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INTRODUCTION 

Wee infestation on crops is one of the important dis-
incentives prohibiting from high yields. At the same 
time, weed control has still been a complicated and ex-
pensive constituent of the winter wheat sowing protec-
tion technology [1].

The discovery of the  phytotoxic  action of the her-
 bicides  –  the acetolactate sy ntha se inhibitors – that 
belong to the sulfonamides signi  c antly strengt hened 
the weeds-killing on  spik ed cereals sow ing. The de-
rivatives of  N-aryl thiazole-[1, 5-c]-pyrymidine s u l fon-
 ami d es include herbicides: chloransu lam-methyl, di-
chlorsulam ,   ora su lam, methylsulam and other s, also 
tria zole -pyrym d ine s ulfonam des – penoxulam and 
pyroxulam [ 2–4].

For  the  weed-killi n g   i n  wheat  sow ing the selec-
 tiv e herbicide for t he spiked  cereals pr otec tion  from 
annual and some pere nnial  dicoty ledo nous weeds 
Derb y 175 s. c.  (suspension   co nta i ning 10 0 g/l of 
 umethylsulam  and   7 5 g/l  of  orasulam  (Sy nge n-

 t a, Switzerland)  is  widely us ed  in doses o f 0.0 50–
0.070 l/ha.  This s ystemic  post-em e r ge nt   herb icide 
con trols the wide  spectrum  of annual  and  some  peren-
nia l ( sow-thi stle ) dicotyledonou s  we e ds, in  pa rticular 

resist ant t o  others anti-dicotyledono us  preparations. 
Cleavers (Gal lum aparine L.) ,  corn  owers (Centau-
rea cyan us L.), consolidas (Consolida ambig ua (L.) 
P.W. Ball & Heywood), and other malicious forms 
of dicotyle donous wee ds man ife st high sensiti vity  to 
the action o f this compo sit ion.  By the  me chanism of 
action   the  her bicide’s c omp onents rela te to the aceto-
lactate synthase  in hibi tors. Florasulam is an important  
component of the Derby herbi cide. It i s a derivative of 
triazo l-pyrym dine sulfoan l de, anti-dicotyledonous 
herbicid e, which is widely used  in the w or ld for  the 
dicotyledo nous post-eme rgen t we ed-killing in s piked 
cereals sowing in dos es  to 7.5 g/ha [5, 6].  Floras ula m’s 
 s e lective  a b il i t y is connected to the metabolic differ-
ences in the  ara ble cereals and weeds.  Th us, the half-
life p erio d of  th  e   or asul am m o lecule in th e wheat is 
2.4 h, while in  the  dic otyled ono us w e eds – fr om  19 h  
to > 48 h. The  special f eatur es of    or asu l am met abo-
lism were dete rmined by dint of high perform an ce 
liquid chromatography (HPLC) followed by the mass-
spectr o metric analysis of  the car bon 14-labeled  herbi-
cide . According to the availa ble data  [7],  orasulam is 
metabolized due   t o  the hydroxyl ation of anilin e ring 
 with  subsequent co nju gation to glu cose.  The metabo-
 lism in the dic otyledo nous w eeds resear che d by  the 
same schol ars wa s such slow that the presence of  the  
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herb icide ’s me tabo lites cou ld not  be determined [7]. 
Theref ore, hydro xylation was p r o p os  ed as the b asic 
way of  oras ulam’s me tab olis m. Pro babl y, 5-hydroxy-
 orasulam is the  basic met a bolite of  orasulam in soil 

as  well [8]. It should also  be  noted that th e   h igh level 
of esterase inte nsity  in  the gramine ous  plants’ cells [9] 
 can  cau se the meta bolic destructiv e   pr oces ses al so a s 
a result  of the methyl group h ydrol ysis in 5-metho xy 
w ith the  DE 570 BIH-metab oli z ing (Tabl e 1). 

Derby herbicide is frequent l y util i z ed in th e mixtures 
with graminicides: pin oxa den  or furore pred ominantly, 
and  also with  foliar a pplication ferti lize rs: c arbamide, 
 rst of all.  At that, th e  in  uence  of the working solu-

tions  com ponents on  the he rbicide metabolism has not 
be en  esta blished.

