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Potato (                   ) is t e world s 
 ost i portant food co  odity non-grain as its produc 
tion increases eac  year (          , and considered a 
 ig -potential food security crop  ecause of its potency to 
gi e a  ig  yield product wit   ig - uality per unit input 
wit  t e s orter crop cycle ( ostly 120 days) t an  ost 
cereal crops suc  as  ai e.  orldwide, potato plants are 
attac ed  y  any of pat ogens suc  as fungi w ic  
caused significant losses              . Suscepti ility to 
diseases partially is one of t e potential factors li iting 
growing t is crop co  ercially.  ate  lig t disease 
caused  y                        ( ont.) de  ary is eco 
no ically regarded t e  ost i portant one (            
         ).  ate  lig t disease can occur on se eral  e  
 ers of t e Solanaceae fa ily            ,  ut potatoes 
and to atoes are t e species  ainly affected             
     .   is disease attac s lea es, ste s and tu ers t at 
present potential  ost tissues for infection              . 

 osses  y t is disease can  e reac ed 100 , if it 
is not controlled and t e crop  ay  e unsuita le for stor 
age or usage e en wit  low infection le el           -
                       .  ate  lig t disease  as spread far 
and wide, and now occurs w ere er potatoes are grown. 
  e losses of  uantity and  uality of potato tu er yield 
due to t is disease  a e  een esti ated to 12  illion Euro 
annually of w ic   as  een esti ated around 10  illion 
Euro in de eloping countries                         . 

Se eral  ajor  ec anis s of t e disse ination of late 
 lig t disease and pat ogen  ay occur si ultaneously 
w ic  is resulting fro  co  inations of aerial dispersal 
of              sporangia fro  ste s and lea es of dis 
eased plants fro  field to field o er large areas, alternate 
 osts or t roug   u an acti ity across continental and 
regional scales                      . 

 ecause of t e  ost widely grown genotypes of 
potato are suscepti le to late  lig ts, t erefore fungicides 
treat ent are a necessity                        and con 
sidering a  ital factor in t e production of potato as t e 
resistant  arieties are  eing not a aila le                 
     .  ut rea s of late  lig t disease are controlled  y 
e tensi e and regular applications of fungicides w ic  
 a e reduced t e potato late  lig t foliar infection       
             .  ungicides researc   as caused a di erse 
range of fungicidal products during t e last two decades 
wit   ultiple  odes of action w ic   ad a significant 
effect on plant diseases control                    .  t was 
pre iously reported t e fungicide co  inations contain 
ing  anco e  pro ed  ig ly effecti e in t e control of 
late  lig t disease in potatoes                     .   ere 
are two fungicide types are routinely used  t e protectant 
fungicides including dit iocar a ates as  anco e  and 
t e syste ic fungicides including alip atic nitrogen co  
pounds suc  as cy o anil, p enyla ides suc  as  et 
ala yl and  orp olines suc  as di et o orp           
             .  

                      -                                               
                                               

  -                                                         

1  epart ent of Plant Protection,  i ision of Pesticides,  aculty of  griculture,  l-   ar  ni er 
sity,  airo, Egypt 

2  epart ent of Seed Pat ology, Plant Pat ology  esearc   nstitute,  gricultural  esearc   en 
ter,  i a, Egypt     

          Present wor  ai ed to co pare t e effecti eness of  anco e - ased fungicides co  only used in t e 

control of                        in potato fields using t e reco  ended field application rates on Spunta culti ar 
during t e su  er cropping seasons of 201  and 2017 at El- ssassin  gricultural  esearc  Station in  s ailia  o  
ernorate.  n t is e peri ent, twel e co  ercial fungicides ( yp oon  0   P,  anfil 75    , Electis 75    , 
 ado El  asr 72   P,  ido il  old          ,  al en  anco e  5    P,  e iltine S Pepite 50.5    , 
 oldstone  9   P,  e us     5    , Sereno  0    ,  rio a       P and Pre ito  forte  1   P) and un 
treated c ec  were used.  yp oon  0   P and  anfil 75     ( anco e  only) were used as a standard treat ent 
c ec s.   e o tained results s owed t at t e pressure of  late  lig t disease can effecti ely  e controlled  y using 
t ese fungicides; potato late  lig t se erity was significantly  ore in untreated c ec  t an in fungicide-sprayed treat 
 ents.  ll fungicides tested were significantly increased tu er yields as co pared to untreated control.  lt oug  a 
significant reduction in t e se erity of late  lig t wit  su se uent i pro e ent in  uantity and  uality of potato 
yields was o tained in all fungicide treat ents, t e a o e attri utes differed wit  t e fungicides used.  rio a      
 P fungicide (cy o anil    anco e    copper o yc loride) was t e  ost effecti e against potato late  lig t infec 
tion and conse uently produced t e  ig est potato yields, w ile  anfil 75     fungicide produced t e least potato 
yields co pared to control.  t could  e o ser ed t at t e late  lig t infection can decrease potato yields and su se 
 uently net returns to t e growers if appropriate  anage ent progra  is not underta en particularly in areas w ere 
epide ics of late  lig t disease occur early in t e season.   us, it appears t at t e tested fungicide  i tures could  e 
reco  ended to control t e late  lig t disease and can ser e as  ia le alternati es to t e presently used fungicides 
against late  lig t in potato fields.  o o tain t e  est control against late  lig t it  ust  e used fungicides at spray 
inter als of 7-days in control progra s wit  fungicides  elong to different c e ical classes.   is suggestion  ig t  e 
 alua le to i ple ent t e appropriate  anage ent progra s considering fungicides selection and t e opti u  appli 
cation in order to ac ie e  ot  disease control and reduced ris  of failure. 
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 lt oug  c e ical control of t e late  lig t 
pat ogen  y fungicide treat ents of contact, penetrating 
or syste ic products ena les to destroy, wea en or sup 
press t e pat ogen                       .  nfortunately, 
a protectant fungicide needs to  e applied  ore regularly 
in t e wet weat er                  since t e late  lig t 
disease is de astating w en air, te perature and  u idity 
are fa oura le at 12-25   wit  relati e  u idity  ore 
t an  5                     .  owe er, rando i ed use 
of syste ic fungicides produces c ance to de elop t e 
resistance of fungus strains  road-spectru          
     ; pat ogens can easily resistant t e syste ic fungi 
cides suc  as  etala yl  ecause t ey  a e a single site 
 ode of action                     .   erefore, to reduce 
t e ris  of resistance of              to t e syste ic fungi 
cides usually applied t e  i tures of  ot  protectant and 
syste ic fungicides                            t at 
conse uently reduced t e sprays nu  er per season 
                       .  

