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Abstract 

 

The purpose of the paper was to broadly present the specific issues connected to potato cultivation. There are 

approached aspects of those issues that are not examined enough or the issues which are not yet solved, namely 

plant nutrient disorders caused by plant protection. There is a specialised field of work concerned with the above 

topic, but the efficient solutions are few. The majority of solutions recommend chemical intervention, but this does 

not compile with the recent orientations regarding the EU new Common Agricultural Policy reform expresses in 

Green Deal that points out the need as production technologies to be environmentally friendly and products to be 

healthy for assuring food safety. For this reason, in the paper it is presented a biological environmental protection 

solution in potato cropping for Ila variety compared to chemical protection applied to Kloepatra variety. 
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INTRODUCTION  
 

Potato is an important food crop in the world 

and in Europe as well. 

In 2020, potato was cultivated on 1.7 million 

ha from which there were harvested 55 

million tons. Of the total surface, 76.8% is 

cultivated in Poland, Germany, France, 

Romania, Netherlands and Belgium [8]. 

In Romania, potato is a basic food a reason 

for which the plant is cultivated on an 

important surface and production was 

efficient to cover costs and assure a profit to 

producers till the moment on climate change 

started to affect yields and the potatoes 

imported from Poland to compete on the 

Romanian market [17, 18]. 

In 2020, in Romania there were cultivated on 

166,000 ha representing 10 % of the EU area 

with potatoes, and in 2020, potato production 

accounted for 2,683 thousand tons, 

representing 5% of the EU output [8]. 

Potato crop is being affected by different 

pathogens such as: fungi, viruses and 

nematodes, which could cause important yield 

losses, if proper protection measures are not 

applied. 

There are known various methods for disease 

management in potato crop, such as: chemical 

control, biological control, the use of resistant 

varieties, cultural control and physical control. 

As resistant varieties are the best, but they are 

break down their resistance over the years. 

For this reason, chemical management is 

considered the best alternative, but it has a 

negative impact on soil, water and final 

product quality due to the residues released 

and certain  pathogens have showed resistance 

to a few classes of fungicides and 

bactericides. The biological control is more 

and more required as it is based on naturally 

occurring living organisms which could 

manage the diseases but also they could 

increase potato yield [13]. Potato blight is one 

of the most important diseases being caused 

by a fungus Phytopthora  infestans which 

causes damages to many farmers from many 

European countries if the corresponding 

management control is not applied [6]. 

Many farmers are still dependent on chemical 

treatments using the products carried out by 

manufactures and distributed in the market of 

chemicals for agriculture [5]. 

For antifungal protection, the manufacturers 

and the trade offer many superior/high quality 

fungicides. The recommendations for the 

application and use of the chemicals offered 

don’t mention that improper application may 
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result in various nutrient disorders, thus 

affecting plant fertility. There are also scarce 

mentions of the heavy metals applied with the 

pesticides, as micro-elements, to what extent 

they are incorporated in the plant and to what 

extent is the plant enriched, leading to 

significant nutrient disorder. 

Recently, many studies were oriented to the 

application of various biological methods 

against potato blight [7, 9]. 

Many scientists and practitioners affirm that 

that the presence of micro-elements in the soil 

and the micro-element content of the 

fungicide (Cu, Mn, Zn, B) are very important 

when  antifungal protection management has 

to be applied to potato crop [1]. 

Blight prevention is often based on Cu-based 

chemicals. 

The systemic contact element most frequently 

used in the combination of contact materials is 

also Cu. 

Under conditions of intensive cultivation, it is 

necessary to provide protection against 10-12 

fungi. The micro-element applied to the 

foliage through fungicides is incorporated in 

large quantities in the foliage, significantly 

altering the plant’s nutrient ratio. For a long 

time, no attention was paid to this condition 

which acted to reduce the production/the 

yield. 

In this context, the purpose of this paper was 

to present an original research work 

experiment regarding the antifungal 

protection in potato crop, taking into 

consideration that the presence of micro-

elements in the soil and the micro-element 

content of the fungicide which could 

determine the emergence of blight-resistant 

varieties. 

 

MATERIALS AND METHODS  
 
The emergence of blight-resistant varieties, 

e.g. Ila, [4] was supposed to be connected to 

the micro-element enrichment caused by 

pesticides, to the alteration effected to an 

exaggerated extent on macro-elements [4]. 

The supplementation of nutrients on the areas 

under analysis was carried out based on a soil 

analysis report. 

In the experiment, there were used two potato 

varieties: Ila cultivated on 1 ha and Kleopátra 

cultivated on 2 ha.  

We have applied a similar quantity for each 

variety, thus the area can be considered 

homogeneous. 

The varieties were planted in immediate 

proximity. The difference is that the Ila 

variety, because of its high blight resistance, 

was not treated with fungicides, while the 

other varieties were treated each according to 

their needs. 

The cultivation was intensive [15] on a 

several ha area with the involvement of 

several farmers from  Mórahalom, in 

Csongrád-Csanád county, in the Southern 

Great Plain region of Southern Hungary. 

