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Abstract: In the experiments, two compounds were used: hydrogen peroxide with silver (H2O2-Ag+) and captan, 
pyraclostrobin + boscalid and methyl thiophanate + tetraconazole to soak narcissus bulbs before planting for 
the period of 20 minutes. The bulbs were planted in such a way that 2/3 of the bulb was above the surface of the 
substrate. All the pots with bulbs were subsequently placed in plastic boxes and transferred to a cooling chamber 
adjusted precisely for 9 °C and 94–99% air humidity. During the rooting of the bulbs in the cold room after 4, 8, 
12 and 15 weeks, and then in the greenhouse after cutting the above-ground parts, the observations of the bulbs 
and percentage substrate coverage by the fungi most frequently isolated in the previous observations. The research 
showed that H2O2-Ag+ and fungicides used for soaking significantly limited the fungal development on bulbs and 
also on the substrate during the rooting period in the cold store and after they were placed in the greenhouse 
until the flowering.
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The existing literature data show that the fungi 
Penicillium spp., Trichoderma viride Pers. and Rhiz-
opus stolonifer (Ehrenb.) Vuill. (Horst 2008), Botryo-
tinia narcissicola (P.H. Greg.) N.F. Buchw. (O’Neill 
et al. 2005) may be the cause of the rotting of nar-
cissus bulbs, but Fusarium oxysporum f. sp. narcissi 
(Cooke & Massee) Snyder & Hansen has been men-
tioned most frequently (Byther 1987; Hanks 1996; 
Łabanowski et al. 2006; Horst 2008; Vasić et al. 2021). 

Careful selection and elimination of diseased bulbs 
at the time of planting is one of the ways to reduce the 
occurrence of the disease, but it does not bring com-
plete success. So far, before planting narcissus, it was 
recommended to treat bulbs with fungicides, among 
others from the group of  benzimidazoles, imida-
zoles, chloronitriles and phthalimides (Byther 1987; 
Hanks 1996; Łabanowski et al. 2006). The research 
attempted to  check the possibility of  using other 
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fungicides not recommended so far and compounds 
that are not protective agents, such as hydrogen per-
oxide, for dressing. A particular advantage of the use 
of hydrogen peroxide with silver in research is that 
it  has a  different action mechanism on  pathogens 
in comparison to the fungicides used so far. More-
over, it  is  entirely safe for people, animals and the 
environment. Another problem occurring during 
the 15-week rooting period of  the narcissus in  the 
cold room is the high air humidity above 95%, which 
causes various types of fungi to develop on the sur-
face of  the bulbs and the substrate. Unfortunately, 
after removing such plants from the cold store, they 
are often not suitable for trade or require very labo-
rious manual cleaning of the bulbs and the substrate 
from the mycelium. The research showed that these 
species were Neopestalotiopsis foedans (Sacc. & El-
lis) Maharachch., K.D. Hyde & Crous [syn. Pestaloti-
opsis foedans (Sacc. & Ellis) Steyaert], Penicillium ol-
sonii Bainier & Sartory, Rhizopus stolonifer (Ehrenb.) 
Vuill., Trichoderma asperellum Samuels, Lieckf. 
& Nirenberg (Wojdyła et al. 2022b). They sometimes 
covered over 40% of bulb surfaces and the substrate 
with abundant mycelium and spores (Wojdyła et al. 
2022a). Therefore, narcissi producers are waiting for 
the recommendation of  new preparations that are 
possibly safe for plants and the environment.

