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AbstrAct

In the circumstances of only a limited number of pesticides being approved for use in forest nurseries, it is necessary 
to also examine the efficacy of new products available on the European market that stimulate growth and improve 
resilience and vitality among seedlings and saplings, with a view to the application of these products forming part of 
an integrated programme of plant protection. This paper describes trials of the three commercially available fertilizer 
products Actifos, Zielony Busz and Effective Microorganisms (EM), as carried out in seven Polish nurseries in an 
attempt to promote the growth of shoots and root systems of seedlings and saplings. In 64% of cases of it being used, 
Actifos was shown to stimulate growth significantly beyond control levels in the shoots of oak, beech, pine, spruce 
and alder saplings as well as the roots of young alders and oaks.
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IntroductIon

Every year in Poland, forest nurseries produce more 
than 800 million seedlings, which are mainly bare-
rooted. Conifers are usually grown during one or two 
seasons while broadleaved tree species are kept longer, 
even for three to four years. Poland’s accession to the 
European Union and the associated opening up of bor-
ders between EU member states has given rise to a rapid 
growth in the trade of various products (plants includ-
ed) and the establishment of new, invasive pathogens 
in Poland (Oszako and Orlikowski 2008). A particular 

threat to nursery material is posed by soil pathogens of 
the genus Phytophthora (Kozłowska et al. 1961), which 
includes around 100 new species described in just the 
last ten years (Brasier 2008). 

Looking at a more general and broader view of the 
topicality and relevance of the study, the material pre-
sent in and sold by nurseries should be free of ‘harmful 
organisms’, that is in accordance with an EU Directive, 
though more precise details are not given. However, by 
way of a regulation, more precise provisions may be laid 
down, with appropriate reference made to alien and in-
vasive organisms. If this is not done, the threat to the 
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sustainability of future tree stands is posed, since their 
health depends on the quality and condition of supplied 
seedlings, which is especially vulnerable to infections 
by such fungi newly creeping into Europe from Asia as 
Phytophthora spp., Dothistroma septosporum and Cha-
lara fraxinea, to say nothing of roundworm pests like 
the pine wilt nematode Bursaphelenchus xylophilus. 
Such pathogens are often transferred with soil or grow-
ing media and water, but also with the nursery-grown 
seedlings of forest and/or ornamental trees. 

Fungal pathogens of the genus Phytophthora are 
increasingly reported to be widespread, even in natu-
ral conditions with limited human interference reveal-
ing their presence in most seedlings and trees studied 
in both nurseries and stands (Orlikowski et al. 2006; 
Oszako and Orlikowski 2004; Oszako and Orlikows-
ki 2005; Oszako et al. 2007; Oszako and Orlikowski 
2008). Baker and Matkin (1978) stated that the aquatic 
organisms most often producing ‘swimming spores’ are 
Phytophthora species.

Limitation of the spread of pathogens is especially 
necessary at forest nurseries producing material for the 
use in forest reforestation. Pathogens escape to the for-
est plantations and forest practitioners lose the oppor-
tunity to control them. A connected issue in Poland is 
the restriction of the use of seed from a given region 
provided for in the Forest Reproductive Materials Act 
and executive regulations thereto, which do incidentally 
regulate transfers of seeds and saplings (Pigan 2009). 
To this end, the Institute of Forestry in Austria, for ex-
ample, issued on the voluntary basis certifications that 
markedly increase the success on the market for plants 
for planting of those private nurseries that are demon-
strably free of the above problems (Thomas Cech, pers. 
comm.).

Given the current very limited number of plant pro-
tection agents approved for the use in forestry by the 
Ministry of Agriculture and Rural Development, there 
is a great need to test and assess alternative prepara-
tions (not least resistance-enhancing fertilizers) – from 
the point of view of their efficacy in promoting growth, 
and /or resistance to forest pests.

