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Abstract. Recent years have been marked with a more common use of mineral fertilizers 
comprising marine algal extracts in horticultural production. Seaweed extracts are re-
ported to possess, among others, biostimmulatory potential that improves yield growth 
and its quality as well as promotes plant resistance to adverse environmental agents. The 
marine alga processing technologies facilitate the extraction of active substances valuable 
for plant crops as stimulants for a number of plant physiological processes. The sub-
stances can be incorporated into both, soil or foliar applied fertilizers. The present re-
search objective was to assess the influence of N Pro technology and Seactiv complex 
based on marine algal extracts on apple tree ‘Szampion’ growth, yield quantity and qual-
ity. The experimental material comprised ‘Szampion’ apple trees grafted on M.26 stock, 
the trees were aged 10 years at the experiment onset. The study aimed at evaluation of 
growth, yield quantity and quality of ‘Szampion’ apple trees fertilized according to two 
following programs. The measurements performed showed that introduction of the fertili-
zation programs based on marine algal extracts had significant effect on total yield, one 
fruit weight, firmness and sugar extract content in apple tree ‘Szampion’ fruits. It was 
found that the N Pro technology and Seactiv complex had significantly beneficial influ-
ence on the percentage of big fruits, i.e. above 7.5 cm diameter and marketable yield in 
each experimental year. Cropping efficiency coefficient (CEC) of ‘Szampion’ apple trees 
fertilized according to N Pro technology and Seactiv base was significantly higher com-
pared to control solely in 2008, in the other research years the differences were insignifi-
cant. The fertilization program based on marine algal extracts had positive influence on 
the ‘Szampion’ apple tree`s annual increments and each year the trees under N Pro and 
Seactive complex fertilization technology produced higher increments as against control; 
the differences in the last research year were significant. The N Pro technology and Seac-
tiv base had positive impact on ‘Szampion’ apple tree leaf surface area, significant influ-
ence was observed in the second and third research year. 
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INTRODUCTION 

In horticultural production, fertilization is the first priority management practice 
providing optimal conditions for plant growth and yielding. The key to improve fertili-
zation efficiency is to apply preparations enriched with biostimulants [Schmidt et al. 
2003]. Biostimulant is a general term used to define a substance that is not a plant nutri-
ent but has a positive impact on plant health [Berlyn and Sivaramakrishnan 1996], 
growth and metabolism, increases antioxidant content and enhances nutrient availability 
[Verkleij 1992, Zhang and Schmidt 1997]. There is a great diversity of such products 
but as Karnok [2000] reports, seaweed extracts contain many compounds of this type. It 
was found that marine algal extracts are rich in macro and microelements, amino acids, 
vitamins, cytokinins, auxins, abscisic acid (ABA) [Stephenson 1968, Munda and Gu-
bensek 1975, Abetz 1980, Finnie and Van Staden 1985, Mooney and Van Staden 1986, 
Crouch et al. 1992, Verkleij 1992, Crouch and Van Staden 1993, Reitz and Trumble 
1996, Durand et al. 2003, Stirk et al. 2003, Ordog et al. 2004, Khan et al. 2009]. 

Currently, a comprehensive range of horticultural products are marketed with em-
phasis on those comprising biostimulants, plant and animal amino acids, vitamins and 
macro and microelements. Most commonly these are single separate preparations whose 
rational application requires extensive knowledge and profound experience. The firm 
Timac Agro has operated in the Polish market for several years and offers the complex 
fertilization system enriched with additional compounds, namely the Seactiv complex® 
(a series of foliar sprays Fertileader) that contains, among others, IPA cytokinin (exhib-
its systemic activity, enhances mineral intake and availability and activates their trans-
port), glycine – betaine (shows potent anti-stress activity, stimulates the root system 
growth and photosynthesis process) as well as amino acids (as the building blocks of 
plant proteins transport nutrients of very small size and the shortest penetration time 
into foliage and fruits). Soil-applied fertilizers provided by Rouller group contain N Pro 
complex which promotes nitrite reductase and thus, contributes to faster uptake and 
more efficient nitrogen conversion [Jeannin et al. 1991]. 

The aim of the present study was to evaluate the effect of N Pro technology and 
Seactiv complex based on marine seaweed extracts on apple tree ‘Szampion’ yield 
quantity and quality. 