  e field trials e p asi e t e i portance of 
effecti e fungicides as t e pre entati e applications for 
late  lig t disease pre ention                         .  
Pre-season and early of t e season, t e  anage ent tar 
get of late  lig t is t e pri ary infection.  s t e season 
progressed, t e target of  anage ent de elops to reduce 
t e pat ogen spread rate.  f t e pat ogen spreads widely 
during t e period of rapid plant growt  t e infection  ay 
no longer  e controlla le.  ate of t e season, t e target of 
 anage ent de elops to not allowing t e disease to 
reac   a i u  li it                .  nter als of 
sprays are usually  etween 7 to 1  days, so eti es re 
duced to 5 days depending on t e ris  of  lig t and 
growt  stage of crop.  n t e  ig -ris  conditions, it is 
essential to  aintain s ort spray inter als  etween fungi 
cide applications w ic  are often i portant as t e prod 
uct c oice                        .  reat ent of potato 
foliage  ust  e fre uent, often at inter als of 7 days, 
 ecause of leaf surface losses t roug  weat er case and 
t e need of new foliage protection                 .  n 
addition, fungicides c oice and ti ing are pro ided suc 
cessfully  ey factors to late  lig t control (                 
     . 

 anco e  was used for t e control of  any 
fungal pat ogens on plant and de eloped in o er se en 
ty crops                       .  ontact fungicidal prod 
ucts  elonging to dit iocar a ates and copper for ula 
tions classes are widely used, w et er in specific for u 
lations in or isolated applications.   ong t e acti e in 
gredients registered  ost significant products are  ased 
on cy o anil,  etala yl- ,  andipropa id and di e 
t o orp                       .  owe er, protectant fun 
gicides principally in i it t e ger ination and penetra 
tion of spores  ut once t e pat ogen enters t e plant 
lea es, t ese pre enti e fungicides  eco e ineffecti e. 
 enerally, a fungicidal product  a ing so e syste ic 
and curati e acti ity is desira le under suc  conditions 
                          .   e syste ic fungicides 
possess long persistence on t e plant surface and are  e 
ing used as  i tures wit  contact fungicides against pota 
to late  lig t to a oid de elop ent of resistance of pat o 
gen                       .  

 ccordingly, t e use of syste ic and protectant 
fungicides for controlling t is disease  as per aps  een 
t e  ost i portant aspect of t e late  lig t s control. 
 ecause of  anco e  (t e protectant fungicide) ga e 
good control of potato late  lig t in t e field e peri ents 
                     , trials are conducted to co pose 
t e strategies t at i pro e t e control of late  lig t 

(                      .  nfortunately, t e i portant 
studies s owed t at yield losses fro  25.5 to 57.25  
occurred due to late  lig t incidence depending on t e 
age of plant infection, ti e of appearance and degree of 
suscepti ility of t e culti ar                    ,  owe  
er, fungicides application for late  lig t  anage ent 
increased tu er yield  y as  uc  as  0              
             . 

 onse uently, according to t e a o e entioned 
introduction, assess ent of fungicide efficacy and opti 
 i ation of fungicide application w ic  s ows t e i  
portance of c oosing t e suita le fungicides  i tures in 
t e  anage ent progra  e w ic   ay i pro e t e 
control of late  lig t,  ini i e  uild-up of resistance of 
fungicide and reduce costs of potato production.   ere 
fore, t e o jecti es of t e present study were ( ) to e alu 
ate t e efficacy of ten  anco e   i tures (Electis 75  
  ,  ado El  asr 72   P,  ido il  old        
  ,  al en  anco e  5    P,  e iltine S Pepite 
50.5    ,  oldstone  9   P,  e us     5    , 
Sereno  0    ,  rio a       P and Pre ito  forte 
 1   P) co  only used to t e  anage ent of late 
 lig t on potato foliar in co parison to  anco e  alone 
( yp oon  0   P and  anfil 75    ) at t eir reco  
 ended application rates on Spunta culti ar in t e field 
and untreated control, and (  ) to e aluate t e relations ip 
 etween fungicide treat ents and potato tu er yields and 
yield o er control (   ). 

                        
  e present in estigation was perfor ed to 

e aluate t e effecti eness of co  ercial  anco e  prod 
ucts at t eir reco  ended rates, often  i tures, against 
late  lig t disease on potato Spunta culti ar in t e field. 

                      
  field trails were conducted on t e far  of t e  gricul 
tural  esearc   enter,  inistry of  griculture and  and 
 ecla ation at El- ssassin  gricultural  esearc  Sta 
tion in  s ailia  o ernorate, Egypt during t e su  er 
growing seasons of 201  and 2017 wit  t e  ariety 
na ed Spunta w ic  o tained fro   gricultural  e 
searc   enter,  inistry of  griculture and  and  ecla 
 ation, Egypt.   e field trials were designed as a co  
pletely rando i ed  loc s wit  four replicates for eac  
treat ent wit  a replicate si e of  2  2.  pparently 
 ealt y seed tu ers were planted into t e e peri ental 
field and t e distance  etween plants and rows were 
 aintained as 20 c  and  0 c , respecti ely. E peri 
 ental field was irrigated and fertili ed  y t e custo  
ary aspersion syste  w ic  is done for co  ercial pota 
to production in Egypt and stopped 15 days  efore  ar 
 esting. 

