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ABSTRACT: Aleppo pine (Pinus halepensis Miller) is a common forest tree in the Mediterranean Region. Production 
of Aleppo pine seedlings is hindered by damping off and root rot diseases in cooler conditions of north-western Algeria, 
which significantly reduces the seedling emergence. �is work was carried out to evaluate the pathogenicity of different 
Pythium Pringsheim species on Aleppo pine seedlings. Seventeen isolates of Pythium spp. were isolated from diseased 
seedlings, identified to the species level based on DNA sequence from the internal transcribed spacer region and their 
identity was confirmed on morphological basis. �e obtained isolates were pathologically characterized in Petri dish 
and pot assays. Germination was significantly inhibited by the different Pythium spp. isolates. �e highest inhibition was 
observed with Pythium ultimum Trow in Petri dish and pot assays. �e reduction in root growth differed significantly 
between different isolates. �e maximum reduction in root growth (92.2%) was observed for P. ultimum in Petri dish 
assay. �e various isolates of Pythium showed a significant influence on root length, shoot length and vigour index. �e 
maximum disease incidence (89.7%) was caused by P. ultimum. Our results indicated that Pythium spp. is commonly 
found on diseased seedlings, in most containers and bare-root nurseries.
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Aleppo pine (Pinus halepensis Miller) has an im-
portant role in the ecology and landscape of differ-

species can easily regenerate and rehabilitate in 
-

tial component of reforestation strategy in arid or 
semi-arid climates around the Mediterranean Ba-
sin, due to its intrinsic colonizing ability as well as 
its effect in improvement of soil and microclimate 
(Q 1986). In Algeria, the Aleppo pine occu-
pies a vast stands in Sidi Belabbes, Saida, Tlemcen, 
Tiaret and the Ouarsenis regions. It is also found in 
Medea and in Bibans (M 2003).

Fungal diseases are amongst the most serious 
problems faced by forest regeneration, and can 
sometimes cause heavy losses due to high mortality 
rates. Many of the fungal pathogens are transmit-
ted to forest nurseries through seeds and become 

established on seedlings. Moreover, soil-borne fun-
gal pathogens are devastating due to their attack on 
young seedlings in forest nurseries (R, 
M 2005; L et al. 2014).

Pre-emergence damping-off is characterized by 
seeds failing to germinate, or rotting of emerging 
shoots or radicals with associated seedling losses. 
Typical symptoms of infection by Pythium spp. in-
clude soft and decayed seed before germination, 
pre- or post-emergence damping-off in the seeding 
stage, and hypocotyl discoloration and root rot in 
advanced growth stages (R et al. 2008).

Region have been reported to be attacked by Pythi-
um ultimum Trow (L
Pythium Pringsheim is widely distributed through-
out the world, and around 150 species have been 
appropriately described (B 2008).
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In some cases, the increased prevalence of seedling 
diseases such as damping-off is associated with the 
relative abundance of pathogenic Pythium species 
(Pankhurst et al. 1995). Pythium is able to colonize 
plant residues left on the soil from the previous crop, 
which leads to an inoculum build up in the seed bed. 
If this cycle is repeated in the course of several years, it 
may contribute to an increase in pathogenic Pythium 
populations in the soil (Pankhurst 1995). Once a Py-
thium sp. invades a field or greenhouse, it quickly prop-
agates and disperses, resulting in serious yield loss.

To develop efficient disease control strategies, 
we need to understand the infection routes of the 
pathogens, monitor their presence in fields and 
greenhouses, and find effective ways to eliminate 
the pathogens (Kageyama 2014).

Due to scarce studies on diseases of forest nurs-
eries in Algeria, a multifaceted effort was deployed 
in order to evaluate the problems by approaching 
them from different angles. The purpose of this re-
search was to evaluate the pathogenicity of differ-
ent Pythium species on Aleppo pine seedlings from 
Algerian forest nurseries.

