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Abstract 

Background  Apple decline diseases, responsible for seedlings root and collar rot in nurseries, are an important 
disease. Different fungal and bacterial antagonists were evaluated to control Pythium ultimum associated with this 
serious disease using in vitro and in vivo greenhouse assays.

Results  The in vitro test of ten Aspergillus spp. and ten Trichoderma harzianum isolates showed their efficacy to 
reduce the radial growth of P. ultimum. The isolates, A. niger A10, A. candidus A5, T. harzianum Tr9 and Tr10, were the 
most effective with a high inhibition percent that exceeded 50%. The in vivo test of the four most effective antago‑
nists and a strain of Bacillus subtilis (B) showed that the combination of the two Aspergillus isolates (A5 and A10) gave 
the best result with a decrease in root browning index by 55.55%. Results showed also the efficacy of all tested antag‑
onists and their combinations on the sanitary state index of the inoculated plants except the combination between 
T. harzianum (Tr10) and B. subtilis (B). The two treatments, T. harzianum (Tr10) and B. subtilis (B), significantly improved 
the height of inoculated plants by 173.19 and 191.3%, respectively. Regarding the efficacy of antagonists on apple 
seedlings root weight, A. niger (A10) was the only treatment that significantly increased this parameter by 363.17%.

Conclusions  A. niger A10, A. candidus A5, T. harzianum Tr9 and Tr10 exhibited the highest value of in vitro inhibition 
to growth of P. ultimum. The combination of A. niger A10 and A. candidus A5 was the most effective in vivo treatment 
in reducing the disease severity index. However, T. harzianum (Tr10), B. subtilis (B) and A. niger (A10) revealed to be able 
to stimulate the apple seedlings growth.
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Background
Apple (Malus domestica) crop occupies an important 
place in the world, in terms of total fruit yield within the 
fruit industry (Yuan et  al. 2018). However, the develop-
ment of this crop has various phytosanitary problems 
such as seedlings decline disease (Mazzola and Manici 
2012). Apple decline disease is a biological phenomenon 
caused by soil-borne agents like some species of fungi 
(Rhizoctonia, Fusarium and Cylindrocarpon), oomycetes 
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(Pythium, Phytopythium and Phytophthora) and the 
nematodes (Pratylenchus) that attack the roots of apple 
trees (Tewoldemedhin et al. 2011).

Investigations conducted in nurseries revealed that the 
roots of nursery seedlings were infested by several apple 
orchards decline agents like Fusarium, Pythium and 
Phytopythium species. The association of apple orchards 
declines causative agents with nursery trees suggested 
that these could function as potential apple orchards 
inoculum sources that might limit post-plant tree growth 
(Moein et al. 2019).

The apple tree plants protection against these patho-
gens could be managed by the application of fungicides. 
In fact, some fungicides such as fosetyl-Al and metalaxyl 
have excellent systemic activity against several diseases 
caused by oomycetes species (Mannai and Boughalleb-
M’Hamdi 2021). However, economic and environmen-
tal pressures to reduce the reliance on chemicals have 
led to a renewed interest to the use of pathogens such as 
bacteria and antagonistic fungi (Whipps and Lumsden 
1991). Among biological control agents, Trichoderma, 
Aspergillus and Bacillus species are the most widely used 
antagonists for controlling plant diseases (Mannai and 
Boughalleb-M’Hamdi 2022).

Trichoderma spp. have been reported to be eco-
friendly biological control agent for managing plant dis-
eases, which enable the use of chemical fungicides to be 
minimized (Puyam 2016). Trichoderma species are abun-
dant in all types of soil and are considered as potential 
antagonistic agents against parasitic soil-borne micro-
organisms (Shahid et al. 2014). Trichoderma species can 
produce extracellular enzymes and antifungal antibiotics 
(Barúa et al. 2019). They may also be competitors of fun-
gal pathogens for space and nutrients, through rhizos-
phere competence (Cardoza et al. 2005).

Various species of the genus, Aspergillus have been rec-
ognized as a rich source of biologically active secondary 
metabolites (El-Sayed and Ali 2020). High diversity of 
secondary active metabolites by Aspergillus spp. could be 
attributed to their versatility of growing in a wide range 
of temperature, pH and osmolarity (Lubertozzi and Keas-
ling 2009).

The bacterial genus, Bacillus, is one of the most fre-
quently occurring endophytes that have been used as a 
biocontrol agent (Devi et  al. 2022). The ability of Bacil-
lus species to produce endospores renders them resistant 
to severe environmental conditions, making them a good 
choice for biocontrol agent. The antagonistic activity of 
Bacillus may be due to the production of siderophore and 
extracellular metabolites (Miljaković et al. 2020).