 n t is e peri ent, twel e co  ercial fungicides 
( yp oon  0   P,  anfil 75    , Electis 75    , 
 ado El  asr 72   P,  ido il  old          , 
 al en  anco e  5    P,  e iltine S Pepite 50.5  
  ,  oldstone  9   P,  e us     5    , Sereno 
 0    ,  rio a       P and Pre ito  forte  1  
 P) were used co paring to untreated c ec .  yp oon 
 0   P and  anfil 75     ( anco e  only) were 
used as a standard treat ent c ec s.  i ewise, ot er 
fungicide treat ents were  i tures, represent different 
c e ical groups,  ased on  anco e  ( anco e  plus) 
w ic  used for control of late  lig t disease in Egypt. 
 eco  ended rates of all e peri ental fungicides were 
applied and untreated plots ser ed as c ec .  isease 
onset was o ser ed at  5 days after planting and t e first 
spray of fungicides used was  egun soon after appear 
ance of t e initial disease sy pto s  y using  nap-sac  
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sprayer and continued e ery 7 to 10 days of inter als till 
t e destruction of  ost of t e untreated c ec  replicates. 
  e interesting infor ation  elongs to t e e peri ental 
fungicides of t e present study are su  ari ed in  a le 
(1). 

 atural infection was relied upon in all repli 
cates and t e late  lig t incidence and se erity were de 
ter ined. Su se uently, fi e plants were rando ly select 
ed fro  eac  replicate per eac  treat ent, and t en fi e 
lea es fro  eac  plant were used for t e disease se erity 
deter ination.   e data of late  lig t disease se erity 
were  isually recorded  y esti ating lea es wit  lesions 
one day  efore spray and at inter als after spraying using 
a reco  ended   S   P  P scale fro  1 to   disease 
rating scale as s own in  a le (2) according to            
          . 

  e disease se erity is calculated  y t e e ua 
tion of                             as follows                    
                                                                              

                                                                                      
                                                                

  ere  n   nu  er of lea es wit in infection category.  
                       nu erical  alue of eac  lea e. 
                       total nu  er of lea es. 
                       t e  ig est se erity rating. 
  P  P   ational  gricultural Pesticide   pact  ssess 
 ent Progra . 
  S   ongressional  esearc  Ser ice   
Efficacy of treat ents on disease se erity   (as   reduc 
tion in t e se erity of disease) was calculated  y t e fol 
lowing e uation  

 otal tu er yield (   ) of eac  treat ent as 
well as c ec  plants was deter ined  y  ar esting t e 
two inner rows of all replicates of eac  treat ent at e act 
ly 120 days after planting of t e su  er cropping sea 
sons of 201  and 2017.  u ers were sorted as  ar eta le 
and un ar eta le (defor ed,  lig ted and rotten) fro  
t e total tu er yields.  otal tu er yields were gi en in 
 on  ed., w ic  was deri ed  y e trapolation fro  t e 
yield per replicate.  ncrease   (yield o er control) in tu 
 er yield was calculated as follow  

                                                 -                        
                                                                                                                                                                                                                            

                                         

                   
  e data collected on late  lig t se erity and 

yield were su jected for significance  y a two-way analy 
sis of  ariance (   V ) using  ultiple range co pari 
sons ( oStat) software.  eans of treat ents were sepa 
rated  y using  east Significant  ifference ( S ) at 
(P≤0.05 w ene er    V  s owed significant treat ent 
effects.  ultiple range test  eans was analy ed  y using 
t e  et od of                

  R                      
Studies on tu er foliar late  lig t  anage ent 

 a e  een re iewed  y  arious researc ers;        
       stated t at sy pto s of late  lig t disease are 
descri ed partially fro  t e total foliage necrosis.     -
            r eported t at t e  anifestations of tu er  
and foliage  lig ts are  ery different, wit  necrosis of 
tu er tissues  eing a  uc  slower co pared wit  a rapid 
foliage necrosis.                de onstrated t at late 

 lig t infection starts off producing an e tre e lesion on 
foliage and t e low lesion on tu ers.   is ris  goes to 
 ig , to  ediu  and to low foliage ris  at t e end of sea 
son  ice  ersa t e late  lig t lesion on tu ers goes to low, 
to  ediu  and to  ig , during t e sa e period.  

                                            
                     

 ollowing tested fungicides application in t e 
field as  ay  e supposed, not all t e fungicides applied to 
t e potato foliage will  e e ually effecti e in controlling 
tu er  lig ts  ut t e  ost co  on  et od of pre enting 
tu er  lig ts is spraying t e foliage.  oliar application 
can reduce disease in tu ers due to reducing sporulation 
and t e  ia ility of sporangia on lea es, and fungicide 
residues falling fro  sprayed lea es  ay in i it  otility 
of  oospores in t e soil            .  ccordinglly, fungi 
cides producing co panies  reco  ended t at control of 
late  lig t  as to  e  egun at t e row closing and  as to 
continue wit  repeated inter als fro  7 to 10 days reac  
ing t e end of season             R    -         
     . So, t e repeated application at proper inter als is 
 andatory                       . 

  e present field e peri ent ai ed to co pare 
t e effecti eness of  anco e - ased fungicides used to 
control foliar late  lig t on potato in t e field.   e effect 
of reco  ended field application rates of  anco e   i  
tures on t e se erity of              in potatoes of c  
Spunta during t e su  er cropping seasons of 201  and 
2017 is presented in  a le (3); it was found t at t e fun 
gicides used were  ig ly effecti e since t ey reduced 

significantly t e potato late  lig t foliar infection.  fter 
crop e ergence, t e first attac  of late  lig t was seen in 
t e untreated control.  owe er, at 25 days after cropping 
e ergence (after planting at  5 days), sy pto s of late 
 lig t were o ser ed in t e lea es of t e canopy lower 
parts.  esults in  a le (3) s owed t at,  owe er,  an 
co e   i tures gradually produced significant protection 
against late  lig t disease on t e potato foliage of Spunta 
culti ar in t e field during t e e peri ental cropping 
seasons.  anco e  alone and in  i tures e a ined pro 
duced reduction in potato late  lig t infection ranged 
fro  7 . 9-79.20  for  anfil 75     and  9.35-
 7.73  for  rio a       P at t e first and second 
cropping seasons, respecti ely, co pared to untreated 
c ec s as long as t e fungicides were applied  efore t e 
onset wit  late  lig t incidence.   is trend of t e results 
was found si ilarly during  ot  two trials seasons. 

