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THE EFFECT OF CHITOSAN ON YIELDING, HEALTH OF THE HORSERADISH 
(ARMORACIA RUSTICANA GAERTN.) ROOTS AND PATHOGENIC FUNGI 

 

Summary 
 

The study aimed at the evaluation of the efficacy of horseradish seedling treatment with chitosan (Biochikol 020 PC) for the 
protection of the roots against Verticillium wilt and influence on the size and root yield structure. The direct effect of chito-
san on the fungi which contribute to the degradation of root health was tested in laboratory conditions. The horseradish 
root yield and contribution of individual root fractions and the intensity of Verticillium wilt was significantly dependent on 
the year of cultivation. Soaking the horseradish seedlings in a 2.5% chitosan solution contributed to the mean increase of 
1.7 t·ha−1 of the total yield of roots and the seedling fraction with the length of 30–35 cm by 1.6 t·ha−1, as well as to the de-
crease of the amount of the fraction of roots shorter than 25 cm and waste material. The used chitosan limited the occur-
rence of horseradish root Verticillium wilt in every year. In the in vitro study, no fungistatic effect of chitosan was reported 
only in reference to S. sclerotiorium. On the other hand, the growth of the mycelium of the remaining Verticillium wilt caus-
ing fungi depended on the chitosan concentration. Normally, the fungistatic activity of chitosan increased with the increase 
of the dose and its highest level occurred at 2.5%. The mean surface growth inhibition coefficient enabled raking the fungi 
according to their decreasing sensitivity to chitosan: F. culmorum 64.9%, P. exiqua 58.1%, V. dahliae 44%, R. solani 
35.4%, F. oxysporum 34.3%, F. solani 32.4%.  
Key words: chitosan, antifungal activity, horseradish, root yield, Verticillium wilt, pathogenic fungi  
 
 

WPŁYW CHITOZANU NA PLONOWANIE, ZDROWOTNOŚĆ KORZENI CHRZANU 
(ARMORACIA RUSTICANA GAERTN.) ORAZ GRZYBY PATOGENICZNE 

 

Streszczenie  
 

Celem pracy była ocena skuteczności zaprawiania sadzonek chrzanu chitozanem (Biochikol 020 PC) w ochronie korzeni 
przed czernieniem pierścieniowym oraz wpływu na wielkość i strukturę plonu korzeni. Bezpośrednie oddziaływanie chitoza-
nu na grzyby przyczyniające się do pogorszenia zdrowotności korzeni badano w warunkach laboratoryjnych. Plon korzeni 
chrzanu oraz udział w nim poszczególnych frakcji oraz nasilenie czernienia pierścieniowego istotnie zależało od lat uprawy. 
Moczenie sadzonek chrzanu w 2,5% roztworze chitozanu zwiększało średnio o 1,7 t·ha-1 plon całkowity korzeni i frakcji sa-
dzonek o długości 30-35 cm o 1,6 t·ha-1 oraz zmniejszało ilość frakcji korzeni krótszych niż 25 cm i odpadów. Zastosowany 
chitozan w każdym roku ograniczał występowanie czernienia pierścieniowego korzeni chrzanu. W badaniach in vitro tylko 
w odniesieniu do S.sclerotiorum nie stwierdzono fungistatycznego oddziaływania. Z kolei wzrost grzybni pozostałych grzy-
bów powodujących czernienie pierścieniowe zależał od stężenia chitozanu. Na ogół aktywność fungistatyczna chitozanu 
wzrastała wraz ze zwiększeniem dawki i była największa dla 2,5%. Średnie współczynniki zahamowania rozrostu po-
wierzchniowego pozwoliły na uszeregowanie grzybów według ich malejącej wrażliwości na chitozan: F. culmorum 64,9%, 
P. exiqua 58,1%, V. dahliae 44%, R. solani 35,4%, F. oxysporum 34,3%, F. solani 32,4%. 
Słowa kluczowe: chitozan, aktywność fungistatyczna, chrzan, plon korzeni, czernienie pierścieniowe, grzyby patogeniczne 
 