Graminicides are anti-monocotyledono us post-emer-
gent herbicides widely used in the contempo rary plant 
 growing . The y i nclu de three diff erent in chem ical nature 
cla sses o f herbicid es:  aryl-oxy -phenox y-prop o nic  acid 
(AOPPK  ) derivatives, cyclohexane-1 ,3-di o ne, o r  cyclo-
hexane o xime herbic i d e s  (CH)  an d p henylpyra-zoles. 
These are ace tyl-C oA-c arboxylase (ACC)   select ive  in-
hibi t ors   for the gram i n eous plants, a nd they compose 
tog ether appro ximately 15 per c ent of c ontemporary 
world herbi cide market.  Th e herbicides that  belong to 
these c la  sses  are also used for the pos t-emer gent cul ti-
vation of bo th d icot yledonous and monocotyledo nou s 
crops sowing aimin g th e selective destruction of annual 
and  per ennial gra mineous weed s [ 1, 2, 1 0]. The phenyl-
 pyrazole fa mily’s   amid e  de r iv  atives were synthesized in 
early 1970-s for the   rst time. Four herbicides in this 
class are known:  ua zolate, nipiro clofe n, py ra  ufen and   
pinoxade n [ 2, 11–13]. T he  graminicid es a re further  c on-
 ti n ue d t  o be developed with the high intensity.

The gramineous  weeds  con trol  in winter  wheat  sow-
ing is  extrem ely crucial  in con nection to th e d omina-
tion of grain  cereals in the c rop  rotations i n a ll soi l cli-
mat ic  zone s of Ukraine an d m ajor ity o f other countri es 
 producin g th e grain a ll  over t he world.  Therefore, the  
detec tion of phytotoxicity in the co mpounds of phe nyl-
 pyrazole class  an d registration  of  Axial 045 EC c. e. i n 
th e leading cou ntr        ies of  the  world  (the  acti ve gradi ent is 
pin oxaden,  45 g/ l , and antidote is cl oquintocet-m ex yl)  
 i s t he c onsequenc e of the task-oriente d  lon g-te rm ex-

plorati ons dedicated to gram inic i des’ intensity and se-
lectivity increase as for the wheat. 

Axi al is a tran slocated  herbici de p enetr ating into the 
plant throu gh leaves and being  t ransp orte d basi - and 
ac ropetal. It is an ACC inhibito r.  The  her bici de is p  ost-
em ergent used agai ns  t the annual gramineous weeds on 
win ter whea t so wing fr om the begi nning  of  the bun ch-
forming ph ase t o th e booting pha se.  The best in  uence 
i s a t th e early devel o pment stages of weed s,  but  it  can 
co ntrol them in the g en erative  phas e as we ll. The  actio n 
o f th e agent is  visua lly manifested  in 3-1 5 days after 
application depending o n we a the r con dition s and form 
o f weeds. T he  essentia l drawback  of t he gr ami nicid es – 
A CC inhibit ors – is the dif  culty in achiev ing of high 
phytotoxici ty and selectivity  in the wo rki ng mi xtures 
with ot her  pesticides:  for  exa mple, wi th the he rbici des 
of  anti-auxin class (2,4- D  deriv atives, benzoic  ac id a n d 
other), an d  mo n o oxygenases inh ibitors  (orga nic  phos-
p horus i nsec ticides), and so forth .  It should be noted  
that pinoxa den  is  expedien t to be used predomin antly  
in the mi xtures with a nti-dicotyl edonous agents  an d 
fo liar nutrition fertilizers. The prospect  of t he Axia l 
application in comb in ation with th e Derby anti- dicoty
ledonous herbicide and car bamide has already been de-
term  ined [10, 14]. 

