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ABSTRACT 

Freesia grown under cover to be marketed as cut flower is highly sensitive to substrate temperatures ex-

ceeding 15–18°C. However, freesia varieties of Beach group are especially attractive plants that may be 

easily cultivated under cover and do not require substrate cooling. Experiments were conducted in summer 

and fall of 2011 and 2012 in an unheated plastic tunnel. Planting material consisted of daughter bulbs of 

‘Summer Beach’ freesia. The plants were treated with chitosan with a molecular weight of 8000 g∙dm
–3

. 

Experimental variants involved methods of chitosan application (watering vs. spraying), its concentration 

(0.2 vs. 0.4%) and frequency of application (7 vs. 14 days). During the flowering period and at the end of 

vegetation, freesia leaves were collected to determine the content of following micro- and macronutrients: 

N, P, K, Ca, Mg, Zn, Cu, Mn, and Fe. The leaves collected at the end of vegetation season contained more 

P, K, Ca, Fe, Mn, and Zn than those collected during flowering. The content of Mg and Cu was similar in 

both cases, but N level was lower at the end of vegetation. Irrespective of experimental variant, leaves of all 

plants treated with chitosan accumulated more N, P, Ca, Cu, Fe and Mn and less Zn during the entire vege-

tation season than the control ones. At the end of the vegetation season, plants sprayed with chitosan re-

vealed higher concentration of N, P, Ca, Mg, Fe, and Zn, and lower concentration of K, Cu, and Mn than 

those watered with the investigated compound. No clear patterns of micro- and macronutrient accumulation 

depending on chitosan concentration were observed. Plants treated with 0.2% chitosan contained more P, 

K, Mg, Mn, and Zn than those exposed to its two times higher concentration. A contrary response was ob-

served for the leaf accumulation of N and Fe. 

Key words: application method, concentration, frequency of application, ‘Summer Beach’ 

INTRODUCTION

Chitosan improves a structure of sandy soils by 

increasing the cohesion between their particles [Gór-

nik et al. 2008]. It also facilitates plant production on 

soils contaminated with large amounts of minerals 

[Bassi et al. 2000, Kamari et al. 2012]. According to 

Bennewitz and Hlusek [2006], this compound facili-

tates nutrient uptake from the soil, and may be also 

used for controlled release of agrochemicals [Pérez 

Quinones et al. 2011] and fertilizers [Khorrami et al. 

2012] or as a fertilizer for plant cultivation [Suk-

wattanasinitt et al. 2001]. Research literature contains 

numerous reports on positive effects of chitosan on 

growth, development and decorative value of orna-

mental plants [Ohta et al. 2004, Żurawik et al. 2017]. 

However, the way it affects the mineral uptake from 

the substrate and chemical composition of leaves 

exposed to its presence is still unknown. Chemical 

properties of chitosan depend on its morphological 
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structure – crystallinity [Mucha 2010], degree of 

deacetylation – degree of chitin into chitosan conver-

sion [Kananont et al. 2010, Rodríguez et al. 2010] 

and degree of polymerization – i.e. molecular weight 

[Limpanavech et al. 2008]. The effects chitosan ex-

erts on plants during cultivation depend on multiple 

factors, e.g. plant species [Kananont et al. 2010, Ob-

suwan et al. 2010], variety [Żurawik and Bartkowiak 

2009], method of application [Algam et al. 2010], 

concentration [Mahdavi et al. 2011, Sheikha and  

AL-Malki 2011], and number of treatments  

[El-Tanahy et al. 2012, Żurawik et al. 2017]. 

Therefore, the aim of this study was to determine 

the effects of the application method, concentration 

and frequency of chitosan application on chemical 

composition of ‘Summer Beach’ freesia cultivated 

for cut flowers. 

MATERIAL AND METHODS 

The study was conducted in 2011–2012 in an un-

heated plastic tunnel (14°31'E and 53°26'N). The 

freesias were cultivated in spring and summer with-

out substrate cooling. Daughter bulbs of ‘Summer 

Beach’ freesia weighing 5.63–6.48 g (2011) and 

12.34–13.75 g (2012) were planted. The bulbs were 

put into 45.5 dm
3
 boxes filled with substrate based of 

high peat and deacidified up to pH 6.2 based on 

a neutralization curve by adding 5 g of chalk (CaO 

36.9%) and 5 g of dolomite (CaO 45.0, MgO 15.0%) 

per 1 dm
3
. Nutrients were supplemented in a form of 

a multicomponent fertilizer Azofoska (N 13.6, P2O5 

6.4, K2O 19.1, MgO 4.5, B 0.045, Cu 0.180, Fe 0.17, 

Mn 0.27, Mo 0.040, Zn 0.045%), at the dose of 

1.5  g∙dm
–3

. During growth, the plants were fertilized 

every two weeks by watering with 0.2% solution of 

Peters Professional Floral Feed (N 27.0, P2O5 15.0, 

K2O 12.0, MgO 0.1, B 0.02, Cu 0.063, Fe 0.12, Mn 

0.06, Mo 0.001, Zn 0.06%), and then with Peters 

Professional Blossom Booster (N 10.0, P2O5 30.0, 

K2O 20.0, MgO 2.0, B 0.20, Cu 0.015, Fe 0.12, 

Mn 0.06, Mo 0.01, Zn 0.015%). The last dose of the 

fertilizer was applied six weeks before the end of 

experiment. 

