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Abstract: The research aimed at an assessment of the effect of foliar fertilizers, ie Mikrovit Fe  Iron che-

late, Wapnovit and Fostar recommended for agronomic and vegetable crops and in orchards on linear growth, 

biomass and sporulation of the following fungi: Sclerotinia sclerotiorum (Lib.) de Bary, Rhizoctonia solani 

Kühn and Phoma exiqua Desm. var. exiqua under conditions in vitro.

The results obtained show a not unanimous response of the tested fungi species to applied foliar fertilizers 

and their various concentrations. Among the analyzed foliar fertilizers, Mikrovit Fe most strongly inhibited 

linear growth, biomass increment and mitigated spore production in all tested fungi. Also Fostar revealed 

a strong fungistatic effect on Phoma exiqua and Rhizoctonia solani. At the highest applied concentration 

(1.0 mm3/cm3) growth inhibition coef  cients for these species were respectively 67.54 % and 46.45 %. On 

the other hand, Wapnovit revealed very weak fungistatic properties because it inhibited the linear growth 

of the analyzed fungal organisms only between 0.02 and 8.24 %. At the same time this fertilizer stimulated 

growth of the aerial mycelium and sporulation process in the tested fungi. Moreover, Sclerotinia sclerotiorum 

was the species which most weakly responded to fertilizer presence in the medium.
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The growing assortment of foliar fertilizers available on the market answers plant 

producers  requirements and provides a challenge to undertake new research on their ef-

fect on the amount of yield and the environment. The main objective of the introduction 

of foliar fertilizer to the agrocenosis is increasing the quantity of obtained yields [1-7]. 

While improving plant nutrition through foliar fertilization, one may also strengthen 

their resistance to pathogen infestation [8 14]. Moreover, the protective effect of foliar 

fertilizers is connected with their direct effect upon pathogens. Several studies in this 

area show that foliar fertilizers may inhibit development of plant pathogen under condi-

tions in vitro [15 21].
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The paper shows the in  uence of various concentrations of foliar fertilizers, ie 

Mikrovit Fe, Fostar and Wapnovit on linear growth, biomass increment and sporulation 

of phytopathogenic fungi: Sclerotinia sclerotiorum (Lib.) de Bary, Rhizoctonia solani 

Kühn and Phoma exiqua Desm. var. exiqua under conditions in vitro.

Material and methods

Foliar fertilizers: Mikrovit Fe, Fostar and Wapnovit manufactured by Intermag En-

terprise in Olkusz were selected for a laboratory experiment. Mikrovit Fe  Iron chelate 

contained 3.0 % Fe, 32 g Fe/dm3 of the fertilizer, 4.5 % N, pH  32; Wapnovit had 

12.16 % CaO, (256 g CaO/dm3 of fertilizer), 10 % of nitrogen (N-NO
3
), 0.48 %  MgO, 

0.05 %  B, 0.02 %  Cu, 0.02 %  Zn, pH  2.7,whereas Fostar; contained: 14.8 %  P, 

34.1 %  P
2
O

5
 (500.3 g P

2
O

5
/dm3 of fertilizer), pH  1.4. Fungi species: Sclerotinia sclero-

tiorum (Lib.) de Bary, Rhizoctonia solani Kühn and Phoma exiqua Desm. var. exiqua

originated from the cultures of the Agricultural Environment Protection Department. 

The fungi were cultured under conditions in vitro, in  ve replications, on the PDA me-

dium (glucose-potato) and at the temperature of 23 °C. The PDA medium with added 

Mikrovit Fe, Wapnovit and Fostar were prepared to obtain their concentrations of : 0.01, 

0.1 and 1 mm3 per 1 cm3 of the medium. Prior to the experiment, the outset pH was 

measured in the media. The media were inoculated with an agar ring, 5 mm in diameter, 

overgrown with two-week old mycelium. The control was provided by Petri dishes with 

the medium without the fertilizer supplement. The effect of individual foliar fertilizers 

and their concentrations on linear growth of the analyzed fungal organisms was present-

ed as a difference between the mean fungus colony diameter on the control dishes and 

the diameter of the mycelium colony on dishes with individual concentrations of foliar 

fertilizers. Coef  cients of linear growth rate and inhibition/stimulation coef  cients were 

computed following the formula presented by Gle  [13]. After three weeks of the fungi 

culture growing on the PDA media with the foliar fertilizers and control the numbers of 

spores were assessed in Thom haemocytometer.