Pin oxaden metabolism in the plants was st u di e d in 
wheat and barley s owi ng i n France, Germany,  Ita ly, 
Sp ain,  Australia and  th e USA  [2 ]. In p ar ticul ar , ana ly ti-
cal meth ods  for dete r m ini  ng of pinoxad en  metabolite s 
conten t, b oth free and bo und, SYN 505164 (M04) and 
NOA 407854  (M02 ), in water , so il and  p lan ts  are  de-
s cribed.   It  is  rev ealed  t hat t he g reater  quantity of pi-
n oxaden disappears in the plants suf  cien tly rapidly 
after treatment , wh ereas i ts metabolite s – M02,  M04, 
 M06 and M10 – appea r. T he data availabl e i n  the  l ite-
r atur e allow making a conc lusion about the relatively 
insigni  cant stab il ity of this  herbi cide  and its me tabo-
lites in s piked cere als sowing within  vari ous  agrarian-
cli mat ic zones (Dr. A. V. Blagaya, 2012, per sonal in-
formation) . In t h is  c  ase the in  ue nce  of  the working 
solutio n s’   co mponents,  subj ect to the  combin ed treat-
ment of pinoxaden together with the  anti-dicotyledon-
ous herbic ides and fertilizers on the metabolism of gra-
min icides has  not  been establi she d ye t.

Table 1. Florasulam  Metabolism in  the  Wh eat Plants at the Acti on  of P inoxad en and Carbamide

Herbicide, Metabolite Derby Derby + Axial Derby + Axial + 
+ Carbamide

Compound Content, mg/kg

Flag Leaf Phase Grain

Florasulam
Florasulam
Florasulam
DE 570 BIH Metabolite
DE 570 BIH Metabolite
DE 570 BIH Metabolite

+

+

+

+

+

+

0.07 ± 0.02
0.11 ± 0.04
0.12 ± 0.04
0.11 ± 0.04
0.11 ± 0.07
0.19 ± 0.05

unde  ned
unde  ned
unde  ned
unde  ned
unde  ned
unde  ned



AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 1 2014 49

NITROGEN-AFFECTED FLORASULAM AND PINOXADEN METABOLISM IN WINTER WHEAT

The aim  of  the current research was to investiga te 
the special  features of pinoxaden and   orasulam me-
tab olis m in the wheat pl ant s, includi ng s ubject to com-
bined act ion  in  the combinat io n of Derby with Axial  
and carb amide,  and  also to determi ne the de compo si-
tion  rat e of pino xa den  and  orasulam in  the conditions 
of  eld ex periment.

MATE RIALS AND M ETH ODS
The tests  wer e perf ormed  on the full-scale sowing of 

winter whea t (Triticum aes tiv um L.) of the S muhlian ka 
 variety  in th e  Vinnytsia region  ( t he  Komora Agrarian 
Firm, Tro sti anets town, th e Zern  oprodu kt MKH P Pri-
vate Compan y, PJSC (th e enter prise of Myronivs kyi 
Khliboprodukt) and the  E xperimental Far m of the 
Institute of Plant  Ph ysio logy and Genetics NAN  of 
Ukraine in Gle vakha settlement, Va sylkivskyi Distri ct,  
Kyiv Re gio n in 2011–2012. The t est was repeated six 
ti mes in the plot of   50 m2.

During the plants’ ve getation t he  fertilizat ion , p es ts 
and di seas es control, and also  phenological observ a-
tions  wer e provided. Seeds were  treated before sow-
ing with Se lest Top protectant  (1.5 l/t). Th e worki ng 
solution was enriched with comple x  fer t i l i ze  rs o n the 
basis of mo no-potassium phosphate (2  kg/t of seed s).  
Dur ing th e vegetation the plants wer e  tr ea t ed  wi th 
Al t o   Super ( 0.5  l/ha) and A mistar Extr a (0.7 l/ha) fun-
gicides , Engi o  (0. 2   l/ ha ) in secticide, in  p arti c u la r , in 
the boting,  ag-l eaf and anthesis phases. T he  D erby  
(0.070 l/ha) and Axial (1.0 l/ha) herbicide s were  ap-
plie d  in th e   bo ot ing  to the   basi c   ar ea  of  eld, while 
0 .2–0 .3 ha secti ons  were l eft h erb icide -f ree fo r ex-
perim ent  . The  dose of carbamide for the foliage ap-
 plic ation was 10   kg/ ha. S pra ying was p erfo rmed in 
the evening hour s at  th e  a ir  t  emperatur e of 20–24 °C 
 and  abs ence of wind.