Attempts to explain the action mechanism of hy-
drogen peroxide on plant pathogens have shown that 
active oxygen released during the decomposition 
of  H2O2 can disrupt the functioning of  cell mem-
branes, cause oxidative changes in DNA and disrupt 
cellular metabolism (Hoffman, Meneghini 1979; 
Imlay, Lin 1988; Mayer at al. 2001). In  turn, in  the 
plant, hydrogen peroxide can induce disease resist-
ance by deposition of callose in cell walls, formation 
of  nodules that hinder pathogen infection,  and in-
crease in the production of hydroxyproline and phe-
nolic compounds (Mazau, Esguerré-Tugayé 1986; 
Kotchoni et  al. 2007). Hydroxyl radicals (HO•), 
formed during the decomposition of hydrogen per-
oxide, cause the entire degradation of the lipid mem-
brane after just 17 minutes (Anzai et al. 1999). As far 
as anaerobic organisms are concerned, the core cy-
totoxic factor is the final result of hydrogen peroxide 
decomposition, i.e. molecular oxygen (Marshall et al. 
1995). H2O2  molecules, owing to  their small  size, 
penetrate cell membranes easily and show a biocidal 
effect against a wide spectrum of organisms, includ-
ing bacteria, fungi and viruses (Miyasaki et al. 1986). 
Hydrogen peroxide (H2O2) is  regarded as  a  reac-

tive oxygen species (ROS), which can damage vari-
ous cellular structures. Moreover, recent work has 
shown that H2O2 can act as  a  powerful signalling 
molecule and mediate different physiological and 
biochemical processes in  various plants (Nurnaei-
mah et al. 2020).

The existing literature data show the possibil-
ity of  using hydrogen peroxide in  plant protec-
tion against pathogens. In experiments conducted 
by Meng et al. (2019), H2O2-Ag+ was highly effec-
tive in inhibiting in vitro growth of radial mycelium 
and in vivo lesion development of inoculated Peni-
cillum italicum Wehmer and Penicillum digitatum 
Sacc. causing the growth of  mycelium on  citrus 
fruits. Dipping fruit in H2O2-Ag+ at concentrations 
of 1–2% before orange storage decreased the decay 
incidence of fruits after 30 and 60 days of cold stor-
age. H2O2-Ag+ brought about a disinfectant effect 
on  the pericarp, clearly indicated by  a  significant 
decrease in total bacteria, mould and yeast counts. 
This study suggests that H2O2-Ag+ can be an alter-
native to chemical fungicides, which, although more 
effective, pose problems owing to the residue levels 
after their use, as well as other health concerns, es-
pecially for the organic fruit industry (Meng et al. 
2019). In addition, the efficiency of 5 and 10% hy-
drogen peroxide in  growth inhibition of  Penicilli-
um expansum Link caused blue mould rot of apples 
in agar diffusion assay was complete, and its mini-
mum inhibitory concentration (MIC) determined 
by  the use of  agar and broth dilution assays was 
less than 0.025%. These outcomes show that the 
application of small quantities of hydrogen perox-
ide to apple skin could be an alternative to  fungi-
cides in eliminating P. expansum from apples (Ven-
turini et al. 2002).

However, under in  vivo conditions, H2O2-Ag+ 
at  the concentration of  0.5%, used to  dip eggplant 
and pepper fruits before storage, decreased fruit rot, 
leading to almost full inhibition of the development 
of such pathogens as Botrytis cinerea Pers. and Al-
ternaria alternata (Fr.) Keissl. (Fallik et al. 1994).

Literature data indicate that silver possesses 
a  strong antimicrobial effect both in  ionic and na-
noparticulate form, thanks to which it is used in the 
control of diseases in plants caused by biotic and abi-
otic factors (Aziz et al. 2015). McShan et al. (2014) 
report that silver nanoparticles penetrate into cells 
and are internalised. Nanosilver is a compound that 
often functions as a source of Ag+ inside the cell. The 
major mechanism of toxicity is the fact that it causes 
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oxidative stress by  generating reactive oxygen spe-
cies and causing damage to  cellular components, 
including DNA damage, antioxidant enzyme acti-
vation, antioxidant molecules depletion (e.g.  glu-
tathione), protein binding and disabling, as  well 
as cell membrane damage.

There are relatively few studies in  the literature 
on  the use of  silver in  combating plant diseases 
(Jo  et  al. 2009; Zalewska et  al. 2016). Research 
by Kim et al. (2012) carried out in vitro showed that 
nanoparticle silver at the concentration of 100 ppm 
strongly inhibited the growth of cultures of 18 test-
ed fungi pathogenic to  plants. On  the other hand, 
studies conducted on ryegrass (Lolium perenne L.) 
showed that in  the case of pathogens Bipolaris so-
rokiniana (Sacc.) Shoem. and Magnaporthe grisea 
(T.T. Hebert) M.E. Barr, both ionic and nano silver 
sprays significantly reduced the intensity of patho-
logical symptoms/disease severity.

