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Fertilizing measures to decrease Norway spruce yellowing

B. LOoMSKY, V. SRAMEK, M. Maxa
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ABSTRACT: At the end of nineties, within the mountain forests of the Krusné hory Mts., in connection with an increased
acid deposition, the symptoms (yellowing) started to be visible, characterizing magnesium deficiency in the assimilation
organs, when Mg contents were laying under 300 mg/kg. In mineral soil the Mg content is mostly less than 10 mg/kg.
Contents of other basic elements (Ca, K) were also very low. During four years yellowing symptoms of the spruce stands
have developed in an extent area of more that 10,000 ha. Since 1999, preventive measures have been adopted to improve
the nutrition status of the forest stands. Liquid magnesium fertilizers as MgNsol, Lamag Mg, MgSsol were applied during
the period of 1999-2002. Since 2001, in semi-operational experiment, powder Mg fertilizer — Silvamix F4 — of higher
Mg content (63.3% MgO) was applied. Application of liquid fertilizer MgNsol has helped to compensate the nitrogen
deficiency in the stands of insufficient nutrition in this element. Comparing of different types of liquid fertilizers has
confirmed, that the highest increase of magnesium in assimilation organs was find in combined application of MgNsol
and MgSsol fertilizers. Application of 300 kg/ha Silvamix F4 has increased the magnesium content in the first needle year
class in 73% in average, potassium in 33%, calcium in 16%, and phosphorus in 85%. Besides increased nutrient content
in needles also improvement of the health and phosphorus in 85%. Besides increased nutrient content in needles also

improvement of the health state, i.e. revitalization of the stands affected can be observed.
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In the Central and Western Europe, colour changes
of needles (yellowing) of the spruce stands, caused by
nutrition disturbance of characteristic magnesium
insufficiency in the assimilation organs, were ob-
served already in seventies and eighties of the last
century. This insufficiency was connected with low
contents of calcium, zinc and nitrogen. The symp-
toms, called “new forest damage” were find mainly
in regions of high input of acid deposition, in soils
of high acidity, of critically low content of basic ele-
ments, mainly magnesium. In most of the problem
regions in Europe, the magnesium insufficiency
was compensated by the application of liquid or
powder fertilizers containing magnesium (BoN-
NEAU et al. 1990; HUTTL, SCHAAF 1997; HUTTL
1989, 1990, 1993; KAUPENJOHANN 1997). During
the eighties, individual trees or groups of trees of
similar symptoms could be find also in CR. Only at
the end of nineties, mainly after winter 1998/1999,
area development of the symptom was observed,
and during the following period yellowing of the
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spruce stands was graduating. Extent yellowing of
the spruce stands of all age classes was developing
in the western part of the Krusné hory Mts. (up
to 8,000 ha), big groups of yellow trees were find
also in the eastern part of the Kru$né hory Mts.
(SRAMEK et al. 2001). Latter on, yellowing was
observed in the Jizerské and Luzické Mts. and in
Jeseniky. In 1999 already, the Forests of the Czech
Republic, state enterprise, have applied liquid
fertilizers in the most affected regions. Semi-field
experiment with fertilizing was another step how
to improve disturbed magnesium nutrition of the
spruce stands. This was initiated by the Government
Decision No. 532 of 2000, assigning the Ministry of
Agriculture of the Czech Republic to adopt meas-
ures necessary to stop the risk of mass decline of
forest in the Kru$né hory Mts. and Orlické Mts. The
aim of the contribution is to bring a short informa-
tion on fertilizing in 1999-2003, and to present
some partial results of application of liquid and
powder fertilizers.
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MATERIAL AND METHODS

Selecting the plots suitable for fertilizing

Selecting of the concrete localities, suitable for
fertilizing, was done by the forest owners, on the
base of visual symptoms, characterizing disturbed
nutrition, typology and pedology characteristics,
and the results of chemical analyses of humus, min-
eral soil and assimilation organs of the tree species.
The proposals by the owner are to be consulted
with the Institute of Forest Management (Ustav pro
hospodaftskou Gpravu lest), and to be agreed by the
organs on nature protection. Selection of the type
of fertilizer, manner and term of application were
recommended by the Forest and Game Management
Research Institute in Jilovisté-Strnady.