The   orasu lam and its  met ab o lite DE  570  BIH con-
 ten t wa s dete rmined by the H PLC  method [10]. Chro-
matog raphic conditions were  as foll ows: the li q u id  
 chromatograph  Shi madzu (Jap an) with the UV de  tec-
t or, wav e length – 260  nm, colum n  – Nu cl eosil  C18 , 
 mobile ph as e – mixture of aceto ni tr ile and twi ce-dis-
tilled  wa ter wit h 0.1 g/l  of tri   uor acetic acid ( 35:6 5), 
c o n  nement  time c onfor med  t o  s tan dards. Florasul am 
(D E  570)   an d its metabolite (DE 570 BIH) were ob-
tai ned from the   Dow  Ag ro Sci ences Company (U SA). 
The  orasulam and its  DE 5 70 B IH metabolite both 
in pla n ts  a nd   gra in were determi ned after acetone (  ag 
l eaves) an d mixtu re o f acetone w ith 1 per c ent so lu-
tion o f  acet ic aci d  (10: 1) (gra in)  extract ion.  Further on,  
the extr act s were  clean e d  in    th e  hexa n e–water (pH 3  .0) 
system w ith acetic ac id, whereas t he  extr acts of green 
 part s w er e additional ly re   ned  on the TFE  C18  car-
tridg es  (Water s, USA ).

The determination of pi nox aden  and  its M01 (NOA 
4 0 7855),   M 02  ( NOA 40 7854), M04 (SY N 5 05164), 
M06 (S YN 5 0283 6 ), a nd M10   (N OA 4 4 7204 ) meta b o-
l ites   cont ent wa s  c arri e d ou t by t he  HPLC  met h od 
[14].  Pinoxa de n and its metabolites control in the  win-

ter  wheat plan ts, in the grami neou s weed predo minant 
over  the  plante d area – silky be nt g rass (Apera  spic a-
venti L.), and also in the  wheat grain was performed 
 a fter extrac t ing wi t h  th e mi xture of  hyd rochloric acid 
1N and acet onitri le (M02) and hydroch loric ac id  1N 
(M04, M06,  M10)  at boi ling and sequ e nti al  cle aning 
of the  extra ct a liq uo t b y  red istri bution i n th e immis-
cibl e solvents s yste m on the column  wit h the alumi-
num  oxi de,  and further  - in the concen tra ting  cartri dg-
es  Oazi s (R) HLB (M2)  o r tw ice – Oa zi s ( R) M CX 
(M04, M06,  M10) (the c oncent r a ti ng c a rt ri dge s of the 
W aters  C o mp any,   USA ).  Ch ro mat og raphic conditions 
w ere as foll ows : the liqu id chromat ogr a ph  Shimadzu 
with t he UV dete ctor, column – Nuc leos il C18,  mo-
bile phase  – mixture  of a ceto ni trile and  t wice-distil led 
water (70:3 0), con  nement t ime conf orm ed to stan-
dar ds.  M02,  M 04, M06 an d M10  m etabolit es were of 
the Syngenta Company.

Statisti cal  d ata  p roce ssin g was conducted  involving 
th e profes sional software specia lly designed for  the sta-
tistical analysis –  Statistica 8.0, according to standard 
pro cedu res,  and using the Microsoft  Excel softw are .

RESULTS AN D D ISCUSSION 

It is es ta blished th at upon condit ion o f the Derby 
heavy treatment (70 ml/ha) within the  a g leaf phase of 
the low  levels of  orasulam resi d ual  q u a nti ties ar e   xed 
in the wheat  pl ants . The Derby  he avy application (50 
 ml/ha and m  ore) are caus ed b y the need for   strengthen-
ing the effect of   com po s iti on o n th e  sow-thistle  plants , 
esp ecia lly on those b eing in the  ge nerative pha se  of 
d eve l opment.  The appl ication of Der by with Axia l c an 
c ontribute t o an i ncr ease in the     ora sulam conten t in 
the  plant s, pro babl y, due to t he com ponents o f prepa ra-
tive form strengt hen ing  the in co me of th e  herbici des’  
active gra die nts to the p lant  s .