Lamsal et al. (2011a) evaluated the effect of silver 
nanoparticles on the development of powdery mil-
dew symptoms in pumpkin and cucumber in some 
in vitro and in vivo studies. In field conditions, the 
highest effectiveness was found for nanoparticle 
silver at  a  concentration of  100  ppm applied both 
before and after the onset of the disease. Similarly, 
in  vivo tests of  silver nanoparticles at  the concen-
tration of  100  ppm showed maximum inhibition 
of fungal hyphae growth and conidia germination.

Unfortunately, the accessible literature is short of in-
formation on the effects of the fungicides used in our 
research to treat narcissus bulbs on the occurring spe-
cies of fungi during the rooting period (Hanks 1996; 
Łabanowski et al. 2006) and on the growth and the de-
velopment of plants. Literature data on the effective-
ness of the agents that we reviewed/assessed on nar-
cissus, carried out by various authors, showed varying 
effectiveness depending on the plant species and the 
pathogen to  be  controlled (Sallato et  al. 2007; Serey 
et  al. 2007). In  some in  vitro studies, captan proved 
to be extremely effective in  the reduction of myceli-
um growth, as well as spore germination of Rhizopus 
oryzae Went & Prinsen Geerligs (Amadioha 1996), 
and at concentrations above 500 μg/mL, the growth 
of  mycelium of  Trichoderma viride Pers., T.  harzi-
anum Rifai, T. koningii Oudem, T. pseudokoningii Ri-
fai and T.  virens Mill, Giddens & Foster (Bhale, Ra-
jkonda 2015). On the other hand, thiophanate methyl 
at the concentration of 0.1% to 0.2% in vitro provided 
full inhibition of the growth of Pestalotiopsis dissemi-
nata (Thüm.) Steyaert mycelium (Ray et al. 2016).

Under in  vivo conditions, captan was highly ef-
fective in  the reduction of  rot caused by R. oryzae 
on  potato (Amadioha 1996) and eggplant (Youssef 
et  al. 2015). On  the other hand, captan and bos-
calid + pyraclostrobin used during the growing sea-
son prevented grapevine fruit rot caused by  P.  ex-
pansum and R. stolonifer (Serey et al. 2007). Boscalid 
+ pyraclostrobin used during the growing season 
for the protection of  strawberries between flow-
ering and harvest visibly reduced the occurrence 
of grey mould (B. cinerea) and soft rot (R. stolonifer) 
on stored fruits (Sallato et al. 2007).

MATERIAL AND METHODS

Experimental design. The experiments were con-
ducted in  2021–2022 at  the Horticultural Farm 
Jacek Wiśniewski Spółka Jawna and the Institute 
of Horticulture – National Research Institute in Ski-
erniewice. The materials and methods used in  the 
present work are similar to those used in earlier re-
search on  hyacinth (Wojdyła et  al. 2022a; Wojdyła 
et al. 2025). Narcissus bulbs were treated with the 
plant growth stimulator Bisteran (50% hydrogen 
peroxide + 0.32 g of silver in 1 kg) and the fungicides 
Biszop 80 WG (80% captan), Signum 33 WG (67 g 
of pyraclostrobin in 1 kg + 267 g boscalid in 1 kg) 
and Yamato 303 SE (233 g thiophanate methyl in 1 L 
+ 70 g tetraconazole in 1 L). The control bulbs were 
soaked in water.

Narcissus L. ‘Tete-a-Tete’ bulbs packed in 3 kg Ra-
schel bags were immersed in  the tested agents for 
20 min according to the following scheme:

1 – Control (water);
2 – Bisteran 1%;
3 – Bisteran 2%;
4 – Bisteran 3%;
5 – Bisteran 5%;
6 – Bisteran 10%;
7 – Yamato 303SE 0.5%;
8 – Signum 33 WG 0.5%;
9 – Biszop 80 WG 1%.