Sample taking and analyses of the assimilation
organs and soil samples

Mixed samples of the first and second needle
year class of ten individuals were taken in selected
stands, in two terms — before the treatment and start
of flushing, and in autumn, in dormancy period.
Needle samples were taken in the upper third of
the tree, exposed to the sunshine, optimally of the
fourth whorl. Needle analysis was done in the labo-
ratory of Forestry and Game Management Research
Institute (FGMRI), using the valid methods by ICP
Forest (UN-ECE Manual ICP 1998).

Samples of humus and mineral soil were taken in
three spots, in each stand evaluated. Mineral soil
was taken in the depth of 30 cm, characterizing pos-
sibilities of the spruce nutrition. Samples of humus
and mineral soil were analyzed in the laboratory of
FGMRI. Content of nutrients available was stated
in the elution of NH 4Cl, total nutrient content in
elution by aqua regia.

Application of fertilizers in individual years

In the western part of the Kru$né hory Mts., within
the plots where area yellowing of the stands was
observed, liquid fertilizers were applied at 168 ha by
the Forests of the Czech Republic, state enterprise,
in 1999 (SEBKOVA et al. 2001). Fertilizers MgN sol
and Lamag Mo were applied in tree repetitions (total
dose of 447 kg/ha MgNsol and 450 kg/ha Lamag Mo).
Liquid fertilizer used, MgNsol, contained 10% MgO,
8% N, liquid fertilizer Lamag Mo 16% MgO.

In 2000, when the Government Decision No. 532
was adopted, with the aim to prepare the proposal
on complex and systematic solution, how to stop
degradation of forest soils under the air pollution
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load, application of fertilizers was supported also
by the state financial sources. Liquid fertilizers with
magnesium were applied also in Orlické Mts., at the
area of about 170 ha, and in the Krusné hory Mts.,
at the area of 523 ha. Also in this year MgNsol (of
total dose of 480 kg/ha) and Lamag Mo in three
repetitions was used.

In 2001, within the stands affected in Krusné hory
Mts., liquid Mg-fertilizers were applied (MgNsol
— of total dose 300 kg/ha and Lamag Mo) at about
1,774 ha. In the western part of the Krusné hory
Mts., in frame of the semi-field experiment, a spe-
cial, slowly solving powder fertilizer, not containing
chlorides, was used to treat the deficit stands. It
was Silvamix F4 (total dose applied of 300 kg/ha)
of higher magnesium content — 59% MgO, and low
nitrogen content — 6%. The fertilizer also contained
5.9% of PO, and 4.2% of K, O. This fertilizer was ap-
plied in the spruce stands of the area about 466 ha.

In 2002, in the Kru$né hory Mts., at the area of
about 794 ha, different types of liquid magnesium
fertilizers were compared, in frame of the semi-field
experiment organized by the Forests of the Czech Re-
public, state enterprise — MgNsol (300 kg/ha), MgSsol
(375 kg/ha), and its combination with MgNsol.
Liquid fertilizer applied, MgSsol, contains 9% of
MgO.

With the support by the Ministry of Agriculture
of the Czech Republic, within the semi-field experi-
ment, powder magnesium fertilizer Silvamix F4, not
containing nitrogen, was applied at 724 ha. Also in
Orlické Mts., of high nitrogen deposition, where
nitrogen/magnesium ratio started to be disturbed, a
special, slowly solving fertilizer, not containing nitro-
gen, of higher potassium content (20% K,0), Silvamix
K3, was applied. Fertilizer also contains 10.6% MgO
and 6.5% P,O,. Application was done at 193 ha.

In 2003, with the financial support by the Ministry
of Agriculture, application of powder, slowly solv-
ing magnesium fertilizer, not containing nitrogen,
Silvamix F4, was done both in the western and
eastern part of the Krusné hory Mts. Spruce stands
of the total area of 675 ha were fertilized from the
air, another fertilizing was realized within the Forest
District Lanskroun, at 500 ha.

RESULTS AND DISCUSSION

Semi-field experiments on fertilizing are still on-
going, they were not closed yet, so only the prelimi-
nary results of the application of Silvamix F4 can be
presented, and comparing to the application of liq-
uid fertilizer MgNsol. Further also compared results
on liquid magnesium fertilizer will be presented.

J. FOR. SCI., 52, 2006 (Special Issue): 65-72



Table 1. Relative representation of the soil samples in
individual pH (KCI) groups, and individual classes of

magnesium content

pH (KCI)
Relative number 2.5-3.0 3.1-3.5 3.6-4.0 4.1-4.5
(%) 24 56 11 9

Mg content in soil samples (mg/kg)

0-10
(%) 50 43 7

11-21 21—++

Fertilizer has been applied in the stands growing
on acid soils of significant insufficiency of basic ele-
ments in mineral layer.