MATERIAL AND METHODS

Fungal material. Diseased Aleppo pine seedlings 
were collected from four forest nurseries in north-
western Algeria (Fig. 1). Information on the origin 

and host tissue of each isolate used is listed in Table 1.  
Sampling was carried out during the winter and 
spring of 2008–2010. Segments from the decayed 
roots and discoloured stems of about 5 mm length 
were disinfected, and then were rinsed three times 
in distilled water. The segments were dried on ster-
ilized filter paper and then cultured on a corn meal 
agar (CMA) medium. Pythium isolates were identi-
fied to the species level on the basis of morphologi-
cal observation (Plaats-Niterink, Vander 1981; 
Dick 1990) and an analysis of the rDNA inter-
nal transcribed spacer (ITS) sequence. The NCBI 
BLAST search program (Version 2, 2012) was used 
to search similar sequences from the NCBI Gen-
Bank sequence database for the 5.8S-ITS sequence 
for oomycetes. The GenBank accession number 
was presented (Table 1). A total of 17 isolates of 
Pythium spp. were obtained during routine isola-
tions from Aleppo pine seedlings exhibiting disease 
symptoms. Isolates comprised three Pythium spe-
cies: P. ultimum (14 isolates), Pythium glomeratum 
B. Paul (2 isolates) and Pythium heterothallicum 
W.A. Campbell & F.F. Hendrix (1 isolate).

Inoculum. The collected diseased tissues were 
cut to pieces (3–5 mm) and surface disinfected by 
immersing in 0.5% sodium hypochlorite for 1 min. 
The disinfected pieces were grown on a CMA se-
lective medium that contained penicillin, strep-
tomycin sulphate, pimaricin. After incubation on 
CMA plates for 4 days at 25°C, fungal cultures 

Table 1. Isolates of Pythium species used in this study

No. Code Taxon Nursery  
location

Tissue 
isolation

Isolation  
date

NCBI GenBank 
accession

1 U3CR

P. ultimum var. ultimum Trow Relizane (Safa Dahra)

stem 25-12-2008 JX191921
2 U7CR stem 20-12-2008 JX191922
3 U6RR root 20-12-2008 JX191924
4 U8CR stem 15-02-2009 JX191925
5 U6CR stem 15-02-2009 JX191926
6 U14CR stem 20-12-2009 JX191933
7 U2RR root 15-02-2010 JX191930
8 U2CR

P. ultimum Trow Relizane (Safa Dahra)
stem 15-03-2009 JX191929

9 U4CR stem 15-03-2009 JX191931
10 U5RT

P. ultimum var. ultimum Trow Tlemcen (conservation)

root 10-02-2009 JX191928
11 U12RT root 15-03-2009 JX191932
12 U7RT root 10-02-2009 JX191934
13 U17RT stem 25-02-2010 JX191935
14 U1RT P. ultimum Trow Tlemcen (conservation) root 10-02-2009 JX191927
15 U35RS

P. glomeratum B. Paul SBA/Sfisef N3
root 26-12-2009 JX191936

16 U16RS root 09-03-2009 JX191937

17 U15RS P. heterothallicum 
W.A. Campbell & F.F. Hendrix SBA/Sfisef N1 root 22-09-2009 JX191923

SBA – Sidi Bel Abbes, N1 – nursery 1, N3 – nursery 3
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were transferred to plates containing 2% water agar 
(Pahlavani et al. 2009). These plates were kept at 
room temperature for 24 h and the pathogen was 
purified by a single hyphal tip isolation technique. 
Liquid cultures of fungi were prepared by adding 
inoculum discs and grass blades to sterile water in 
a Petri dish at 25°C.

Inoculum was produced as described earlier (Kirk-
patrick et al. 2006) by adding 5 mm plugs of each 
isolate to a previously sterilized 500 ml flask contain-
ing 237.5 g of sand, 12.5 g of cornmeal and 80 ml of 
deionised water. Isolates were allowed to grow on the 
medium for 9 days, and the flasks were shaken every 
other day to disperse the inoculum evenly.

Seed germination. Aleppo pine seeds were sur-
face disinfected by agitation in 2% NaOCl solution 
on a shaker at 120 rpm for 25 min, rinsed four times 
in sterile distilled water and dried on sterile filter 
paper. Seeds were wrapped in moistened, sterile 
cheesecloth, enclosed in Petri dishes of 12 cm di-
ameter, and incubated at 25°C for 3 weeks (Lazreg 
et al. 2014).

Pathogenicity test. The effect of Pythium iso-
lates on seed germination and root development 
was tested in two different assays (Petri dish assay 
and pot assay) (Zhang, Yang 2000). For Petri dish 
assay each Pythium isolate was grown on CMA for  
4 days and ten seeds were placed on each colony. The 

Petri dishes were incubated at 22°C. Seeds placed on 
CMA media without inoculum served as control.

The pathogenicity of the isolates was estimated 
as the percentage of inhibition of seed germination 
and the inhibition of young seedling’s root develop-
ment (Broders 2008).