 n general, t ere were significant differences 
 etween all t e treat ents during e peri ental cropping 
seasons in respect to late  lig t disease control; fungi 
cides application significantly reduced ( ≤0 05) t e pro 
gress of late  lig t disease.  dditionally, late  lig t inci 
dences  aried in t eir effect depended on t e disease pres 
sure and fungicides used  eaning t at t e disease inci 
dence decreased  y using fungicides reco  ended rates. 
  ere is no dou t w en  anco e  fungicide  i tures 
used at t eir reco  ended rates see ed to  e effecti e 
for  anage ent of late  lig t in Spunta culti ar in t e 
field. 

 n t e present study, t ere were significant  aria 
 ilities  etween for ulations of  anco e  in potato late 
 lig t  anage ent.   ese results are  alidating t e pre i 
ous studies, in w ic  successful  anage ent of late 

                                                        -                                     
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 lig t using fungicides, a ongst t e  any e peri ents 
conducted so far in field trials.  t was found t at t e  an 
co e  using reco  ended application rate reduced spore 
ger ination and was  ig ly effecti e in late  lig t  an 
age ent                 ; R                        -
                      particularly w en applied  efore 
infection                   reducing t e late  lig t i  
pact                       .                     
       re ealed t at  i tures of p enyla ides plus  an 
co e  significantly delayed onset of late  lig t disease on 
potatoes in si  of t e se en years, w ile t e leaf  lig t 
le el was significantly lower at t e end of t e season in 5 
years of t e e peri ents.   ere is e idence fro  field 
e peri ents of             ) t at  anco e   i tures 
wit  p enyla ides continued to  e  etter t an  an 

co e  alone                e en in re-entry positions 
w ere a p enyla ides alone were usually used and t en 
wit drawn.                    o ser ed t at t e protecti e 
fungicides significantly reduced late  lig t on foliage to 
accepta le le els and ga e  etter foliage o er untreated as 
well as tu er yields.                       ;             
       and                     o ser ed t at t e co  i 
nation of  anco e     etala yl significantly reduced t e 
late  lig t se erity on potato and ga e  est  anage ent 
against             .                               
de onstrated t at t e  anco e  and  anco e     et 
ala yl reduced t e reco ery of potato p ylloplane fungi. 
                        and                       illus 
trated t at  i tures of  anco e     etala yl and  an 
co e    fena idone, respecti ely, were effecti e in con 

                                                                              

* ccording to     -              **  ccording to                   

*      
        *               **                                  

 *R       
       -
       
     
      

 *             

        
       

         
 anganese et ylene  is (dit iocar a ate) (poly eric) co  

ple  wit   inc salt 
250  g 

      V,  
 e anon 

       
       

         
 anganese et ylene  is (dit iocar a ate) (poly eric) co  

ple  wit   inc salt 
200  g 

 ndofil  ndus 
tries  i ited, 

 ndia 

        
       

            
         

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt    ( S)-3,5-dic loro- -(3-c loro-1-et yl-1

- et yl-2-o opropyl)- -tolua ide 
200  g 

 owan  rop 
Protection  
 i ited,    

R       
         

   

            
          

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt    et yl  - ( et o yacetyl) - - (2, - 
 ylyl) -  -alaninate;  et yl 2-  (2, -di et ylp enyl) 

 et o yacetyl  a ino  propionate 

300  g  P   td,  ndia 

R       
        
       

            
         -  

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt     et yl  -( et o yacetyl)- -(2, - ylyl)
- -alaninate;  et yl ( )-2-  (2, -di et ylp enyl)  et o ya 

cetyl a ino propionate 

200  g 
Syngenta  rop 
Protection   ,  
Swit erland 

       
         
       

            
          

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt     et yl  -p enylacetyl- -2, - ylyl-  -

alaninate 
250  g 

 sagro S.P. , 
 taly 

R         
         

         

            
          

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt    1-(2-cyano-2- et o yi inoacetyl)-3-

et ylurea 
250  g 

Syngenta  rop 
Protection   ,  
Swit erland 

          
       

            
             

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt    (E, )- - 3-( -c lorop enyl)-3-(3, -

di et o yp enyl)acryloyl  orp oline 
250  g 

S andong  yn 
da   e ical 
 o.,  td,   ina 

R        
       

           
               

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt    ( S)-2-( -c lorop enyl)- - 3- et o y-
 -(prop-2-ynylo y)p enet yl -2-(prop-2-ynylo y) aceta ide 

1   g   
 eddan 

Syngenta  rop 
Protection   ,  
Swit erland 

       
       

            
           

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt    ( )-1-anilino- - et yl-2- et ylt io- -

p enyli ida olin-5-one 
150  g 

 ayer   , 
 rance 

        
       

            
            

              -
     

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt   1-(2-cyano-2- et o yi inoacetyl)-3-

et ylurea    icopper c loride tri ydro ide (appro i ate co  
position) ; copper o yc loride 

250  g 
 gria S. ,  
 ulgaria 

         
      
         

              -
              

                 
             

         

 anganese et ylene  is (dit iocar a ate) (poly eric) co  
ple  wit   inc salt    opper Sulfate    opper car onate   
 icopper c loride tri ydro ide (appro i ate co position) ; 

copper o yc loride 

250  g 
Pre ier S u u 
roglou  td, 
 yprus 
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trolling late  lig t co pared to  anco e  alone or t e 
untreated controls.  

 anco e  is classified as  ode of action 
group   ( ulti Site  ction)  y t e  ungicide  e 
sistance  ction  o  ittee,     .  anco e  is not 
fungicidal and can effecti e as a profungicide w ic  
degrades to release et ylene  isisot iocyanate sul 
fide, E  S, w ic  is gi en et ylene  isisot iocya 
nate, E  .  ot  E  S and E   are considered to  e 
t e acti e to icants and are t oug t to conjugate 
wit  t e en y es t at containing sulf ydryl groups. 
  ese core en y atic processes are fatal disruption 
to in i it or interfere wit  at least si  different  io 
c e ical processes into t e cell cytoplas  and  ito 
c ondria of fungus.  anco e  displays t e aspects 
of a typical  ulti-site protectant fungicide following 
application onto t e target plants; t e fungicide does 
not penetrate t roug  t e leaf cuticle and re ains on 
t e surface of lea es to w ere syste ic rearrange 
 ent can occur                          .   is is 

clearly i portant  ecause penetration of a general 
to op ore suc  as  anco e  into plant cells would 
li ely cause p ytoto icity                       . 
Specifically  anco e  co  inations (and any ot er 
p enyla ide fungicide in co  ination wit  any con 
tact fungicide) introduced strong synergistic interac 
tions                       .  