Plants were treated with chitosan of molecular 

weight 8000 g∙mol
–1

 at 0.2% or 0.4%. The compound 

was applied by watering or spraying. The first appli-

cation was conducted at the stage of two leaves, and 

the treatments were repeated every 7 or 14 days. In 

total, there were 24 or 12 treatments, each using 

10 ml of the solution per plant. Control plants were 

watered or sprayed with water. A solution of 1% 

chitosan was prepared as follows: 8 g of the com-

pound were dissolved in 300 ml of distilled water and 

pH was adjusted to 7.7 with 12 ml of 1 M NaOH. 

Then the solution was diluted with distilled water 

to a weight of 500 g. Subsequently, it was mixed 

with 500 g of 0.2 M CH3COOH. Solutions of low-

er  concentrations were obtained by adding 0.1 M 

CH3COOH as a solvent.  

Plant material was harvested at the peak of flow-

ering period and after completing the vegetation peri-

od. The analyzed leaves were fully developed, with 

no signs of disease or pest infestation. They were 

analyzed for the content of following micro- and 

macronutrients: N, P, K, Ca, Mg, Zn, Cu, Mn, and 

Fe. Chemical analyses were performed as described 

by Ostrowska et al. [1991]. Total nitrogen was de-

termined according to Kjeldahl method (mineraliza-

tion in concentrated sulfuric acid and adding seleni-

um mixture), total phosphorus with colorimetric 

method according to Barton, potassium and total 

calcium by flame photometry, and magnesium, cop-

per, iron, manganese and zinc by atomic absorption 

spectrometry (ASA) following sample mineralization 

in 1 : 1 mixture of nitric and chloric acids. 

They study evaluated 12 experimental variants 

combining the method of application (2), concentra-

tion (3) and frequency of chitosan application (2). 

Each variant comprised 45 plants divided into three 

replicates of 15 individuals. The results were statisti-

cally verified by means of a fully randomized three-

factor analysis of variance for individual years and 

also collectively for two years. Mean results were 

compared using Tukey’s test at the significance level 

α = 0.05. 

RESULTS AND DISCUSSION 

As reported by Babel and Kurniwan [2003], Bau-

tista-Baños et al. [2006] and El Hadrami et al. [2010], 

chitosan is capable of chelating and binding metal 

ions. Becker et al. [2000] claimed that it might be 

used in plant production as a fertilizer or a coating 

that retards nutrient release from fertilizers [Wu et al. 

2008, Chen et al. 2013]. In our study, the use of chi-
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tosan at the peak of flowering improved accumula-

tion of all analyzed macronutrients in the leaves, 

irrespective of other parameters (Tab. 1). According 

to Winkler et al. [2017], plants may be capable of 

degrading chitosan and releasing small fragments of 

chitin that may be used as a source of nutrients. In 

our study, plants sprayed with the compound con-

tained more nitrogen than those watered with chi-

tosan solution. A reverse observation was made for 

P, K and Ca. No significant effects of chitosan ap-

plication method were found on leaf content of 

magnesium. Irrespective of chitosan concentration, 

freesia leaves treated every seven days contained 

more nitrogen than those treated every 14 days. 

Leaves of plants treated every two weeks accumu-

lated more potassium and calcium. The study 

showed no significant effect of chitosan application 

on the plant content of phosphorus and magnesium. 

Żurawik [2013] reported that chitosan of molecular 

weight 10 000 g∙mol
–1

 and at concentration of 0.4% 

increased phosphorus and potassium leaf content in 

‘Silver Beach’ freesia. These outcomes were not 

confirmed in our study for ‘Summer Beach’ variety 

treated with chitosan of molecular weight 

8000 g∙mol
–1

. Leaves of plants treated with 0.2% 

chitosan contained twice as more these macronutri-

ents as those treated with 0.4% chitosan. The dif-

ferences are most probably due to variable plant 

response to the molecular weight of chitosan [Win-

kler et al. 2017]. Irrespective of chitosan applica-

tion method and its concentration, the lowest con-

tent of K and Ca was detected in control leaves, 

while the highest in those treated with 0.2% solu-

tion. Nitrogen and magnesium were more abundant 

in plants treated with 0.2% and 0.4% chitosan than 

in the control samples. The freesias treated with 

chitosan at 0.2% concentration were found to have 

the highest content of phosphorus as compared with 

those treated with chitosan at 0.4% and control 

ones. Żurawik [2013] demonstrated 50% difference 

in leaf content of potassium in ‘Silver Beach’ free-

sia exposed to chitosan. In our study, the differ-

ences were considerably lower and ranged from 

9.0% to 11.6%, which might be due to variable 

response of freesia from Beach variety to chitosan 

treatment [Żurawik and Bartkowiak 2009]. A sig-

nificant correlation was found during flowering 

between chitosan concentration and its application 

method and N, P and Ca content in the leaves. 

