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SYMPTOMS OF OCCURENCE AND MORPHOLOGICAL 
CHARACTERISTICS OF THE MOST COMMON 

PHYTOPHTHORA SPECIES ON MAPLE TREES IN SERBIA

Abstract: This paper presents the results of the studies of the main 
morphological and colony growth patterns of species from the 
Phytophthora genus, isolated on maple trees in Serbia. On maple trees 
in different forest stands, parks and private gardens, different types of 
symptoms that could be indicative for the infections with pathogens from 
the Phytophthora genus, were recorded. Symptoms included yellowing of 
leaves, crown transparency, wilting of shoots, branches and diebacks of 
the crowns, and appearance of necrosis at the stems with dark exudates. 
These symptoms very often could be mixed with the symptoms caused 
by other affecting factors. After the isolation tests, several different 
groups of isolates were obtained that were distinguishable based on their 
colony shape and morphological characteristics, and after the detailed 
identification presence of four species from the Phytophthora genus was 
confirmed, including P. cactorum, P. plurivora, P. gonapodyides and P. 
lacustris.

Key words: Acer spp., Phytophthora spp., colony morphology structures 
morphology, symptoms
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  (1971),     16  ,  
     (Acer pseudoplatanus L.),  

(Acer platanoides L.),  (Acer campestre L.),  (Acer tataricum L.), 
  (Acer heldreichii Orph.),       

    .

       ,   
 (2010),  et al. (2011, 2014)     
,       Verticillium albo-atrum 

Reinke and Berthold ( . V. dahlie Kleb.),     
   Ganoderma,     Nectria cinnaba-

rina (Tode) Fr.        Rhytisma 
acerinum Schwein. ,        

     (  and  2005).

       Phytophthora  
    (Erwin and Ribeiro 1996; Brasier and Jung 2006; 

Jung and Burgess 2009; Ginetti 2014).      
       ,   

   . , Milenkovi  et al. (2011a, b)  Milenkovi  
and Ke a (2012)       Phytophthora 

    ,     ,  
 Milenkovi  et al. (2014)    Phytophthora   

          
 2009.  2012. .

         
    (2012.-2014.),     

     ,     
    ,      

,       , 
      ,     
       .    
           

        
.

          
 ,       ,  

 ,         
   ,     

   (i)         
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      ; (ii)   
 Phytophthora        (iii)  

       
,       .

  

   
        

(Jung 2009; Jung et al. 1996, 2000).      
  ( , , ),   70%   

       ,    
      .  , 

   ,   70%   
  ,      (V8A

-PARPNH),    Jung et al. (1996).  
         , 

  25×25×25 cm         
 (Jung et al. 1996).  ,      

   10 l       
.    ,      

.

       (Jung 2009; Jung 
et al. 1996, 2000),        ,   

.       12   
    .    

     ,     
,   70%       

    V8 -PARPNH  .  
  ,         

(CA),    Jung and Nechwatal (2008)   
 900 ml/l  , 100 ml/l     (Biotta®, 

Swiss), 18 g/l  (Torlak, Srbija)  3 g/l CaCO3.    
       ,    

       8°C   
 .
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     ,   
 -CA;  - - -MEA,   48 g/l 
   (MERCK, Germany); V8-    

 900 ml/l  , 100 ml/l V8  (    
 8    (Biotta®, Swiss), 18 g/l  (Torlak, 

Srbija)  3 g/l CaCO3; - - -PDA,   39 g/l 
   (MERCK, Germany)   (Prune Juice) -

PJA,   800 ml/l  , 200 ml/l   
,  , 18 g/l  (Torlak, Srbija)  3 g/l CaCO3 (Partrid-

ge-Metz and Chandra 2011).       
 18-20º   .      

 7-10      (Hall 1993; Erwin and 
Ribeiro 1996; Brasier et al., 2003; Jung et al., 2002, 2003; Nechwatal et al. 2012).

  
          

 Erwin and Ribeiro (1996).     
 ,       CA  

        22-25°C   3-5    
      90 mm.    

      ,   
1×1-1,5-1,5 cm,         

 .        
    Jung and Burgess (2009). , 

 ,   CA      
  22-25°C        

 .    ,   1×1-
1,5-1,5 cm      70% ,   

 ,      .

         
 (CETI®MAGNUM-T/Trinocular Microscope, UK),  

 ×400,    Si3000® (UK)   
XliCap® (UK).        

      Phytophthora (Waterhou-
se 1963; Stamps et al. 1990; Erwin and Ribeiro 1996),      

         (Jung et 
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al. 1999, 2002, 2011; Jung and Nechwatal 2008; Jung and Burgess 2009; Hong et 
al. 2011; Nechwatal et al. 2012).

     
      ( ,  

 )      22-25°C    
    (Erwin and Ribeiro 1996) 

      .   
    Phytophthora cambivora (Pet.) Buisman  

   ( 1  2),   Dr Sabine Werres 
(Julius Kühn-Institute, JKI, Messeweg 11/12, D-38104 Braunschweig, Germa-
ny).   : „BBA 21/95-KII“  1    „BBA 
20/95-2bIII“  2  .      