  e present results  ay  e agreed wit  t e 
suggestion pre iously t at t e ris  of de eloping field 
resistance is li ely to  e  uc  lower for  o a ide 
t an for  etala yl.   erefore, it is i portant to apply 
an appropriate  anage ent progra  e for  o a ide 
to sa e its effecti eness and detect any c ange in t e 
sensiti ity of pat ogen o er ti e.   us, an i portant 
tool of t is progra  e will  e t e use of  o a ide 
wit   anco e  in co  ination                     . 
  ile p enyla ides  ay still  e applied as co po 
nents in  lig t progra  es and a aila le as co-
for ulations wit  ot er fungicides t at  a e  ulti 
 odes of action (e.g.  anco e ), a wide range of 

          R                                                                                                        

          

                                     
             

                  
           

       o disease was o ser ed wit  late  lig t sy pto s 

   -     S all lesion area  etween 1-10  infection of leaf area wit  late  lig t sy pto s 

    -     esion area  etween 11-30  infection of leaf area wit  late  lig t sy pto s 

    -     esion area  etween 31-70  infection of leaf area wit  late  lig t sy pto s 

    -     esion area  etween 71-90  infection of leaf area wit  late  lig t sy pto s 

    -     
 esion area  etween 91-100  leaf infection of leaf area wit  late  lig t  

sy pto s or t e entire plant defoliation 

                                                                       Phy oph hor  inf s  ns                   
                                               -                                        

 * eans of t e sa e colu n wit  t e sa e letters are not significantly different  according to  uncan s  ultiple 
range test (p   0.05). 

                     
            ±                 

                    

              9.0±0. 1   9.75±1.707  7 . 9 79.20 

                .5±0.577 c 9.0±0. 1  c 79.    0. 0 

R                   7.75±0.500cd  .75±0.957 c  1. 5  1.33 

R                      7.5±0.577cde  .5±0.577 c  2.25  1. 7 

                       7.0±0.00def  .25±0.500 c  3. 3  2. 0 

                .75±0.500defg  .0±0.00c   .02  2.93 

                  .25±0.500efg  7.75±0.957cd  5.21  3. 7 

R                            .5±0.577defg  .5±1.290de   . 1   .13 

R               5.75±0.500fg i  .5±1.290de   .39   .13 

              5.5±0.577g i  .25±0.957e   .9    . 7 

                      5.0±0. 1  i  .0±0. 1 e   .1   7.20 

                .5±0.557i 5.75±0.500e  9.35  7.73 

         2.25±2.217a   . 75±0. 53a     
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 any fungicides a aila le for late  lig t control wit  
different  odes of action are increasingly used   R  
-         . 

  ong t e tested fungicides,  rio a      
 P (cy o anil    anco e    copper o yc loride) 
found to  e ac ie ed t e  ig est reduction in late 
 lig t disease in t e field followed  y Pre ito  forte 
 1   P.  rio a       P  as  ot  syste ic and two 
protectant fungicides differed in t eir  odes of action, 
ga e t e  est control co pared to ot er treat ents. 
  en co pared to t e control,  owe er, t e re ained 
fungicides significantly (P 0.05) controlled late  lig t. 
  e a o e result  ay  e attri uted to t e  odes of 
action co  ined of t ese  i tures; t erefore, t e di 
 ersity in fungicides  odes of action is an i portant 
co ponent of anti-resistance tactics           
                                       or  to de 
lay  uildup of resistance                   -
                 .  y o anil fungicide is repor ted 
as se eral  ioc e ical disruptions including t e  io 
synt esis of a ino acids (i.e. cysteine, glycine and 
serine) and nucleic acid                         , 
t erefore, it  eta oli ed  uic ly in plant tissues 
                       resulting in t e greater protec 
tion  ay  e ac ie ed  y using co  inations t an  y 
alternations                          .   

 n accordance wit  t e copper in t eir co-
for ulations, copper fungicides are widely used for 
se eral decades; t eir  ain properties  eing to act on 
 arious cell targets.   ey are generally considered 
pre enti e fungicides  ecause t ey are non-syste ic 
and do not penetrate t e plant suc  as t iocar a ates 
            .  oreo er , copper  fungicides can  e 
 ig ly effecti e pre enti ely wit  co plete co erage 
of foliar surfaces, including t e lea es undersides t at 
 indering t e de elop ent of fungus on t e leaf sur 
face  y t eir contact action                         
      to  aintain a good layer w ere t e treat ent 
will ta e place           -                       . 
Su se uently, t e a o e fact could  e responsi le to 
denaturation of t e en y es of t e respiratory c ain  y 
affecting t e  oospores structure of               y 
acting on t e different stages of ger ination and pene 
tration                           .   

 onse uently, t e o tained results also indi 
cated t at  anco e   i tures tested wit  eac  of t e 
syste ic fungicides produced  etter protection of new 
ly de eloped lea es w en co pared wit  untreated 
c ec  due to good redistri ution and t e s ort ti e 
inter al  etween disease incidence disco ery and fun 
gicide spraying resulted in  est disease  anage ent 
on new lea es causing  etter protection.   erall, t e 
fungicides tested can  e used to gi e effecti e control 
of potato late  lig t. 