Therefore, the objectives of this study were: (1) to eval-
uate the in  vitro antifungal potential of Aspergillus and 
Trichoderma isolates against the mycelial growth of P. 

ultimum associated with apple seedlings decline and (2) 
to test the ability of these antagonists with B. subtilis used 
individually or in combination to manage the disease 
severity and to enhance growth of infected apple plants.

Methods
Pathogen used
One isolate of P. ultimum (GenBank Accession no. 
MH260594) was used in this study. It was obtained from 
apple seedling nurseries infected by decline diseases in 
Tunisia and proved as a causative agent of this disease 
(Mannai 2019).

Antagonists tested
The antagonistic fungal and bacterial strains used in this 
study were isolated from Tunisian fruit trees nurseries 
(Table 1). Healthy samples of apple and peach roots were 
washed under tap water to remove adhering soil and cut 
aseptically into small pieces of 3 to 5 mm in length, fol-
lowed by dipping in a solution of sodium hypochlorite 
(2%) for 2 min. Then, these pieces were rinsed with ster-
ile distilled water and air dried in a laminar flow hood. 
When completely dried, samples were plated onto PDA 
medium (Potato-Dextrose-Agar). The plates were then 
incubated in the dark at 28 °C and checked daily for col-
ony growth. Colonies that developed from the root seg-
ments were then transferred to PDA plates and purified 
by single-spore method using Water Agar (2%) medium. 
The identification of the collected antagonists isolates 
was performed after 7 days of incubation of each colony 
on PDA medium at 28  °C, based on morphological cri-
teria as described by Siddiquee (2017) and Shah et  al. 
(2019) for Trichoderma isolates and Diba et al. (2007) for 
Aspergillus isolates. The Bacillus strain was identified by 

Table 1  Antagonists used to control Pythium ultimum 
associated with apple decline seedlings in Tunisian nurseries

Host Antagonists Codes Sample site

Peach Trichoderma harzianum T1, T2, T5, T6 Ben Arous

T4 Monastir

T9, T10 Kasserine

Aspergillus flavus A4 Kairouan

A6 Monastir

Bacillus subtilis B Sousse

Apple T. harzianum T3, T7, T8 Ben Arous

Aspergillus nidulans A1 Zaghouan

A. pseudoligans A2, A3 Zaghouan

A. candidus A5 Kairouan

A. terreus A7, A8, A9 Kairouan

A. niger A10 Zaghouan
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morphological and biochemical analysis (Furuya et  al. 
2011).

Effect of selected antagonists on mycelial growth 
of Pythium ultimum associated with apple seedlings 
decline
Antifungal activities of the fungal antagonists on radial 
mycelial growth of the P. ultimum isolate were deter-
mined by dual confrontation technique performed in 
90-mm Petri dishes containing PDA according to Mannai 
and Boughalleb-M’hamdi (2022). Agar plugs (6  mm in 
diameter) cut from pathogen cultures were placed each 
opposite to those of tested fungal antagonists. The con-
trol cultures were subcultured with a plug of the patho-
gen, and the antagonist plug was replaced by a plug of 
PDA medium. Three repetitions were used for each indi-
vidual treatment. The incubation was performed at 25 °C 
for five days, and the experiment was repeated twice.

The inhibition percentage of P. ultimum myce-
lial growth was calculated according to the following 
formula:

where T is the average colony radius in the presence of 
the antagonist fungus and C is the average radius of the 
control colonies.

Effect of antagonists on the severity of the disease
The methodology of Mannai and Boughalleb-M’Hamdi 
(2022) was followed with some modifications. Two iso-
lates of Trichoderma (T9 and T10), two isolates of Asper-
gillus (A5 and A10) and one B. subtilis (B) strain were 
used. To prepare the inoculum of each antagonist treat-
ment, some agar plugs of the antagonist were incubated, 
for one week, in an Erlenmeyer containing 200 ml of PDB 
(Potato Dextrose Broth) medium, with stirring (120 rpm). 
The obtained suspensions were adjusted to 106 spores/
ml for fungal species and 106 cells/ml for B. subtilis 
strain. The treatment was carried out at two dates: 1 and 
30  days from the beginning of the experiment (50  ml/
plant). The isolates of antagonists were applied solo and 
in combination.