For soaking the bulbs in  plastic buckets, 10  L 
of  suspensions of preparations were prepared. The 
bags full of bulbs were taken out, drained in order 
to  get rid of  the excess liquid, and dried outdoors 
for several minutes. Then, the bulbs were plant-
ed in  pots with a  diameter of  8  cm and a  volume 
of 0.3 L. Three narcissus bulbs with a circumference 
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of  11–12  cm were planted in  each pot in  the sub-
strate so that 2/3 of  the bulb was visible above the 
surface of  the substrate. Within the pot, the bulbs 
occupied approximately 80% of the surface. The sub-
strate consisted of de-acidified raised peat and sand 
mixed in a ratio of 9 : 1, was slightly acidic (pH 6.5), 
contained small amounts of nutrients and had very 
good air and water properties, which in  the case 
of rooting bulbous plants is an advantageous feature 
(Wojdyła et al. 2022a).

All the pots with bulbs were subsequently placed 
in  plastic boxes (crates) size 60 × 40 × 20  cm 
(length × width × height). The boxes were cov-
ered with an  upholstery sponge measuring 
60 × 40 × 2.5 cm and purposefully pressed with mul-
tiplates measuring 60 × 40 cm so that the bulbs could 
not be pushed out of the ground by the developing 
root system. The boxes were stocked on wooden pal-
lets in the following way: five boxes on one level with 
10–11  layers and transferred to  cooling chambers 
adjusted precisely for 9  °C and 94–99% air humid-
ity. After 4  weeks of  the experiment, the pressure 
sponge covers were removed from the crates with 
the narcissus bulbs.

Measurements and observations. During the 
rooting of the bulbs in the cold room after 4, 8, 12 
and 15 weeks, and then in the greenhouse after cut-
ting the above-ground parts, the observations of the 
bulbs and percentage substrate coverage by the fungi 
most frequently isolated in the previous observations 
Neopestalotiopsis foedans (syn. Pestalotia foedans, 
Pestalotiopsis foedans), Penicillium olsonii, Rhizopus 
stolonifer, Trichoderma asperellum (Wojdyła et  al. 
2022b) were carried out. After the sprouted bulbs 
were taken out from the cold store (second stage), 
they were transferred to the greenhouse of the Na-
tional Institute of Horticulture Research and placed 
on  flooding tables in  controlled conditions, where 
the temperature was kept at about 9  °C for several 
days (5–7  days) to  undergo acclimatisation. After 
this period, the temperature in the greenhouse was 
increased to  16  °C and kept at  this level until the 
end of cultivation. If necessary, the plants were wa-
tered in such a way that the surface of the substrate 
in the pot was slightly moist. After flowers behead-
ing, the observations of  the bulbs and percentage 
substrate coverage by the fungi were carried out.

Statistical analysis. The normality of the distribu-
tion of  the observed bulbs covered with mycelium 
in five terms (after 4, 8, 12 and 15 weeks and after 
flowers beheading) and substrate mycelium cover-

age in  five terms (after 4, 8, 12, and 15 weeks and 
after flowers beheading) was verified with Shapiro-
Wilk’s normality test to  check whether the analy-
sis of  variance (ANOVA) met the assumption that 
the ANOVA model residuals followed a  normal 
distribution. After confirming the normal distribu-
tion, a one-way analysis of variance (ANOVA) was 
performed to  verify the null hypotheses of  a  lack 
of  combination effect on  the ten observed traits, 
independently for each one. The arithmetic means, 
and standard deviations were calculated. Moreover, 
Fisher’s least significant differences (LSDs) were es-
timated at  a  significance level of  α  =  0.05. The re-
lationships between observed traits were estimated 
using Pearson’s linear correlation coefficients. The 
GenStat version 23  statistical software package 
(VSN International) was used for the analyses.

