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INTRODUCTION

N-(2-pirydylamino) methylenebisphosphonic 
acid is a compound of promising herbicidal prop-
erties [Lejczak et al. 1996, Forlani et al. 1997, Ka-
farski et al. 1997]. It contains two direct covalent 
carbon-to-phosphorus bonds which are resistant 
to chemical, photolytic and thermal degradation. 
The removal of this compound from environment 
would be low, when it could not be degraded by 
microorganisms. Therefore, application of this 
substance requires multidirectional ecological 
and toxicological studies.

Previous studies found that autochthonous 
soil fungi can utilize organophosphonates as 
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ABSTRACT
The active substance of new herbicide generation is N-(2-pirydyloamino) methyleno-
bisphosphonic acid. Two strains Fusarium culmorum CB3 and Fusarium oxysporum 
XVI, isolated from soil treated with examined substance, were chosen to investigation 
of using it as a sole source of phosphorus, nitrogen or carbon in the concentrations 
at 1.0 mM. Interactions between the dominating strains of fungi and N-(2-pirydy-
loamino) methylenobisphosphonic acid, mycelium growth rate, the spore germinate 
index, the level chemical changes of N-(2-pirydyloamino) methylenobisphosphonic 
acid and pH were investigated after cultivation in mineral medium and its modifica-
tions. The results of growth kinetics of the studied Fusarium fungi in the presence of 
N-(2-pirydyloamino) methylenobisphosphonic acid, were expressed by dry weight 
[g·dm-3]. Only Fusarium oxysporum XVI has been capable to grow in acidic medium 
(pH 4.0) using N-(2-pirydylamino) methylene-bisphosphonic acid as an alternative 
source of phosphorus. In these conditions the N-(2-pirydylamino) methylenebisphos-
phonic acid degradation was carried out to utilize phosphorus compounds as a source 
of nutrient components for this strain. The presence of N-(2-pirydylamino) methy-
lenebisphosphonic acid receded a growth rate of mycelium but did not have an effect 
on spores of the tested fungi.
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nutriment and also as energetic substrate, with 
herbicide glyphosate being the most intensively 
studied [Bujacz et al. 1995, Krzysko-Lupicka et. 
al. 1997, Krzysko-Lupicka et. al. 1997a, Krzys-
ko-Lupicka et. al. 2008, Tejada 2009, Shushkova 
et. al. 2010]. Fungi arising after Roundup (techni-
cal formulation of glyphosate) treatment for ag-
ricultural environment, in particular the presence 
of phytopatogens in this group is significant.

The presence of N-(2-pirydylamino)methy-
lenebisphosphonic acid in soil leads to tempo-
rary changes of soil microorganisms, particu-
larly the elevated growth of phytotoxic strains, 
especially those of Fusarium species [Krzysko-
Lupicka 2005].
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The herbicides also affect the microorganisms 
development, what is caused by disturbances in 
cell metabolism, but not all of these changes lead 
to inhibition of microorganisms reproduction.

The goal of this study was to determine 
the influence of N-(2-pirydylamino) methy-
lenebisphosphonic acid used as sole source of 
carbon, nitrogen, or phosphorus or both nitrogen 
and phosphorus on growth of Fusarium sp. and 
on spores germination rate index. The possibility 
of fungi Fusarium strains to biodegrade of this 
substance was also investigated.

MATERIALS AND METHODS

The Fusarium culmorum CB3 and Fusarium 
oxysporum XVI strains as a potentially phytopato-
genic fungi were chosen for further studies. Their 
growth intensities and possibility of production of 
stain, which are either associated with mycelium 
or diffuse to medium in dependence on their modi-
fications, were similar. Earlier, these fungi were 
selected by observing their significant growth 
in presence of N-(2-pirydylamino)methylene-
bisphosphonic acid [Krzysko-Lupicka 2005].

The N-(2-pirydylamino)methylenebisphos-
phonic acid (B) was used, in the concentrations of 
1.0 mM, as a sole source of carbon, or nitrogen, 
or phosphorus or both nitrogen and phosphorus.