MATERIAL AND METHODS 

The studies were carried out in 2008–2010 at the Sandomierz Upland (50º39’N; 
21º34’E). The experimental material included ‘Szampion’ cultivar trees aged 10 years at 
the research start and grown from M.26 rootstock. The trees were planted in spring 1998 
at the 3.0 × 1.0 m row spacing on loess soil as maiden trees. There were formed axial-
shaped tree crowns which were supported with wire and metal stakes or wooden posts. 
The experiments aimed to estimate the growth, yield quantity and quality of apple trees 
‘Szampion’ under two fertilization programs: 
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1. Control: 
– Hydrocomplex 12-11-18 – 300 kg·ha-1 broadcasting at the green bud stage, 
– Tropicote Ca nitrate – 200 kg·ha-1 broadcasting post blossom, 
– Agroleaf 52%P – 5 kg·ha-1 spraying at the green bud stage, 
– Agroleaf 52%P – 5 kg·ha-1 spraying at the pink bud stage, 
– Calcinit-calcium nitrate – 5 kg·ha-1 spraying 7–10 days later – 4 applications at 7–

10 day intervals, 
– Calcium chloride – 6 kg·ha-1 spraying 6 applications at 7–10 intervals. 

2. N Pro technology and seactiv complex: 
– Eurofertil 34 N Pro 8-8-18 + 9 CaO – 300 kg·ha-1 broadcasting at the green bud 

stage, 
– Sulfammo 30 N Pro – 100 kg·ha-1 broadcasting post blossom, 
– Fertileader Leos – 5 l·ha-1 spraying at the green bud stage, 
– Fertileader Gold BMO – 3 l·ha-1 spraying at the pink bud stage, 
– Fertileader Axis – 3 l·ha-1 spraying post blossom, 
– Fertileader Vital 954 – 3 l·ha-1 spraying 2 applications at 10–14 day intervals, 
– Fertileader Elite – 3 l·ha-1 spraying 3 applications starting from the walnut stage at 

14 day intervals. 

The combinations were made by the mentioned above two technologies of fertilization. 
The experiment was set up according to randomized block design and involved two 

combinations in 5 replications, i.e. the plots with 10 plants each. 
Throughout the experiment time, apple crop load was reduced in both combinations 

each year by the chemical fruit let thinning performed after flowering and followed by 
hand thinning after the June drop so as to obtain a similar number of fruits on tree. The 
measurements and observations conducted over 2008–2010 focused on growth, fruit 
yielding and quality. Fruits were harvested on 10–15 September, separately from each 
tree within each combination. The harvest maturity date was determined on the grounds 
of a starch content and organoleptic evaluation. A group of 100 apple fruits chosen 
randomly from each replication was divided on the basis of fruit size. Marketable yield 
was expressed as a percentage of fruits over 7.5 cm in total fruit yield. Fruit flesh firm-
ness was measured with a penetrometer one day after the harvest in 10 apples from each 
replication. A sugar extract content in fruits was estimated using an Abbe type refrac-
tometer to determine the percent extract in juice squeezed from 10 representative fruits 
from each replication. Tree growth was estimated each autumn after the vegetative 
season completion by measuring trunk diameter at 30 cm height above the place of 
grafting. Cropping efficiency coefficient (CEC) was expressed as the ratio between tree 
yield and trunk cross-sectional area (TCSA) measured in the same year. The measure-
ments of the annual shoot increments were made each autumn after the vegetative pe-
riod end when 5 long shoots were measured on each tree. Leaf surface area was esti-
mated on the grounds of the ratio between mass of leaves and 2 cm diameter punched 
holes, the measurement was made on 20 leaves from each replication. 

The obtained research results were analyzed statistically using the variance analysis 
and Tukey confidence intervals. Inferences were based on the 5% significance level. 
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RESULTS 

Table 1 summarizes the mean and minimum monthly air temperatures as well as to-
tal precipitation in the years 2008–2010. It was observed that the weather conditions at 
each study year favored the crops. The mean annual air temperature in the successive 
years was slightly lower than the long-term mean. It was shown that in the years 2008– 
–2010, the last air temperature drops below 0ºC were recorded in March, in 2009 the 
first autumn temperature falls occurred in October, while in the other years in Novem-
ber. Annual total precipitation at each research year was higher than the long-term 
mean. In the year 2008,precipitation distribution was found to be the least favorable for 
horticultural crops as in February, June, August and November markedly lower total 
precipitation amount was reported as compared to the long-term mean. 

