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Effect of fertilisation on Norway spruce needles
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ABSTRACT: Yellowing of Norway spruce is a relatively common problem in many regions of the Czech Republic. At some places,
it is also connected with forest decline. This unfavourable phenomenon is initiated by several ecological as well as anthropogenic
processes. One of the most important is the imbalance of forest stand nutrition. Particular reasons lead to nutrient deficiency, espe-
cially deficiency of magnesium. Solution to this undesirable trend is a profound ecological analysis and cause-oriented treatments.
Besides decreasing air pollution impacts, fertilisation with deficient nutrients represents a successful treatment in the forest stand
management in affected areas. In the area of interest, application of relatively small amounts of appropriate fertiliser (SILVAMIX

Mg) led to considerable improvement in the defoliation dynamics and yellowing progress since the first year after application.
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Yellowing of forest tree needles have been observed in
various parts of Europe in several periods. It is followed
by forest decline quite often. Norway spruce [Picea abies
(L.) Karst.] is among the most damaged tree species in
Central Europe at present. In particular cases, different
causes were described as decisive for the healthy status
of forest trees. As the most important, the imbalances in
nutrition were recognised in many cases, accompanied
by fungal diseases and ozone damage. Despite of many
discussions and disputations, the nutrition factors are
considered as the main reason of decreasing vitality and
stability of forest ecosystems and the main reason for
forest dieback.

These ecosystem processes were described and many
remedial treatments were tested especially in neighbour-
ing countries, i.e. in Germany and Austria. For the first
time, a “new type of forest decline” (neuartige Wald-
schiden) was described and studied there. It mainly
consisted in the leaching of bases (primarily Mg) from
tree needles and from the forest soil, in the origination
of nutrient deficiency and finally resulting in the physi-
ological damage of forest tree species (e.g. BOSCH 1986;
HOUTTL 1985, 1987; HUETTL, ZOETTL 1993; REHFUES
1989; ULRICH 1986).

These cited studies as well as other papers documented
this described type of damage also in the Czech border
regions of the Sumava Mits., Cesky les Mts. and Smréiny

Mts. They represented a basis for successful definition of
remedial treatments, so called chemical amelioration by
liming and fertilising with deficient nutrients. Restoration
of the forest tree vitality was usually very rapid, during
one or a few vegetation seasons. The results of these pre-
sented studies offer a possibility to use similar treatments
also in the Czech conditions where the Norway spruce
yellowing would appear and nutrient deficiency would be
recognised as the decisive damage factor.

PROBLEM OF NORWAY SPRUCE
YELLOWING

Yellowing of Norway spruce as well as of other tree spe-
cies is considered to be caused by indirect impacts of the
air pollution stress. Besides the direct effects of pollution
on the leaves, the forest soil is affected adversely as a part
of the forest tree species environment. Acid deposition
initialises soil changes, reflected by the damage of root
systems and disorders of tree nutrition. The main acidifica-
tion effects were documented (MATERNA 1986; HUTTL
1985; HUETTL, ZOETTL 1993) as follows:

— losses of nutrients by leaching from damaged foliage
and from the so called physiological soil profile (rooted
layers with nutrient uptake by tree roots),

— activation of toxic soil compounds, especially of free
aluminium, damaging fine tree roots,
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— high nitrogen deposition, promoting relative deficiency
of other nutrients and further soil acidification after
nitrate leaching.

It is to emphasise that these mechanisms played only
a minor role, and direct damage of tree species was pre-
vailing in the most heavily damaged regions of the Czech
Republic. High air pollution level and direct effects were
so determining. The ways of damage, described above,
can be determining in other site and ecological condi-
tions:

1. in areas with relatively low air pollutant concentration,
but with relatively high deposition,

2. inregions with poor soils, deficient in bases, especially
magnesium,

3. in the case of relatively vital forest stands, the latent and
chronic damage prevails there (not the acute one).
These conditions are prevailing in two Czech regions

with the most spread yellowing symptoms — in the Sumava

and Cesky les Mts. on one hand and in the Kru$né hory

Mits. on the other hand.

It is the Sumava region, where this type of damage can
have great importance because of the high ecosystem sus-
ceptibility to environment acidification — on mineral soils:
i.e. soils poor in nutrients without higher base content,
relatively vital forest stands, and low pollutant concentra-
tions in the air. On the contrary, e.g. studies of the IFER
documented considerably high acid deposition, compara-
ble with regions with higher direct air pollution impact.
Yellowing phenomena in former Military Forest Area in
this region were common in the last decades, especially
on the former Horni Plana Forest Enterprise territory since
the mid-1980ies. They were accompanied by large-scale
defoliation, reaching up to 60%, not yet converting into
forest decline.

