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Abstract: The study aimed to assess the suitability of slow-acting fertilizer in cultivation of Chinese cabbage

in the integrated production system. The assumed objective was realized on the basis of a strict field

experiment set up on the soil with granulometric composition of medium loam. The test plant was Chinese

cabbage (Brassica rapa L.), ‘Parkin F1’ cv. The experiment was set up on 17.08.2011 and the plants were

harvested on 08.10.2011. The experimental factor was diversified fertilization. The cultivation and protection

of the plants were conducted on the basis of methodology of Chinese cabbage integrated production approved

by the Main Inspector for Plant Protection and Seed Science. Traditional fertilizers (triple superphosphate,

potassium salt and ammonium nitrate) and NPKCaMg (18-05-10-4-2) multi-component fertilizer with nutrient

slow-release were applied. The experiment comprised 8 fertilization variants and the control treatment. Doses

of phosphorus and potassium, meeting the plants requirements at assumed yield amount, were applied in all

fertilization variants. Nitrogen fertilization on subsequent objects differed both with the form and quantity of

applied element. On the basis of the results obtained in conducted experiments, the indices showing nitrogen

fertilization efficiency were computed: agronomic efficiency, partial factor productivity, physiological

efficiency, nitrogen recovery efficiency and removal efficiency.

Fertilization significantly modified the quantity of obtained yield. On the control, without mineral

fertilization, the crop yield was 44.22 Mg � ha–1. The largest yield, 120.7 Mg � ha–1, was obtained on the object

with an admixture of 400 kg of slow-acting fertilizer, 89 kg of triple superphosphate and 177 kg of potassium

salt. The best optimal values of fertilization efficiency were obtained in the objects where 400 and

500 kg � ha–1 of slow-acting fertilizer and full doses of phosphorus and potassium were applied. Computed

indices of fertilization efficiency indicate that optimization of fertilization using slow-acting fertilizer,

particularly in conditions of intensive cultivation, may improve fertilization efficiency several-fold in

comparison with integrated production methods using traditional fertilizers. Results of conducted experiments

show that optimization of fertilization in conditions of intensive production may enhance fertilizer nitrogen

uptake by 50 % at maintained high crop yields, which greatly improves economic effectiveness of production

and reduces the amount of biogens dispersed in the environment.

Keywords: Chinese cabbage, integrated production, slow-acting fertilizer, fertilization efficiency

DOI: 10.2428/ecea.2014.21(3)27 ECOL CHEM ENG A. 2014;21(3):333-346

1 Department of Agricultural and Environmental Chemistry, University of Agriculture in Kraków, al.

A. Mickiewicza 21, 31–120 Kraków, Poland, phone: +48 12 662 43 47, fax +48 12 662 43 41, email:

niemiecm@o2.pl



Introduction

Integrated production (IP) is the food quality system which bases on sustainable use

of the environmental resources, energy and means of production to generate good

quality yields at maintained profitability of production. The idea of integrated

production emphasizes the environmental and health aspects in agricultural production.

The environmental benefits, which may be reached through implementation of

integrated production are associated with reducing the amount of xenobiotics supplied

to the environment through a rational plant protection based in the first place on

agrotechnical and biological methods. According to IP assumptions, the use of

pesticides should be preceded by a thorough monitoring of the cultivated plants but also

attempts should be made to use in the first place agrotechnical and biological methods

for plant protection [1]. In the situation when the full knowledge in the field of pest

biology and conditions of pathogen expansion in specified plantations using biological

methods is applied, the results comparable with the systems using traditional plant

protection may be obtained [1, 2]. Both the quantity of pesticides used and the date of

their application are important, as well as the selection of an appropriate assortment of

plant protection means. Optimization of plant protection may result in a diminishing of

eco-toxicological effect of agriculture on the environment and consumers, as pointed to

by many researchers dealing with this problem [4–6]. However, implementing plant

protection in compliance with IP principles is problematic due to insufficient knowledge

of producers about biological and environmental aspects of agronomic production and a

lack of universally used technologies of production [7]. A necessity to employ a highly

qualified staff responsible for plant protection, high labour outlays and greater risk of