For pot assays, the inoculum from each isolate 
was transferred to three 500 ml pots, and ten Alep-
po pine seeds were sown in each pot with three 
replicates for each isolate (Broders 2008). Four 
weeks later, seedlings were carefully removed from 
the pots, and excess soil was gently removed from 
roots (the remaining soil was considered rhizo-
sphere soil). Roots were then washed under run-
ning tap water for 2 min. Shoot and root length was 
recorded for each seedling according to Menzies 
et al. (2005). Symptoms on roots were rated as fol-
lows: (i) no symptom, (ii) slight root rot and dis-
coloration, (iii) moderate root rot, (iv) extensive 
root rot. Flasks was inoculated as described by 
Teymoori et al. (2012). The disease incidence was 
calculated using Eq. 1 (Song et al. 2004):

∑scale × number of infected seedlings × 100 
  highest scale × total number of seedlings  (1)

The germination rate, root length inhibition, and 
the shoot growth inhibition were calculated. The 

Fig. 1. The location of nurseries from which the isolates of Pythium Pringsheim species were obtained

1 – Tlemcen (conservation), 2 – Sidi Bel Abbes/Sfisef N1, 3 – Sidi Bel Abbes/Sfisef N3, 4 – Relizane (Safa Dahra)
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seedling vigour index in each treatment was calcu-
lated by Eq. 2 (Maisuria, Patel 2009):

Seedling vigour index = (root length + shoot length) × 
 × seed germination (%) (2)

Koch’s postulates were performed for all isolates 
tested.

Statistical analysis. Differences between the 
means were compared by one-way ANOVA at a 5% 
level of significance. All statistical analyses were per-
formed using the SAS software (Version 8.1, 2000).

RESULTS

Effect of Pythium spp. on pine seed  
germination and seedling development

All tested Pythium species were isolated from 
diseased pine seedlings with stand establishment 
problems. The germination and root development 
of pine seedlings were significantly affected by  
P. ultimum, P. glomeratum and P. heterothallicum. 
Furthermore, the germination of pine seeds inocu-
lated with different species of Pythium varied con-
siderably. Petri dish assay demonstrated that the 
highest inhibition percentages of seed germination  
(87.6 and 65.38%) were recorded for P. ultimum 

(isolates U7CR, U3CR, U14CR, U2CR, U7RT, 
U1RT). Similarly, P. heterothallicum showed 65.38% 
of seed inhibition and 86.6% of root development 
reduction. The root growth was also significantly 
affected by the Pythium species. The latter resulted 
in a significant root growth reduction from 92.2 to  
44.87%. The seed germination in pot assay was re-
duced significantly by different species of Pythium 
(Table 2). The inhibition of germination varied 
from 72 to 28% and of the root growth for the  
P. ultimum isolates varied from 68.38 to 32.85%. 
All species of P. ultimum were significantly (P < 
0.001) more pathogenic as compared to the con-
trol. However, there was also a significant reduc-
tion in the root growth (P < 0.001). This confirms 
that this isolate has a negative impact on germina-
tion and seedling root development. The two tested 
P. glomeratum isolates (U35RS and U16RS) showed 
lower pathogenicity on Aleppo pine seedlings.

Effect of Pythium spp. on growth parameters 
and pathogenicity of Aleppo pine seedlings

Pythium species were able to successfully infect 
pine seedlings in soil experiments. All species of Py-
thium significantly reduced growth parameters of 
pine seedlings as compared to the control. The Py-
thium species caused necrotic lesions on the roots. 

Table 2. Effect of Pythium isolates on seed germination and root development of Aleppo pine seedlings in Petri dish 
and pot assays

No. Code
Germination inhibition (%) Root growth reduction (%)

Petri dish pot Petri dish pot
1 U3CR 73.09 ± 3.85ab 72 ± 4.00a 83.90 ± 3.90ab 68.38 ± 2.98a