Fungi biomass growth was maintained in 300 cm3 Erlenmayer  asks on 100 cm3 of 

the modi  ed PDA medium (without agar) with the supplements of foliar fertilizers in 

the same concentrations as in the above mentioned experiment. The culture was main-

tained for 21 days at the temperature of ca 23 °C. After this period the post-culture 

liquid with mycelium was  ltered through  lter paper. Then the mycelium was dried 

on a sterile glass at 80 °C to constant weight and weighed. The results were veri  ed 

statistically using ANOVA and the signi  cance of differences was assessed on the basis 

of the t-Student test.

Results and discussion

The laboratory experiments allowed to assess the direct effect of foliar fertilizers, ie 

Mikrovit Fe, Fostar and Wapnovit on linear growth, biomass and sporulation of Sclero-

tinia sclerotiorum (Lib.) de Bary, Rhizoctonia solani Kühn and Phoma exiqua Desm. var.

exiqua fungi. However, the obtained results do not provide grounds for unanimous de-
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termination of the fertilizer effect on the fungal organisms, since each investigated fun-

gus species responded differently to individual fertilizer preparations and their concen-

trations in the medium. This fact was con  rmed by other authors [15 22].

Among the analyzed foliar fertilizers Mikrovit Fe, irrespective of the concentration 

applied, revealed strong fungistatic properties towards Phoma exiqua and Rhizoctonia 

solani. It has been visible as a signi  cantly slower rate of the linear growth of these 

species in comparison with the growth on Petri dishes, inhibition of surface growth of 

these species colonies by respectively 49.28 % and 44.76 %, biomass increments on 

average by 41.36 % and 64. 36% and sporulation (Fig. 1, Table 1 3).

Table 1

Coef  cients of rate [T] and inhibition of the linear growth of the tested fungi [%]

Foliar

fertilizers

Concentration 

[mm3/cm3]

Rhizoctonia solani Sclerotinia sclerotiorum Phoma exiqua

[T] [%] [T] [%] [T] [%]

Mikrovit

Fe  Iron 

chelate

1

0.1

0.01

  33.38 a*

40.75 b

64.12 d

59.97

51.14

23.18

76.94 b

68.14 a

80.56 c

4.82

15.71

0.35

20.83 a

37.45 c

68.48 f

74.99

55.05

17.8

Fostar

1

0.1

0.01

44.66 c

64.03 d

65.30 e

46.45

23.22

21.70

80.44 c

79.92 c

83.55 d

0.49

1.14

+3.35

27.04 b

55.17 d

56.09 e

67.54

33.77

32.67

Wapnovit

1

0.1

0.01

76.53 f

81.94 g

83.96 i

8.24

1.75

+0.67

80.42 c

79.66 bc

79.66 bc

0.52

1.46

1.46

79.00 g

80.23 e

83.29 i

5.17

3.70

0.02

Control 83.40 h 80.84 cd 83.31 i

* Values in columns marked by the same letter are not signi  cantly different,

+ means stimulation of biomass increment.

At the same time it was found that the inhibitory effect of Mikrovit Fe on P. exiqua and 

R. solani was diminishing with their decreasing concentrations in the media (Table 1 4).

A similar relationship was found in the research on the in  uence on Mikrovit Fe on 

Botrytis cinerea [21]. Moreover, Mikrovit Fe used in 0.1 mm3/cm3 concentration very 

strongly (91.46 %) inhibited S. sclerotiorum biomass growth, but it limited its linear 

growth only in 15.40 % (Table 1 2). However, in the same object a stimulation of 

S. sclerotiorum sporulation was detected (Table 3). In the opinion of Hodges [23] such 

a result may be considered as a defensive response of the fungus to unfavourable condi-

tions and protection of the colony durability.

The activity of foliar fertilizers on fungal organisms under in vitro conditions greatly 

depends not only on the kind and dose of the fertilizer preparation but, as reported by 

Weber and Wyrwa [16], also on the medium reaction. On the other hand, in common 

opinion, microscopic fungi may develop within a wide range of environment reaction 

values, but for the majority the optimum pH ranges from 4 to 7 [24 26]. In the Authors  

studies the share of individual concentrations of Mikrovit Fe changed the medium pH 

to a slight extent (4.34 5.20). Moreover, a characteristic feature of Mikrovit Fe used in 
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the experiment was the presence of chelated Fe cations. Gumi ski [27] reports that Fe3+ 

is the most strongly bound at pH of 3 and the bond strength decreases with growing pH. 

Therefore, the role of the medium reaction is connected rather with the availability of in-

dividual nutrients to fungi. In their own studies the Authors observed a signi  cant and at 

the same time very strong inhibition of biomass increment, particularly in S. sclerotiorum

and Rhizoctonia solani at 1.0 and 0.1 mm3/cm3 of Mikrovit Fe supplement (Table 4). 