plantation destruction by agrophages, discourage producers from introducing integrated

production [8]. Another problem preventing an efficient realization of integrated

production is the system of sustainable nutrient management. Fertilization plays an

important role in crop production because it shapes the quantity and quality of yield,

affects physical, biological and physicochemical soil properties, influences quality of

surface and groundwater and the air quality. From the producer’s point of view,

fertilization and plant protection are crucial factors in price formation. Too high or too

low doses of components but also wrong technologies of fertilization (techniques and

dates of fertilizer application) negatively affect the environment, the quantity and

quality of yield [9]. Increase in the efficiency of plant irrigation is also an important

aspect of integrated plant production [10]. Application of irrigation, despite greater

energy and environmental outlays connected with the exploitation of water resources,

often produces positive results through improving fertilization efficiency and use of soil

productive potential. Improvement of the efficiency of fertilization and irrigation has

been currently one of the priorities of agricultural sciences [11]. In the extensive

agriculture, owing to simple techniques, crop yielding may be increased even by several

dozen percent at low outlays of labour and means of production [12]. Improving

fertilization efficiency in modern agriculture is much more difficult due to efficient

methods of production already in use. However, improvement of fertilizer components

utilization by several percent is profitable in the global scale [13, 14], therefore
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contemporary agriculture must be equipped with the technologies making use of the

recent scientific achievements [15]. Implementing integrated production, despite the

benefits resulting from the idea behind it, is risky at the present stage of knowledge and

experiments because of a danger of destroying crops by pests or diseases or a hazard of

plant malnourishment, mainly with nitrogen. These hazards result from inadequate

knowledge and mistakes, which may be made during production process. Limited use of

pesticides requires their more precise application, which is connected with a necessity

of choosing the optimal date of their application and implementing phytosanitary crop

rotations, which are usually troublesome from the producer’s point of view. Effective

application of pesticides may be associated with a necessary ongoing counselling in this

respect, which raises the costs of production. The only effective way of implementing

the principles of integrated agriculture is convincing farmers about a possible

improvement of production owing to the application of methods in compliance with the

principles of sustainable agriculture [16]. Implementing quality systems in a primary

production is connected with necessary costs which must be borne by the society,

therefore the strategic objective should be convincing consumers about the necessity of

bearing costs of environment-friendly technologies implementation. Carlsson et al [17]

point to the non-economic aspects of rationalization of agronomic production.

For many producers moral and social aspects are important. Farmers implementing

integrated production systems achieve a higher social status on local markets and win

greater confidence of consumers. Educational activities undertaken by non-govern-

mental organization caused that integrated production is the food quality system

winning increasingly greater confidence among consumers, whereas IP quality mark is

more desired. In compliance with The Directive of the European Parliament and the

Council of 21 October, 2009 no. 2009/128/WE [1], farmers are obliged to implement

plant protection according to the principles of integrated production from 1.01.2014.

Agricultural production is to various degree affected by the soil properties, water

availability in individual periods of vegetation and the weather conditions [18, 19].

A proper approach to agricultural production should be based on making decision about

fertilization, plant protection or agrotechnology basing on the results of plantation

monitoring. Formulating and unification of the principles of integrated production is

difficult because of changeability of soil conditions depending on the region of

production and climatic conditions in respective years. Because the efficiency of widely

understood agrotechnology to a great extent depends on the temperature and water

availability, cultivation technologies should be developed based on a thorough analysis

of the atmospheric and soil conditions, which on the same time do not require a costly

equipment or specialist knowledge.

The aim of presented investigations was determining the usability of a slow-acting

fertilizer for the optimisation of Chinese cabbage production efficiency under condi-

tions of integrated production. Efficiency of nitrogen fertilization was assessed on the

basis of the following indices of fertilization efficiency: agronomic efficiency, physio-

logical efficiency, partial factor productivity, efficiency of nitrogen recovery and

efficiency of nitrogen removal [20]. The indices showing fertilization efficiency provide

Efficiency of Slow-Acting Fertilizer in the Integrated Cultivation... 335



plenty of information about the environmental and productive aspects of nitrogen

fertilization.