          
CA       22-25°C     

   .        
      90 mm     , 

      ,      
         . 

        22-25°C    
.       ,  

   ,     ,  
 1×1-1,5×1,5 cm     .  

   ,     
     ,       

 ,     .
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     .    
         ,  

  ,     ,  
,         , 
         .  

        ,   
     .    

             
          

   .      
      1.     

    ,    Nectria cinnabarina, 
   Ganoderma   .     

    (Verticillium albo-atrum),   
    .

 1.            
Figure 1. Necrosis of bark and cambium with dark exudates on the sycamore maple trees 
(  / photo by: Ivan Milenkovi )

 
     ,     

    .    , 
           

Phytophthora,       1.
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 1.     
Table 1. Positive hosts and isolated species

Hosts

Phytophthora 
Phytophthora species

Total pb
P. cactorum P. plurivora P. gonapodyides P. lacustris

Acer campestre 0 4 3 0 7 0.023
Acer heldreichii 0 2 0 1 3 0.691
Acer negundo 0 0 0 0 0 -
Acer pseudopla-
tanus 2 15 0 1 18 0.322

Acer platanoides 0 1 0 1 2 0.461
Acer tataricum 0 0 0 1 1 0.080

Total 2 22 3 4 31

pa 0.919 0.841 0.036 0.031
pa-  X2

pb-  X2

 
  Phytophthora      

 ,       (  1),   
    . ,     

Pythium spp.       .  
            
 .       P. plurivora,    

   P. plurivora  P. lacustris.    
       2.

 2.  Phytophthora    
Table 2. Isolated Phytophthora species and origin of isolates

Species

 
Origin of isolates

  
Soil and roots

 
Necrotic tissue

   

Water and mold
Phytophthora cactorum + - -
Phytophthora plurivora + + +

Phytophthora gonapodyides + - -

Phytophthora lacustris + - +



13

. , . , . .
, 2014, . 20, . 5 - 26

 
        

         
  3,          

 2.

 3.       
Table 3. Preliminary clasified types of isolates according to colony patterns

 
Colony type

 
Colony patterns Species

 1

     PDA, V8  PJA,   
    CA.    CA   

 ,   ,  , 
.  V8  PDA   ,  , 
    V8,   PDA.   

  PJA.      PDA  V8, 
     PJA,   CA

Phytophthora 
cactorum

 2

      
 PDA.     , , 

  ,   .  
   ,  

Phytophthora 
plurivora

 3

  ,    . 
  CA,      

,        
        PDA

Phytophthora 
gonapodyides

 4

   ,    
.   ,    PDA 

   ,     
  .     

Phytophthora
lacustris
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 2.    Phytophthora     
-   : Phytophthora cactorum, P. plurivora, P. gonapodyides  Phytophthora lacustris; 

    : MEA, PDA, CA, PJA  V8A;      20°C
Figure 2. Colony patterns of obtained Phytophthora species on different media: from top to botto-
m-Phytophthora cactorum, P. plurivora, P. gonapodyides and Phytophthora lacustris; Types of media 
from left to right: MEA, PDA, CA, PJA  V8A; After seven days of incubation at 20°C (  / photo by: 
Ivan Milenkovi )

     
,

,
.

 (papillate) , ,
.

.
.

. ,
. ,
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,
.

.
,

P. cactorum (Lebert and Cohn) Schröeter. 
 (semipapillate) ,

,
,

.
,

. ,
.

, ,
.

, , ,

.
P. plurivora Jung and Bur-

gess.
 (nonpapillate), , , .

 (internal proliferation), 
 (nested internal proliferation) ,

 (extended internal pro-
liferation) . , ,

 (  3,  2),  (
)

. ,
(  4), ,

Phytophthora gonapo-
dyides (Petersen) Buisman. 

, ,
,  (

).
.

,
. , ,

 PDA .
, ,

 (  4) ,
Phytophthora lacustris Brasier et

al.
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 3.    Phytophthora : P. cactorum- - -  
    , - , - - , 

  ; P. plurivora- - -     , 
-   , - - ,   ; P. gonapodyide-

s-J-K-        ; P. lacustris- - -  
, -        

Figure 3. Recorded structures of different Phytophthora species: P. cactorum- - - papillate sporan-
gia and sympodial branching of sporangiophores, - chlamydospore, - - antheridia, oogonia and 
oospores; P. plurivora- - - semipapillate sporangia and sympodial branching, - intercalary formed 
sporangia, - - antheridia, oogonia and oospores; P. gonapodyides-J-K- shape of sporangia and empty 
sporangia with internal proliferation; P. lacustris- - - shape of sporangia, - nested internal proli-
feration 
(  / photo by: Ivan Milenkovi )
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,       
      .   

         
           

     .