The foliage from the varieties used in this 

experiment on an area of 1 ha was 

comparatively analyzed in the stage of 

phenophase: the beginning of the flowering 

period. 

 
RESULTS AND DISCUSSIONS 
 
Non chemical protection - Ila variety 
The results of the foliage analysis for potatoes 

of Ila variety, grown without any chemicals,  

are available in the attached Table 1 [19]. 

At a first glance, the excess of N seems to be 

a professional error, as a result of which the 

foliage grew up to 150-160 cm, there was a 

vegetative growth, and a relative lack of K 

was measured.  

Chemical protection - Kleopatra variety 
The results of the foliage analysis for potato 

plants that were protected by chemicals are 

presented in Table 2. 

Kleopatra [4] was treated three times with Cu-

based anti-blight pesticides. The foliage was 

around 50-60 cm, the rows did not fuse, the 

plant analysis showed an absolute and relative 

lack of N and P, the supply of K was 

excessive, the Cu level was 46 times higher 

than intended. 

When the Ila and Kleopatra varieties were 

grown one next to the other, under similar soil 

and nutrient conditions, the foliage of the 

Kleopatra variety during phenophase did not 

fuse, its stalk grew up to 50-60 cm, while the 

Kleopatra stalk grew up to 150-160 cm, Ila 
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was not treated with pesticides, the only difference being the plant protection. 
 
Table 1. Results of plant analysis in Ila potato variety, untreated with any chemicals 

Sample 

code 

Dry 

matter % 

N  P            K             Ca 

Dry matter in % 

Mg Na 

Ppm 

 Fe 

ppm 

Mn     

ppm 

Zn 

ppm 

Cu 

ppm 

Mo 

ppm 

B 

ppm 
0001 0.0                       5.48 0.51      4.86 1.46 0.53 0 160 59 20.7 9.9 0.00 26.00 
Average:               5.48 0.51 4.86 1.46 0.53 0 160 59 20.7 9.9 0.00 26.00 
Nutrient ratios:  N/P  N/K   K/P Ca/P K/Ca K/Mg Ca/Mg  P/Zn  

  10.7           1.1  9.5  2.9 3.3 9.2 2.8 
KKOK 
N/Cu 

246  

            

Graphic assessment of the analysis results <     Satisfactory supply     > 
N     4.50      6.50 
             5.48          
P     0.30      0.50 
    0.51      > 
K     4.50      6.00 
   4.86          
Ca     0.70      3.00 
         1.46          
Mg     0.30      0.80 
               0.53          
Mn     30.00      280.00 
   59          
Zn     25.00      40.00 
  20.7           
Cu     7.00      10.00 
    9.9         

Source: Own results. 

 
Table 2. Results of plant analysis in Kleopatra potato variety, protected by chemicals 

Sample 

code 

Dry 

matter % 

N  P            K             Ca 

Dry matter in % 

Mg Na 

ppm 

Fe 

ppm 

Mn     

ppm 

Zn 

ppm 

Cu 

ppm 

Mo 

ppm 

B 

ppm 
0001 0.0           3.59 0.21        6.21   2.78 0.63 0 294 96 35.0 460.0 0.00 18.90 
Average:               3.59 0.21      6.21 2.78 0.63 0 294 96 35.0 460.0 0.00 18.90 
Nutrient ratios:  N/P  N/K   K/P Ca/P K/Ca K/Mg Ca/Mg  P/Zn  

  17.1 0.6 29.6 13.2 2.2 9.9 4.4 
'TO 
N/Cu 

60  

            

Graphic assessment of the analysis results <     Satisfactory supply     > 

N    4.50      6.50 

                             3.59           

P    0.30      0.50 
                             0.21           

K    4.50      6.00 
   6.21       > 
Ca    0.70      3.00 

   2.78        

Mg    0.30      030 

       0.63         

Mn    30.00      280.00 

 96          

Zn    25.00      40.00 

  35.0         

Cu    7.00      10.00 

    460.0      > 
Source: Own results. 
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After carrying out an analysis of the plant 
foliage, we obtained the results presented in 

Table 3. 

 
Table 3. The content of N, P, K and Cu in the plant foliage 

Variety N/ 

dry matter in % 

P/ 

dry matter in % 

K/ 

dry matter in % 

Cu 

ppm 

Optimal value 

limits 

4.5-6.5 0.3-0.5 4.5-6.0 7-10 
 

Kleopatra:    

/after five Copper 

sprays/                    

3.59 0.21 6.21 460 

Ila without 

spraying 

5.48 0.51 4.5 9.9 

Source: Own results. 

 

For the Kleopatra variety, the large Cu 

quantity prevented the absorption of N and P 

/antagonist effect/. 

It also prevented the absorption of Zn, to a 

lesser extent than for the two aforementioned 

elements. 

Following the change in nutrient ratios, the 

enzyme ratios in the plant also changed. The 

result was a smaller assimilated foliage area, a 

lower yield. 