RESULTS

ANOVA indicated that the main effect of  com-
binations was significant for all examined traits 
(Table 1). The highest mean values of bulbs covered 
with mycelium in  all five terms were observed for 
the control. The highest mean values of  substrate 
mycelium coverage were observed after 8  and 
12 weeks in the cold room and after flowers behead-
ing. The highest mean value of substrate mycelium 
coverage after 4 weeks was observed for treatment 
with Bisteran 10%; however, after 15 weeks for treat-
ment with Bisteran 2%. On the other hand, the low-
est mean values of  bulb mycelium coverage were 
observed for Biszop 80 WG (after 4 weeks and af-
ter 12 weeks), Bisteran 10% (after 8 weeks and after 
flowers beheading) and Bisteran 5% (after 15 weeks). 
In the case of substrate mycelial coverage treatment 
with Biszop 80 WG was characterised by the lowest 
mean values after 4, 8 and 12 weeks. Bisteran 10% 
had the smallest mean value of  substrate mycelial 
coverage after 15 weeks (1.00). After flowers be-
heading, mean values equal to  zero were obtained 
for all treatments except the control (Table 1).

Bulbs covered with mycelium observed in  all 
terms were significantly positively correlated. The 
significant positive correlations for substrate myce-
lium coverage were observed between: after 8 and 
12 weeks (0.71), after 8 weeks and after flowers be-
heading (0.68), after 12 and 15 weeks (0.67), as well 
as after 12 weeks and after flowers beheading (0.94) 
(Table 2, Figure 1).
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Table 1. Results of one-way analysis of variance, mean values and standard deviations (SD) as well as homogeneous 
groups for coverage of bulbs and substrate with mycelium in %

Treatment
After 4 weeks After 8 weeks After 12 weeks After 15 weeks After flowers beheading
mean SD mean SD mean SD mean SD mean SD

Bulbs covered with mycelium (in %)
1 17.00a 19.20 16.60a 11.40 9.21a 10.30 16.70a 8.07 19.20a 9.63
2 7.66cd 10.10 10.30bc 10.20 7.25a 10.10 14.40a 9.90 12.00b 6.44
3 11.80b 12.50 12.90b 13.70 8.50a 11.30 14.40a 8.42 11.00bc 7.22
4 5.15def 7.82 6.56de 8.66 3.25bc 6.52 7.69d 7.20 8.19de 7.30
5 6.13de 7.95 9.81bc 9.36 4.75b 9.54 14.60a 9.35 7.44e 7.80
6 2.81ef 5.15 5.44e 8.54 1.88c 4.80 8.38cd 7.66 2.31f 4.28
7 11.10bc 12.10 8.50cd 8.43 3.00bc 5.07 11.50b 9.36 10.20bcd 7.69
8 8.31bcd 15.30 7.44cde 9.35 2.56bc 5.09 8.81bcd 7.13 6.69e 6.16
9 2.56f 4.90 5.88de 7.02 1.25c 3.33 11.00bc 10.48 8.81cde 7.81
LSD0.05 3.56 – 3.04 – 2.44 – 2.70 – 2.26 –
F-ANOVA 13.09*** – 11.03*** – 11.47*** – 11.05*** – 31.87*** –
Substrate mycelium coverage (in %)
1 1.34ab 3.70 3.25a 5.34 3.19a 5.64 4.50ab 5.93 0.38a 1.91
2 0.50bc 2.33 1.19bc 3.92 1.06b 3.05 3.50a–d 5.06 0.00b 0.00
3 1.94a 3.94 1.81b 4.15 1.13b 3.56 4.63a 5.20 0.00b 0.00
4 1.86a 4.23 2.31ab 4.97 0.38b 1.91 1.88ef 4.24 0.00b 0.00
5 1.75a 3.82 2.06ab 4.34 0.75b 2.65 2.75cde 4.49 0.00b 0.00
6 2.00a 4.40 1.75b 3.99 0.38b 1.91 1.00f 3.02 0.00b 0.00
7 0.63bc 2.16 1.81b 4.23 0.69b 2.48 3.75ab 6.49 0.00b 0.00
8 1.38ab 3.81 1.13bc 3.08 0.31b 1.46 3.00b–e 4.54 0.00b 0.00
9 0.00c 0.00 0.25c 1.58 0.25b 1.57 2.13def 4.12 0.00b 0.00
LSD0.05 1.06 – 1.27 – 0.92 – 1.52 – 0.20 –
F-ANOVA 3.57*** – 3.36*** – 7.65*** – 4.95*** – 3.08** –