The pure fungal cultures were growing in full 
(Cz) and mineral modification Czapek medium at 
25°C through 1 – 4 weeks. The medium modi-
fication consisted of addition of 1 mM of N-(2-
pirydylamino) methylenebisphosphonic acid (B) 
as an alternative source of following nutriments: 
carbon (Cz-C+B); nitrogen (Cz-N+B); phos-
phorus (Cz-P+B) or nitrogen and phosphorus 
(Cz-N-P+B). The growth of fungi in full mineral 
(pH 5.6) and acid (pH 4.0) media was treated as 
controls, whereas the growth of fungi in medium 
without nutriment – carbon (Cz-C), nitrogen (Cz-
N), phosphorus (Cz-P) or nitrogen and phospho-
rus (Cz-N-P), was an unqualified control. The 
fungi population density applied to inoculate the 
medium was 2·106 cell·cm-3.

After 1, 2, 3 and 4 weeks of culture in follow-
ing parameters were determined:
 • kinetics of the growth of the studied Fusarium 

by determination of mycelium dry mass (g 
d.m. dm-3·) at 105°C;

 • a degree of N-(2-pirydylamino)methy-
lenebisphosphonic acid degradation by UV-

VIS spectrophotometry following the changes 
at λ = 316 nm;

 • a growth rate index ITW and spores germi-
nation rate index INK (%) of tested fungi 
[Krzysko-Lupicka and Sudol 2008]. 

The obtained data have been statistically 
processed using one factor variance analysis 
and multiple range Duncan test. In parallel, the 
macro- and microscopic changes of studied fungi, 
were observed.

RESULTS

N-(2-pirydylamino)methylenebisphosphon-
ic acid, added to Fusarium culmorum CB3 and 
Fusarium oxysporum XVI cultures, as a sole 
source of nutriment (Cz-C+B, Cz-N+B, Cz-
P+B, Cz-N-P+B) led to inhibition of fungal 
growth. Only in case of Fusarium oxysporum 
XVI a biomass increase in culture with N-(2-
pirydylamino)methylenebisphosphonic acid 
used as an alternatively source of phosphorus 
(Cz-P+B) was observed. However, it was lower 
when compared with the growth in full Czapek 
(pH 5.6) and acid (pH 4.0) media. It was, how-
ever, higher than the growth of the fungi in me-
dium without phosphorus (Figure 1).

In parallel, the pH changes of tested strains af-
ter four weeks of incubation (II) in comparison with 
initial cultures were investigated and significant in-
crease of pH in modified cultures, except Cz-N, Cz-
N+B and Cz-N-P, were observed (Figure 2).

The changes of medium pH can be a chemi-
cal indicator of N-(2-pirydylamino)-methy-
lenebisphosphonic acid biodegradation in pres-
ence of tested fungi or their metabolites.

The spectroscopic analysis showed, that ab-
sorption decreases only in case of Fusarium oxy-
sporum XVI culture with N-(2-pirydylamino) 
methylenebisphosphonic acid used as an alterna-
tive source of phosphorus (Figure 3). 

The growth rate index (ITW) showed that N-(2 
– pirydyloamino) methylenobisphosphonic acid 
added to medium as an alternative source of nutri-
ment led to a mycelium inhibition of F. oxysporum 
but in the case of F. culmorum this index was dif-
ferent depending on the availability of nutrients. 
There was no significant effect of the compound 
on the rate of growth in the medium with no read-
ily available phosphorus compared to the substrate 
complete (Cz) (Table 1). The spores germination 
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Figure 1. The kinetics of growth of Fusarium oxysporum XVI in presence of N-(2-pirydylamino)- methy-
lenebisphosphonic acid, which served as sole source of phosphorus [Cz-P+B], medium devoid of phosphorus 

[Cz-P], Czapek medium pH 4 (Cz pH 4), Czapek medium pH 5,6 (Cz pH 5,6).

Figure 2. The pH changes of starting liquid cultures [I] and after four weeks [II]of incubations in the presence of 
A - Fusarium culmorum CB3, B - Fusarium oxysporum XVI in full (Cz) and modified (Cz-X) medium: Cz (1), 
Cz pH 4 (2) Cz-C (3), Cz-C+B (4), Cz-N (5), Cz-N+B (6), Cz-P (7), Cz-P+B (8), Cz-N-P (9), Cz-N-P+B (10), 

where B is N-(2-pirydylamino) methylenebisphosphonic acid

A)

B)
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rate index (INK) depended only on well assimila-
ble alimentary components (spores of tested fungi 
were resistant to added acid) (Table 1).