The P. ultimum inoculum was prepared by inoculat-
ing 10 agar plugs onto a flask (500 ml) containing sand-
oat (200  g of sand, 20  g of oat and 30  ml of distilled 
water, which had been autoclaved twice at 120  °C for 
20  min). For the control, the pathogen mycelial plugs 
were replaced by PDA plugs. The flasks were incubated 
for 1  week at 25  °C and shaken every 2  days to ensure 
homogenous colonization (Strauss and Labuschagne 
1995). After incubation, the sand-oat inoculum was 
added around apple seedlings roots to the third upper 
potting mix at the rate of 1% (v/v), on the 14th day from 

% inhibition = (1− T/C)× 100

the beginning of the experiment. Two controls were 
included in the assays, negative control (untreated and 
not inoculated) and positive one (inoculated and not 
treated).

For each treatment, three plants were separately placed 
in 23-cm-diameter plastic pots containing a treated 
mixture of peat and sand (in 2:1 v/v). The experiment 
was conducted according to a completely randomized 
design, with three repetitions per elementary treatment. 
The seedlings were harvested after three months. Four 
parameters were recorded: the sanitary state index, the 
seedlings height, the root weight and the root browning 
index.

The sanitary state index rated onto 0–5 scale 
(0 = healthy seedlings; 1 = moderate discoloration of 
plant leaves (≤ 25%); 2 = moderate discoloration and fall-
ing leaves (≤ 50%); 3 = moderate discoloration of plant 
collar, stem and leaves (≤ 75%); 4 = extensive discolora-
tion of plant collar and stem with falling leaves (> 75%); 
and 5 = dead plant) (Santini et al. 2006). The root brown-
ing index was rated according to a 0–5 scale: (0 = no obvi-
ous symptoms; 1 = moderate discoloration of root tissue; 
2 = moderate discoloration of tissue with some lesion; 
3 = extensive discoloration of tissue; 4 = extensive discol-
oration of tissue with girdling lesions; and 5 = dead plant) 
(Tewoldemedhin et al. 2011).

Results
Effect of antagonists on Pythium ultimummycelial growth
All Aspergillus spp. and T. harzianum isolates reduced 
the radial growth of the apple seedlings decline agent P. 
ultimum in comparison with the relative control. The A. 
niger A10 was the most effective (72.07%), followed by 
A. candidusA5 that reduced this pathogen by 53.15%. 
The results showed also that T. harzianum Tr9 and Tr10 
were the most effective with a high inhibition percent of 
the pathogen mycelial growth with an inhibition percent 
more than 80%, 5  days post-incubation at 25  °C (Fig.  1 
and Table 2). The four antagonists A5, A10, Tr9 and Tr10 
were chosen for the in  vivo test because they were the 
most effective in vitro (Fig. 1 and Table2).

Effect of antagonists on the severity of apple seedlings 
decline disease induced by Pythium ultimum
Variance analysis of the root browning index recorded 
three months after inoculation by P. ultimum showed a 
significant difference (p ≤ 0.05) between different treat-
ments and the two controls. Indeed, the only treatment 
that significantly reduced this parameter was the com-
bination of the two Aspergillus isolates (A5 and A10). 
It gave the best result with a decrease in root browning 
index by 55.55% (Table 3 and Fig. 2).
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The results showed alsoa highly significant efficacy 
(p ≤ 0.001) of all antagonists tested and their combina-
tions on the vigor status of the vegetative part of the 
inoculated plants except the combination between T. 
harzianum (Tr10) and B. subtilis (B). Nevertheless, the 
test of these last antagonists each alone improved the 
seedlings vigor status by 55.67%. The improvement in 
this parameter was 44.33% for A. nigerA10, T. harzi-
anumTr9 and the combination of A. candidus and A. 
niger (A5 + A10) and 55.67% for A. candidus A5, T. 
harzianum Tr10, B. subtilis B and the combination of 
the two isolates of T. harzianumTr9 + Tr10 (Table 3).

The two treatments of T. harzianum Tr10 and B. sub-
tilis B significantly improved the height of inoculated 
plants by 173.19 and 191.3%, respectively (Table  3). 
Regarding the root weight, the antagonist A. niger A10 
was the only treatment that significantly increased 
this parameter by 363.17% on inoculated apple seed-
lings. The other treatments revealed to be ineffective 
to improve this parameter (Fig. 3 and Table 3).