It has alrea dy been det ermined  in the greenhouse 
experiment [ 15]  tha t the  heavy treatment of sulfon-
amide  ume tsulam, which i s like in st ru ct ure t o  ora-
sulam resulte d i n the follow ing content of the former: 
0.0 31 mg/kg i n g rain and 0.045 mg/kg in soil. The  eld 
tests subject to the  Derby high dose  ( 70 ml/ha)  no res i-
dues either of  orasulam, or its DE 570 BIH metabolite 
we r e d et e c ted in  grain (Table 1).

I t should be not ed that the low DE 570 BIH  metabo-
lite co nte nt in  the whe a t  plants was also obse rved  in t he 
 ag leaf ph ase. The simultane ous  usag e of the Derby 

to gether with th e A xial  and nitrogenou s   fertilizer can 
contribute to exasper ation of this  metabolite  acc umula-
tion in the plants .

It  is known t hat the  orasul am  half- life period  in 
the winter w heat  plant s comprises le ss th an t wenty-
four hour s . This fact  is  con   rmed w ith the resul ts of 
the  herbi cide  remain d ers detectio n. At the sam e time 
low cont ent  of the D E 5 70 B IH metabolite in the  plants 
can give evidences on  the fact th at hydroxylation with 
subsequ ent  car bohydra te conjugation is more  probable 
way  of  orasulam  metab olism in th e plants.
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Moreover,  pinoxaden was  xed at extremely low 
levels  in the winter  wheat  plants in   24  hour  after treat-
ment.  Whereas the maximum allowable level for the 
spiked cereals  grain  is  0.2  mg / kg ,  in the  week  after 
treatment  the  pinoxaden content  was  below  the  level  of 
quanti  cation (LOQ).

The   pinoxaden content was clearly recorded  in  the 
 gramineous  weed plants with  the  increasing tenden-
cy in  the  week  after  treatment. Furthermore,  the pi-
noxaden in  uence on  the  A.  spica  -  venti  L . plants  was 
manifested  in  the  phytotoxicity  and  rapid  decrease  in 
the weed’s fresh in t he l ater p eriods (Table 2 ) . 

The res ults of  the  Axial  met abolism investigation  in 
the  win ter whe at plants give eviden ces on the fact that 
eve n in the   a g leaf phase pinoxaden (M0 1 ) i s  just a 
sec ondary component – relatively to other residuals’ 
amount. Immediately after treatment, the activ e gradi-
e  nt of the Ax ial – pinoxaden ( M01) is rapidly hydro-
lyzed to M02, the basic metabolite in the whe at plants 

 e ven  i n the  rst days after  sp ray ing. M 02, in  its turn, 
 is  hydr olyzed generating M04 , th e key  metab olite  in 
the w he  at  pl ants in 7–1 4 day s after spraying. The  M04  
metab olis m is possib le  in t hree followin g b a s ic  ways:  
1) by  the M04  g  luco se compound, what causes the M 05 
gen eration, w hich w as d et  e ct ed in a ll  tests of  wheat 
afte r spraying b y so me  scholars [5– 7], 2 ) by the M04 
 oxi dati on to  the  acidi c meta bolite M0 6, which portion 
 i s  r el ativ el y small  among other metaboli tes (le ss than 
10  per  c ent) in the major ity of the  select ion an d anal y-
sis cases,  a nd 3)  by t he  M04 hydrox yla tion  with sub se-
quent  M10 gener atin g, the secondary  met a bo lite in  all 
wheat samples , exc ept for the straw (Table  3) .

It has been established  that  the  addition  of the anti-
dicotyledonous  herbicide Derby  to  the  Axial solutions  
does not in  uence  on the pinoxaden metabolism . In-
stead, upon condition of the  carbamide  and Derby  ad-
dition to  the  Axial solutions  somewhat higher  accumu-
lation  of the  M02 metabolite  is observed in  the  wheat 
plants  within  the   ag leaf phase    . M04  metabolite ac-
cumul ation  increase after the  carbamide  addition was 
 statistically  uncertain . Only  small  quantities  of  M04 
 and  M10 metabolites were detected in  the  grain.