However, variable relationships between chitosan 

concentration and frequency of its application were 

found for the accumulation of N, K and Ca. Analy-

sis of variance for K and Ca content revealed sig-

nificant correlation between chitosan application 

method and its use frequency. 

Previous studies of Żurawik [2013] demonstrat-

ed a relationship between the content of micronu-

trients in freesia leaves and chitosan application 

method. This was confirmed in our study, in which 

chitosan with molecular weight of 8000 g∙mol
–1 

was used during flowering (Tab. 2). More Cu, Fe 

and Mn was detected in the leaves of ‘Summer 

Beach’ freesia when the plants were sprayed than 

watered with chitosan. A reverse relationship was 

observed for zinc. Regardless of the application 

method and concentration, plants treated with chi-

tosan solution every seven days accumulated more 

Cu and Fe than those treated every two weeks. 

Contrasting results were obtained for Mn and Zn. 

Exposure of ‘Silver Beach’ freesia to a solution of 

chitosan with molecular weight of 10 000 g∙mol
–1

 

did not significantly affect leaf content of Fe and 

Mn [Żurawik 2013]. These outcomes were not 

confirmed in our study for ‘Summer Beach’ free-

sia. It was probably due to different polymerization 

degree that affects the biological activity of the 

polymer [Zou et al. 2017]. Application of both 

0.2% and 0.4% solutions of 8000 g∙mol
–1

 chitosan 

resulted in higher content of these micronutrients 

in treated vs. non-treated plants. Considering Cu 

content, it was the highest in plants treated with 

0.4% solution of the biopolymer and the lowest in 

those from the control variant. The highest content 

of Zn was determined for the leaves of plants ex-

posed to 0.2% chitosan solution. Further increase 

of the biopolymer concentration to 0.4% resulted 

in lower Zn content as compared with control 

plants. For all determined micronutrients, signifi-

cant correlation was found between chitosan con-

centration and its application method as well as 

between its concentration and frequency of appli-

cation. In terms of Zn content, no clear relationship 

was determined for chitosan application method 

and frequency of its use.           
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Table 1. Content of macronutrients (g∙kg

–1
 d.w.) in leaves of ‘Summer Beach’ freesia depending on chitosan concentra-

tion, application method and frequency of its application – flowering peak 

Macronutrient 

(g∙kg–1 d.w.) 

Concentration (%) 

(C) 

Application method 

(A) 

Frequency of use 

(B) 
Mean 

 
watering spraying I II 

N 

0.0 26.8 27.0 27.2 26.6 26.9 

0.2 28.5 29.7 29.0 29.2 29.1 

0.4 28.9 29.5 29.6 28.9 29.2 

Mean  28.1 28.7 28.6 28.2 28.4 

LSD0.05 
 A – 0.26   B – 0.26   C – 0.39   A × C – 0.46    C × A – 0.55 

A × B – n.s.  B × C – 0.46   C × B – 0.55   A × B × C – n.s. 

P 

0.0 5.65 5.33 5.45 5.53 5.49 

0.2 7.30 5.98 6.80 6.48 6.64 

0.4 6.00 5.30 5.80 5.50 5.65 

Mean  6.32 5.54 6.02 5.84 5.93 

LSD0.05 
 A – 0.296   B – n.s.   C – 0.425   A × C – 0.490    C × A – 0.654 

A × B – n.s.   B × C – n.s.   A × B × C – n.s. 

K 

0.0 27.2 26.1 26.2 27.1 26.7 

0.2 30.3 29.3 28.4 31.2 29.8 

0.4 29.4 28.7 28.8 29.4 29.1 

Mean  29.0 28.0 27.8 29.2 28.5 

LSD0.05 
 A – 0.26   B – 0.26   C – 0.39   A × C – n.s.   A × B – 0,37   B × A – 0.37 

B × C – 0.45   C × B – 0.55   A × B × C – n.s. 

Ca 

0.0 7.03 7.43 7.15 7.30 7.23 

0.2 9.30 8.90 9.05 9.15 9.10 

0.4 9.24 7.80 7.96 9.08 8.52 

Mean  8.52 8.04 8.05 8.51 8.28 

LSD0.05 

 
A – 0.263   B – 0.263   C – 0.396   A × C – 0.464    C × A – 0.553   A × B – 0.372   

B × A – 0.372   B × C – 0.464  C × B – 0.553   A × B × C – n.s. 