Discussion
The approach of control used in the present study is 
the biological control by means of different antagonis-
tic agents. The isolates of T.harzianum Tr9 and Tr10, 
native to the Kasserine region, were the most effective 
in vitro against P. ultimum. The in vivo test showed that 
these isolates and their combinations reduced the health 
status index severity of apple plants inoculated with P. 
ultimum. Tr10 also significantly improved the height of 
apple trees inoculated with P. ultimum. Several previous 
studies have shown that Trichoderma spp. are among the 
most studied a biological fungal agent marketed as biope-
sticides (Yassin et  al. 2021). Furthermore, Green et  al.
(2001) explained the efficient biological control using T. 
harzianum by its ability to compete with P. ultimum for 
substrates from the seed coat and infected root tissues. 
Recently, Elshahawy and El-Mohamedy (2019) reported 
that in the greenhouse experiment, the combined inocu-
lation of five Trichoderma isolates suppressed damping-
off induced by P. aphanidermatum and increased the 
survival of tomato plants by 74.5%. A recent study in 
Tunisia showed that in dual culture assay, T. harzianum 
inhibited P. ultimum radial growth by 18.54% with dras-
tic changes in pathogen hyphae expressed as strong lysis, 

Fig. 1  Comparison between control colony of Pythium ultimum (a) 
and colonies confronted with Trichoderma harzianum Tr9 (b), Tr10 (c), 
Aspergillus candidus A5 (d) and Aspergillus niger A10 (e) formed after 
5 days of incubation at 25 °C

Table 2  Inhibition percent (%) of Pythium ultimum colony 
growth, recorded after 5 days of dual culture with Aspergillus and 
Trichoderma isolates

*Means ± standard error in the column for each antagonist genus followed by 
the same lower

Case letter were not significantly different according to SNK test at p ≤ 0.05

Antagonists Isolates Inhibition (%)

Aspergillus spp. A1 20.72a*

A2 47.75bc

A3 48.65bc

A4 47.75bc

A5 53.15c

A6 32.43ab

A7 38.74bc

A8 45.95bc

A9 48.05bc

A10 72.07d

Trichoderma harzianum Tr1 42.11a

Tr2 47.95a

Tr3 67.25b

Tr4 74.85bc

Tr5 75.44bc

Tr6 73.68bc

Tr7 45.03a

Tr8 39.77a

Tr9 86.55c

Tr10 80.70bc
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formation of mycelial cords and mycoparasitism (Mannai 
et al. 2020). The evaluation of post-emergence damping-
off suppression ability proved that T. harzianum had sig-
nificantly improved the pepper plant height by 22.22% 
over pathogen-inoculated and untreated control (Man-
nai et al. 2020). The evaluation of pre-emergence damp-
ing-off suppression ability showed that pepper seeds 
treated with T. harzianum conidial suspensions gave 
60% less pre-emergence damping-off infections caused 

by P. ultimum, compared to the positive control (Man-
nai et al. 2020). In addition, the use of Trichoderma spp. 
in agriculture can offer many benefits such as coloniza-
tion of the rhizosphere allowing rapid establishment in 
stable microbial communities of the rhizosphere, control 
of pathogens using various mechanisms, improving plant 
vigor and stimulating growth root (Harman et al. 2004).

The strain of B. subtilis tested in vivo was also very 
effective against P. ultimum. In fact, this antagonist 

Table 3  Effect of two Trichoderma and Aspergillus species isolates and Bacillus subtilis on the severity of decline disease and seedlings 
growth, three months after the inoculation of apple seedlings ‘MM106’ by Pythium ultimum 

NIC uninoculated control, IC inoculated control

*Means ± standard error in the column for each parameter (root browning index, sanitary state index, height and root weight) followed by the same lower case letter 
were not significantly different according to SNK test at p ≤ 0.05; **Probabilities associated with individual F tests

Treatment Sanitary state index Root browning index Height (cm) Root weight (g)

NIC 1.33 ± 0.58a* 1.33 ± 0.58a 90.33 ± 11.02c 11.81 ± 1.32ab

IC 3.00 ± 0.00b 3.00 ± 0.00b 23.00 ± 8.89a 3.87 ± 1.57a

Aspergillus candidus A5 1.33 ± 0.58a 2.67 ± 0.58ab 50.50 ± 5.63ab 11.10 ± 3.18ab

A. niger A10 1.67 ± 0.58a 1.67 ± 0.58ab 57.67 ± 12.01abc 17.91 ± 3.53b

Trichoderma harzianum Tr9 1.67 ± 0.58a 1.67 ± 0.58ab 54.50 ± 4.77ab 11.85 ± 2.74ab