 
1. Introduction 
 

Horseradish roots constitute valuable raw material for 
the food and cosmetics industry and medicine as the main 
source of peroxidase [1, 27]. However, the root cross sec-
tion often exhibits discolorations within the vascular bun-
dles. The main causing factor for these changes is the fungi 
Verticillium dahliae, which is accompanied by a complex 
of soil pathogens: Fusarium, Phoma, Sclerotinia, Rhizocto-
nia [2, 28]. In Poland the disease is known as vascular 
blackening, whereas in the United States, which has the 
highest horseradish production, it is simply referred to as 
root discoloration. In order to reduce the root destruction by 
fungi, protection must be commenced already at the stage 
of horseradish seedling planting. There are no preparations 
for seedling treatment in Polish market. This doubtlessly 
constitutes a serious problem for horseradish producers. On 
the other hand, plant protection requires preparations safe 

for the public health, non-toxic for the environment and 
biodegradable. In such a situation, the use of chitosan may 
pose an alternative, as it fulfills these criteria. Chitosan is a 
chitin derivative, a polysaccharide obtained from crustacean 
exoskeleton, such as lobsters and crabs and from cellular 
walls of fungi [16]. The bioactivity of this natural com-
pound consists in inducing plant immunity to microorgan-
isms: viruses, bacteria and fungi [9]. Numerous publica-
tions indicate high efficiency of preparations based on chi-
tosan in the protection of different plant species against in-
fections [3, 10, 23, 26, 30, 35, 36, 38, 39]. Furthermore, 
chitosan increases the growth and development of plants 
[15, 17]. 
 The study aimed at the evaluation of horseradish seed-
ling treatment with chitosan (Biochikol 020 PC) on yield 
and root fractions and the protective efficiency against Ver-
ticillium wilt. On the other hand, in the in vitro conditions 
we tested the effect of different chitosan concentrations on 
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surface growth of colonies of the following fungi: Verticil-
lium dahliae Kleb., Fusarium culmorum (W.G.Smith) 
Sacc., Fusarium solani (Mart.) Sacc., Fusarium oxysporum 
Schlecht, Phoma exiqua Desm., Sclerotinia sclerotiorum 
(Lib.) de Bary, Rhizoctonia solani Kühn., contributing to 
the occurrence of horseradish Verticillium wilt.  
 
2. Materials and methods 
2.1. Soil conditions 
 The field experiment was conducted in the period 2010–
2012 in an agricultural holding in Łukomierz (Pajęczno 
County, Łódź Voivodeship). Following the soil-agricultural 
maps, the experiment was established on a podzolic soil 
formed out of light loam with high sand content with granu-
lometric content of fine sand, included in the IVb soil qual-
ity class, and good rye agricultural usability. The topsoil 
contained 0.126% N. Moreover, it was characterized by a 
high phosphorus content, average potassium content and 
low magnesium content. The humus content in the topsoil 
was 1.03% and pH 5.43. The tested soil was characterized 
by an average zinc content and low copper and manganese 
content. 
2.2. Field work range 
 The one-factor field experiment was established in ran-
dom blocks in four repetitions. The tested factor was horse-
radish seedling treatment with biotechnological preparation 
Biochikol 020 PC containing 20 g/dm3 of chitosan (ß-1,4-
D-glucosamine). In the first/second third of April, directly 
prior planting, the horseradish seedlings of the Alpo culti-
var were soaked for half an hour in a 2.5% solution of the 
Biochikol 020 PC preparation. Control consisted of non-
treated seedlings. Horseradish was planted in rows with 
spacing of 62.5 cm × 35 cm, the field size was 20 m2, and 
the total working surface area was 160 m2. Triticale was 
used as the forecrop in every year. With the winter plowing 
a full dose of manure, approx. 35 t⋅ha−1was used along with 
mineral fertilizers: Polidap NP-100kg P2O5 ⋅ ha−1, potas-
sium salt – 100 kg K2O ⋅ ha−1. In the spring, potassium sul-
fate – 80 kg K2O ⋅ ha−1, magnesium superhposphate – 60kg 
P2O5 ⋅ ha−1 and boronated ammonium nitrate –100 kg N⋅ 
ha−1 were introduced.  