 4.   
Table 4. Results of the mating type tests

Phytophthora 
Phytophthora 

species Isolate
 

Tester isolate

 
, 

  

Presence of ant-
heridia, oogonia 

and oospores

, 

P. gonapodyides

2012/A.C.01 BBA 21/95-KII -
BBA 20/95-2bIII -

2012/A.C.01/02 BBA 21/95-KII -
BBA 20/95-2bIII -

2012/A.C.03 BBA 21/95-KII -
BBA 20/95-2bIII -

P. lacustris

2011/A.HE.02 BBA 21/95-KII -
BBA 20/95-2bIII -

2011/MIX.03 BBA 21/95-KII -
BBA 20/95-2bIII -

2012/A.PL.01 BBA 21/95-KII -
BBA 20/95-2bIII -

2012/A.T.01 BBA 21/95-KII -
BBA 20/95-2bIII -

            
      ,     

,      .   
         , 
,    Sorbus   .

       
  (  2010;  et al. 2011, 2014).    

       Phytophthora (Erwin 
and Ribeiro 1996; Brasier and Jung 2006; Jung and Burgess 2009),   

         , 
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Phytophthora acerina sp. nov. (Ginetti 2014).    Milenkovi  et al. 
(2014)       Phytophthora   

  .

         
,         

       Phytophtho-
ra.              

      ,   
       .  , 

          
             

 .       ,    
  ,     -

  (  1).         
         . 

        Phytophthora   
  Acer heldreichii  A. pseudoplatanus.       

      ,     
    .  ,  

    Phytophthora   ,     
     .     

          
    .      

           
         

    ,      
         ( ,  

). ,        
         

 ,    ( ,  ), 
          

  . 

         
          

,    Verticillium albo-atrum.  ,   
    ,      

    ,  ,    
- „dieback“  .      

  ,      
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  .      
V. albo-atrum,          

          
.  ,         

    Milenkovi  et al. (2011 a,b).

    ,      
      ,   

       
.        P. plu-

rivora (  1),    P. citricola Sawada    
  ,       

 (  2).  Jung and Burgess (2009),      
          

        .   
    ,     ,   

         (Jung and Burgess 2009). 
,       ,   

          
 ( ,  ).    

  P. cactorum, P. lacustris  P. gonapodyides     
    .

          18  
   ,           

 ,           
  (  1).       (Acer 

heldreichii),           
    Phytophthora      

       .

  Phytophthora      
  ,        

 . ,        
        . 

,    ,   
         

          
     .    

          
     ,  ,  

 ,       .



20

Phytophthora
, 2014, . 20, . 5 - 26

        
  :

-          
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SYMPTOMS OF OCCURENCE AND MORPHOLOGICAL 
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PHYTOPHTHORA SPECIES ON MAPLE TREES IN SERBIA

Summary

Phytophthora species are among the most dangerous pathogens to high number of 
di  erent hosts and their presence posed signi  cant treats to forestry and biodiversity. 
Apart of several a  ecting factors, species from the Acer genus are considered to be sus-
ceptible to infections with pathogens from the Phytophthora genus.

During the  eld surveys and sampling, di  erent symptoms that could be indicative for 
the infections with Phytophthora species were recorded on maple trees in Serbia. These 
symptoms included yellowing and slightly atrophy of leaves, stunting of shoots, dieback 
of crowns and branches, and collar rot and aerial cankers with tarry spots and dark 
exudates. First symptoms are visible in early spring, and in that period is visible yellow-
ing of leaves and stunting of shoots, as well as appearance of necrotic zones with dark 
exudates. Symptoms developments become more intensive in the autumn, when dieback 
of branches and crowns is the most noticeable. Intensity of these symptoms is driven 
with infections with other pathogenic organisms or insect attack, and after few years 
whole trees start to decline. The biggest risk is posed with the presence of additional ag-
gressive pathogen Verticillium albo-atrum. From under the trees with above mentioned 
symptoms, samples of necrotic tissue, water, soil and roots were collected and isolation 
tests were performed, following well-described methodology. In total, six di  erent hosts 
were tested, including  ve autochthonous and one alochthonous host. Phytophthora 
species were isolated from  ve di  erent hosts, including Acer campestre, A. heldreichii, 
A. pseudoplatanus, A. platanoides and A. tataricum. After the isolation tests, detailed 
morphological identi  cation was performed. Main morphological and colony shape pat-
terns were recorded, and pairing tests with heterothallic/sterile species were performed. 
In total, four di  erent Phytophthora species were identi  ed, including homothallic P. 
cactorum and P. plurivora, and apparently sterile P. gonapodyides and P. lacustris. The 
most often isolated species was P. plurivora, what corresponded to the data from the 
other host species and stands in Serbia.
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Isolated species poses signi  cant threats to sustainability of natural and semi-natural 
ecosystems, including these communities with maple trees. Also, additional  eld surveys 
in di  erent forest stands and in other ecosystems are required in order to determine the 
role of these pathogens in trees decline and connection between their presence, symp-
toms appearance, presence of other pathogens and environmental conditions.