Material and methods

The field experiment was set up using randomised block method, on the soil with

granulometric composition of medium loam; its properties were shown in Table 1.

Table 1

Selected properties of soil used for the experiments [mg � kg–1]

pH

in H2O
pH

in KCl

Ntot Corg Nmin P K Mg Ca

[g � kg–1] [mg � kg–1]

7.01 6.65 3.14 46.5 366 147.8 459.5 199.4 1350

The test plant was Chinese cabbage (Brassica rapa L.), ‘Parkin F1’ cv. The forecrop

for the Chinese cabbage was early potato. Organic fertilization with 35 Mg FYM � ha–1

was applied under the forecrop in autumn 2010. A full dose of mineral fertilization was

applied under potatoes. The experiment was set up on 17.08.2011. The experimental

factor was diversified fertilization. The experiment comprised the control and 8

fertilizer treatments in four replications, according to the design presented in Table 2.

Table 2

Experiment design

Object

number

Fertilizer quantity Component dose

Slow acting fertilizer

NPKCaMg

(18-05-10-4-2)

Ammonium

nitrate

Triple

superphosphate

Potassium

salt
N P2O5 K2O

[kg � ha–1] [kg � ha–1]

Control 0 — — — — — —

1 200 — 108 213 36 60 150

2 400 — 89 177 72 60 150

3 500 — 76 158 90 60 150

4 600 — 65 140 108 60 150

5 800 — 43 103 144 60 150

6 — 150 130 250 50 60 150

7 — 225 130 250 100 60 150

8 — 300 130 250 150 60 150

A slow-acting multi component fertilizer NPKCaMg (18-05-10-4-2), ammonium

nitrate, triple superphosphate and 60 % potassium salt were used for the experiment.

The slow-acting fertilizer was applied in points under each plant during planting of
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seedlings prepared in cell VEFL trays. Phosphorus and potassium fertilizers were

wholly used pre-sowing, whereas ammonium nitrate was applied at two terms: 60 % of

nitrogen dose before and 40 % after the plants planting. The date of top dressing was

selected on the basis of observations of meteorological conditions and plant condition

monitoring. The plants were cultivated at the row spacing of 50 × 28 cm. Chinese

cabbage was harvested on 08.10.2011.

Plants were cultivated and protected in compliance with the Methodology of

integrated production of Chinese cabbage by art. 5, item 2 of the Act on plant protection

of 18 December 2003, uniform text [21] approved by the Main Inspector for Plant

Health and Seeds [22].

Production and technical documentation was kept for each fertilization variant, in

compliance with the regulations of the appropriate legislation [23]. The plants were

watered to the optimum moisture content in order to eliminate the effect of water stress

on the experiment result.

Prior to the experiment outset, analyses of physiochemical and chemical properties

were conducted for the soil on which the experiment was located. Soil pH, granulo-

metric composition, organic matter content, mineral nitrogen and Kjeldahl’s nitrogen

content, available forms of P, K, Mg, Ca and Na contents and microelement content

were assessed in the soil.

Results and discussion

In the integrated cultivation of brassica vegetables all doses of organic and mineral

fertilizers are determined on the basis of fertilizer needs resulting from the expected

crop yield, the kind of soil, its abundance in nutrients and position in a crop rotation.

Particular attention is paid to the use of organic fertilizers as the basic source of soil

humus and nutrients for plants. At a low level of organic fertilization there may be

problems with a necessary application of larger doses of mineral fertilizers, which poses

a hazard of a occasionally higher supply of components for plants and higher soil

salinization. It results in a greater amount of fertilizer components dispersed in the

environment and their utilization by plants to a lower degree. The optimum content of

nutrients for Chinese cabbage is 160–200 mg of mineral N, 90–105 mgP, 240–270 mgK

and 80–100 mgMg per 1 kg of soil. Chinese cabbage requirements, ie the amount of

components taken up with 10 Mg yield are: 20 kg nitrogen (N), 10 kg phosphorus

(P2O5), 35 kg potassium (K2O) and 3 kg magnesium (MgO) [22]. Plant nutrient

requirements were computed for the assumed yield of 100 Mg � ha–1, as: 160 kgN, 36

kgP, 270 kgK and 21 kgMg � ha–1. Fertilizer needs were calculated on the basis of the

content of available element forms in soil and nutrient needs of plants, with regards to

the history of the field, following the methodology of Chinese cabbage integrated

production system [22]. The fertilizer needs were determined on the level of 100 kgN,