The use of growth-stimulating preparations has 
been subjected to testing and these preparations are 
in use in gardens, orchards and ornamental nurser-
ies in many European countries, as well as in the USA 
or South Africa (Glinicki et al. 2010; Malusa and Tosi 

2005). In Poland, their activity as fungicides was tested 
by Bielenin (2002), Orlikowski (2004), Korzeniowski 
and Orlikowski (2008), Muszyńska and Orlikowski 
(2010), and Wieczorek et al. (2010). It is estimated that 
the number of products based on phosphites available on 
the market will be quickly growing and sold as fertiliz-
ers. Although active compounds inhibit the growth of 
mycelium, they rather seem to induce or enhance plant 
resistance (Hoang and Takeo 2009). In fact, phosphites 
are not fertilizers (if not amended with other macro- and 
micro-elements) and plants cannot absorb them directly 
in the form of PO3

- ions but they circulate within plant 
vessels (in xylem) even for six to eight years (Hardy 
1999). Phosphorus ions accumulate in external parts of 
plant organs like fine roots, and act there as elicitors of 
resistance processes taking place at the cell level. In or-
chards, their effectiveness against apple diseases caused 
by Venturia inaequalis (Bock et al. 2012), Penicillium 
expansum (Amiri and Bompeix 2011), Alternaria alter-
nata (Sala et al. 2004) and pear pathogens as Venturia 
pirina, Phytophthora syringae pv. syringae was reported 
(Montesinos and Vilardell 2001; Moragrega et al. 1998). 
Grapes in wine yards are often protected by phosphites 
against Plasmopara viticola (Di Marco et al. 2011; 
Dufour and Corio-Costed 2013; Kelderer et al. 2006; 
Magarey et al. 1991; Speiser et al. 2000; Wicks et al. 
1991) and Erysiphe necator (Dufour and Corio-Costed 
2013), strawberries against (P. cactorum) black berries 
against P. cinnamomi and Pythium (Bryla et al. 2008). 

The work described in this paper has thus sought to 
determine the effectiveness of the action of phosphite 
fertilizers, i.e. Actifos, Zielony Busz and Effective Mi-
croorganisms (EM) as bio-stimulators of the growth of 
saplings of pedunculate oak (Quercus robur L.), com-
mon beech (Fagus sylvatica L.), Scots pine (Pinus syl-
vestris L.), Norway spruce (Picea abies [L.] Karst.) and 
black alder (Alnus glutinosa Gaertn.). The proposed hy-
pothesis presumes that in the soil of investigated nurs-
eries, soil-borne phytopathogens are present. In such 
circumstances, the influence of commercially available 
bio-stimulators on the growth of several forest tree spe-
cies was tested. The assumed hypothesis says that bet-
ter stimulated the growing plants are, quicker is their 
reach to the development phase in which they are more 
resistant to the diseases occurring in nurseries. The rel-
evant experiments to achieve this objective were carried 
out in seven forest nurseries distributed across Poland. 
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MAterIAl And Methods

Short description of the fertilizers used  
in the experiments

The description on the label of the Actifos prepara-
tion (from the firm Agropak) suggests that it supplies 
plants with readily assimilable nitrogen and microele-
ments capable of promoting growth, as well as a defined 
content of phosphite said to limit the development of 
certain diseases, notably powdery mildew of oak and 
the phytophthoroses. Actifos has ammonium phosphite 
as a key component (hence the simultaneous presence 
of 10% nitrogen), along with compounds supplying the 
microelements boron, copper, iron, manganese, mo-
lybdenum and zinc: N – 10.2%, B 0.02%; Cu 0.008%; 
Fe 0.06%; Mn 0.04%; Mo 0.004%; Zn 0.02%.

The Zielony Busz preparation (made by the firm 
Himal) is a mineral/organic fertilizer that can be ap-
plied to leaves and contains an adjuvant. It comprises 
of the so-called soap of potash as well as wormwood, 
garlic, nettle and algae extracts, thereby offering the 
microelements copper, cobalt, zinc, molybdenum, 
boron and other components. The principle of this 
fertilizer is the enhancement of plant resistance to 
physiological stresses. Studies carried out by the man-
ufacturer suggested that the application on leaves of 
seedlings make them more robust and resistant to the 
activity of such harmful agents as pathogenic fungi. 
Content of N, P and K, in the mixture is: N – 3%; P2O5 
– 3%; K2O – 2.5%.

Effective Microorganisms (EM) is a mix of micro-
organisms of aerobic and anaerobic conditions that co-
exist by virtue of symbiosis. None of the preparations 
involving the EM™ technology contain genetically 
modified or chemical components used in the manufac-
ture of fertilizers, herbicides or pesticides. The manu-
facturer Greenland Technologia offers an assurance that 
EM is naturally active in improving soil structure, en-
couraging the rapid breakdown of plant tissue residues, 
obstructing transfer processes involving soil pathogens, 
encouraging the fixing in the soil of free nitrogen pre-
sent in the air, intensifying root-system development, 
engendering conditions for the better absorption of nu-
trients and thus improving the condition and health of 
plants that come into contact with it.