Mg 

0.0 1.88 1.95 1.98 1.85 1.92 

0.2 2.65 2.65 2.73 2.58 2.65 

0.4 2.45 2.30 2.18 2.58 2.38 

Mean  2.33 2.30 2.30 2.34 2.32 

LSD0.05  
A – n.s.   B – n.s.   C – 0.347   A × C – n.s.   A × B – n.s.   B × C – n.s. 

A × B × C – n.s. 

Explanations: I – every 7 days, II – every 14 days, n.s. – not significant difference 
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Table 2. Content of micronutrients (mg∙kg
–1

 d.w.) in leaves of ‘Summer Beach’ freesia depending on chitosan concentra-

tion, application method and frequency of its application – flowering peak 

Micronutrient 

(mg∙kg–1 d.w.) 

Concentration (%) 

(C) 

Application method 

(A) 

Frequency of use 

(B) 

Mean 

 
watering spraying I II 

Cu 

0.0 4.29 4.28 4.25 4.31 4.28 

0.2 4.26 4.68 4.72 4.22 4.47 

0.4 4.49 5.12 5.10 4.51 4.81 

Mean  4.35 4.70 4.69 4.35 4.52 

LSD0.05  
A – 0.029   B – 0.029   C – 0.043   A × C – 0.051   C × A – 0.061 

A × B – n.s.   B × C – 0.051   C × B – 0.061    A × B × C – n.s. 

Fe 

0.0 112.9 112.8 114.8 110.9 112.9 

0.2 124.0 148.0 134.2 137.8 136.0 

0.4 122.6 150.2 142.4 130.4 136.4 

Mean  119.8 137.0 130.5 126.4 128.4 

LSD0.05  
A – 0.45   B – 0.45   C – 0.66   A × C – 0.77   C × A – 0.94 

A × B – n.s.   B × C – 0.77   C × B – 0.94    A × B × C – n.s. 

Mn 

0.0 108.3 108.0 106.9 109.4 108.2 

0.2 120.4 130.9 120.8 130.5 125.7 

0.4 122.5 129.5 128.7 123.3 126.0 

Mean  117.1 122.8 118.8 121.1 120.0 

LSD0.05  
A – 0.39   B – 0.39   C – 0.58   AxC – 0.68   C × A – 0.82 

A × B – n.s.   B × C – 0.68   C × B – 0.82    A × B × C – n.s. 

Zn 

0.0 63.5 63.4 61.7 65.2 63.5 

0.2 74.7 66.1 72.1 68.7 70.4 

0.4 60.0 62.8 60.3 62.5 61.4 

Mean  66.1 64.1 64.7 65.5 65.1 

LSD0.05  
A – 0.36   B – 0.36   C – 0.54   A × C – 0.63   C × A – 0.76 

A × B – 0.51   B × A – 0.51   B × C – 0.63   C × B – 0.76    A × B × C – n.s. 

Explanations: I – every 7 days, II – every 14 days, n.s. – not significant difference 
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Table 3. Content of macronutrients (g∙kg
–1

 d.w.) in leaves of ‘Summer Beach’ freesia depending on chitosan concentra-

tion, application method and frequency of its application – end of vegetation period 

Macronutrient 

(g∙kg–1 d.w.) 

Concentration (%) 

(C) 

Application method 

(A) 

Frequency of use 

(B) 
Mean 

 
watering spraying I II 

N 

0.0 21.4 21.3 21.5 21.2 21.4 

0.2 22.2 24.7 24.3 22.6 23.5 

0.4 24.0 23.5 25.6 21.9 23.8 

Mean  22.5 23.2 23.8 21.9 22.9 

LSD0.05  A – 0.34   B – 0.34   C – 0.50   A × C – 0.58   C × A – 0.71 

A × B – 0.48   B × A – 0.48   B × C – 0.58   C × B – 0.71    A × B × C – n.s. 

P 

0.0 79.0 82.5 80.5 81.0 80.8 

0.2 101.3 99.4 96.5 104.1 100.3 

0.4 94.6 100.0 87.1 107.5 97.3 

Mean  91.6 94.0 88.0 97.5 92.8 

LSD0.05  A – 0.67   B – 0.67   C – 0.99   A × C – 1.15    C × A – 1.40 

A × B – 0.94   B × A – 0.94   B × C – 1.15   C × B – 1.40    A × B × C – n.s. 

K 

0.0 44.3 45.1 44.9 44.5 44.7 

0.2 48.9 43.5 46.4 46.0 46.2 

0.4 44.6 43.9 43.8 44.7 44.3 

Mean  45.9 44.2 45.0 45.1 45.1 

LSD0.05  
A – 0.38   B – n.s.   C – 0.56   A × C – 0.66   C × A – 0.79   A × B – n.s.    