Mean total yield of ‘Szampion’ trees oscillated between 72.7 and 76.9 t·ha-1 and did 
not differ significantly (tab. 2). Alike, no significant differences between the studied 
combinations were found each experimental year. It was observed that the trees fertil-
ized each year according to N Pro technology and Seactiv complex yielded slightly 
higher as against the control and in 2010 the difference amounted to more than 7 t·ha-1. 

Mean fruit weight of ‘Szampion’ cultivar apples was found within the 185.0 and 
198.0 g range and did not differ significantly between the combinations (tab. 2). In the 
successive research years, there were not shown any significant differences between the 
evaluated technologies. However, it was established that each year the trees in the N Pro 
technology and Seactiv complex combination produced fruits of higher weight as 
against the control.  

A percentage of fruits of diameter above 7.5 cm varied between 71.3 and 75.8% and 
did not differ significantly between the combinations under investigation, whereas each 
year the control trees produced significantly less large fruits than in the N Pro technol-
ogy and Seactiv complex combination (tab. 3).  

Marketable yield for the mean from the 2008–2010 period ranged from 52.1 in the 
control trees up to 58.9 t·ha-1 in the N Pro technology and Seactiv complex combination 
and did not differ significantly (tab. 2). It was stated that each experimental year, mar-
ketable yield of trees in N Pro technology and Seactiv complex combination was sig-
nificantly higher as compared to control.  

Mean firmness estimation value of the ‘Szampion’ cultivar apples was found within 
the 7.0 and 7.2 kg·cm2 range and it did not differ significantly between the research 
combinations (tab. 3). Each experimental year indicated no significant influence of the 
technologies applied on the studied trait, yet fruits obtained under the N Pro technology 
and Seactiv complex combination proved to be a little firmer than control.  

Average extract content in ‘Szampion’ fruits oscillated from 12.6 up to 12.7% and it 
did not differ (tab. 3). Similar relationship was determined in each research year.  

The mean cross-sectional trunk area of the studied trees averaged from 38.9 up to 
41.7 cm2 and did not differ significantly (tab. 4). In the first research years, the analysis 
showed the control trees have significantly thicker trunks than in the N Pro technology 
and Seactiv complex combination, the differences were not significant last year. 

Average cropping efficiency coefficient (CEC) of ‘Szampion’ apple trees was found 
within the range of 0.55–0.63 kg·cm2 (tab. 4). The statistical analysis indicated  the  sig- 
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Table 2. Effect of N Pro technology an Seactiv complex on yield quantity of ‘Szampion’ apple 
tree in 2008–2010 

 Combination 2008 2009 2010 Mean 

control 89.3 86.3 42.5 72.7 

N Pro technology and Seactive complex 90.8 89.9 50.2 76.9 
Yield,  
t·ha-1 

LSD0.05 n. s. n. s. n. s. n. s. 

control 169.0 205.0 182.0 185.0 

N Pro technology and Seactive complex 185.0 223.0 186.0 198.0 
Fruit weight,  
g 

LSD0.05 n. s. n. s. n. s. n. s. 
 

Explanation: Means followed by the same letter are not significantly different at α = 0.05 
 
 

Table 3. Influence of N Pro technology and Seactiv complex on quality of ‘Szampion’ apple tree 
yield in 2008–2010 

 Combination 2008 2009 2010 Mean 

control 54.5 b 91.0 b 68.3 b 71.3 

N Pro technology and Seactive complex 59.5 a 97.0 a 70.7 a 75.8 
Fruit with diameter 
 > 7.5 cm, % 

LSD0.05 3.1 1.3 1.5 n. s. 

control 48.7 b 78.5 b 29.0 b 52.1 

N Pro technology and Seactive complex 54.0 a 87.2 a 35.5 a 58.9 
Marketable field,  
t·ha-1 

LSD0.05 2.1 1.3 2.4 n. s. 

control 6.6 7.1 7.4 7.0 

N Pro technology and Seactive complex 6.8 7.2 7.6 7.2 
Fruit firmness,  
kg·cm2 

LSD0.05 n. s. n. s. n. s. n. s. 

control 12.6 12.9 12.2 12.6 

N Pro technology and Seactive complex 12.8 12.9 12.3 12.7 
Ekstrakt,  
% 

LSD0.05 n. s. n. s. n. s. n. s. 
 

Explanation: Means followed by the same letter are not significantly different at α = 0.05 

 
 
nificant differences between the combinations only in the first research year. There was 
observed the higher CEC value of the trees in the N Pro technology and Seactiv com-
plex combination each experimental year as against control.  