The main difference among preparations is that 
only Actifos contains ammonium phosphate (NH4)3PO3.

Study area and times at which measures 
were taken

Comparisons regarding the effectiveness of the above 
preparation were made on the most important species 
of samplings growing in Polish forest nurseries (Tab. 1) 
within the eight forest districts of Borki, Giżycko, 
Toruń, Augustów, Przasnysz, Żednia, Koło, and Nowy 
Targ (Fig. 1). Plants were bare-rooted and sprayed twice 
with bio-stimulators at the beginning of vegetation sea-
son when leaves of broadleaved tree species were fully 
developed (in May and in June).

Table 1. List of studied, new bio-stimulators available in the 
Polish market, and species of plants tested in Forest Districts 
in which experiments were run
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Augustów 2012
Pine 1 n/d n/d yes
Oak 1 n/d yes n/d
Alder 2 n/d yes n/d

Borki
2011 Oak 1 yes n/d n/d
2012 Oak 2 yes n/d n/d

Giżycko 2012
Pine 1 yes yes n/d
Spruce 1 yes yes n/d

Koło
2011 Alder 1 yes n/d n/d
2012 Alder 2 yes n/d n/d

Przasnysz
2011 Beech 2 yes yes yes
2012 Beech 3 yes yes yes

Nowy 
Targ 2011 Alder 2 yes n/d n/d

Toruń 2012 Oak 2 yes n/d n/d
Żednia 2011 Oak 2 yes n/d n/d

yes – application; n/d – no data; Pine – Scots pine (Pinus sylvestris L.); 
Spruce – Norway spruce (Picea abies [L.] Karst.); Oak – Pedonculate 
oak (Quercus robur L.); Beech – Common beech (Fagus sylvatica L.); 
Alder – Black alder (Alnus glutinosa Gaertn.).

At each of the nurseries, the researchers delimited 
both a study area across which the agents to be tested 
were sprayed, and a control area in which no treatments 
were applied. Plant material was then collected in 2011 
and 2012. Table 1 presents the preparations that were 
used, in relation to different species, the year of col-
lection of the material, and the Forest District (FD) in 
which the given experiment was run. 
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Figure 1. Map of Forest Districts in which the research was 
carried out

Measurements were done at the end of each veg-
etation season (September of 2011 and 2012). Each 
trial or control variant investigated on the delimited 
study plots was assessed by reference to 15 saplings 
collected in three replicates, the length of the above-
ground parts being measured (from base to apex) 
along with the length of the tap root. The saplings of 
the most important forest tree species were treated, 
including conifers (Scots pine, Norway spruces) as 
well as broadleaved tree species (common beech, 
pedonculate oak and black alder). 

Additionally, biomass of saplings from five FDs 
was assessed. 

Statistical analysis

Research at the Karwacz (Przasnysz Forest Dis-
trict), Zielonki (Borki FD) and Kiejsze (Koło FD) 
nurseries was extended over the two years 2011 and 
2012, while that at the remaining sites was confined 
to a single (2012) growing season. Measurements 
concerned the above-ground parts, as well as the 
length of the root system, in saplings selected at 
random, with data obtained allowing for the use of 
the non-parametric Mann–Whitney test, as well as 
one way ANOVA and the Kruskal–Wallis test, with 
adopted significance levels of α = 0.05. The Statis-
tica v.10 package was used in the analysis.

results

In six out of the 11 cases, saplings sprayed with Acti-
fos responded with levels of growth in above-ground 
parts that exceeded those noted among plants main-
tained in the control conditions. The preparation had 
a positive effect on oaks, whose second-year growth 
of above-ground parts was greater in every variant as 
compared with the control. Two years of experimenta-
tion with beech evoked no reaction in the circumstances 
of Przasnysz FD, while in the case of black alders only 
two-year-old trees from the Nowy Targ FD displayed 
a reaction. A positive reaction of one-year-old pines and 
spruces to fertilizer use was also noted.