2 U7CR 87.61 ± 3.84a 60 ± 4.00ab 92.2 ± 1.58a 50.87 ± 2.58bcd

3 U6RR 38.45 ± 10.17efg 40 ± 0.00cdef 74.87 ± 0.98abcd 45.11 ± 6.21cde

4 U8CR 53.84 ± 6.66cdef 44 ± 4.00bcde 69.14 ± 2.23bcdef 41.96 ± 1.57def

5 U6CR 57.68 ± 3.84bcde 32 ± 10.58def 76.65 ± 1.28bcd 46.14 ± 2.93cde

6 U14CR 73.07 ± 3.84ab 44 ± 8.00bcde 80.63 ± 3.82abc 42.40 ± 2.58def

7 U2RR 61.53 ± 3.84def 52 ± 12.00bc 75.66 ± 4.97abcd 51.55 ± 4.09bcd

8 U2CR 73.07 ± 10.17ab 32 ± 4.00def 85.36 ± 2.50ab 47.53 ± 2.11bcde

9 U4CR 49.99 ± 3.84cde 28 ± 6.92ef 84.17 ± 1.09ab 38.23 ± 4.62efg

10 U5RT 30.76 ± 6.65g 44 ± 4.00bcde 44.87 ± 4.33hg 46.74 ± 8.07cde

11 U12RT 57.68 ± 3.84bcde 60 ± 4.00ab 77.72 ± 3.30abc 57.25 ± 2.69b

12 U7RT 65.38 ± 6.66abc 40 ± 0.00cdef 84.70 ± 2.37ab 39.15 ± 2.05efg

13 U17RT 46.14 ± 3.84def 32 ± 4.00def 62.26 ± 4.21bcdef 32.85 ± 1.16fg

14 U1RT 69.22 ± 3.84abc 56 ± 4.00abc 79.61 ± 1.83abc 54.65 ± 2.68bc

15 U35RS 30.76 ± 6.66g 23 ± 8.00def 47.96 ± 1.52fg 29.25 ± 1.53g

16 U16RS 38.45 ± 3.84fg 48 ± 4.00bcd 46.92 ± 8.25fg 46.94 ± 2.74cde

17 U15RS 65.38 ± 6.66abc 48 ± 4.00bcd 86.60 ± 2.02ab 47.72 ± 2.35bcde

means compared by one-way ANOVA, values in a column followed by different letters are significantly different from the 
control treatment at P > 0.05
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Observed lesions were brown and ranged from 
small elongated to large coalesced lesions and, in 
several instances, the entire root system was colo-
nized and decayed or the seed did not germinate at 
all. These species significantly decreased the seed-
ling root length (Table 3). On the other hand, the 
length of the pine seedling shoots resulting from 
the inoculated seeds was significantly reduced. The 
influence of various Pythium species on seedling 
shoot and root length can be appreciated from the 
vigour index. The vigour index of isolates was sig-
nificantly different. Our results showed that P. ul-
timum isolates were highly pathogenic to Aleppo 
pine seeds when compared to P. glomeratum and 
P. heterothallicum. Moreover, P. ultimum was able 
to cause lesions on seedling roots. Brown lesions 
developed on seedling roots as well as those on the 
root tips that restricted root growth. This species 
was successfully recovered from the diseased tissue 
upon re-isolation.

Root discoloration increased rapidly and ex-
ceeded the inoculated plants, whereas all roots 
of non-inoculated control plants remained white. 
The incidence of colonization of inoculated plant 
root segments by P. ultimum was higher than in 
the control at all sampling times. Following con-
ventional destructive harvesting, the estimation of 
the shoot and root development was significantly 
lower in the inoculated plants as compared with 
those in the control (Table 3). The shoots and roots 
were shortened in length and discoloured. Roots of 

the control grew continuously during the experi-
ment, whereas in the inoculated plants, the length 
of the longest root decreased over time. The root 
and shoot length was significantly shorter.

DISCUSSION

The present work was aimed to evaluate the patho-
genicity of different Pythium species on Aleppo pine 
seedlings from Algerian forest nurseries. The abil-
ity of each Pythium isolate to cause damping-off 
(either pre- or post-emergence) was assessed by re-
cording the number of surviving seedlings in each 
replicate Petri dish and pot weekly for 4 weeks and 
the counts were compared with the negative control. 
Our results revealed the presence of several Pythium 
species in the forest nurseries of north-western Al-
geria. These species were implicated in pine seed-
ling damping-off and root rot disease. Numerous 
Pythium species have already been associated with 
conifers, conifer seedlings, and forest nursery soils 
(Weber et al. 2004). Of these, Pythium aphanider-
matum (Edson) Fitzpatrick, Pythium debaryanum 
R. Hesse, Pythium irregulare Buisman, Pythium 
mamillatum Meurs and P. ultimum were reported 
to be the most common pathogenic species of coni-
fer seedlings (Weiland et al. 2013). P. ultimum was 
reported for first time in Algeria and the Mediter-
ranean Basin as the causal organism of Aleppo pine 
seedling damping off (Lazreg et al. 2013).

Table 3. Growth parameters of Aleppo pine seedlings as influenced by different species of Pythium spp.