  e a o e state ents are agreed wit   any 
ot er researc ers;                      ;            
              and                         ) pu  
lis ed t at t e relati ely en anced disease control o  
tained wit  fungicide  i tures fro   oderate to se 
 ere late  lig t conditions suggested t at t ese  i  
tures could  e a pro ising approac  for late  lig t 
control in esta lis ed epide ics co pared wit  using 
a protectant or syste ic fungicide alone suc  as  an 
co e  or cy o anil                            and 
t e use of rate alone is not sufficient to control of late 
 lig t                         ecause of t e potentia 
tion  etween  anco e  and cy o anil  as  een oc 

curred                        .  dditionally, t e  i  
ing o jecti es  ay  e due to apply t e protectant fun 
gicide until t e disease sy pto s appearance, and t en 
apply t e syste ic fungicide to produce a curati e 
treat ent.  i tures of syste ic and protectant fungi 
cides were e ually effecti e for t e late  lig t control 
in  arious treat ents                          .       
       suggested t at using fungicide co  inations 
suc  as  anco e     etala yl co  ination could ena 
 le growers to control of esta lis ed infections wit  
t e syste ic co pound and  opefully wit  t e inclu 
sion of t e protectant co pound to retard t e pat ogen 
resistance de elop ent.  

Si ilar to t e present findings,  owe er, 
w en only t ree applications of  anco e  plus  et 
ala yl were included in  anco e  spray progra  at a 7
-day significantly e cellent control during early season 
a out 20  defoliation was o tained, rapidly de elop 
ing epide ic conditions              .  anco e  and 
its co  inations can  e applied as a protectant fungi 
cide at a 7-10 days sc edule producing  etter control. 
  is  ay  e attri uted to t e resistance ris s are  ery 
low against  anco e   ut certain strains of       
         ay also  a e different sensiti ities            
                .                       illustrated 
t at t e disease se erity was reduced as t e nu  er of 
sprays were raised under field conditions and t e  ost 
fungicides are  ore effecti e w en applied  efore in 
fection t an after t e sy pto s  a e appeared, or after 
t e infection  as occurred. 

 ndeed, as contact fungicides produce a pro 
tecti e fil  o er t e treated surfaces,  owe er, t ey 
are  ore suscepti le to t e ad erse en iron ental ef 
fects of  u idity, dew, and rain;  anco e  s owed 
lower efficacy and tenacity in a wet en iron ent  
                        .  n addition to introducing 
syste ic or local protection for t e plant, t e fungicide 
efficacy is clearly related to t e potency of its acti e 
ingredient for co  ating c e ical, p ysical or  iologi 
cal degradation caused  y en iron ental factors suc  
as wind erosion,  eat, solar radiation, and rain was -
off or irrigation water since syste ic fungicides are 
a sor ed and redistri uted  y t e plant            
     . So, t e syste ic fungicides  a e good persis 
tence on t e plant surface and are  eing used as  i  
tures wit  contact fungicides against late  lig t to 
a oid resistance de elop ent in              pat ogen 
                      .   is will  e useful to  ini i e 
t e yield losses due to late  lig t and assist in reducing 
de elop ent of pat ogen resistance against fungicides 
(                  .  

 oreo er, regarding to t e  enefits of contact 
and syste ic fungicides  i tures, contact fungicides 
pre ents              infection during  andling fro  
tu er to tu er  ut does not pre ent infections in young 
plants in t e field.   erefore,  i ture of di et o 
 orp  (   )    anco e  can contain  ot  a o e 
aspects due to t e syste ic and contact actions, respec 
ti ely, in Spunta culti ar, considera le foliage protec 
tion was o ser ed up to 35 days after e ergence in t e 
field                      .  onse uently, lesion e pan 
sion was suppressed and sporulation was reduced 
w en esta lis ed lesions on potato ste s caused  y    
          were treated wit  fungicide  i tures of di e 
t o orp  plus  anco e  and cy o anil plus  an 
co e  reduced sporulation  ore consistently          
                ;                                
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              .  lt oug   ost fungicides  ad protecti e 
 odes of action and were not effecti e after              
entered plant tissues                         , so e fungi 
cides co  inations  a e post-infection acti ity t at in i  
ited sporulation and or restricted lesion e pansion 
                       suc  as cy o anil plus  anco e  
and di et o orp  plus  anco e  t at were partially 
syste ic and gi en current capa ilities effecti e in plant 
upta e                       . 

 ecause of t e fungicides were classified ac 
cording to t eir  ioc e ical  odes of action in fungal 
organis s   R         , fungicides tested are  ig ly 
specific in t eir  odes of action.  t was interesting to 
de onstrate t at t e ratio of dose and fre uency and t e 
fungicide  ode of action could  a e a significant effect 
on fungicide perfor ance                    .  n addition, 
t e a aila ility of a range of alternati e fungicides can 
also protect t e new growt s in a rapidly de eloping can 
opy and  a e led growers to e clude single resistance 
fungicides fro  t e control progra  es.   is large nu  
 er of fungicides used represents a  road portfolio wit  
different  odes of action  y  eaning fungicides wit  
 arious attac   ec anis s w ic  ensures t at  ost ac 
 uired resistance in              strains can  e  anaged. 
So, using single fungicide products  ay  e en anced  y 
incorporating fungicide cofor ulations w ic  pro ide 
furt er  odes of actions wit  curati e and anti-sporulant 
effects                     .  

 onsidering t at  any fungicides including 
 anco e  are used  roadly as seed treat ents and foliar 
sprays.  ecause of t eir  ulti-site  odes of action and 
considering t eir e tensi e use, resistance  as not con 
tained t ese widely protectant fungicides. Syste ic fungi 
cides  a e a close association ine ita ly wit  t e p ysiol 
ogy and  ioc e istry of t eir  osts, t eir  odes of action 
are specific and see  out t e let al  ioc e ical target-site 
in pat ogen  ut not in t e  ost.  learly, at least  5  odes 
of action are identified for fungicides; control tactics de 
pending on t e use of fungicide  i tures t at  a e  ulti-
site in i itors wit  at-ris  fungicides; a  ey c allenge is 
finding and e ploiting new  odes of action            
     .   erefore, fungicides reduce, in i it or restrict 
disease de elop ent in plants  y da age of pat ogen cell 
 e  ranes, interfering wit   ey life processes suc  as 
energy production, inacti ating critical en y es or pro 
teins re uired for growt  and reproduction, a ecting  et 
a olic pat ways suc  as t e for ation of sterols and c i 
tin, or  y triggering i  unity responses in  ost plants 
                         .  onse uently, fungicides 
target so e  asic cellular processes include in i ition of 
fungal sterols  iosynt esis, tu ulin or cytoc ro e-c re 
ductase acti ity               . 