The culture modifications led to formation of 
chlamydospores, to change in structure and colour 
of mycelium, and to elimination ability of stains 
diffusion to the medium. The stains are not only 
by-products of metabolism but they take part in en-
zymatic transmutations of fungi. The both strains 
did not produce stains in cultures without well as-
similable sugar; in other modifications they formed 
stains coloured from yellow to violet. The colour 
was depended on fungi species. The environmental 
conditions may lead to a change of stain character-
istics among the same strain.

The next studies ought to concentrate on anal-
ysis of by-products obtained as a result of N-(2-
pirydylamino) methylenebisphosphonic acid deg-
radation by Fusarium oxysporum.

The strains fungi from Cylindrocarpon are 
able to utilization bisphosphonic acid served as 
sole source of phosphorus [Krzysko-Lupicka et 
al. 2002, Krzysko-Lupicka et al. 2002]. Since 
the earlier investigations of N-(2-pirydylamino) 
methylenebisphosphonic acid utilization in pres-
ence of Aspegillus niger did not give satisfactory 
results; the present studies indicate usefulness of 
some fungal strains in biodegradation of these 
compounds [Krzysko-Lupicka et al.1999].

DISCUSSION

Like the glyphosate N-(2–pirydylamino)
methylene-bisphosphonic acid has a selective 
effect on soil microorganisms favoring the de-
velopment of i.e. potentially phytopathogenic 
Fusarium fungi [Lejczak et al. 1996, Forlani et 

Figure 3. Spectrophotometric evaluation of the level of degradation N-(2-pirydylamino)methylenebisphosphonic 
acid, which served as sole source of phosphorus for Fusarium oxysporum XVI strain [λ = 316 nm].

Table 1. The influence of N-(2-pirydylamino)methylenebisphosphonic acid on spores germination rate index INK 
(%) and on growth rate index ITW of Fusarium fungi

Type of medium modification
F. culmorum F. oxysporum

INK% ITW INK% ITW
1. Cz 63.61 ab 57.27 ab 68.17 bc 88.73 c
2. Cz-C 51.03 ab 79.54 d 61.80 abc 87.03 c
3. Cz-C+B 59.70 ab 78.66 d 41.71 a 84.06 c
4. Cz-N 61.58 ab 73.34 c 77.22 bc 85.29 c
5. Cz-N+B 43.66 a 74.84 cd 71.08 bc 63.57 a
6. Cz-P 84.49 b 53.75 a 86.58 c 86.73 c
7. Cz-P+B 70.89 ab 59.15 b 77.45 bc 69.72 b
8. Cz-N-P 81.59 b 55.81 ab 72.45 bc 87.32 c
9. Cz-N-P+B 69.98 ab 56.95 ab 53.44 ab 65.72 ab

a, b <0.05 statistically essential difference.
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al. 1997, Kafarski et al. 1997, Krzyśko-Łupicka 
2005] proved the herbicidal activity of this acid, 
but there is no information about the degradative 
ability of autochthonous soil microorganisms yet.

Among the autochthonic Fusarium soil spe-
cies of only Fusarium oxysporum XVI was ca-
pable to grow in acidic medium (pH 4.0) using 
N-(2–pirydylamino)methylene-bisphosphonic 
acid as an alternative source of phosphorus. In 
these conditions the N-(2– pirydylamino)methy-
lenebisphosphonic acid degradation was carried 
out to utilize phosphorus compounds as a source 
of nutrient components for this strain. It was ob-
served that the presence of N-(2–pirydylamino)
methylenebisphosphonic acid receded a growth 
rate of mycelium but did not have an effect on 
spores of the tested fungi.

The spectroscopic analysis suggests biodeg-
radation of this acid results in obtaining new 
components which do not absorb in the ana-
lyzed region of spectra. Therefore, the biomass 
increase is connected with usage of phosphorus 
in different forms. In the other cases, the absorp-
tion changes were not observed (or a little in-
crease in one case).

CONCLUSIONS

The research conducted on biodegradation 
capabilities of organophosphate active ingredi-
ents found in the new generation of herbicides, 
indicate the possibility of removal of these com-
pounds on the basis of microbial potential of soil. 
Like in the case of glyphosate biodegradation, it 
is likely to be a feature of microbial strains.
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