On the other hand, it may be supposed that at a lower concentration of this preparation 

in the medium and pH 5.20, Fe ions might have been better utilized by the analyzed 

fungal organisms to build fungal structures. On the other hand, irrespectively on the 

applied concentration, Mikrovit Fe strongly reduced sporulation process in the tested 

fungi. This fact was also corroborated by the studies of Glen and Boliglowa [19].

Fig. 1. Effect of foliar fertilizers on tested fungi growth inhibition

The response of the tested fungal organisms to Fostar was rather diversi  ed. Gener-

ally the fertilizer revealed weaker fungistatic properties. In its highest concentrations 

(1.0 and 0.1 mm3/cm3) it notably reduced the development of all tested fungi colonies, 

but as in the case of Mikrovit Fe, P. exiqua and R. solani proved to be the most sensitive 

species (Table 1). An apparent inhibition of their linear growth (ca 34 and 23 %) was 

observed also on media containing 0.1 mm3/cm3 of this fertilizer preparation (Table 1). 

However, on liquid media Fostar, especially in the lowest concentration it stimulated bi-

omass increments in the tested organisms (Table 2). R. solani biomass increment reached 

even 68.34 %. In the Authors  former studies [22] a strong inhibition of linear growth 

reaching ca 80 % was noted as well as very intensive biomass increments (54.62

106.17 %) of Fusarium fungi in the presence of 0.01 mm3/cm3 of Fostar. ANOVA

conducted in the Authors  own research did not reveal any notable effect of individual 

Fostar concentrations on S. sclerotiorum growth rate (Table 1). However, in each of the 
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analyzed concentrations of this fertilizer a four time smaller number of S. sclerotiorum 

spores was registered (Table 3). On the other hand at 1.0 mm3/cm3 of Fostar content 

in the medium the number of P. exiqua spores declined even ten times. Also Gle  [22] 

reported that irrespective of the applied concentration, this fertilizer totally blocked the 

macroconidia forming the process in F. coeruleum, F. culmorum and F. graminearum. In 

the Authors  own research, pH of media containing 1.0, 0.1 and 0.01 mm3/cm3 of Fostar 

was respectively: 3.61, 3.95 and 4.32. A strongly acid medium pH assuredly did not 

favour the growth of the tested phytopathogenic fungi, particularly during the short ex-

periment on Petri dishes. It was con  rmed by the research by Gle  and Bolig owa [19]. 

Foliar fertilizers characterized by a low pH applied in 1.0 mm3/cm3 concentration led to 

a complete inhibition of F. avenaceum, F. coeruleum, F. graminearum.

The Wapnovit foliar fertilizer revealed a lack of fungistatic activity. Slight inhibition 

of R. solani, P. exiqua and S. sclerotiorum colony growth was registered only when the 

highest concentrations were used (Table 1). Irrespective of its concentration Wapnovit 

had a signi  cant in  uence on stimulation R. solani biomass increments (Table 3). The 

0.01 mm3/cm3 concentration also greatly affected intensive growth of P. exiqua bio-

mass. On the other hand, although higher concentrations of Wapnovit revealed a tenden-

cy to stimulate this species, the biomass increments did not differ notably from the con-

trol. Moreover, a considerable (nine-fold) smaller P. exiqua spore number was observed 

(Table 3). The analyzed foliar fertilizer did not have any marked in  uence either on 

linear growth or biomass of S. sclerotiorum (Table 1, 2). Very weak fungistatic proper-

 ties of Wapnovit applied in 1.0 mm3/cm3 concentration ( eld dose) towards Fusarium 

fungi were also observed by Gle  [22]. Unlike Fostar, Wapnovit is a mutlicomponent 

fertilizer which apart from calcium contains also nitrogen, magnesium, boron, copper 

and zinc. Moreover the pH of the media with added Wapnovit ranged from 4.51 to 5.75, 

remaining within the range optimal for the fungi tested in the experiment. The tested 

fungi species revealed a great tolerance to Wapnovit presence in the medium.