60 kgP2O5 and 150 kgK2O � ha–1. While designing the fertilization system a negative

balance of the main fertilizer components was assumed due to a high content of their

available forms in soil (Table 1). The fertilizers used for the experiment meet the
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standards stated in the Directive of the European Parliament and the Council of 24

November 1997 [24].

The doses of phosphorus and potassium applied in all variants of the conducted

experiment corresponded to the fertilizer needs calculated according to the methodology

of integrated production, while individual objects differed with the form of applied

fertilization. In case of nitrogen fertilization the variable factor was the form and dose of

this element.

The yield of Chinese cabbage aboveground parts obtained on the control was on the

level of 44.22 Mg � ha–1 (Fig. 1).

Fertilization with 200 kg of slow-acting fertilizer per 1 hectare and application of

a full dose of phosphorus and potassium led to an increase in yield by over 20 Mg � ha–1.

The biggest yield of 120.7 Mg � ha–1 was obtained in the 3rd fertilization variant in

which 500 kg of slow-acting fertilizer was applied with a complementary phosphorus

and potassium treatment. Further increasing the amount of slow-acting fertilizer (objects

4 and 5) caused a decline in the crop yield. The effect of decline in yields might have

been connected with worsening of growth conditions caused by a large quantity of

fertilizer applied immediately under the root. It results in increased salinization of the

soil solution in the root zone, which always affects negatively plant growth [25].

Nitrogen fertilization with ammonium nitrate (objects 6–8) influenced the crop yield of

Chinese cabbage to a lesser extent, however statistically significant differences were

observed between the objects fertilized with growing nitrogen doses applied as

ammonium nitrate.

The way of fertilizer application is crucially important for achieving the assumed

productive objectives [12]. The use of nitrogen in contemporary farming systems is

insufficient and methods of fertilizer efficiency improvement should be implemented,

both through the use of more specialist fertilizers and fertilizing technologies [26, 27].

Efficiency of nitrogen recovery in the individual fertilization variants ranged from 13.29

to 130 % (Fig. 2).

In the variant with three first levels of fertilization the highest efficiency of nitrogen

recovery was observed. The reason was high soil abundance in available nitrogen
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compounds. The highest value of this parameter was noted in the 3rd experimental

variant in which the slow-acting fertilizer was applied in the amount of 400 kg � ha–1

and supplementary fertilization with phosphorus and potassium. Treatment with

ammonium nitrate did not have any marked effect on the efficiency of nitrogen

recovery. In ammonium nitrate treatments (objects 6–8) value of this parameter was the

lowest, ranging from 13.29 to 49.26 %.

Recovery efficiency is an index of the uptake of nitrogen supplied to the soil

ecosystem with fertilizers. Generally, the higher value of this index, the more efficient

fertilization. While interpreting the value of recovery coefficient one should consider

also the crop yield. At very low fertilization level, value of nitrogen recovery coefficient

may be high, even above 100 %, yet the obtained yield will be small, not corresponding

with productive potential of the site. In such case production per area unit will not be

effective. Under regular conditions this parameter value ranges from 30 to 50 %. At low

level of fertilization and high nitrogen contents in soil it may be from 50 to 80 % [20].

Cassman et al [28] report that the efficiency of nitrogen removal on farms producing

wheat, rice and corn in Asia and the US ranged from 18–49 %, depending on farming

system. The authors point to a significant effect of the source of nitrogen applied in

mineral fertilizers. The soil on which the experiment was set up revealed a high content

of mineral nitrogen, therefore high value of recovery coefficient is advantageous from

the environmental point of view.