B × C – 0.66   C × B – 0.79    A × BxC – n.s. 

Ca 

0.0 10.7 10.5 10.7 10.5 10.6 

0.2 10.4 11.7 11.2 10.9 11.1 

0.4 10.8 11.4 12.0 10.2 11.1 

Mean  10.6 11.2 11.3 10.5 10.9 

LSD0.05  A – 0.31   B – 0.31   C – 0.47   A × C – 0.55   C × A – 0.66   A × B – n.s.    

B × C – 0.55   C × B – 0.66    A × B × C – n.s. 

Mg 

0.0 2.15 2.10 2.20 2.05 2.13 

0.2 2.15 2.50 2.50 2.15 2.33 

0.4 1.98 2.18 2.15 2.00 2.08 

Mean  2.09 2.26 2.28 2.07 2.18 

LSD0.05  A – 0.12   B – 0.12   C – 0.17   A × C – 0.20   C × A – 0.24 

A × B – 0.16   B × A – 0.16   B × C – n.s.    A × B × C – n.s. 

Explanations: I – every 7 days, II – every 14 days, n.s. – not significant difference 
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Table 4. Content of micronutrients (mg∙kg
–1

 d.w.) in leaves of ‘Summer Beach’ freesia depending on chitosan concentra-

tion, application method and frequency of its application – end of vegetation period 

Micronutrient 

(mg∙kg–1 d.w.) 

Concentration (%) 

(C) 

Application method 

(A) 

Frequency of use 

(B) 
Mean 

 watering spraying I II 

Cu 

0.0 5.06 4.83 4.83 5.06 4.95 

0.2 5.88 5.28 6.23 4.93 5.58 

0.4 5.65 5.38 5.56 5.47 5.52 

Mean  5.53 5.16 5.54 5.15 5.35 

LSD0.05  
A – 0.054   B – 0.054   C – 0.080   A × C – 0.093 C × A – 0.113 

A × B – 0.076  B × A – 0.076  B × C – 0.093  C × B – 0.113  A × B × C – n.s. 

Fe 

0.0 215.3 217.6 216.4 216.5 216.5 

0.2 213.5 243.5 228.5 228.5 228.5 

0.4 227.9 241.2 229.9 239.2 234.6 

Mean  218.9 234.1 224.9 228.1 226.5 

LSD0.05  
A – 1.17   B – 1.17   C – 1.73   A × C – 2.02   C × A – 2.44 

A × B – 1.65   B × A – 1.65   B × C – 2.02   C × B – 2.44    A ×  B × C – n.s. 

Mn 

0.0 140.7 143.6 142.7 141.6 142.2 

0.2 162.2 153.9 161.5 154.6 158.1 

0.4 158.6 150.4 155.8 153.2 154.5 

Mean  153.8 149.3 153.3 149.8 151.6 

LSD0.05  
A – 1.29   B – 1.29   C – 1.91   A × C – 2.23   C × A – 2.70 

A × B – 1.82   B × A – 1.82   B × C – 2.23   C × B – 2.70    A ×  × B × C – n.s. 

Zn 

0.0 84.3 87.9 86.8 85.4 86.1 

0.2 77.9 91.5 83.7 85.7 84.7 

0.4 82.9 81.0 82.6 81.3 82.0 

Mean  81.7 86.8 84.4 84.1 84.3 

LSD0.05  
A – 0.82   B – n.s.   C – 1.21   A× C – 1.41   C × A – 1.71 

A × B – 1.15   B × A – 1.15   B × C – 1.41   C × B – 1.71    A × B × C – n.s. 

Explanations: I – every 7 days, II – every 14 days, n.s. – not significant difference 
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Wojcieszczuk et al. [2000] claim that during the 

vegetation season, Ca content in freesia leaves grows 

and Mg content declines. In our study, at the end of 

the vegetation season, freesia leaves contained more 

P, K and Ca, and less N than during flowering, while 

Mg levels remained fairly unchanged (Tab. 3). 

Leaves of ‘Summer Beach’ freesia treated with chi-

tosan solution accumulated more N, P, Ca, Cu, Fe 

and Mn than non-treated plants (Tabs. 3 and 4). 

As claimed by Bennewitz and Hlusek [2006], higher 

content of minerals in the leaves might result from 

the facilitation of chitosan-mediated nutrient uptake 

from the soil. Chitosan also improves the soil struc-

ture, both under cover and in the open field [Winkler 

et al. 2017]. In the view of Iriti et al. [2009], 1.0% 

chitosan added to the medium intensified rooting of 

Arisaematernatipartitum bulbs. Chitosan solution 

stimulated growth and development of roots in 

Phaseoluscoccineus (0.5%) [Sheikha and Al-Malki 

2011] and Freesia hybrida ‘Silver Beach’ (0.2% and 

0.4%) [Żurawik 2013], which could also improve the 

mineral uptake from the substrate and increase their 

accumulation in the leaves. Spraying the experi-

mental plants with chitosan at the end of the vegeta-

tion period significantly enhanced the content of N, 

P, Ca and Mg as compared with watering variant. 