Table 2

Effect of foliar fertilizers on biomass increment of tested fungi

Foliar

fertilizers

Concentration 

[mm3/cm3]

Rhizoctonia solani Sclerotinia sclerotiorum Phoma exiqua

Biomas [g] T [%] Biomas [g] T [%] Biomas [g] T [%]

Mikrovit

Fe  Iron

chelate

1

0.1

0.01

0.046 a*

0.164 a

0.424 b 

92.29

72.53

28.98

0.181 a

0.079 de

0.442 b 

80.43

91.46

52.21

0.259 a

0.311 ab

0.415 c 

53.75

44.46

25.89

Fostar

1

0.1

0.01

0.525 bc 

0.533 bc

1.005 d 

12.06

10.72

+68.34

0.755 c 

0.893 cde

0.994 e

18.38

3.46

+7.46

0.394 bc

0.569 de

0.664 ef

29.64

+1.61

+18.57

Wapnovit

1

0.1

0.01

1.009 d

0.977 d

0.970 d

+69.01

+63.65

+62.48

0.953 de 

0.814 cd

0.863 cde

+3.03

12.00

6.70

0.563 d

0.608 de

0.714 f

+0.53

+8.57

+27.50

Control 0.597 c 0.925 de 0.560 d

* values in columns marked with the same letter do not differ signi  cantly,

+ means stimulation of biomass increment.
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Table 3

Sporulation of tested fungi

Fungus species Spore number per 1 cm3 x [108]

Fungus species Control

Mikrovit Fe Fostar Wapnovit

concentration [mm3/cm3]

1.0 0.1 0.01 1.0 0.1 0.01 1.0 0.1 0.01

Sclerotinia sclerotiorum 12.48

72.24

8.36

0.23

7.40

5.47

6.79

7.38

4.06

7.18

4.21

8.10

4.93

11.69

13.61

7.23

8.59

8.02

8.39

8.14Phoma exiqua

Conclusions

1. Among the tested fungal organisms, Phoma exiqua and Rhizoctonia solani re-

vealed high sensitivity to the applied fertilizer preparations, particularly to Mikrovit Fe 

and Fostar.

2. Mikrovit Fe revealed the strongest fungistatic properties, which became apparent 

as strong inhibition of biomass growth of all tested fungi species, a considerable limita-

tion of P. exiqua and R. solani linear growth, and inhibition of sporulation of P. exigua 

and S. sclerotiorum.

3. Fostar foliar fertilizer applied in 1.0 mm3/cm3 concentration strongly inhibited linear

growth of R.solani and P. exiqua, reduced their biomass increment by 12.06 29.64 %.

Irrespective of its concentration, it inhibited sporulation in P. exiqua and S. sclerotiorum.

4. The share of 1.0 mm3/cm3 of Wapnovit in the medium stimulates biomass incre-

ment in all tested fungi species and favours intensi  cation of the sporulation process in 

S. sclerotiorum.
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WP YW WYBRANYCH NAWOZÓW DOLISTNYCH NA GRZYBY FITOPATOGENNE
W WARUNKACH IN VITRO

Katedra Ochrony rodowiska Rolniczego, Uniwersytet Rolniczy im. Hugona Ko taja w Krakowie

Abstrakt: Celem podj tych bada  by o okre lenie wp ywu nawozów dolistnych, tj. Mikrovit Fe  Chelat 

elaza, Wapnovit i Fostar zalecanych do stosowania w uprawach rolniczych, warzywniczych i sadach, na 

wzrost liniowy, biomas  i zarodnikowanie grzybów: Sclerotinia sclerotiorum (Lib.) de Bary, Rhizoctonia 

solani Kühn i Phoma exiqua Desm. v. exiqua w warunkach in vitro.

Uzyskane wyniki wskazuj , e reakcja badanych gatunków grzybów na zastosowane nawozy dolistne 

i ich ró ne st enia nie jest jednoznaczna. Spo ród badanych nawozów dolistnych Mikrovit Fe niezale nie 

od st enia w pod o u najsilniej ogranicza rozrost liniowy, przyrost biomasy oraz os abia proces sporulacji 

wszystkich grzybów testowych. Silne w a ciwo ci fungistatyczne w odniesieniu do Phoma exiqua i Rhizocto-

nia solani wykazywa  równie  Fostar. Szczególnie za  w najwi kszym z zastosowanych st e  (1.0 mm3/cm3)

 wspó czynnik zahamowania wzrostu dla tych gatunków wynosi  odpowiednio 67,54 % i 46,45 %. Nato-

miast Wapnovit wykaza  bardzo s abe w a ciwo ci fungistatyczne, bowiem hamowa  on rozrost liniowy bada-

nych organizmów grzybowych w zakresie 0,02 8,24 %. Jednocze nie nawóz ten stymulowa  wzrost grzybni 

powietrznej i proces sporulacji testowanych gatunków. Ponadto gatunkiem najs abiej reaguj cym na obecno  

nawozów w pod o u okaza  si  Sclerotinia sclerotiorum.

S owa kluczowe: nawozy dolistne, grzyby fitopatogenne, wzrost, biomasa, zarodnikowanie