T. harzianum Tr10 1.33 ± 0.58a 1.67 ± 0.58ab 62.83 ± 18.54bc 8.57 ± 7.26ab

Bacillus subtilis B 1.33 ± 0.58a 1.67 ± 0.58ab 67.00 ± 6.56bc 8.90 ± 2.89ab

T. harzianumTr9 + Tr10 1.33 ± 0.58a 2.67 ± 0.58ab 59.33 ± 12.10abc 10.99 ± 2.25ab

A. candidus A5 + A. niger A10 1.67 ± 0.58a 1.33 ± 0.58a 48.67 ± 18.04ab 11.41 ± 6.40ab

B. subtilis B + T.harzianum Tr10 3.00 ± 0.00b 2.33 ± 0.58ab 34.83 ± 25.26ab 2.60 ± 2.88a

p value**  ≤ 0.05  ≤ 0.05  ≤ 0.05  ≤ 0.05

Fig. 2  Apple plants recorded, three months after inoculation with Pythium ultimum and their treatment: inoculated control (a), Uninoculated 
control (b), Bacillus subtilis (B) (c), Trichoderma harzianum T10 (d)
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reduced the vigor status index severity and increased the 
height of the apple plants inoculated with P. ultimum. 
The present findings are also in agreement with previ-
ous studies reporting that Bacillus sp. was an important 
microbial antagonist of pathogens. It improved plant 
growth and reduced fungal pathogens in apple orchards 
infested with dieback disease (replantation) (Van Schoor 
and Bezuidenhout 2014).

The in vitro test showed that the isolates A5 (A. can-
didus) and A10 (A. niger) were among the most effec-
tive. Furthermore, A. niger (A10) reduced the severity of 
P. ultimum on apple trees. The use of A5, A10 and their 
combination exhibited good result by reducing the health 
status index severity caused by P. ultimum. This result 
is in agreement with many studies reporting that sev-
eral Aspergillus species were able to of produce a num-
ber of bioactive secondary metabolites (El-Sayed and Ali 
2020). In addition to their antagonistic capacity, several 
members of this genus have demonstrated their abil-
ity to confer plant diseases resistance and other known 
benefits such as soil suppression (Urja and Meenu 2010). 
A. flavipes was identified as a strong inhibitor for growth 
of various oomycetes species (El-Sayed and Ali 2020). 
Furthermore, a recent investigation showed the efficacy 
of Aspergillus species for the radial growth reduction 
of F. oxysporum, F. solani, P. ultimum and Phytophthora 
citrophthora associated with peach seedling decline in 
Tunisian nurseries. It revealed also that A. niger improved 
peach plants height compared to the control inoculated 
with P. ultimum by 40.49% (Mannai and Boughalleb‐
M’Hamdi 2022).

The in vivo assays showed also that the combination of 
A. candidus and A. niger isolates (A5 and A10) decreased 
the root browning index and improved the seedlings 
vigor status. The combination of T. harzianum isolates 
Tr9 + Tr10 improved the seedlings vigor status. These 
results are in agreement with those of Meyer and Roberts 

(2002) who reported that a combinatory approach has 
also the potential to resolve problems that occur with 
individual biocontrol agents. Numerous studies reported 
that the performance in suppression of pathogens or dis-
ease increased by combinations of different biocontrol 
agents (Roberts et al. 2005). However, the present study 
showed also the inefficacy of the combination between 
T. harzianum (Tr10) and B. subtilis (B) to reduce the 
decline severity index. Nevertheless, the test of these last 
antagonists each alone improved significantly the seed-
lings vigor status. This may have been due to an incom-
patible reaction amongst strains (Thilagavathi et  al. 
2007). There are many studies about the combinations 
of antagonists that resulted to decrease the performance 
relative to individual applications of these biological con-
trol agents (Mannai and Boughalleb‐M’Hamdi 2022). 
Several researchers indicated that for increased disease 
suppression, the combined strains in biocontrol prepara-
tions must be compatible (Roberts et al. 2005).

Conclusions
The in  vitro test showed that Aspergillus niger A10, A. 
candidus A5, T. harzianum Tr9 and Tr10 were the most 
effective bioagent against P. ultimum. The in  vivo test 
proved the efficacy of the combination of A. niger A10 
and A. candidus A5 that reduced the disease sever-
ity index and T. harzianum (Tr10), B. subtilis (B) and A. 
niger (A10) that stimulated the apple seedlings growth.

Abbreviations
A. candidus	� Aspergillus candidus
A. niger	� Aspergillus niger
ANOVA	� Analysis of variance
B. subtilis	� Bacillus subtilis
P. ultimum	� Pythium ultimum
T. harzianum	� Trichoderma harzianum
SPSS	� Statistical Package for the Social Sciences software
SNK	� Student–Newman–Keul’s

Fig. 3  Apple seedling roots recorded, three months after inoculation with Pythium ultimum and their treatment: uninoculated control (a), 
inoculated control (b), Aspergillus candidus A5 + A. niger A10 (c), A. niger A10 (d)
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