However, the report of Shehta et al. [2012], claiming 

that plants sprayed with chitosan absorbed more 

K from the substrate, was not confirmed. In our 

study, more K was accumulated in the leaves of 

plants watered vs. sprayed with chitosan. Leaves of 

‘Summer Beach’ freesia had higher levels of N, Ca 

and Mg when chitosan was applied every seven days 

than when it was supplied every 14 days. A reverse 

observation was made for P level. Only potassium 

content was not affected by the frequency of chitosan 

application. The study revealed variable effects of 

chitosan concentrations on leaf content of macronu-

trients. More nitrogen and calcium was detected in 

the leaves treated with 0.2% or 0.4% solution than in 

the control ones. The highest levels of phosphorus 

were found in samples from plants treated with 0.2% 

chitosan, and the lowest in non-treated ones. The 

finding of Żurawik [2013], who claimed that treating 

‘Silver Beach’ freesias with 10 000 g∙mol
–1

 chitosan 

at 0.4% resulted in higher content of potassium in the 

leaves than when 0.2% solution was used, did not 

find any confirmation in present study. In this exper-

iment, K was most abundantly detected in the leaves 

exposed to 0.2% chitosan solution, as compared with 

non-treated plants and those exposed to 0.4% chi-

tosan. Similar relationship was observed for magne-

sium. At the end of the vegetation season, significant 

correlation was found between chitosan concentration 

and its application method and N, P, K and Ca con-

tent in the leaves. However, variable relationships 

between chitosan concentration and frequency of its 

use were observed for the accumulation of N, P, K 

and Ca. Variance analysis for N, P and Mg content in 

the examined plant material revealed significant cor-

relation between chitosan application method and its 

use frequency. 

Chemical composition of freesia leaves depends 

on its developmental stage and cultivar [Wojcie- 

szczuk et al. 2000]. Samples collected at the end of 

the vegetation season contained considerably more 

Fe, Mn and Zn than those harvested during flower-

ing, while Cu concentration was similar in both cases 

(Tab. 4). Watering plants with chitosan solution sig-

nificantly improved the leaf content of Cu and Mn, as 

compared with spraying. A contrary observation was 

made for Fe and Zn. Irrespective of the application 

method and concentration, supplying chitosan every 

seven days significantly increased Cu and Mn content 

and reduced Fe content in freesia leaves. Changes in 

frequency of the biopolymer application had no ef-

fects on Zn content in the leaves of ‘Summer Beach’ 

freesia. Salachna et al. [2017] reported that coating 

the bulbs of Ornithogalum saundersiae with chitosan 

and gellan gum enhanced the leaf accumulation of Zn 

and Mn. In our study, leaves of plants treated with 

0.2% or 0.4% chitosan contained more Cu, Fe and 

Mn, but less Zn than the control ones. Our findings 

confirmed those reported by Kamari et al. [2012] and 

Żurawik [2013] that chitosan limited the uptake of 

zinc from the soil. For all determined micronutrients, 

significant correlations were found between chitosan 

concentration and its application method, chitosan 

concentration and frequency of its application, and 

application method and application frequency. 

CONCLUSIONS 

1. The use of chitosan in the cultivation of ‘Sum-

mer Beach’ freesia facilitated the uptake of N, P, Ca, 

Cu, Fe and Mn and limited the absorption of Zn. 
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2. Chitosan effect on leaf chemical composition 

depended on the method of its application. Spraying 

with the biopolymer increased the content of N, 

P, Ca, Mg, Fe and Zn at the end of vegetation, and 

watering caused enhanced accumulation of K, Cu 

and Mn. 

3. Application of chitosan 24 times during the 

vegetation season improved the levels of N, Ca, Mg, 

Cu and Mn in leaves, as compared with 12 treat-

ments. 

4. For both application methods and frequency of 

application over the entire cultivation period, increas-

ing the chitosan solution concentration from 0.2% to 

0.4% reduced the accumulation of P, K and Zn in 

freesia leaves. 

ACKNOWLEGDEMENTS  

This research was financially supported by the 

Polish Ministry of Science and Higher Education 

under statutory funds (no. 518-07-014) of the De-

partment of Horticulture, West Pomeranian Universi-

ty of Technology in Szczecin, Poland.  

REFERENCES 

Algam, S.A.E., Xie, G., Li, B., Yu, S., Su, T., Larsen, J. 

(2010). Effects of paenibacillus strains on plant growth 

promotion and control Ralstonia wilt in tomato. J. Plant 

Pathol., 92(3), 593–600. 