Partial factor productivity determines the yield obtained following the application of

1 kg of nitrogen as fertilizer. In Author’s own investigations the factor expressed in the

yield of fresh mass ranged from 650 to 1825 kg � kg–1 of applied N (Fig. 3). Partial

factor productivity in conversion to dry weight of yield was from 22.91 to 66.63

kg � kg–1 N.

The highest value of this parameter (80.83 kg � kg–1 N) was registered in the object

which received the smallest dose of slow-acting fertilizer, 200 kg (object 1). Dua et al

[29] reported the value of this parameter for potato production in India in 1968–2000

ranging from 111 to 428 kg � kg–1 N, however at the beginning of the investigations

period it was about 30 % lower in comparison with the results from the 90-ties of the
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20th century. The same authors point to a negative correlation between the value of

partial factor productivity and fertilization amount.

Cassman et al [28] indicate a significant relationship between the quantity of applied

fertilizer and the value of partial factor productivity. In farming systems using small

doses of fertilizers, value of this coefficient is generally high, which does not evidence a

high efficiency. On the basis of the analysis of 2000 farms the authors state that in

1965–2000 partial factor productivity calculated for corn in the US increased by about

15 %, but at the same time, average yield of this crop per hectare increased by over

100 %. Assessment of agronomic efficiency based on the analysis of partial factor

productivity should be always connected with the obtained yield. Partial factor

productivity is the most important index, because it considers the efficiency of nutrient

utilization, which translates into profitability of production [30]. The most frequent

values of this parameter in traditional farming systems in conversion to dry mass range

from 40 to 80 kg � kg–1 N [20]. Values exceeding 60 kg d.m. � kg–1 N are noted in well

managed systems, at low nitrogen concentrations in soil.

Agronomic efficiency is an index describing increase in the crop yield after the

application of 1 kg of nitrogen fertilizer. Its value best shows the efficiency of farming

systems. With development of agriculture, the value of this parameter increases [31].

The value of agronomic efficiency for cereal production in developing countries, in

conversion to yield dry mass, ranges from 10 to 30 kg � kg–1 of fertilizer [32]. In the

Author’s own investigations, value of agronomic efficiency in the individual variants of

the experiment, expressed in Chinese cabbage dry weight, ranged from 6.16 to 35.92

kg � kg–1 of fertilizer (Fig. 4). Significantly lower value of this parameter was registered

in the object receiving traditional fertilization in the amount of 50 kg N as ammonium

nitrate and full doses of phosphorus and potassium (object 6).

The highest value of this parameter was obtained in variant 3, where 500 kg � ha–1 of

slow-acting fertilizer was applied. In general, in the objects receiving this fertilizer,

except its highest dose, significantly higher values of agronomic efficiency were noted

in comparison with traditional treatment with ammonium nitrate. Point application of

slow-acting fertilizer caused a considerable increase in the yield of experimental crops.

When corresponding doses were applied as ammonium nitrate, much lower yields were
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produced. These results indicate a better efficiency of fertilization using the slow-acting

fertilizer under conditions of crop cultivation in the soils with very high nutrient

content.

A fuller view of fertilization efficiency will be available after several years of

fertilization using this type of fertilizers. Applied point fertilization caused a better

utilization of nitrogen from the soil resources, which is an important factor improving

economic effectiveness of production and reducing a negative environmental impact of

production [33]. Helander and Delin [34] state that the content of nitrogen available

forms in soil after plant harvesting should not exceed 30 kg � ha–1. If available nitrogen

concentration in soil after crop harvesting is below 30 kg � ha–1, there is hardly any

hazard of this element leaching into the soil profile or to the surface waters. Small

amount of nitrogen in soil after crop harvesting evidences a proper use of this element

applied in fertilizers.

Physiological efficiency shows the increase in agronomic production per 1 kg of

nutrient absorbed by plants in result of applied fertilization. Its value in the highest

degree depends on plant genotype and environmental conditions, but also on the

strategy of fertilization management. Therefore, it is usually used for an assessment of

farming systems efficiency [28]. Its low values indicate occurrence of a stressor for

plants (nutrient deficit, drought, thermal stress, occurrence of a disease or pests).