For the Ila variety, the stalk that grew too high 

is related to the fact that the quantity of N 

absorbed is higher than necessary. As a result 

of the excess of N, [16] the stalk was etiolated 

and it became sensitive to fungal infections, 

because a soft tissue was obtained. Another 

disadvantage is that the quality of the tuber 

has also decreased. 

The applicable nutrient was determined based 

on the results of the soil analysis, according to 

the data generally accepted by the literature as 

shown in Table 4. 

 
Table 4. Nutrient application based on the results of the 

soil analysis 

A yield of 1 t 
required per 
nutrient kg 

N P2O5 K2O 
5 2.2 8.2 

Source: Own results. 

 

The nutrient supplementation was carried out 

by 26 potato growers on an area of more than 

280 ha. During phenophase, we requested 47 

sets of plant analyses, the results of which 

were presented above. We obtained the results 

above in all cases, without exception. 

The only difference was that a chemical 

combination increased the Cu level [2] to a 

larger extent than the other, but the larger Cu 

quantity prevented in all cases, without 

exception, the absorption of N and P and the 

development of the relevant assimilation area. 

The Cu level measured in plants was between  

200-640 ppm, compared to 7-10 ppm, which 

is the permitted limited for plants, i.e. 20-64 

times higher. 

It can also be concluded that some systemic 

chemicals significantly increase Cu 

absorption in plants. 

The excessive Cu level decreased the N level 

by a third and the P level by half. 

Furthermore, the K level of the plants 

increased. 

There is no doubt that the Cu-based pesticides 

applied offer an excellent protection against 

infection. 

We did not carry out any measurements to 

determine whether the Cu level increased in 

the tuber, and if so, how much. 

Four of the growers did not use Cu-based 

fungicides until the potato plants bloomed, on 

a total area of 72 ha. The protection of the 

plants on this 72 ha area was based on Mn-

based fungicides or purely systemic 

chemicals. 

Regardless of the land or of the variety, in all 

cases, without exception, the outcome was 

that the potato stalk grew up to 130-160 cm 

[3].  Furthermore, plant analysis, regardless of 

variety, showed a Cu content within the 9-17 

ppm range. This small fluctuation may also be 

due to the differences between varieties. 

Based on the measurements carried out, as 

regards the use of Mn-based pesticides, no 
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significant excess of Cu was seen, but an 

excess of N was measured in all cases. 

As for the treatments, where the Cu level was 

not increased multiple times, the fertilisation 

using N carried out according to previous 

experiments resulted in excessive N. 

The analyses were carried out on soils with 

the pH in the 7-8.6 range [10]. These are 

mainly soils poor in micro-elements, Mn, Zn, 

B. After the use of Mn-based fungicides, the 

plant’s Mn level increased to an optimal level, 

therefore it had a fertilising effect on the 

foliage. It had a highly favourable effect on 

the yield. 

In our case, Mn-based pesticides led to a 

significant vegetative growth of the potato 

stalk. 

Therefore, the type of soil could influence and 

its content in minerals could cause plant 

nutrient disorders if the application of 

pesticides is unilateral. It is the case of 

alkaline soil containing Cu and of the acid soil 

containing Mn [11,12]. 

Also, Cu absorption could speed up in case of 

a  combination of absorbable and contact 

materials [14]. 

Regardless of variety, the plant analysis 

revealed an excess of N, which is why the 

stalk grew taller than necessary. The Mn-

based pesticide acted as a fertiliser for the 

foliage, and the Cu caused a ion antagonism 

that prevented the absorption of N and P. 

  

CONCLUSIONS 
 

1.To avoid the over-dosage of certain 

elements, plant protection must be based on 

nutrient analysis.  

2. A quantity of 5 kg of N is not required for 1 

t, a smaller quantity is sufficient.  

3. The number of roots recommended so far 

must be reviewed. 

4.The part of the pesticides containing heavy 

metals can be incorporated in the plant 

foliage, thus changing the plant’s element 

ratio. This doesn’t cause any growth 

disorders, unless the nutrient ratios are 

significantly altered. 

5.In cases where the plant cannot absorb the 

desired quantity of an element in the soil 

because the soil doesn’t contain enough of it, 

the part of the pesticide containing micro-

element acts as a fertiliser for the foliage, 

improving the supply of nutrients. 

6.If the elements applied to the foliage as 

pesticide are in sufficient quantities, this leads 

to excessive fertilisation, and some micro-

elements are absorbed into the plant to an 

unwanted extent. The ratio of the elements 

thus altered, as a result of the ion antagonism, 

may lead to a reduced yield. In our case there 

was an over-dosage of Cu. 

7.The unilateral application of pesticides, 

which cause plant nutrient disorders, may be 

also determined by the type of soil. It is the 

case of alkaline soil  containing Cu and the 

acid soil containing Mn.  

8.The combination of absorbable and contact 

materials could speed up the plant’s Cu 

absorption.  

9.In each case, with just one treatment, a 

quantity as much as forty times higher than 

the desired quantity may be introduced. 

10.In my opinion, plant protection starts will 

an optimal supply of nutrients. The results of 

the soil analysis and plant analysis show what 

the plant is lacking, based on which the proper 

pesticide may be selected. 
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