The Zielony Busz preparation was used at the three 
studied nurseries in Augustów, Giżycko and Przasnysz 
FDs. In three-fourth (75%) of the cases, saplings reacted 
favourably to the foliar fertilizer application (spraying). 
A significant apparent boost to growth of above-ground 

Table 2. Summary of the statistical analysis carried out on 
above-ground parts of investigated forest tree species saplings
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Augus-
tów 2012

Pine 1 100.0 n/d n/d 116.2+

Oak 1 210.0 n/d 314.8+ n/d
Alder 2 1503.6 n/d 1751.3+ n/d

Borki
2011 Oak 1 168.3 191.5 n/d n/d
2012 Oak 2 392.4 442.7+ n/d n/d

Giżyc-
ko 2012

Pine
1

39.6 52.2+ 74.7+ n/d
Spruce 142.1 168.8+ 166.7+ n/d

Koło
2011 Alder 1 105.1 110.9 n/d n/d
2012 Oak 2 1630.7 1778.8 n/d n/d

Przas-
nysz

2011 Beech 2 212.1 217.9 219.7 220.3
2012 Beech 3 475.8 485.9 573.7 547.4

Nowy 
Targ 2011 Oak 2 95.7 86.0+ n/d n/d

Toruń 2012 Pine 2 733.6 676.4+ n/d n/d
Żednia 2011 Oak 2 174.6 226.6+ n/d n/d

* Forest administration Unit (c.a. 40 000 ha of forest having own nursery 
of surface 5–10 ha); + Higher mean values for treatment plots (statistically 
significant differences); n/d – no data; Pine – Scots pine (Pinus sylvestris 
L.); Spruce – Norway spruce (Picea abies [L.] Karst.); Oak – Pedonculate 
oak (Quercus robur L.); Beech – Common beech (Fagus sylvatica L.); 
Alder – Black alder (Alnus glutinosa Gaertn.).
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parts was to be observed among one-year-old oaks, 
two-year-old alders and one-year-old pines and spruc-
es (Tab. 2). A lack of statistically significant boosts to 
growth was again noted for the shoots of beech.

The EM applied at the nurseries in Augustów and 
Przasnysz was found to have stimulated growth of the 
above-ground parts of one-year-old Scots pine sap-
lings. However, no such effects could be noted with 
the treatments applied to young beeches (Tab. 2). 

The second part of the experimental work involved 
a comparison of the dimensions to below-ground parts 
of saplings on experimental and control plots (Tab. 3). 
In this context, Actifos only emerged as effective in 
four variants involving: one-year-old saplings of black 
alder from Koło Forest District, one-year-old saplings 
of Scots pine and Norway spruce from Giżycko FD 
and two-year-old pedunculate oaks from Żednia FD. 
In other cases, there were no statistically significant 
differences to be noted between root lengths under 
treatment and control conditions (Tab. 3). 

Spraying with the Zielony Busz preparation only 
impacted significantly upon two-year-old black alder 
seedlings, though these had their root systems twinned 
in the same year that measurements were made. So this 
fact may have accounted for the differences referred 
to. Under other variants, neither Zielony Busz nor the 
Effective Microorganisms were found to influence the 
dimensions of below-ground parts significantly.

In line with standard practice, in 2012, the sap-
lings at the Augustów, Koło, Borki and Przasnysz 
nurseries were made subject to the same root-trim-
ming measure, which eliminated any visible favour-
able impact on root-growth attributable to the use of 
the preparations. 

Significant statistical differences for average 
above-ground part biomass was denoted in the case 
of Actifos in Giżycko FD (pine) and Przasnysz FD 
(beech), while this preparation was not effective for 
spruce, alder and oak in Giżycko, Koło and Toruń 
FDs, respectively. Less effective appeared to be Ziel-
ony Busz and Effective Microorganisms preparations, 
which shown positive effect only in Giżycko (spruce) 
and Przasnysz (beech) FDs, respectively (Tab. 4).

As regards roots, Actifos was also the most effec-
tive preparation and significantly different from the 
control in pine and spruce (Giżycko FD), and beech 
saplings (Przasnysz FD). The effect of other prepara-

Table 3. Summary of statistical analysis for roots 
of investigated forest tree species saplings
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Augus-
tów 2012