After the harvest conducted in the third part of October, 
the roots were washed and then the following were deter-
mined: total yield, percentage contribution of root fractions 
in the yield, commercial yield and the percentage of the 
main roots with the symptoms of Verticillium wilt. The 
evaluation of root infection was conducted on a sample of 
50 main roots (nurseries) from each field. To this end, 
crosswise cuts were performed at a distance of approx. 4 
cm from the rosette.  

The obtained results were subjected to variance analy-
sis, and the difference significance was tested using the 
Student’s t-Test at the significance level of α=0.05.  
 
3. Laboratory research 
3.1. Tested fungi: the study used the following fungi: Ver-
ticillium dahliae Kleb., Fusarium culmorum (W.G.Smith) 
Sacc., Fusarium solani (Mart.) Sacc., Fusarium oxysporum 
Schlecht, Phoma exiqua Desm., Sclerotinia sclerotiorum 
(Lib.) de Bary, Rhizoctonia solani Kühn, which were iso-
lated from the symptoms of main Verticillium wilt of horse-
radish from the field experiment.  
3.2. Antifungal chitosan activity: In the laboratory ex-
periment, the fungicidal activity of chitosan contained in 

the Biochikol 020 PC recorded as immunity stimulator was 
compared to the biotechnological protection chemical Bio-
sept 33 SL (33% grapefruit extract). In aseptic conditions, 
appropriate amounts of preparations were added to standard 
potato-dextrose agar (PDA) in temperature approx. 45°C in 
order to obtain concentrations: 2.5%; 1.0%; 0.5%. Pure 
PDA medium on Petri dishes constituted control. Inoculum 
of test fungi in the form of a 5 mm agar disk overgrown 
with a 10-day mycelium was placed in the middle of the 
established substrate. The experience was conducted in five 
repetitions. Daily measurements of fungi colony width were 
used for the calculation of the growth rate coefficient [T] of 
the test fungi following the formula by Kowalik and 
Krechniak [18].   

T – linear growth rate, 
A – diameter from diameter measurements, 
D – number of days from the experiment outset, 
b1, b2 – increment of colony diameter since the last meas-
urement [mm], 
d1, d2 – number of days since the last measurement. 
 
 The influence of individual preparation concentrations 
on the linear fungi growth was determined on the basis of 
the difference between the fungi colony on Petri dishes with 
specific concentrations, and colony width on the control 
dishes. The results were presented in the form of percentage 
coefficient of growth inhibition/stimulation following the 
formula presented in the work of Gleń and Boligłowa [11].  

 
H – index of fungi linear growth, 
K – mean diameter of fungi colony on a plate of control, 
A – mean diameter of fungi colony in individual test object. 
 

The study results were subjected to a two-factor vari-
ance analysis, where the first factor was the preparation 
type, and the second its concentration. Significance was as-
sessed on the basis of Duncan test with significance level α 
= 0.05. 
 
4. Results and discussion 
 
 In the individual cultivation years, the total yield and the 
occurrence of Verticillium wilt was significantly variable 
(Tables 1–3). Horseradish is a plant that has a relatively 
good temperature drop tolerance, but it is less tolerant of 
water shortages. The experimental area, due to the 
neighboring Bełchatów and Szczerców mines has low water 
resources, which is particularly severe in the years with low 
precipitation. In the studied years, seasonal and unequal 
changes of rainfall were significantly pronounced, and to a 
lesser extent also temperature changes. The vegetative sea-
son of 2010 in comparison to 2011 and 2012 was character-
ized by the highest amount of rainfall and lower tempera-
tures. However, only the beginning of vegetation (3rd part 
of April up to 2nd part of June) 2010 was characterized by 
the excessive precipitation, and in the subsequent months 
these amounts did not differ from the decade averages. The 
most stable humidity conditions were observed in the vege-
tative season of 2012. In particular, the rainfall in August 
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and September favored the accumulation of root mass. In-
dependently of the seedling treatment with Biochikol 020 
PC, the total horseradish yield in 2012 was significantly 
higher by 2.6 and 1.0 t·ha−1 in comparison to 2010 and 2011 
(Table 1). In each year of cultivation, the horseradish seed-
ling treatment contributed to the obtainment of significantly 
higher root yields. However, the treatment effect was best 
pronounced in the year with the most favorable distribution 
of rainfall (2012), when the reported yield was over 2 t·ha−1 
higher than in the control. On the other hand, the lower ef-
ficiency of horseradish seedling treatment in 2010 and 2011 
can be explained by the fact of excessive soil moisture di-
rectly after planting. Following Kowalski et al. [19], chito-
san is characterized by good water solubility, which could 
weaken its effect. On the other hand, due to decreased tran-
spiration, it protects plants against water loss, which is of 
paramount importance during drought periods [4, 9]. The 
favorable influence of chitosan on the biomass accumula-
tion, and thus increased plant yielding is corroborated by 
other authors [5, 6, 20, 22, 24, 32, 34, 37].  
 