Babel, S., Kurniwan, T.A. (2003). Low-cost adsorbents for 

heavy metals uptake from contaminated water. J. Haz-

ard. Mater., 97, 219–243. 

Bassi, R., Prasher, S.O., Simpson, B.K. (2000). Extraction 

of metals from a contaminated sandy soil using citric 

acid. Environ. Prog., 19(4), 275–282. 

Bautista-Baños, S., Hernández-Lauzardo, A.N., Velázquez-

Del Valle, M.G., Hernández-López, M., Ait Barka, E., 

Bosquez-Molina, E., Wilson, C.L. (2006). Chitosan as 

a potential natural compound to control pre and post-

harvest diseases of horticultural commodities. Crop 

Prot., 25(2), 108–118. 

Becker, T., Schlaak, M., Strasdeit, H. (2000). Adsorption 

of nickel, zinc and cadmium cation by new chitosan de-

rivatives. React. Funct. Polym., 44(3), 289–298. 

Bennewitz, E., Hlusek, J. (2006). Effect of application of 

two biopreparations on the nutritional status, vegetative 

and generative behavior of ‘Jonagold’ apple trees. Acta 

Hortic., 721, 129–135. 

Chen, C., Gao, Z., Qiu, X., Hu, S. (2013). Enhancement of 

the controlled-release properties of chitosan mem-

branes by crosslinking with suberoyl chloride. Mole-

cules, 18, 7239–7252. 

El Hadrami, A., Adam, L.R., El Hadrami, I.E., Daayf, F. 

(2010). Chitosan in plant protection. Mar. Drugs, 8, 

968–987. 

El-Tanahy, A.M.M., Mahmoud, A.R., Abde-Mouty, M.M., 

Ali, A.H. (2012). Effect of chitosan doses and nitrogen 

sources on the growth, yield and seed quality of cow-

pea. Aust. J. Basic Appl. Sci., 6(4), 115–121. 

Górnik, K., Grzesik, M., Romanowska-Duda, B. (2008). 

The effect of chitosan on rooting of grapevine cuttings 

and on subsequent plant growth under drought and 

temperature stress. J. Fruit Ornam. Plant Res., 16, 333–

343. 

Iriti, M., Picchi, V., Rossoni, M., Arasca, S.G., Ludwig, N., 

Gargano, M., Faoro, F. (2009). Chitosan antitranspirant 

activity is due to abscisic acid-dependent stomatal clo-

sure. Environ. Exp. Bot., 66, 493–500. 

Kamari, A., Pulford, I.D., Hargreaves, J.S.J. (2012). Metal 

accumulation in Lolium perenne and Brassica napus as 

affected by application of chitosans. Int. J. Phytoreme-

diat., 14(9), 894–907. 

Kananont, N., Pichyangkura, R., Chanprame, S., Chad-

chawan, S., Limpanavech, S. (2010). Chitosan specific-

ity for the in vitro seed germination of two Dendrobium 

orchids (Asparagales: Orchidaceae). Sci. Hortic., 

124(2), 239–247. 

Khorrami, M., Najafpour, G.D., Younesi, H., Hosseinpour, 

M.N. (2012). Production of chitin and chitosan from 

shrimp shell in batch culture of Lactobacillus planta-

rum. Chem. Biochem. Eng. Q., 26(3), 217–223. 

Limpanavech, P., Chaiyasuta, S., Vongpromek, R., Pich-

yangkura, R., Khunwasi, C., Chadchawan, S., Latrakul, 

P., Bunjongrat, R., Chaidee, A., Bangyeekhun, T. 

(2008). Chitosan effects on floral production, gene ex-

pression, and anatomical changes in the Dendrobium 

orchid. Sci. Hortic., 116(1), 65–72. 

Mahdavi, B., Sanavy, S.A.M.M., Aghaalikhani, M., Shari-

fi, M., Dolatabadian, A. (2011). Chitosan improves 

osmotic potential tolerance in safflower (Carthamnus 

tinctorius) seedlings. J. Crop Improv., 25 (6), 728–741. 

Mucha, M. (2010). Chitozan wszechstronny polimer ze 

źródeł odnawialnych. Wydaw. Nauk. Techn., Warsza-

wa, 17–21. 

Obsuwan, K., Sawangsri, K., Uthairatanakij, A. (2010). 

Influence of foliar chitosan sprays on growth of mokara 

and phalaenopsis seedlings. Acta Hortic., 867, 295–302. 