 n addition,  any fungicides target single  io 
c e ical sites,  ut few fungicides target  ultiple sites. 
  e ten general categories are   itosis and cell di ision, 
respiration, nucleic acids synt esis, signal transduction, 
proteins and a ino acids synt esis,  elanin synt esis in 
cell wall, lipids and  e  rane synt esis, glucan synt e 
sis, sterol  iosynt esis in  e  ranes, and  ost plant de 
fense induction.   e 11t   ode is  ulti-site contact ac 
ti ity and t e 12t  classification is for t ose co pounds 
wit  fungicidal acti ity and an un nown  ode of action 
                           .  lt oug  t e  ajor  
 ec anis  of action reported for p enyla ide fungicides 
is t e in i ition of ri oso al     synt esis (reduced 
sensiti ity of     poly erase), so e studies suggested 
t e reduction in t e fungicides upta e as additional re 
sistance  ec anis                           and 

specifically  a e selecti e acti ity e clusi ely against 
Peronosporales. Endogenous nuclear     poly erase 
acti ity of resistant strains is affected less t an t at of 
wild-type strains.  n addition, so e p enyla ides suc  as 
 enala yl  ay also affect uridine upta e into fungal 
cells                  .   dditionally, fungicide acti ity on 
 ot  direct and indirect ger ination of sporangia pro 
 ides strong and relia le action against t e disease, re 
gardless of te perature.   e power to control  ycelial 
growt  also  loc s t e pat ogen s se ual reproduction 
route  y pre enting t e  ycelia of different  ating types 
fro   eeting                          . 

    R                                     
                               

 ate  lig t disease plays an i portant role for low 
potato tu er yield all o er t e world including Egypt.   e 
effect of late  lig t disease and its  anage ent on potato 
tu er yield  a e  een  roadly in estigated o er t e years. 
 ll areas of potato production are at infection ris   y late 
 lig t regarding for yield and  uality (              
R           .   e  ualitati e and  uantitati e reduc 
tions in potato tu er yield due to late  lig t can  e con 
sidered                         .   e relations ip  etween 
potato foliage late  lig t and tu er yield  as  een studied 
widely in t e field focusing on  arieties and fungicides 
 R                             and it is essential to use 
fungicides in con entional potato production  R    -
                       ecause t e synt etic fungicides 
 ad an i portant role for increasing of crop yields 
                         .  e er t eless, yield loss 
caused  y late  lig t is deter ined to  e appro i ately 
1    of potato production in t e world, in spite of t ese 
efforts                         . 

  e effect of  anco e  fungicide  i tures at t eir  
reco  ended application rates for late  lig t control in 
potato Spunta culti ar in t e field during t e su  er of 
201  and 2017 cropping seasons on t e a erage and per 
centage increase of potato tu er yield is presented in  
 a le ( ).   e o tained results s owed t at t ere were 
differences in potato tu er yields  etween fungicide treat 
 ents and untreated control since t e total yields signifi 
cantly increased (p 0.05) in treated potatoes as co pared 
wit  untreated control during t e 201  and 2017 succes 
si e seasons. Potato yield incre ent of 22.777 and 
2 .  5  for  rio a       P ( anco e    cy o anil   
copper o yc loride) and 21.291 and 2 .327  Pre ito  
forte  1   P ( anco e    copper co ple ) correspond 
ing to t e least incre ent of 13.9 5 and 1 .  0  for 
 anfil 75     ( anco e  alone) were o tained at t e 
end of t e growing period wit  a erage total tu er yields 
of 22.50, 23.175 and 22.075, 23.075 ( on  eddan), re 
specti ely, co pared to 20.20, 19.925 ( on  eddan) for 
 anfil 75     treat ent.   

 enerally, as s own in  a le ( ) t e two growing 
seasons co paring to t e untreated control, t e potato 
tu er yields were  ig er in all treat ents in 2017 crop 
ping season t an t e yields reali ed in cropping season of 
201 .  otal yields in untreated c ec  were significantly 
reduced as co pared to all fungicide treat ents. 

 t was appeared t at difficult to in estigate a 
correlation  etween t e loss resulting in foliage late  lig t 
in potato and loss of yield due to t e potential yields  ar 
ying in different locations  R                     .  n 
der fa oura le weat er conditions, t e pat ogen can de 
stroy potato foliage in 10 to 15 days and potential yield 
can  e reduced  y 50 to 70                           
     .            suggested t at t e losses due to pota 
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to late  lig t disease consist of yield reduction attri uted 
to pre ature foliage deat  and tu er rots in t e field and 
storage and e cessi e financial losses associated wit  
fungicide use for disease control.                  
       postulated t at t e  uality and yield of ta le potato 
tu ers  ay  e reduced  y a  ad forecrop, nutrient defi 
ciency, and infections caused  y pat ogens t at attac  
 ot  t e a o eground parts of potato plants and tu ers. 
  erefore,          (      assu ed t at potato late 
 lig t causes a  ig er da age to  ar eta le tu ers and 
reducing tu er si e t an on t e total nu  er of tu ers. 
                      ) cleared t at t e increases in 
yields were correlated wit  decreasing foliar late  lig t 
se erity.                          de onstrated t at 
t e  ey to opti al yield and tu er  uality is successful 
protection of lea es and ste s.  o  eep  uilding yield to 
full potential t e canopy  as to  e  ept  ealt y and co  
pletely.  

  e results of potato tu er yield s own in  a le 
( ) are consistent wit  t e findings of  any pre ious 
studies.  owe er, t ere were significant increase in pota 
to yield resulted in  etala yl  anco e  treat ent of late 
 lig t as co pared to untreated c ec                      . 
                        pro ed t at t e  i ture of  et 
ala yl and  anco e  increased t e yield.   ese findings 
were coincided wit                        w o studied t e 
effect of fungicides containing copper on              
          for two years.   e copper fungicide reduced 
foliar  lig t se erity in  ot  years  y 27  and increased 
yield  y 20  on a erage.          (      reported t at 
contact or syste ic fungicide sprays significantly in 
crease t e  ar eta le tu ers at  1.   and total potato 
yields at 35.  ;  owe er, fungicide treat ent appears to 
 e essential to o tain  ig   uality yields.                 