1–9 – control (water), Bisteran 1%, Bisteran 2%, Bisteran 3%, Bisteran 5%, Bisteran 10%, Yamato 303SE 0.5%, Signum 
33 WG 0.5%, Biszop 80 WG 1%, respectively, LSD – least significant difference; **,***significant levels at P < 0.01, 0.001, 
respectively; a–fvalues in columns followed by the same letters are not significantly different

Table 2. Correlation coefficients between observed traits, bulbs covered with mycelium (OCwM) and substrate myce-
lium coverage (SMC) in 4, 8, 12 and 15 weeks as well as after flowers beheading (4w, 8w, 12w, 15w, afb, respectively)

Trait OCwM 
4w

OCwM 
8w

OCwM 
12w

OCwM 
15w

OCwM 
afb

SMC 
4w

SMC 
8w

SMC 
12w

SMC 
15w

SMC 
afb

OCwM 4w 1.00
OCwM 8w 0.90*** 1.00
OCwM 12w 0.78* 0.94*** 1.00
OCwM 15w 0.66 0.88** 0.84** 1.00
OCwM afb 0.83** 0.87** 0.78* 0.77* 1.00
SMC 4w 0.07 0.13 0.19 –0.14 –0.27 1.00
SMC 8w 0.64 0.64 0.56 0.35 0.48 0.59 1.00
SMC 12w 0.84** 0.92*** 0.81** 0.77* 0.88** 0.06 0.71* 1.00
SMC 15w 0.90*** 0.86** 0.81** 0.77* 0.80** –0.12 0.33 0.67* 1.00
SMC afb 0.72* 0.76* 0.58 0.55 0.79* 0.04 0.68* 0.94*** 0.46 1.00

*,**,***significant levels at P < 0.05, 0.01, 0.001, respectively
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DISCUSSION

In the available literature, there is no data on the 
possibility of  using agents for treating narcissus 
bulbs and their impact on limiting the development 
of fungi on the surface of bulbs and substrate, as well 
as  on  growth and flowering. Most of  our observa-
tions indicated a visible effect of hydrogen peroxide 
with silver (H2O2-Ag+) and fungicides used for the 
treatment of narcissus on reducing the occurrence 
and development of fungi on bulbs and the substrate. 
Previous studies carried out during the cold storage 
period of hyacinth, narcissus, and tulip showed that 
the occurrence of N. foedans, P. olsonii, R. stolonifer 
and T. asperellum was the cause of problems, reduc-
ing the commercial quality of plants (Wojdyła et al. 
2022b). Due to the use of freshly prepared substrate 
and containers for planting, it  should be  assumed 
that the main source of fungi that appeared during 
the cold storage of narcissus was dead bulb scales. 
The possibility of  using H2O2-Ag+ and fungicides 
to  treat narcissus bulbs in  order to  reduce the oc-
currence of  fungi developing on  the surface of  the 
bulbs and the substrate has been demonstrated 
by our own in vitro studies (Wojdyła et al. 2022b). 

These studies showed that H2O2-Ag+ and fungicides 
used to treat bulbs limited the growth of fungal cul-
tures isolated from bulbs and substrate during the 
forcing period (growing period). In vitro, H2O2-Ag+ 
at a concentration of 0.05% to 0.2% strongly inhib-
ited the growth of the mycelium of N. foedans and 
P.  olsonii, and slightly stimulated or  limited the 
growth of R.  stolonifer and T. asperellum (Wojdyła 
et al. 2022b).