Taking into account  the  established  value  of the pi-
noxaden allowable  d aily dose  ( ADD )  for  the  man  at 
 the  level  0.005  mg / kg  of the  body weight,  the pro-
posed MAD  of pinoxaden  in  the  bread cereals grain – 
0.2 mg/kg – show ed r el iable guara ntee of  active g radi-
ent sa fet y in course of safety tests. According to the 
physiological con sump tion rates of  grain products a 
h uma n being can consume up to 380  g of such products 
pe r day. It means that subject to the pinoxaden rate in 
the bread cereals  gra in at 0.2  mg/kg, the maximu m pi-
 no x aden dai ly income will be 0.076 mg. The  obtained 
data  g i ve evidences o n the fact that the products made 

Table 2. Pinoxaden Content in the Winter Wheat and Silky 
Bent Grass Plants

Post-Treatment 
Time, Days

Content, mg/kg

Winter Wheat Silky Bent Grass

1
7
15

0.07 ± 0.01
< 0.01

unde  ned

0.09 ± 0.03
0.15 ± 0.03
unde  ned**

Note: unde  ned**  no trace of pinoxaden were detected 
in test samples due to total killing of the gramineous weed 
plants.

Table 3. Derb y Herbicide  an d Ca rbami de In  uen ce on P inoxaden Accum ulation   i n the Winter Wheat Plants

Variant, 
Compound Axial Axial + Derby Axial +Derby +  

+ Carbamide

Compound Content, mg/kg

Flag Leaf Phase Grain

Pinoxaden
Pinoxaden
Pinoxaden

2 Metabolite
2 Metabolite
2 Metabolite
4 Metabolite
4 Metabolite
4 Metabolite
6 Metabolite
6 Metabolite
6 Metabolite
10 Metabolite
10 Metabolite
10 Metabolite

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

< 0.01
< 0.01
< 0.01

0.21 ± 0.06
0.20 ± 0.04
0.29 ± 0.04
0.15 ± 0.04
0.15 ± 0.03
0.19 ± 0.04
0.05 ± 0.01
0.06 ± 0.01
0.06 ± 0.01
0.07 ± 0.01
0.07 ± 0.01
0.09 ± 0.02

unde  ned
unde  ned
unde  ned

< 0.01
< 0.01
< 0.01

0.03 ± 0.01
0.03 ± 0.01
0.04 ± 0.01

< 0.01
< 0.01
< 0.01

0.02 ± 0.01
0.02 ± 0.01
0.03 ± 0.01
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of  the  bread cereals gra in p rovide not more than 10–15 
per cent of possible pinoxaden income into the human 
orga nism. Thus, the established value of pinoxaden  
MAD  in the bread  ce  real s grain at 0.2 mg/ kg guaran-
 tees safet y of th e ag ricult ural productio n g rown  w i th 
the Axial treatmen t f or the human bein g.

CONCLUSI ONS
I t is  esta blishe d that the tre atment of the anti-dicoty-

ledonous herbicide Derb y 175  SC, s. c. in  com bina-
tions with the graminicide Axial 04 5 EC ,  c.   e.  an d 
carbamide never cau ses an increase i n the   or a sul am 
 a nd  DE  570 BIH metabolite resi dua l quantit ies in   the 
wheat g rain. In case o f applying the Derby  together 
with  gra minicide an d nitrogen ous  fertiliz er the  o ra-
sulam and it s metabolite  con tent slightly raises in  the  
wheat plan ts w ithi n the  ag  leaf phase. This exaspera-
ti on o f the herbici de accu mula tion in the pla n ts can be 
connected  to the   xed increase in the  phy toto xicity  of 
t his  composition  to the mal icious fo rms of  weeds in 
wheat  so wing  [10].

The ap pli cati on of gram inicid e A xial i n t he mixtures 
 w i th   the he rbicide Derb y a nd carbamide  does  not  cau se 
an inc rease  in  the pinoxa den ba sic  metabolite s – M04, 
M06 an d M 10 – resi dual qu  antities in the  winter wheat 
gra in.  I t ha s be en established th at this very c ompo sition 
 is safe for  t he application in the pl ant g rowin g; it also 
ef  ci ent ly co ntro ls b asic species  of  mal icious weeds in 
the winter wheat an d barley  sowing.
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