      o ser ed t at field efficacy of se en fungicides 
containing  anco e  against late  lig t of potato resulted 
in corresponding increase in potato tu er yield at 99.0 to 
173.2  in fungicide treat ents o er untreated control. 
                         found t at t e  a i u  
yields of 73.20    a or  2. 0    a were recorded in t e 
prop ylactic spray treat ent wit   i ture of cy o anil   
 anco e  or  etala yl    anco e , respecti ely, fol 
lowed  y two additional sprays wit  t e sa e fungicide 
at 10 days inter al in t e field.  

 oreo er,                                 found 
t at prop ylactic spray wit   anco e  followed  y fen 
a idone    anco e  at t e onset of t e late  lig t dis 
ease on potato followed  y  anco e  at se en days fol 
lowed  y one  ore spray wit  fena idone    anco e  at 
inter als of se en days e  i ited t e  ig est total tu er 
yield of 25.   and 2 .7  t  a during two successi e sea 
sons, respecti ely, in co parison to control.               
       stated t at di et o orp  and fena idone wit  
 anco e  produced  ig est yield  a under field condi 
tions.                       indicated t at w en  anage 
late  lig t of potato, t e  i tures of fa o adone   cy 
 o anil, a etoctradin   di et o orp  and fena idone 
   anco e  resulted in  ig est  ar eta le tu er yield of 
17.77, 1 .27 and 13.7  t  a wit  lowest  lig ted tu ers of 
0. 2 t  a, 0.57 t  a and 0. 5 t  a corresponding to lowest 
 ar eta le tu er yield of  .79 t  a and  ig est  lig ted 
tu ers of 1.22 t  a in control were recorded. 

 enerally, it was suggested t at different fungi 
cides  a ing  odes of action are usually used to  eet t e 
need for eradicati e or pre enti e action during t e crop 
ping season to co pletely control of late  lig t and t en 
infected tu ers                     .  ungicides  a ing a 
new  ode of action (prefera ly wit  low resistance ris ) 

                                                                                         Phy oph hor  inf s  ns  
                                                                                                  

* eans in t e sa e colu n  a ing t e sa e letters are not significantly different according to  uncan s  ultiple 
range test (p   0.05). 

           
                       ±                       
                    

              20.20±0.21 g 19.925±0.29   13.9 5 1 .  0 

               20.25±0.173g 20.30±0.0 1g 1 .197 1 .25  

R      -            20.275±0.125g 20. 75±0.150f 1 .303 17.775 

R                      20.90±0.0 1e 21.00±0.0 1e 1 .    19.0 7 

                       20.775±0.050ef 21.125±0.125e 1 .3 5 19.52  

               21. 75±0.170c 21.525±0.095d 19. 3  21.022 

                 20. 25±0.095f 21.775±0.050c 15.757 21.92  

R                           21.95±0.129  21.95±0.129c 20.  2 22.551 

R               21. 0±0.1 3c 22.525±0.095  19.5 0 2 .52  

              21.175±0.095d 22.975±0.170a 17.9 5 2 .00  

                      22.075±0.170  23.075±0.330a 21.291 2 .327 

               22.50±0.0 1a 23.175±0.095a 22.777 2 .  5 

        17.375±0.20   17.00±0.21 i --- --- 
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are special interest, since t ey play an i portant  ey role 
in control of disease in  odern, adapted population of 
plant pat ogens, and in strategies of resistance  anage 
 ent,  ut new fungicides are e ually i portant wit  en 
 anced c aracteristics suc  as well-esta lis ed  ode of 
action, syste icity, curati ity, and longe ity in disease 
control                   ;                   .   us fungi 
cides wit  single-site  odes of action are at relati ely 
 ig  ris  for resistance de elop ent co pared to t ose 
wit   ulti-site  odes of action                       
     .  

  e  est stri ing feature and t e  ost i portant 
reco  endation are t e co  erciali ation of contact 
fungicides in pre-pac   i tures wit  syste ic fungicides 
          -                       . Since protectant 
fungicides  ill t e pat ogen on t e plant surface  efore 
infection occurs,  owe er, syste ic fungicides could 
penetrate potato plant tissues and  ill t e late  lig t pat  
ogen in t e tissue.   ese curati e fungicides could  e 
applied after t e spores arri ed on t e potato plant and 
were widely used                       .   e significant 
ad antages of syste ic fungicides co pared wit  contact 
fungicides,  ainly in t e areas t at are  ery fa ored to 
late  lig t pat ogen.  ontact fungicides affect t e pat o 
gen structures in t e surface area of plants  y acting dur 
ing t e penetration and ger ination p ases.   en using 
contact fungicides, it is  ery i portant to re ain suita le 
layer of fungicide on t e foliage,  ot  on t e lower and 
t e upper surface of lea es; it  ust  e co ered t e e ter 
nal part of t e plant.   e fungicidal potency will  e effec 
ti e only as long as t e fungicide  aintains on t e plant 
lea es and is not was ed off  y rainfall. Syste ic fungi 
cides  o e transla inarly fro  t e upper surface to t e 
a a ial side of t e leaf, and t en to t e upper part of t e 
plant.  fter application t e syste ic fungicides penetrate 
into t e plant and  igrate acropetally e en into t e non-
sprayed plant parts           -                       . 
Syste ic fungicides were penetrated t e leaflets and  o 
 ili ed into potato.  onse uently, it  anned t e synt esis 
of so e or  ore specific stages of  eta olis  (nucleic 
acids, lipids and a ino acids) of  oospores            
             .   us, t is fungicide w ic  is dou le-
acting is a le to create a p ysical  arrier pre enting t e 
ger ination and penetration of t e inoculu s. 

 inally, according to             , t e results 
suggested t at 7-days treat ents wit  reco  ended rates 
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