Pine 1 166.6 n/d n/d 168.1

Oak 1 330.8 n/d 350.8 n/d

Alder 2 275.7 n/d 279.8+* n/d

Borki
2011 Oak 1 199.1 240.1 n/d n/d

2012 Oak 2 384.1 358.9* n/d n/d

Giżyc-
ko 2012

Pine
1

116.7 148.7+ 122.3 n/d

Spruce 145.0 184.3+ 157.2 n/d

Koło
2011 Alder 1 302.0 366.2+ n/d n/d

2012 Oak 2 405.9 338.1* n/d n/d

Przas-
nysz

2011 Beech 2 330.5 243.4 468.6 218.0

2012 Beech 3 275.2 286.2* 250.0* 267.8*

Nowy 
Targ 2011 Oak 2 159.7 163.0 n/d n/d

Toruń 2012 Pine 2 324.1 324.8* n/d n/d

Żednia 2011 Oak 2 222.8 276.1+ n/d n/d

+ Higher mean values   of the treatment plot (differences statistically 
significant); * cut root system, n/d – no data; Pine – Scots pine (Pinus 
sylvestris L.); Spruce – Norway spruce (Picea abies [L.] Karst.); Oak 
– Pedonculate oak (Quercus robur L.); Beech – Common beech (Fagus 
sylvatica L.); Alder – Black alder (Alnus glutinosa Gaertn.).

Table 4. Summary of statistical analysis for dry-biomass 
of above-ground parts of saplings
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Augustów 2012

Pine 1 n/d n/d -

Oak 1 n/d - n/d

Alder 2 n/d - n/d

Giżycko 2012
Pine 1 + - n/d

Spruce 1 - + n/d

Koło 2012 Alder 2 - n/d n/d

Przasnysz 2012 Beech 3 + - +

Toruń 2012 Oak 2 - n/d n/d

+ Higher mean values of the treatment plot (differences statistically 
significant); – Differences no statistically significant; * cut root system, 
n/d – no data.
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tions was limited merely for spruce (Giżycko FD) and 
beech (Przasnysz FD) (Tab. 5).

Table 5. Summary of statistical analysis for dry-biomass of 
sapling roots
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Augustów 2012

Pine 1 n/d n/d -

Oak 1 n/d - n/d

Alder 2 n/d - n/d

Giżycko 2012
Pine 1 + - n/d

Spruce 1 + + n/d

Koło 2012 Alder 2 - n/d n/d

Przasnysz 2012 Beech 3 + - +

Toruń 2012 Oak 2 - n/d n/d

+ Higher mean values   of the treatment plot (differences statistically 
significant); – Differences no statistically significant; * cut root system, 
n/d – no data.

dIscussIon 

In light of current knowledge on the occurrence and 
diversity of pathogens of forest nurseries as Phytoph-
thora species, as well as the limited arsenal of plant 
protection agents whose use is currently permitted, it 
seems crucial to seek alternatives, not least in the form 
of fertilizer preparations that can stimulate growth, 
as well as phosphite-containing products considered 
to enhance plant resistance (Jung 2008; Orlikowski 
et al. 2004a; Orlikowski et al. 2004b; Oszako 2005; 
Oszako and Orlikowski 2008; Orlikowski et al. 2011). 
The present research also proved that phosphites are 
valuable fungicides (mainly against Phytophthora) 
and bio-stimulators of plant growth. Originally the ef-
fect of fertilization on seedlings resistance to patho-
gens was planned by evaluating plant health but this 
key measurement did not show any difference between 
variants of the experiments. Probably, the time span of 
the tests was too short or the weather and stress condi-
tions were not so strong to weaken plants for planting. 
In fact, there was no mortality observed in any of the 
experimental plots. For this reason, we have to focus 
on the effect of these fertilizers on seedling growth by 

assessing mainly stem height and tap root length as 
well as total biomass split into the weight of the above 
and below organs. The dry mass of leaves / needles 
was included into the stem measurements. Because the 
effect of other commercial fertilizers traditionally ap-
plied in forest nurseries is well known, they were not 
tested in these trials, which move us beyond what is 
already known.

However, their effectiveness as regards the main 
forest-forming tree species initially raised in forest nurs-
eries had not been tested until now, in the context of the 
work described here. Our research carried out revealed 
that the most effective of the tested preparations was Ac-
tifos, which has a clear impact on the growth of both 
stems and roots, and can therefore serve as a valuable 
supplementary agent in the system of integrated plant 
protection deployed at forest nurseries. While plants fur-
nished more fully with mineral nutrients (especially mi-
croelements) grow better and are more disease-resistant, 
we do not know how phosphite fertilizers act in situa-
tions where the saplings have already been infected. In 
theory, the seriousness of the attack mounted by soil 
pathogens could be reduced through the protection of 
the fine roots and a reduction in the level of mortality 
among saplings. But is total healing of infected plants 
possible, or is it merely a question of masking disease? 
These questions will only be answered satisfactorily if 
further studies are pursued. In the course of the work, 
it was also possible to observe that oak leaves treated 
with phosphite preparation were less afflicted by the 
powdery mildew caused by Erysiphe alphitoides, and 
this is a further observation meriting dedicated study. 
We do not know why Actifos did not stimulate growth of 
beech shoots and roots in Przasnysz FD, as well as one-
year-old oaks in Borki FD. Probably, positive effect of 
the bio-stimulator was altered by the trimming of main 
roots or more time was needed to obtain the significant 
difference from control variants.