Ohta, K., Morishita, S., Suda, K., Kobayashi, N., Hosoki, 

T. (2004). Effects of chitosan soil mixture treatment in 



Żurawik, P., Żurawik, A., Kukla, P. (2018). Content of macro- and micronutrients in chitosan treated freesia (Freesia Eckl. ex 
Klatt) leaves. Acta Sci. Pol. Hortorum Cultus, 17(6), 7–16. DOI: 10.24326/asphc.2018.6.1  
 

 

 

https://czasopisma.up.lublin.pl/index.php/asphc 

 
16 

the seedling stage on the growth and flowering of sev-

eral ornamental plants. J. Jpn. Soc. Hortic. Sci., 73(1), 

66–68. 

Ostrowska, A., Gawliński, S., Szczubiałka, Z. (1991). 

Metody analizy i oceny właściwości gleb i roślin. In-

stytut Ochrony Środowiska, Warszawa, 298–334. 

Pérez Quinones, J., Szopko, R., Schmidt, C., Peniche 

Covas, C. (2011). Novel drug systems: Chitosan conju-

gates covalently attached to steroids with potential an-

ticancer and agrochemical activity. Carbohydr. Polym., 

84(3), 858–864. 

Rodríguez, A.F., Rodríguez, A.T., Ramírez, M.A., Rivero, 

D., Cabrera, J.C., Costales, D., Cruz, A., González, 

L.G., Jménez, M.C., Hernández, L.I., Pena, D.G., Már-

quez, R. (2010). Chitosans as bioactive macromole-

cules to protect conomically relevant crops from their 

main pathogens. Biotechnol. Appl., 27(4), 305–309. 

Salachna, P., Bartkowiak, A. (2008). Wpływ miejsca 

uprawy i chitozanu o różnym ciężarze cząsteczkowym 

na wzrost i plonowanie frezji odmiany ‘Lisa’. Część I. 

Cechy morfologiczne i kwitnienie. Zesz. Probl. Post. 

Nauk Roln., 525, 367–374. 

Salachna, P., Grzeszczuk, M., Soból, M. (2017). Effects of 

chitooligosaccharide coating combined with selected 

ionic polymers on the stimulation of Ornithogalum 

saundersiae growth. Molecules, 22, 1903. 

Shehta, S.A., Fawzy, Z.F., El-Ramady, H.R. (2012). Re-

sponse of cucumber plants to foliar application of chi-

tosan and yeast under greenhouse conditions. Aust. 

J. Basic Appl. Sci., 6(4), 63–71. 

Sheikha, S.A.A.K., AL-Malki, F.M. (2011). Growth and 

chlorophyll responses of bean plants to the chitosan 

applications. Eur. J. Sci. Res., 50(1), 124–134. 

Sukwattanasinitt, M., Klaikherd, A., Skulnee, K., Aiba, S. 

(2001). Chitosan as releasing device for 2,4-D herbi-

cide. In.: Chitin and chitosan in life science, Uragami, 

T., Kurita, K., Fukamizo, T. (eds.). Yamaguchi, Japan, 

142–143. 

Winkler, A.J., Dominguez-Nuñez, J.A., Aranaz, I., Poza-

Carrión, C., Ramonell, K., Shauna Somerville, S., Berro-

cal-Lobo, M. (2017). Short-chain chitin oligomers: Pro-

moters of plant growth. Mar. Drugs, 15(2), 40. 

Wojcieszczuk, T., Startek, L., Tyszkiewicz, K. (2000). 

Wpływ podłoża na skład chemiczny liści pięciu odmian 

frezji ogrodowej. Rocz. AR Pozn. 323, Ogrodnictwo, 

31, 195−201. 

Wu, L., Liu, M., Liang, R. (2008). Preparation and proper-

ties of a double-coated slow-release NPK compound 

fertilizer with superabsorbent and water-retention. Bio-

resour. Technol., 99, 547–554. 

Zou, P, Tian, X, Dong, B, Zhang, C. (2017). Size effects of 

chitooligomers with certain degrees of polymerization 

on the chilling tolerance of wheat seedlings. Carbo-

hydr. Polym., 160, 194–202. 

Żurawik, P. (2013). Wpływ suszu krewetkowego i chitoza-

nu oraz metod uprawy na wzrost, rozwój, wartość de-

koracyjną i plon bulw potomnych frezji (Freesia Eckl. 

ex Klatt). Wyd. ZUT Szczecin, 94–98. 

Żurawik, P., Bartkowiak, A. (2009).Wpływ chitozanu na 

cechy morfologiczne frezji z grupy Beach. Zesz. Probl. 

Post. Nauk Roln., 539, 831–837. 

Żurawik, P., Żurawik, A., Kukla, P., Dobrowolska, A. 

(2017). Morphological traits, decorative value and 

yield of corms of freesia (Freesia Eckl. ex Klatt) de-

pending on the applied chitosan. Acta Sci. Pol. Horto-

rum Cultus, 16(1), 73–83. 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zou%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28115094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28115094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28115094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28115094
https://www.ncbi.nlm.nih.gov/pubmed/28115094
https://www.ncbi.nlm.nih.gov/pubmed/28115094