The region of western Krusné hory Mts. can be
well characterized by the results of investigation
before application of lime and fertilizers, when
samples of needles, humus, and upper soil horizons
were taken and analyzed. Significant insufficiency
of basic nutrients, mainly magnesium and calcium,
was find both in needles and mineral soil. Extreme
to strong acidity was proved at 80% of the soil sam-
ples taken. The pH value in KCI did not exceed 3.5
(Table 1). In a half of the mineral sol samples taken
magnesium content was ranging within the interval
of 0-10 mg/kg.

Nutrient contents in needles (Table 2), mainly
magnesium, nitrogen, zinc, were deeply bellow the
level of nutrient insufficiency. Mainly in older needle
year classes they were so low, that the physiological
processes were disturbed, resulting in irreversible
damage of assimilation organs and their fall-down.

Effect of Silvamix F4 on magnesium content
in assimilation organs

Specially prepared powder fertilizer of long-term
effect was applied in frame of the semi-field experi-
ment, the results will be evaluated latter this year.
The experiment is realized within the Forest District
Kraslice, in six fertilized and five control stands. Fer-

tilizer was applied at the beginning of the vegetation
season, in dose of 300 kg/ha. Samples of needles,
humus, and mineral soil were taken before fertiliz-
ing. In autumn, after fertilizing, only needle samples
were taken. The results on magnesium content in
individual samples are presented in Fig. 1.

The results confirm low content of magnesium in
mineral soil, and in the first and second needle year
class. In needles it was mostly under the level of in-
sufficiency, however, the term of sample taking (be-
fore flushing) has to be considered. Application of
Silvamix F4 resulted in autumn already in increased
magnesium content in the two needle year classes.
First needle year class has reacted more significantly
than the second. Magnesium content in the first
needle year class has increased in average in 44%,
in the second needle year class in 13%, compared to
control. In MgNsol application, an increase in the
first needle year class was 2%, compared to control,
in the second needle year class even decrease of Mg
content in 22%, compared to control, was recorded
(see Fig. 2).

Considering a complex character of the Silvamix
F4 fertilizer used (it contains also some other ele-
ments of mineral nutrition), also the content of basic
elements was affected by the application. Compara-
tively low contents of calcium in mineral soil were
not reflected in the calcium content in needles,
this was sufficient in the two needle year classes
analyzed, and it was increased slightly after the fer-
tilizer was applied. In average it was an increase in
16 and 33% respective, in the first and second needle
year class. Similar increase in the two needle year
classes was observed also with potassium content,
in 33% and 11% respective. Fertilizer applied has
affected positively also phosphorus content, both
in the first and second needle year class. Average
increase in 85% in the first, and 60 % in the second
needle year classed was recorded. In contrary, with
the other elements evaluated — nitrogen, zinc and
manganese, the change was minimal. The contents
of these elements remained practically at the same
level, or they were slightly increased. Sulphur was

Table 2. Average element content in the first to third needle-year class of Norway spruce

Needle-year N P K Mg Zn S F
class (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg (mg/kg) (mg/kg) (mg/kg)
I 1.08 1,179 4,763 1,823 357 18.4 988 2.13
II 1.07 1,112 4,538 2,785 299 16.7 1,125 2.60
111 1.02 1,268 4,900 2,079 219 12.6 1,248 241

Needle-year class: I — current year needles, II — one year old needles, III — two years old needles
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Fig. 1. Content of Mg in the 1*t and 2" needle year class before and after fertilizing, and Mg content in humus and soil before

fertilizing for Silvamix F4 (Mg) and MgNsol (MgN)

cumulated in the two needle year classes, in autumn
sampling higher sulphur contents, characterizing
slight load of the region by sulphur emission, were
recorded.

In conclusion it can be stated, that the partial
results of the semi-field experiment show increased
content of basic elements in needles, mainly of
magnesium. Also visual evaluation of the stand
proved better health state after the application of
powder fertilizer Silvamix F4. Long-term effect of
the fertilizer and state of soil will be evaluated in
the next period.