Physiological efficiency in the subsequent experimental variants ranged from 16.43 to

36.79 kg d.m. � kg–1 of nitrogen taken up by plants from the applied fertilizers (Fig. 5).

Significantly the highest value of physiological efficiency was obtained in the 7th

variant of the experiment in which traditional fertilization was applied with a medium

dose of nitrogen as ammonium nitrate. A decrease in this coefficient value was

observed after the application of 50 kgN as ammonium nitrate. The environmental

conditions were the same in all experimental variants, therefore the registered

differences result from different fertilization in the respective objects. The lowest

physiological efficiency was observed in the object where 400 kg of slow-acting

fertilizer was applied together with the full dose of phosphorus and potassium. The most

usual values of this parameter are 40–60 kg d.m. � kg–1 of applied N. In well managed
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systems under good conditions of plant growth and development, value of this

parameter exceeds 50 kg d.m. � kg–1 N [ISA 2007].

Removal efficiency is an important indicator determining a potential environmental

impact of agriculture. It informs which part of the component applied in fertilization is

removed from the ecosystem with yield. At removal coefficient equaling 1, the quantity

of nitrogen absorbed with yield is equal to its amount applied in mineral fertilizers. It is

particularly important in case of nitrogen fertilization because it is the element poorly

bound to soil sorption complex, particularly after the transformation into nitrate form.

Mineral nitrogen which was not incorporated into the biomass during vegetation season

is to a great extent dispersed in the environment, which negatively affects all of its

elements but does not constitute this element reserve for the subsequent year. A very

high nitrogen removal efficiency is encountered in the systems showing this element

deficit. Low values of this index are characteristic for the cultivation in which plant

growth limiting factors appeared, such as nutrient deficiency, drought, thermal stress,

diseases or pests. The most frequently noted values of this parameter fluctuate from 0.3

to 0.9, whereas the values from 0.55 to 0.65 kg � kg–1 are regarded as optimal [20]. In

the presented experiment the values of removal efficiency ranged narrowly between

0.93 and 2.77 kg � kg–1 (Fig. 6).
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The highest value of removal efficiency was registered in object 1, where 200

kg � ha–1 of the slow-acting fertilizer was applied. In objects 2 and 3 the values of this

parameter were similar. A significantly lower nitrogen removal efficiency was noted in

the other fertilizer variants. Values of nitrogen removal efficiency registered in all

objects are very high and evidence a negative nitrogen balance. However, on the basis

of the plant organoleptic and chemical analysis as well as their crop yield, no deficiency

of this element was found. Very high nitrogen content in soil on which the experiment

was conducted, was the cause of reduced nitrogen fertilization. It led to this element

utilization by plants from the soil reserves and depletion of its reserves in soil and

dispersion in the environment.

All quality systems in the primary agronomic production are implemented in the first

place in vegetable and fruit growing because of a considerable impact of these branches

of production on the environment, as well as bigger than in case of agronomic plants,

hazard of obtaining product with elevated content of xenobiotics [35]. Fruit and

vegetables are destined for immediate consumption to a greater extent than the other

plants, therefore implementing quality systems in their production processes has

a marketing importance. Rationalization in agriculture requires numerous experiments

and observations to find solutions and developing a technology, which will make

possible realization of integrated production.

Conclusions

1. The effect of applied fertilization on the obtained crop yield of Chinese cabbage

was observed under conditions of the conducted experiment.

2. The most advantageous agronomic efficiency and nitrogen recovery efficiency

were obtained in the combination of 500 kg � ha–1 of slow-acting fertilizer with

supplementary traditional PK fertilizers. Generally higher values of these indices, in

comparison with fertilization using exclusively traditional fertilizers, were observed

after the application of a slow-acting fertilizer and traditional PK ones.

3. The highest nitrogen physiological efficiency was noted when traditional treatment

with ammonium nitrate (100 kgN � ha–1) was applied.

