterile
0 3 0.002 ™ 0.002 ™
4 3 0.008 ™ 0.009™
8 3 0.017 ™ 0.017 ™
16 3 0.042 ™ 0.041 ™
35 3 0.038 ™ 0.038 ™
50 3 0.048 ™ 0.047 ™
80 3 0.033™ 0.033™
100 3 0.005 0.005
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ns *and**; non-significant and significant at 5% and 1% of probability levels, respectively.
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Figure 2 . Nicosulfuron residue in the soil under the effects of organic and bio-fertilizers application in the controled steril
(A) and non steril (B). conditions. Cow (Cow manure), Ver (Vermicompost), Myc (Mycorrhiza), Non (control).
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Tabel 5. Mean comparision of the effects of organic and bio-fertilizers and incubation time on nicosulfuron soil residue (mg

kg™ soil) in the sterile and non Sterile conditions.

Fertilizer 0(d) 4(d) 8(d) 16 (d) 35(d) 50 (d) 80 (d) 100 (d)
Cow manure 094a 085b 0.71b 061b 0.26¢ 020c 006b 0.03c
2 Vermicompost 094a 086b 0.74ab 065b 0.30b 0.24bc 0.08b 0.05¢
3 Mycorrhiza 092a 086b 0.75ab 069b 0.35b 0.30b 0.12b 007b
Control 098a 087a 085a 0.79a 054a 040a 022a 0.12a
@ Cow manure 094a 081lb 066b 052¢ 0.19b 0.12¢ 003b 0.01d
g Vermicompost 094a 0.83b 068b 0.56 be 022b 015¢ 004b 0.02c
5 Mycorrhiza 092a 084b 0.70b 061b 0.26b 020b 006b 0.03b
= Control 098a 093a 0.83a 0.78 a 044a 040a 0.25a 0.10a
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Means in the same column followed by the same letter(s) are not significantly different (LSD, 0.05), based on LSMEANS test.
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Table 6. Mean comparision the effect of organic and bio-fertilizers on degradation rate and longevity of nicosulfuron in
steril and non steril conditions.

K DTs DTy

- Co 2

Fertlizer (ugkg soil day) (ugkgsoil) (cay) (cay) R
Cow manure 0,034 (0.001) ¢ % (2.7) 2039 67.72 099
Vermicompost 0,03 (0.001)d % (28) 2310 76.75 099
= Mycorthiza 0025 (0.001)e 9% (29) 2772 9211 099
2 Control 0,018 (0.001) f 99 (06) 3850 1279 099
_ Cow manure 0.044 (0.001) a 95 (25) 15.75 52.23 099
s Vermicompost 0,039 (0.001) b 95 (26) 17.77 5004 099
2 Mycorthiza 0,033 (0.001) ¢ % Q27 210 69.77 099
S Control 002 (0.001) f 99 (34) 34,66 11513 099
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DTso and DTgp: time required to 50% and 90% of herbicide residue degrade in soil, K: coefficient of degradation and Cy: initial
concentration of nicosulfuron in thesoil. Means followed by the same letter are not significantly different (P<0.05). Numbers in the
parentheses are standard error.
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