Average annual shoot length increments ranged from 43.1 up to 48.7 cm and did not 
differ significantly (tab. 4). Similar relationship was established in the first experimental 
years, while in 2010 the trees showed significantly higher annual shoot length incre-
ments.  

Mean leaf area of the studied trees oscillated between 42.4 and 45.5 cm2 and did not 
differ significantly between the combinations (tab. 4). In 2009 and 2010, the trees under  
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Table 4. Effect of N Pro technology and Seactive base on growth and productivity of ‘Szam-
pion’ apple trees in 2008–2010 

 Combination 2008 2009 2010 Mean 

control 36.2 a 42.5 a 46.5 41.7 

N Pro technology and Seactive complex 32.5 b 39.6 b 44.8 38.9 
Trunk cross-sectional 
area – TCSA,  
cm2 

LSD0.05 1.0 2.6 n. s. n. s. 

control 0.75 b 0.61 0.28 0.55 

N Pro technology and Seactive complex 0.85 a 0.69 0.34 0.63 
Cropping Efficiency 
Coefficient – CEC, 
kg·cm2 

LSD0.05 0.04 n. s. n. s. n. s. 

control 32.1 46.0 51.0 b 43.1 

N Pro technology and Seactive complex 34.7 53.0 58.6 a 48.7 
Mean shoot length,  
cm 

LSD0.05 n. s. n. s. 2.4 n. s. 

control 33.9 45.0 b 48.2 b 42.4 

N Pro technology and Seactive complex 34.4 51.0 a 51.0 a 45.5 
Leaf surface area,  
cm2 

LSD0.05 n. s. 1.9 1.7 n. s. 
 

Explanation: Means followed by the same letter are not significantly different at α = 0.05 

 
 

N Pro and Seactiv complex fertilization technology displayed leaves of significantly 
higher area as compared to control. 

DISCUSION 

Recently horticultural production has been characterized by application of higher 
rates of mineral fertilizers incorporating marine algal extracts which are said to have 
promising benefits to promote yield quality and growth as well as increase plant resis-
tance to unfavorable environmental stressors [Jolivet et al. 1991, Durand et al. 2003]. 
Currently the biostimulant application makes an integral part of the crop plants produc-
tion system but biostimulants were primarily meant to correct deficiencies in plant de-
velopment under unpredictable and stress conditions [Jankiewicz and Lipecki 2011]. 

The development of new technologies for marine seaweed processing allowed to ex-
tract compounds valuable for plant cultivation as stimulants for diverse physiological 
processes. The compounds can be applied to plants with both, foliar fertilizers or mineral 
fertilizers for soil application. According to Mancuso et al. [2006], foliar feeding to higher 
plants proves to be a faster way to provide nutrients as compared to dry top dressing. 

In the coastal regions of western Europe, algae have been used as soil conditioner 
for many years as the earliest records are found in the XVI century in Scotland and 
Brittany in France. Then seaweeds were popular as organic soil-applied fertilizer, while 
now they are more common in the form of liquid extracts. The first foliar sprays of 
marine algae-based preparations were performed as early as in 1950 [Blunden and 
Gordon 1986, Metting et al. 1988, Temple and Bomke 1988]. According to FAO 
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[2006], ca 15 million metric tons of seaweeds products are used annually to produce 
fertilizers and seaweed formulations as biostimulants. 

Abetz [1980], Abetz and Young [1983], Featonby-Smith and Van Staden [1987], 
Arthur et al. [2003] report that application of marine algae extract-based preparations 
triggers earlier flowering, better fruit set and development of fruits of numerous crop 
plants. The studies of Crouch and Van Staden [1992] showed that tomato seedlings 
treated with seaweed extracts produced average higher by 30% and better quality fruits 
than control. Positive effects of Ascophyllum nodosum (L.) algae on the yield and qual-
ity of ‘Thompson Seedless’ grape were indicated by Norrie and Keathley [2006]. The 
authors observed that throughout the 3-year experimental period, the plants treated with 
marine algal concentrate showed yield higher by 60.4%, produced heavier berries and 
more bunches per plant compared to control plants. Beneficial impact of seaweeds on 
yield increase and quality was also highlighted by Van Staden et al. [1994], Aldworth 
and Van Staden [1987], Abetz and Young [1983], Featonby-Smith and Van Staden 
[1987], Arthur et al. [2003] etc. The weather conditions observed over the years 2008– 
–2010 were considered conducive for apple tree growing, therefore the present paper 
has indicated only minor effect of fertilization technology based on marine algae ex-
tracts on total yield, one fruit weight, firmness and extract content. These parameters 
reached some higher results in the N Pro technology and Seactiv complex combination 
as against the control. 