4. Application of fertilization technology based on the proportion of a slow-acting

multi component fertilizer may improve efficiency of agronomic production.
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EFEKTYWNOŒÆ NAWOZU WOLNODZIA£AJ¥CEGO

W INTEGROWANEJ UPRAWIE KAPUSTY PEKIÑSKIEJ

Katedra Chemii Rolnej i Œrodowiskowej

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Celem pracy by³o okreœlenie przydatnoœci nawozu wolnodzia³aj¹cego wykorzystywanego w upra-

wie kapusty pekiñskiej w systemie integrowanej produkcji. Realizacjê za³o¿onego celu osi¹gniêto w oparciu

o wyniki œcis³ego doœwiadczenia polowego, za³o¿onego na glebie o sk³adzie granulometrycznym gliny

œredniej. Roœlin¹ testow¹ by³a kapusta pekiñska (Brassica rapa L.) odmiany ‘Parkin F1’. Doœwiadczenie

za³o¿ono 17.08.2011 r. Roœliny zebrano 08.10.2011 r. Czynnikiem doœwiadczenia by³o zró¿nicowane

nawo¿enie. Uprawê oraz ochronê roœlin prowadzono w oparciu o metodykê integrowanej produkcji kapusty

pekiñskiej zatwierdzonej przez G³ównego Inspektora Ochrony Roœlin i Nasiennictwa. W doœwiadczeniu

zastosowano nawozy konwencjonalne (superfosfat potrójny, sól potasowa oraz saletra amonowa) oraz nawóz

wielosk³adnikowy NPKCaMg (18-05-10-4-2) o spowolnionym uwalnianiu sk³adników pokarmowych. Do-

œwiadczenie obejmowa³o 8 wariantów nawo¿enia i obiekt kontrolny. We wszystkich wariantach nawo¿enia

zastosowano dawki fosforu i potasu odpowiadaj¹ce zapotrzebowaniu roœlin przy za³o¿onej wielkoœci plonów.

Nawo¿enie azotem w kolejnych obiektach ró¿ni³o siê zarówno form¹, jak i iloœci¹ zastosowanego sk³adnika.

Na podstawie wyników przeprowadzonych doœwiadczeñ obliczono wskaŸniki obrazuj¹ce efektywnoœæ

nawo¿enia azotem: efektywnoœæ agronomiczn¹, wspó³czynnik produktywnoœci, efektywnoœæ fizjologiczn¹,

efektywnoœæ odzysku oraz efektywnoœæ usuniêcia azotu.

Nawo¿enie w istotny sposób modyfikowa³o wielkoœæ uzyskanego plonu. Plon roœlin w obiekcie

kontrolnym, bez nawo¿enia mineralnego, wynosi³ 44,22 Mg � ha–1. Najwiêkszy plon, wynosz¹cy 120,7

Mg � ha–1 uzyskano w obiekcie z dodatkiem 400 kg nawozu wolnodzia³aj¹cego, 89 kg superfosfatu potrójnego

oraz 177 kg soli potasowej. Najbardziej optymalne wartoœci wskaŸników efektywnoœci nawo¿enia uzyskano
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w obiektach, w których zastosowano nawóz wolnodzia³aj¹cy w iloœci 400 i 500 kg � ha–1 oraz pe³ne dawki

fosforu i potasu. Obliczone wskaŸniki efektywnoœci nawo¿enia wskazuj¹, ¿e optymalizacja nawo¿enia

z udzia³em nawozu wolnodzia³aj¹cego, szczególnie w warunkach intensywnej uprawy, mo¿e kilkakrotnie

poprawiæ efektywnoœæ nawo¿enia w stosunku do integrowanych metod produkcji z wykorzystaniem nawozów

konwencjonalnych. Wyniki przeprowadzonych badañ wskazuj¹, ¿e optymalizacja nawo¿enia w warunkach

intensywnej produkcji mo¿e zwiêkszyæ pobieranie azotu zastosowanego w nawozach mineralnych o 50 %

przy utrzymaniu wysokich plonów roœlin, co znacznie poprawia efektywnoœæ ekonomiczn¹ produkcji

i zmniejsza iloœæ biogenów rozpraszanych w œrodowisku.

S³owa kluczowe: kapusta pekiñska, integrowana produkcja, nawóz wolnodzia³aj¹cy, efektywnoœæ nawo¿enia
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