It is also worth reconsidering the merits of the nurs-
ery measure entailing the trimming of main roots with 
the aim of stimulating the development of finer side-
roots. Open wounds that may even be of 3 cm diameter 
(as in the case of a black alder in Koło FD) offer ready 
access to infection by pathogens (Mańka 1998), while 
the combined wounding arising out of all the damage 
to different roots represents a major challenge to the 
plant in terms of the expenditure of energy and nutri-
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ents incurred to develop the necessary scar tissue. Fur-
thermore, resort to this kind of measure gives rise to 
disproportions between the dimensions of the root sys-
tem, on the one hand, and the above-ground parts, on 
the other (stems may even be 10 times as long as roots). 
This also has a negative impact on the survival chances 
of saplings once they are planted out.

Root-trimming is supposed to help several-year-
old saplings of broadleaved species with tap roots (like 
oak) to be collected before transport. In contrast, it may 
be indicated (also from the economic point of view) to 
grow the young trees in nurseries for shorter periods, 
and not to trim their roots. Achievement of the saplings 
of the necessary dimensions can be assured through the 
appropriate use of growth-stimulating agents. Saplings 
planted out in an undamaged state will then be more re-
sistant to the swimming spores of pathogenic Phytoph-
thora species, should soils become very wet; and they 
will also be more likely to survive periods of drought 
if they have an appropriate distribution of biomass be-
tween above- and below-ground parts.

From among the preparations used, it was Acti-
fos that emerged as the most effective. In 64% of the 
cases in which it was applied, it was possible to note 
a positive influence as compared with controls where 
the length of above-ground parts of oak, beech, pine, 
spruce and alder saplings was concerned. A similar ef-
fect was to be noted for roots, though statistical signifi-
cance was only obtained in the cases of alder and oak. 
In contrast, there was one case of the use of Actifos 
(within Toruń FD) in which the growth and develop-
ment of two-year-old pedunculate oak saplings was 
poorer than in the control. 

The routine procedure of root-trimming carried out 
at nurseries prior to measurement of growth in saplings 
of pedunculate oak (in Toruń and Borki FDs), common 
beech (in Przasnysz FD) and black alder (in Koło FD) 
made it impossible to assess differences in lengths of 
the root systems between fertilizer-treated and control 
plants. In this light, the need for mechanical trimming 
of root systems at nurseries should be reconsidered, 
since the wounds arising in this way must heal (at great 
cost in terms of energy) and evidently constitute a path-
way for infection by a range of pathogens.

The other tested preparations proved less effective 
at promoting below-ground growth, while Zielony Busz 
was able to encourage above-ground growth in saplings 

in about 66% of the cases in which it was used. The only 
saplings not showing a response were young beeches in 
Przasnysz FD.

Biomass and root-collar diameter (RCD) are even 
better than length measurements for effectiveness eval-
uation of bio-stimulator fertilizers. In the case of our 
experiments, the Actifos most effectively stimulated 
the shoot and root biomass of broadleaved and conifer 
saplings. The above indicators well reflect growth and 
health state of saplings in nurseries.

The costs of the use of these products are compa-
rable, however the cheapest product is Zielony Busz 
(3 €/l), while Effective Microorganisms (8 €/l) is the 
most expensive, depending on the concentrations of the 
bio-stimulators: Actifos 0.6%, Zielony Busz 2–5%, but 
when the plant blooms the concentration can be reduced 
to 0.5%, and for EM to 0.06%. Usually, manufacturers 
recommend applying those working solutions per hec-
tare as follows: 600 l for Actifos, 60 l for EM, and 500 l 
for Zielony Busz. The amount of labor to spray products 
is also similar as we recommend using them twice or 
three times during vegetation season (e.g. in June and 
July, or additionally in August). 
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