In the studies of Featonby-Smith and Van Staden [1983a, b] the effect of seaweed 
extracts on fruit size was shown to be associated with the presence of substances dis-
playing hormonal activity, primarily cytokinins which are responsible for cell division. 
Nooden and Leopold [1978] observed that treatment of plants with marine algal extracts 
makes the substances promoting plant growth and development translocate from the 
vegetative organs, i.e. roots, shoots and young shoots to fruits to be used for further 
plant development. Faetonby-Smith and Van Staden [1984] indicated that tomato fruits 
originating from plants treated with seaweed formulations exhibit higher cytokinin 
concentration as compared to fruits from non-treated plants. This finding agrees with 
the present research results as the marine algae-based technology exerted significantly 
positive effect on the percentage of large fruits, namely those of diameter over 7.5 cm, 
and marketable yield in each experimental year. 

The field trials conducted by Yvin and Dufils [2010] involved three applications of 
foliar sprays of Fertileader Elite formulated on the Seactiv base that consequently, did 
not elicit favourable influence on apple firmness at harvesting ‘Pink Lady® Cripps Pink 
Cov.’ cultivar fruits as compared to three calcium chlorine treatments. It was found that 
after the 3-month storage, fruits treated with Fertileader Elite showed lower firmness 
loss than control fruits. 

The present paper shows that employment of N Pro technology and Seactiv complex 
affected the firmness of ‘Szampion’ cultivar apple fruits to a small degree because the 
air temperature arrangement and total precipitation amount favored the production. 
Fruits treated by the above mentioned technology were characterized by higher firmness 
as compared to control, but the differences were not significant.  

Biostimulant role in improving plant growth has remained unclear primarily due to 
a number of products and their composition as well as a fact that biostimulant effective-
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ness is subject to a plant species [Mancusso et al. 2006]. Berlyn and Sivaramakrishnan 
[1996] report that in the case of such species like, Coffea, Alnus and Pinus the growth 
rate of plants treated with biostimulants was higher than that of non-treated ones, yet no 
significant differences were observed. Similar positive effect of the biostimulant (IPA) 
application on Vitis vinifera growth rate was indicated by Mancusso et al. [2006]. 

The studies of Ferrini and Nicese [2002] concluded that the biostimulant-treated 
Quercus robur seedlings showed positive responses in terms of leaf area and dry matter 
but no effect was observed in the fresh to dry leaf weight ratio. Alike, beneficial influ-
ence of biostimulants on leaf area has been found in the present research as the N Pro 
technology and Seactiv base application had significantly positive impact on the esti-
mated growth parameter in 2009 and 2010. Kelting et al. [1998] assessed the effect of 
different biostimulants on growth and quality of Acer rubrum and Cratageus phaenopy-
rum seedlings and showed that the preparations applied positively influenced plant 
height, trunk diameter and root length solely in the case of Cratogeus. 

The present study results do not fully support the findings of Kelting et al. [1998] as 
during the 3-year experimental period trunk cross-sectional area of ‘Szampion’ apple 
trees in the N Pro technology and Seactiv complex combination was smaller than in 
control; in the first two research years the differences were significant. It is noteworthy 
that a difference between the assessed combinations was smaller from one year to the 
next. Ameliorative effect of the N Pro technology and Seactiv complex was noted while 
estimating the annual shoot length increments of trees, this parameter reached higher 
values in the N Pro technology and Seactiv complex combination each year as com-
pared to control. 

According to Schmidt et al. [2003] biostimulants with mineral fertilization additive 
applied as foliar spray are unable to supply all the essential nutrients in the quantities 
plant needs to grow and function since their major task is to improve plant tolerance to 
environmental stresses. Beside the proper mineral fertilization, biostimulants can en-
hance the effectiveness of conventional fertilizers [Frankenberger and Arshad 1995], 
ameliorate macronutrient absorption and accumulation at leaf level [Mancuso et al. 
2006]. Mancuso et al. [2006] demonstrated in their studies the effectiveness of IPA 
extracts shown in improved accumulation of nitrogen, phosphorus and potassium in 
almost all the organs of grapevine plants. However, the role of biostimulants in amelio-
ration of nutrient absorption at plant tissue level has remained largely unknown. Salat 
[2004] reports that biostimulants may contain chelating compounds (e.g. mannitol in 
seaweeds) that can promote nutrient availability and improved absorption of chelated 
compounds by leaves. Durand et al. [2003] applied the N PRO technology in Arabidop-
sis thaliana and reported increased nitrate reductase (NR). 