Effect of the liquid fertilizers applied

In 2002 an aerial application of liquid magnesium
fertilizers was done within the yellowing stands
of the Western and Central Kru$né hory Mts., of

ODifference in year

H % of control

0 L T T 1

MgNsol Silvamix F4 Control

the total area of 793.96 ha. The MgNsol (100 kg of
fertilizer in 250 1 of water, in three terms) was used,
and, for the first time, also MgSsol fertilizers, not
containing nitrogen, and their combinations (125 kg
of fertilizer in 250 1 of water — in three terms). In
FGMRYI, to control the effect, samples were taken
and analyzed in the stands treated, before and after
the application.

Magnesium contents find in the first and second
needle year class, before and after the application of
fertilizer, are presented in Fig. 3 and 3a. In control
localities, inter-year increase of magnesium in 18.4%
was find, it was 12.2% in the first needle year class,
and in 26.7% in the second. In the samples evalu-
ated, the contents in second needle year classes were
under the deficiency level. An increase of nutrient
content in the control localities can be explained
by optimal development of meteorological condi-

O Difference in year
H % of control

30 q
(%)
20 A

10 A

O T T 1
Mg

Silvamix F4 Control

-10 4

-20 4

-30 -

Fig. 2. Changes in Mg content in the 1% and 2" needle year class, compared to control
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Fig. 3. Development of magnesium content
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tions during the vegetation season of 2002, making
possible to use the nutrients available in the soil in
optimal way.

For MgNsol the highest increments of magnesium
content were find in combination with MgSsol — in
41% in the first, and in 100% in the second needle
year class (see Figs. 4 and 5). The second needle
year class has shifted from deficiency level to very
good magnesium supply (Fig. 6). Compared to the
control, results in 2002 show significant increase of
Mg content, up to 46% in the first needle year class,
and in 72.2% in the second.

In the application of pure MgNsol, slight increase
of magnesium in the first needle year class was

Fig. 3a. Development of magnesium content
Control according to the different types of application,
in the 2"¢ needle year class

recorded, in 1.6%, in the second needle year slight
inter-year decrease was observed. Compared to the
control, magnesium content has increased in 33 and
24% respective, in the first and second needle year
class, which means a shift of the content at the bor-
der of deficiency level to good magnesium supply.
For MgSsol in the first needle year class the in-
ter-year increase was nearly 5%, in the second even
decrease in 3.3% was recorded. Compared to the
control, magnesium content in the first needle year
class has increased in 11.3%, in the second only in
1.6%. Total increase in absolute values is negligible,
considering the development in the control plots,
the impact of fertilizer was insignificant. It has to be

50 9 (%) 411 46 O of change

) in year
40 1 337

@ % of control
30 4 in 2002
20 7 11.3 12.2
10 A 4.6
1.6
0 L) L) Ll
MgNsol ~ MgSsol ~ MgSsol+  Control Fig. 4. Relative changes of Mg content among individual
MgNsol years, and in relation to the control — 1% needle year class
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Fig. 5. Relative changes of Mg content among individual years, and in relation to the control — 2™ needle year class
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Fig. 6. Changes of Mg content in the period of November 2001 and October 2002 — 1%t and 2" needle year classes

presented, that the starting values for magnesium in
the localities investigated were comparatively high
(same as with the application of pure MgNsol), not
any sample was under deficiency level.

From the viewpoint of nutrition problems, it can
be stated, that in the control localities 2 samples
were under the deficiency level for magnesium, in
November 2001, in May 2002 there were 3 such
samples, in October 2002 again 2 samples. Within
the localities fertilized, 3 samples were deficient
in Mg in November 2001, 5 in May 2002, and only
1 sample in October 2002, after the application of
liquid fertilizers.

CONCLUSION

— Significant magnesium deficit in needles (Mg
contents under 500 mg/kg), resulting in yellow-
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ing of the spruce stands in poor, acid soils, in the
regions of high acid deposition, can be successfully
compensated by the application of complex powder
fertilizers of higher magnesium content, and ap-
plication of liquid fertilizers. Under the conditions
of today, relatively high, nitrogen inputs into the
ecosystem, fertilizers not containing nitrogen are
to be preferred.

— Application of 300 kg/ha of the complex, slowly
solving fertilizer Silvamix F4 has increased the
content of magnesium in the first needle year class
in average up to 73%, potassium content in 33%,
calcium in 16%, and phosphorus in 85%. Besides
increased nutrient content in needles, an improved
health state of the stands, i.e. revitalization, can be
observed.