Table 1. Total root yield of horseradish [t·ha-1]  
Tab. 1. Całkowity plon korzeni chrzanu [t·ha-1]  
 

Years  Treatments 2010 2011 2012 Mean LSD 
(0,05) 

Chitozan 10,70  12,15 13,52 12,12 
Control 9,10 10,76 11,43 10,43 
Mean 9,90  11,45 12,47  

0,56 

LSD (0,05) 0,69 
 

Source: own work / Źródło: opracowanie własne 
 
 The main roots and I, II and III level suckers not ex-
ceeding 20 cm constitute the commercial yield in horserad-
ish root structure. Chitosan used for seedling treatment did 
not have a significant effect on the main root mass and the 
total seedling fraction, yet it significantly limited the num-
ber of suckers <2 cm and waste material (too fine roots) 
(Fig. 1). The study demonstrated, that the contribution of 
horseradish seedlings with the length from 25–30 cm is sta-
ble in the experimental years and it is not modified by treat-
ing seedlings with chitosan (Table 2). Furthermore, chito-
san did not have an influence on the fractions of the main 
roots, the longest seedlings (>35 cm) and with the length of 
25–30 cm. However, it was determined, that the better wa-
ter availability in the beginning of vegetation causes a sig-
nificant increase of the contribution of the main roots in the 

total yield. Thus the over 60% contribution of this fraction 
in 2010, whereas in the years with a more equal rainfall distri-
bution and their dominance shift toward the end of vegetation, 
it amounts to 56.5%. Also the previous study of Gleń [12, 13] 
demonstrated, that main root has the highest percentage contri-
bution in the yield structure of horseradish roots.  
 In each vegetative season, a significantly lower percent-
age of roots with the symptoms of Verticillium wilt were 
reported from the fields, on which chitosan treatment was 
used (Table 3). The causes of this disease are primarily the 
fungi of the Verticillium genus, with a clear dominance of 
V. dahliae and V. longisporum [2, 8, 12, 14, 25]. These 
pathogens are often accompanied by different Fusarium 
species: F. culmorum, F. oxysporum, F. equiseti, F. solani 
and other soil fungi such as: Sclerotinia sclerotiorum, 
Rhizoctonia solani and Phoma spp. [14]. Previous studies 
corroborate the high efficiency of chitosan in the plant root 
protection against soil pathogens [6, 20, 26, 29]. The use of 
chitosan for the treatment of numerous plant species results 
in the increase of their immunity towards F. oxysporum 
[33]. It is also known, that chitosan is efficient in inhibiting 
the development of F. oxysporum f. sp. radicis-lycopersici 
on tomato roots [21]. Furthermore, carrot seed treatment 
protects the plant against the development of Sclerotinia 
spp. [7]. On the other hand, Mariańska-Cichoń et al. [23] 
determined, that soaking strawberry seedlings in chitosan 
does not provide enough protection against verticiliosis. 
 