The high effectiveness of hydrogen peroxide (Bis-
teran) in reducing the growth of mycelium and spore 
germination of the types of fungi we evaluated has 
also been reported in the literature. In some in vit-
ro studies, high effectiveness of hydrogen peroxide 
in  reducing the growth of  mycelium and germina-
tion of spores was reported by the following authors: 
R. oryzae as the cause of tobacco leaf rot (Kortekamp 
2006), P.  expansum causing apple rot in  storage 
(Venturini et  al. 2002), B.  cinerea, R.  stolonifer, 
P. digitatum and P. italicum isolates from strawberry 
and orange (El-Mougy et al. 2008) and from citrus 
fruit (Meng et al. 2019), P. expansum responsible for 
rotting cherry fruit (Sehirli et  al. 2020), Pestalotia 
psidii Pat. responsible for the rotting of guava fruit 
(Youssef et al. 2015).

On the other hand, the second component 
of the Bisteran agent we tested, nanoparticle silver, 
at a concentration of 100 ppm in vitro, was highly 
effective in inhibiting the growth of mycelium and 
spore germination of various species of Colletotri-
chum (Lamsal et  al. 2011b), and at  a  concentra-
tion of 150 ppm: A. alternata, Alternaria citri Ellis 
& Pierce and P. digitatum (Abdelmalek, Salaheldin 
2016). Whereas, nanoparticle silver used prophy-
lactically turned out to  be  highly effective against 
powdery mildew on  pumpkins and cucumbers 
caused by  Golovinomyces cichoracearum (DC.) 
V.P.  Heluta or  Sphaerotheca fusca (Fr.) S. Blumer 
(Lamsal et al. 2011a).

In each observation, the tested fungicides sig-
nificantly reduced bulb coverage with mycelium 
and sporulation in comparison to the control. In the 
case of  the substrate, a significantly lower percent-
age of  mycelium coverage and sporulation was 
noted after 8, 12, and 15 weeks and after cutting 
flowers. The high effectiveness of  the tested fungi-
cides in inhibiting the development of mycelium has 
been confirmed by literature data regarding various 
species of  fungi; however, they are not always pre-
sent in our research but belong to the same genus. 
Own research conducted in  vitro has confirmed 

Figure 1. Heatmaps for linear Pearson’s correlation coef-
ficients between the observed traits, bulbs covered with 
mycelium (OCwM) and substrate mycelium coverage 
(SMC) in 4, 8, 12 and 15 weeks as well as after flowers 
beheading (4w, 8w, 12w, 15w, afb, respectively)

1 – OCwM 4w
2 – OCwM 8w
3 – OCwM 12w
4 – OCwM 15w
5 – OCwM afb
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10 – SMC afb
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high efficiency in inhibiting the growth of mycelium 
by:  captan (N. foedans, P. olsonii, and R. stolonifer, 
T. asperellum); pyraclostrobin + boscalid (N. foedans 
and P. olsonii, T. asperellum and R. stolonifer); thi-
ophanate methyl + tetraconazole (N. foedans and 
T. asperellum) (Wojdyła et al. 2022b). Similarly, lit-
erature data indicate that captan in  some in  vitro 
laboratory tests turned out to  be  highly effective 
in  limiting the growth of  mycelium and germina-
tion of R. oryzae (Amadioha 1996; Chaurasia et al. 
2017) and Trichoderma spp. (T. viride, T. harzi-
anum, T. koningii, T. pseudokoningii and T. virens) 
(Bhale, Rajkonda 2015).

On the other hand, in  vivo conditions, captan 
showed high effectiveness in  limiting the develop-
ment of R. oryzae on potato (Amadioha 1996) and 
eggplant (Youssef et al. 2015), and boscalid + pyra-
clostrobin (P. expansum and R. stolonifer) on vines 
(Serey et al. 2007).

CONCLUSION

Studies have shown that Bisteran (H2O2-Ag+) 
and fungicides Biszop 80  WG (captan), Signum 
33  WG (pyraclostrobin + boscalid) and Yamato 
303 SE (thiophanate methyl + tetraconazole), used 
to treat narcissus, limited the development of fungi 
on  bulbs and the substrate during the rooting pe-
riod of the bulbs in the cold room and after placing 
them in the greenhouse until the flowering period. 
Based on our own research and previous informa-
tion included in  the Bisteran label, it  seems that, 
in practice, a concentration of 2–3% should be used 
for dressing bulbs.
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