No. Code Shoot growth reduction (%) Incidence (%) Seedling vigour index
1 U3CR 66.39 ± 2.98a 89.67 ± 10.33a 800 ± 125.94j

2 U7CR 41.31 ± 8.83cd 77.78 ± 11.11abc 1,850 ± 152.75ghi

3 U6RR 38.78 ± 4.15cd 57.78 ± 4.44defg 2,990 ± 245.83cdef

4 U8CR 34.97 ± 1.41cd 56.11 ± 12.18defg 2,987 ± 183.33cdef

5 U6CR 30.97 ± 3.02d 51.06 ± 2.35efgh 3,757 ± 638.61bcd

6 U14CR 40.04 ± 3.73cd 60.74 ± 3.22cdefg 2,873 ± 503.01cdef

7 U2RR 44.21 ± 3.37bc 70.37 ± 3.70bcd 2,240 ± 710.86fghi

8 U2CR 35.57 ± 4.54cd 59.26 ± 4.89defg 3,457 ± 219.42bcde

9 U4CR 37.51 ± 7.44cd 44 ± 4.44h 3,840 ± 376.44bc

10 U5RT 41.31 ± 5.85cd 64.82 ± 1.85bcde 2,810 ± 400.55defg

11 U12RT 54.52 ± 2.93ab 79.63 ± 6.67ab 1,527 ± 138.60ij

12 U7RT 31.22 ± 5.33d 48.89 ± 1.11efgh 3,377 ± 147.69bcde

13 U17RT 30.19 ± 5.00de 46 ± 6.66fgh 4,040 ± 158.22b

14 U1RT 54.71 ± 2.09ab 72.22 ± 5.55bcd 1,730 ± 194.25hij

15 U35RS 17.51 ± 0.60e 34.92 ± 1.58h 5,070 ± 575.02a

16 U16RS 35.98 ± 5.28cd 56.66 ± 1.66defg 2,640 ± 160.73efgh

17 U15RS 40.51 ± 0.14cd 62.50 ± 4.16bcdef 2,716 ± 190.42efgh

means compared by one-way ANOVA, values in a column followed by the same letters are not significantly different from 
the control treatment at P > 0.05
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Regarding the pathogenicity of Pythium species 
on Aleppo pine seedlings, the studied species were 
characterized as weakly or highly virulent patho-
gens depending on their ability to reduce seedling 
survival and to cause root lesions. Seedlings inocu-
lated with Pythium, regardless of the species, were 
always more likely to have root lesions than those 
from the negative control treatment. The higher 
percentage of lesions on inoculated seedlings in-
dicates the potential for all of the Pythium species 
tested to affect root health and to be considered as 
pathogens. Most damage by damping-off pathogens 
in forest nurseries occurs in a few weeks following 
germination when the root system is small and the 
root tissues are still relatively young and succu-
lent (James 2012). Pythium species are frequently 
considered root “nibblers” (Sutherland, Dennis 
1992), and the presence of root lesions could ad-
versely affect seedling health. Findings we report 
in the present study expand the number of known 
Pythium species that are pathogenic to seedlings of 
Aleppo pine. The isolates of P. ultimum var. ulti-
mum Trow were characterized as a highly virulent 
pathogen based on their ability to reduce seedling 
survival and cause root lesions. The results of the 
inoculation experiments illustrate the interspecific 
variation in pathogenicity of Pythium spp.

Weiland (2014) tested 16 Pythium species on 
Douglas-fir seedlings, although these species were 
classified into virulent to weakly virulent; eight 
species (P. mamillatum, Pythium rostratifingens de 
Cock & Lévesque, Pythium aff. oopapillum Bala, de 
Cock & Lévesque, Pythium dissotocum Drechsler, 
Pythium sylvaticum W.A. Campbell & F.F. Hendrix, 
P. ultimum, Pythium aff. macroporum Vaartaja & 
Plaats-Niterink, and P. irregulare) reduced the sur-
vival of Douglas-fir seedlings by at least 25% and 
were considered highly virulent species. Although 
the remaining species reduced seedling survival by 
less than 25%, these species did cause significantly 
more root lesions than were observed on the non-
inoculated seedlings, and were therefore consid-
ered weakly virulent species.

CONCLUSIONS

Results of this study indicated that P. ultimum 
and P. heterothallicum may be the most important 
pathogens causing damping-off and root rot of pine 
seedlings in Algeria. Evidences are now available 
on the occurrence of these soil-borne pathogens as 
serious root rot pathogens that could be important 
sources of inoculum. The information obtained will 

serve as basic knowledge regarding pathogenicity 
on Pythium species and will facilitate the develop-
ment of pathogen specific disease control practices.
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