CONCLUSIONS 

1. Application of N Pro technology and Seactiv base did not have significant impact 
on total yield, one fruit weight, firmness and a sugar extract content in ‘Szampion’ cul-
tivar apple tree fruits. These parameters in the N Pro technology and Seactiv complex 
combination were slightly higher as compared to control. 
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2. Seaweed extract-based technologies have been found to affect significantly the 
percentage of large fruits, i.e. of diameter over 7.5 cm and marketable yield in each 
experimental year.  

3. Cropping efficiency coefficient of ‘Szampion’ apple trees under N Pro and Seac-
tiv base fertilization technology was significantly higher compared to control in solely 
2008, in the other years the differences were not significant. 

4. The fertilization program based on seaweed extracts had positive impact on an-
nual shoot length increments of ‘Szampion’ apple trees. Each year the trees fertilized 
according to N Pro technology and Seactiv complex were characterized by higher an-
nual shoot length increments than control; the differences were significant in the final 
research year. 

5. The N Pro technology and Seactiv base exerted beneficial effect on leaf area of 
‘Szampion’ apple trees; the impact was significant in the second and third experimental year. 
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WPŁYW  TECHNOLOGII  N  PRO  I  KOMPLEKSU  SEACTIV  NA  WZROST,  
WIELKOŚĆ  I  JAKOŚĆ  PLONU  JABŁONI  ODMIANY  ‘SZAMPION’  

Streszczenie. W ostatnich latach w produkcji ogrodniczej coraz częściej stosuje się na-
wozy mineralne wzbogacone w substancje pochodzące z wyciągów z alg morskich, któ-
rym przypisuje się liczne właściwości, m.in. o charakterze biostymulującym (korzystny 
wpływ na wzrost i jakość plonu oraz zwiększanie odporności na niekorzystne czynniki 
środowiska). Dzięki opracowanym technologiom przetwarzania alg morskich udało się 
wyekstrahować ważne dla upraw roślinnych związki, które stymulują wiele procesów fi-
zjologicznych w roślinach. Związki te mogą być dodawane zarówno do nawozów dogle-
bowych, jak i dolistnych. Celem przeprowadzonego doświadczenia była ocena wpływu 
technologii N Pro i kompleksu Seactiv bazujących na wyciągach z alg morskich na 
wzrost, wielkość i jakość plonu jabłoni odmiany ‘Szampion’. Materiałem doświadczal-
nym były drzewa odmiany ‘Szampion’ okulizowane na podkładce M.26 w wieku 10 lat 
w momencie rozpoczęcia doświadczenia. W doświadczeniu oceniano wzrost, wielkość 
i jakość plonu drzew jabłoni odmiany ‘Szampion’ nawożonych dwoma programami. Na 
podstawie przeprowadzonych pomiarów wykazano, że zastosowanie programu nawozo-
wego opartego na wyciągach z alg morskich nie miało istotnego wpływu na plon ogólny, 
masę jednego owocu, jędrność oraz zawartość ekstraktu cukrowego owoców jabłoni od-
miany ‘Szampion’. Wykazano, że technologia N Pro i kompleks Seactiv miały istotnie 
korzystny wpływ na procentową liczbę owoców dużych, tj. o średnicy powyżej 7,5 cm, 
oraz plon handlowy w poszczególnych latach badań. Współczynnik intensywności owo-
cowania drzew jabłoni odmiany ‘Szampion’ nawożonych technologią N Pro i komplek-
sem Seactiv był istotnie większy niż w kontroli tylko w 2008 r., w pozostałych latach róż-
nice te były nieistotne. Program nawozowy oparty na ekstraktach z wodorostów wpływał 
korzystnie na długość jednorocznych przyrostów jabłoni odmiany ‘Szampion’, corocznie 
drzewa nawożone technologią N Pro i kompleksem Seactiv tworzyły dłuższe przyrosty 
niż kontrolne, w ostatnim roku badań różnice te były istotne. Technologia N Pro i kom-
pleks Seactiv wpłynęły korzystnie na pole powierzchni liści drzew jabłoni odmiany 
‘Szampion’, w drugim i trzecim roku badań wpływ ten był istotny.  
 
Słowa kluczowe: algi morskie, nawożenie, WIO – współczynnik intensywności owoco-
wania, plon, ekstrakt, jednoroczne przyrosty, pole powierzchni liści 
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