— Application of the liquid fertilizer MgNsol has
improved the state of the stands with magnesium
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deficiency, it has helped also to cope with nitrogen
deficiency. However, the only significant increase
of magnesium content in assimilation organs was
observed in combination of the fertilizers MgNsol
and MgSsol.
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Hnojeni jako opatreni ke snizeni Zloutnuti porostit smrku ztepilého

B. LOMSKY, V. SRAMEK, M. MAXA

Vyzkumny tistav lesniho hospoddistvi a myslivosti, Jilovisté-Strnady, Ceskd republika

ABSTRAKT: Na konci devadesatych let se v horskych lesich Krusnych hor zaroven se zvysujici se kyselou depozici obje-
vily viditelné symptomy (zloutnuti), charakterizujici nedostatek hoi¢iku v asimila¢nich orgdnech; obsah hoi¢iku se dostal
pod hranici 300 mg/kg. V mineralni piidé byl obsah hot¢iku nizsi nez 10 mg/kg. Obsahy dal$ich bazickych prvka (Ca, K)
byly take velmi nizké. Béhem ctyf let se Zloutnuti smrkovych porosti rozsifilo na vice nez 10 000 ha. Od roku 1999 byla
prijata preventivni opatfeni na zlep$eni vyzivy lesnich porostt. V obdobi let 1999-2002 byla aplikovéna kapalnd hore¢naté
hnojiva jako MgNsol, Lamag Mg a MgSsol. Od roku 2001 se v poloprovoznim pokusu pouzivé praskové hofe¢naté hnojivo
— Silvamix F4 — s vy$$§im obsahem hoi¢iku (63,3 %). Aplikace kapalného hnojiva MgNsol kompenzovala nedostatek dusiku
v porostech nedostate¢né vyzivovanych timto prvkem. Pfi srovnavani riznych druht kapalnych hnojiv se potvrdilo, ze
nejvyssi obsah horciku v asimila¢nich organech Ize pozorovat pri kombinaci hnojiv MgNsol a MgSsol. Aplikace 300 kg/ha
hnojiva Silvamix F4 zvysila obsah hof¢iku v prvnim roé¢niku jehli¢i v praméru o 73 %, obsah drasliku o 33 %, vdpniku
0 16 % a fosforu o 85 %. Kromé zvy$eni obsahu zivin v jehli¢i bylo mozné pozorovat take zlepSeni zdravotniho stavu, tj.

revitalizaci postizenych porosta.

Klicova slova: Krusné hory; smrkové porosty; zZloutnuti; nedostatek hor¢iku; hofecnata hnojiva; revitalizace

Na konci devadesatych let se v horskych lesich
Krusnych hor, zaroven se zvysujici se kyselou de-
pozici, objevily viditelné symptomy (zloutnuti),
charakterizujici nedostatek hor¢iku v asimila¢nich
organech; obsah hot¢iku v jehli¢i se dostal i pod

e

300 mg/kg. V mineralni pidé byl obsah horciku

vy

niz$i nez 10 mg/kg. Obsahy dalsich bazickych prv-
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ki (Ca, K) byly také velmi nizké. Béhem ¢tyr let se
zloutnuti smrkovych porosti rozsirilo na vice nez
10 000 ha. Od roku 1999 byla prijata preventivni
opatfeni na zlep$eni vyzivy lesnich porosti. V ob-
dobi let 1999-2002 byla aplikovina kapalnd ho-
fec¢natd hnojiva jako MgNsol, Lamag Mg, MgSsol.
Od roku 2001 se v poloprovoznim pokusu pouziva
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praskové horecnaté hnojivo Silvamix F4 s vy$$im
obsahem hort¢iku (63,3 %). Po prijeti vladniho usne-
seni ¢. 532, které dalo za tkol pfipravit ndvrh kom-
plexniho a systémového reseni zastaveni degradace
lesnich pud vlivem imisi, byla aplikace hnojiv od
roku 2000 podporena i ze statnich zdroja.