 
 

Source: own work / Źródło: opracowanie własne 
 

Fig. 1. The structure of the total yield of horseradish 
(average years) [%] 
Rys. 1. Struktura plonu ogólnego chrzanu (średnie z lat) 
[%] 

 
Table 2. Fraction of root horseradish [%] 
Tab. 2. Frakcje korzeni chrzanu [%] 
 

Lateral roots 
Treatments Years Tap 

root > 35 
cm  

30-35 
cm 

25-30 
cm 

20-25 
cm  

< 20 
cm 

Waste 
material 

2010 60,51 10,99 9,10 4,77 5,65 2,73 6,23 
2011 60,37 7,56 7,15 5,64 6,85 3,54 8,64 Chitozan 
2012 57,73 8,52 10,99 4,63 4,39 5,67 7,79 

Mean 59,54 8,97 9,02 5,00 5,59 3,89 7,52 
2010 60,83  9,52 7,20 5,27 6,86 3,48 6,62 
2011 59,30 6,72 5,74 5,98 8,26 4,85 9,08 Control 
2012 55,45 7,76 9,57 3,87 7,26 6,53 9,36 

Mean 58,54 7,96 7,43 5,00 7,45 4,88 8,31 
LSD0,05 for treatments r.n.* r.n. 0,88 r.n. 1,09 1,28 0,70 

LSD0,05 for years 1,12 1,28 1,07 r.n. 1,33 1,57 1,40 
r.n.*- różnica nieistotna / nonsignificant difference  

Source: own work / Źródło: opracowanie własne 
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Table 3. Verticillium wilt of horseradish roots [%] 
Tab. 3. Czernienie pierścieniowe korzeni chrzanu [%] 

Years  Treatments 2010 2011 2012 Mean LSD 
(0,05) 

Chitozan 23,84 16,95 14,82 18,39 
Control 25,21 20,34 17,51 21,02 
Mean 24,52 18,62 16,14  

1,23 

LSD (0,05) 1,51 
 

Source: own work / Źródło: opracowanie własne 
 
 
 In the laboratory test, the used chitosan (Biochikol 020 
PC) concentrations exhibited fungistatic activity toward 
such fungi species as: F. culmorum F. oxysporum, F. so-
lani, P. exiqua, R. solani and V. dahliae. This is demon-
strated by significantly lower values of linear growth rate 
coefficients of colonies of these fungi on media with chito-
san in comparison to the control (Tab. 4). However, in 
comparison to the biotechnological preparation Biosept 33 
SL, the Biochikol 020 PC limited growth of the tested fungi 
to a lesser extent. Only in the case of F. culomrum on the 
media containing 0.5% and 1.0% of the tested preparations 
a significantly higher chitosan activity than grapefruit ex-
tract was observed, although the growth inhibition coeffi-
cients were only 6.9% and 2.2% higher (Fig. 2). The ana-
lyzed fungi were characterized by a different sensitivity to 

the presence of the tested chitosan concentrations in me-
dium. The strongest and similar reaction was observed for 
the species: F. culmorum and Phoma exiqua (Figs. 2 and 5). 
V. dalhiae was another fungi, for which surface growth was 
inhibited independently of the chitosan concentration and 
remained within the range from 42.4% to 45.7% (Fig. 8). 
Furthermore, a still lower and similar sensitivity character-
ized Rhizoctonia solani, F. oxysporum and F. solani (Figs. 
3, 4, 6). However, with the increase of chitosan concentra-
tion, the inhibitory effect on the linear growth of these fungi 
also increased (Table 4). In reference to S. sclerotiorum, 
chitosan did not exhibit fungistatic activity (Fig. 7). It is 
worth pointing out, that all Biosept 33 SL concentrations 
limited the growth of its colonies in over 90%. (Table 4, 
Fig. 7).  
 

El Hadrami [9] reports, that the use of natural chitosan 
in 1 mg/ml concentration in in vitro conditions enables the 
decrease of growth of numerous fungi and Oomycetes. On 
the other hand, the study of Saharan et al. [31] demon-
strates, that chitosan nanoparticles in 0.1% concentration 
limited the colony growth of R. solani in 34.4%. In the own 
study, at the lowest tested concentration of natural chitosan 
(0.5%), the growth of this fungi mycelium was limited in 
29.3%, and the most intensive inhibition of 43.4% was re-
ported from the medium containing 2.5% chitosan. 

 
 
Table 4. The coefficient of linear growth of the tested fungi [T] 
Tab. 4. Współczynnik tempa wzrostu liniowego testowanych grzybów [T] 
 

Treatments Concentration 
[%] 

Fusarium 
culmorum 

Fusarium 
oxysporum 

Fusarium 
solani 

Phoma 
exiqua 

Rhizoctonia 
solani 

Sclerotinia 
sclerotiorum 

Verticillium 
dahliae 

2,5 15,07 b* 31,25 b 17,76 d 7,62 c 21,57 c 50,88 b 13,76 c 
1,0 19,99 c 34,58 c 20,13 e 9,66 d 25,49 d 51,08 b 16,75 d Chitozan (Bio-

chikol 020 PC) 
0,5 24,82 d 38,20 d 21,83 f 10,88 e 33,84 e 53,67 b 17,52 e 
2,5 4,87 a 10,95 a 2,95 a 2,75 a 2,01 a 1,65 a 2,77 a 
1,0 27,69 b 30,19 b 6,63 b 2,84 a 16,08 b 1,87 a 10,66 b Biosept 33 SL 
0,5 33,19 f 44,76 e 8,54 c 4,78 b 42,51 f 2,21 a 16,33 d 

Control   75,49 g 65,85 f 28,59 g 34,79 f 49,83 g 52,95 f 33,87 f 
 

*values in columns marked with the same letter do not differ significantly 
Source: own work / Źródło: opracowanie własne 

 

  
Fig. 2. Growth inhibition factor F. culmorum  
Rys. 2. Współczynnik zahamowania wzrostu F. culmorum 

Fig. 3. Growth inhibition factor F. oxysporum  
Rys. 3. Współczynnik zahamowania wzrostu F. oxysporum 

 

Source: own work / Źródło: opracowanie własne 
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Fig. 4. Growth inhibition factor F. solani  
Rys. 4. Współczynnik zahamowania wzrostu F. solani 

Fig. 5. Growth inhibition factor P. exiqua 
Rys. 5. Współczynnik zahamowania wzrostu P. exiqua 

 

Source: own work / Źródło: opracowanie własne  Source: own work / Źródło: opracowanie własne 
 

  
Fig. 6. Growth inhibition factor R. solani 
Rys. 6. Współczynnik zahamowania wzrostu R. solani 

Fig. 7. Growth inhibition factor S. sclerotiorum 
Rys. 7. Współczynnik zahamowania wzrostu S. sclerotiorum 

 

Source: own work / Źródło: opracowanie własne  Source: own work / Źródło: opracowanie własne 
 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 8. Growth inhibition factor V. dahliae 
Rys. 8. Współczynnik zahamowania wzrostu V. dahliae 

In conclusion, the obtained results of the field experi-
ment, indicating the limitation of horseradish infection with 
the Verticillium wilt causing fungi, could be the result of 
the direct inhibitory effect of chitosan (Biochikol 020 PC) 
on these pathogens.  
 

5. Conclusions  
 

1. Chitosan (Biochikol 020 PC) used for the horseradish 
seedling treatment contributes to a significant increase of 
total yield, contribution of seedling fractions with the length 
of 30–35 cm and a decrease in the amount of 20–25 cm 
seedlings, roots to 20 cm constituting the commercial yield 
and the amount of waste material.  
2. Independently of the year of cultivation, the intensity of 
horseradish Verticillium wilt decreases under the influence 
of the used chitosan.  
3. In vitro fungistatic effect of chitosan on the Verticillium 
wilt causing fungi depends on its concentration (it increases 
with the increase of the dose) and fungi species.  
4. The tested fungi were ranked according to their decreas-
ing sensitivity to chitosan: F. culmorum 64.9%, P. exiqua 
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58.1%, V. dahliae 44%, R. solani 35.4%, F. oxysporum 
34.3%, F. solani 32.4%. At the same time, S. sclerotiorum 
exhibited immunity, the colony surface growth inhibition 
was only 0.2%.  
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