Smésné vzorky jehli¢i se odebiraly pro prvni
a druhy roc¢nik jehli¢i vzdy z deseti jedinc smrku
ztepilého v terminech vzdy na podzim pred zasa-
hem a po provedené aplikaci hnojiva v dobé vege-
ta¢niho klidu. Analyza jehli¢i se provadéla ve zku-
$ebnich laboratorich Vyzkumného ustavu lesniho
hospodafstvi a myslivosti podle platnych metodik
ICP Forests (UN-ECE Manudl ICP 1998). Vzorky
humusu a minerdlni pidy se odebiraly ze tii mist
v kazdém hodnoceném porostu. Minerdlni ptada
se odebirala do hloubky 30 cm, ktera vhodné cha-
rakterizuje moznosti vyzivy smrkovych porosta.
Obsah pristupnych Zivin byl stanoven ve vyluhu
NH,Cl, obsah celkovych zivin ve vyluhu luc¢avkou
kralovskou. Poloprovozni pokusy s hnojenim stdle
probihaji, proto jsou prezentovany jen caste¢né vy-
sledky poloprovozni aplikace komplexniho hotec¢-
natého bezdusikatého hnojiva Silvamix F4 a jeho
porovnani s aplikaci tekutého hnojiva MgNsol (rok
2001) a vysledky porovnéni tekutych horecnatych
hnojiv MgNsol a MgSsol a jejich kombinace, pro-
vedené v roce 2002.

Z vysledkd bylo patrné, Ze leteckd aplikace kapal-
ného hnojiva MgNsol provedend v roce 2001 mirné
kompenzovala nedostatek horé¢iku v jehlici, ale také
nedostatek dusiku v porostech, kde byla zjisténa
nedostate¢nd vyziva timto prvkem.

Aplikace 300 kg/ha pomalu rozpustného kom-
plexniho hore¢natého bezdusikatého hnojiva Sil-
vamix F4 zvysila obsah hot¢iku v prvnim ro¢niku
jehli¢i mezi obéma odbéry v praméru o 73 %, ve
srovnani s kontrolni variantou pak az o 44 %. Zvysil
se obsah i dalsich prvkd — drasliku o 33 %, vapniku

0 16 % a fosforu o 85 %. Kromé zvyseni obsahu Zivin
v jehli¢i bylo mozné pozorovat také zlepseni zdra-
votniho stavuy, tj. revitalizaci postizenych porosti.

Pri srovnavani riiznych druht kapalnych hnojiv
v roce 2002 se potvrdilo, Ze nejvyssi zjistény obsah
hot¢iku v asimilacnich orginech a nejvétsi statis-
ticky vyznamné zmény v obsahu horc¢iku béhem
roku bylo mozné pozorovat u varianty s kombina-
ci hnojiv MgNsol a MgSsol. Obsah hoft¢iku vzrostl
041 % u prvniho a 0 100 % u druhého ro¢niku jehli-
¢i. Ve druhém roc¢niku jehli¢i se obsah Mg posunul
z oblasti deficience do oblasti velmi dobré vyzivy.
Srovndni s kontrolou v roce 2002 ukazuje na vyraz-
né navyseni obsahu Mg az o 46 % v prvnim ro¢niku
jehlici a 0 72,2 % v druhém roc¢niku jehli¢i.

Z provedeného hodnoceni poloprovozniho po-
kusu s hnojenim deficitnich smrkovych porostt
vyplynuly nasledujici zdvéry.

— Narusenou rovnovéhu vyzivy a vyrazny deficit
obsahu hoftciku v jehli¢i charakterizovany obsahy
niz$imi nez 500 mg/kg, ktery se projevuje zloutnu-
tim jehli¢i smrkovych porosta zvlasté na chudych
a kyselych ptidach v oblastech s vysokou kyselou
depozici (Krusné a Orlické hory), Ize Gspésné upra-
vit aplikaci sypkych komplexnich hnojiv s vy$$im
obsahem hof¢iku nebo véasnou aplikaci tekutych
horec¢natych hnojiv.

Pri soucasnych relativné vysokych vstupech du-
siku do ekosystému je tieba preferovat hnojiva ne-
obsahujici dusik.

Aplikace komplexniho pomalu rozpustného ho-
fe¢natého hnojiva Silvamix F4 navysila obsah hot-
¢iku v prvnim ro¢niku jehli¢i v priméru az o 44 %
ve srovnani s kontrolou. Tekutd hofec¢natéd hnojiva,
zvlasté kombinace hnojiv MgNsol a MgSsol, také
0 46 % navysila obsah hot¢iku u prvniho ro¢niku
jehli¢i. Kromeé zvyseni obsahu hot¢iku v jehli¢i bylo
mozné v osetfenych porostech pozorovat i zlep$eni
zdravotniho stavu.
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