Table 1. Nutrient content (mg/kg) in needles of young Norway
spruce in the Forest District Borova Lada

Spruce — 2-year needles

Nutrient Deficiency limit : :
Not yellowing  Yellowing
K 3,000 2,684 4,475
Ca 1,000 2,927 2,099
Mg 500 831 378
Fe 20 2 24
Zn 10-15 37 38
Cu 2-3 4 7
Mn 10-20 193 403

Yellowing was/is very often in young stages (planta-
tions and thickets), it is seldom observed in higher ages.
As an example, Table 1 summarises the results from the
Borova Lada Forest District, documenting results of fo-
liar analyses from yellowing and not yellowing Norway
spruce plantations.

Individuals with deficiency symptoms showed a visibly
lower foliar content of magnesium and on the contrary,
a higher content of elements documenting the environ-
ment acidification (Fe, Mn). Mg-deficiency has to be
considered undoubtedly as a decisive cause of the unfa-
vourable state of the plantation. It is a result of natural as
well as man-caused processes. This situation is typical of
large areas of the Sumava and Cesky les Mts.

For this area, the low nutrient supply is a natural state.
Extreme climatic conditions connected with acid poor
geological bedrock (often organogenetic soils only) and
intensively growing Norway spruce stands resulted in
restricted and low-intensity nutrient cycles — i.e. small

Table 2. Stand and site characteristics of the studied yellowing forest stands in the Forest District Stozec

Plot Characteristics .
- - - : Variant
No. Identification Stand Altitude m a.s.1. FST Age in 1994
21 U kanalu K1 37F3 920 701 44 Fertilisation
22 U kanalu K2 37F3 920 701 44 Control
23 Stozec S1 49A1 1,230 8K7 107 Fertilisation
24 Stozec S2 49A1 1,230 8K7 107 Control

Table 3. Foliation and yellowing of Norway spruce on plots 21-24 in the Forest District Stozec in the years 1998-2002 (%)

Plot Year
) ) Variant 1998 1999 2000 2001 2002

No. Identification

Fol. Yell. Fol. Yell. Fol. Yell. Fol. Yell. Fol. Yell.
21 K1 Fertilisation 80 13 86 9 82 6 84 9 71a 2a
22 K2 Control 79 15 85 13 81 16 81 15 62b 14b
23 S1 Fertilisation 75 18 73 16 73 16 75 9 69 ¢ 7c
24 S2 Control 76 15 75 14 75 19 75 17 7lc 19d

Note: the same or no indexes indicate statistically homogeneous groups
Fol. — foliation, Yell. — yellowing
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amounts of intensely recycled nutrients. Replacement of
natural sustainable cycles by high variety of supply-de-
mand amplitudes of a commercial forest resulted in nutri-
ent supply disturbances. Important periods of increased
nutrient demands are the regular part of the cycles in
commercial forests, being only partly covered by natural
and semi-natural processes. Nutrient deficiencies occur
systematically — being removed later in the stage of lower
nutrient demand.

Magnesium deficiency is also determined in older
stands. Differently from this phenomenon in younger
stages, this could represent a more serious problem in
the future. An active approach, i.c. the use of liming and
fertilisation, is successful, as documented by many experi-
mental as well as practical trials in Germany and Austria.
In Czech conditions, this concept is based politically and
economically, not on scientific knowledge.

No project is aimed at forest nutrition management
in the Sumava region at present, despite of the fact that
in the past, several localities were limed and results are
available. But it would be useful to detect and determine
localities and extent of deficient stands. An alternative
strategy could be the change in the composition of for-
est stands towards more space, age and species diversity.
This should be one of the priorities for the National Park
administration policy.

Similar dynamics of forest stands is observed in a geo-
graphically neighbouring region, in the W Krusné hory
Mts., former Forest Enterprises Horni Blatna, Kraslice
and Kladska. Large-area damage appeared here in spring
1999, demonstrated as yellowing of older Norway spruce
needles progressing into their reddening and fall later
(LOMSKY et al. 2000). Colour changes and forest decline
dynamics fully resembled the situation in neighbouring
countries 15 years ago. Foliage damage was very often
irreversible, sometimes resulting in lethal tree defoliation.
This unfavourable situation was initialised by long lasting
acid deposition, direct air pollution effects, soil degra-
dation and acidification of its upper layers. Preliminary
analyses detected the deficiency of nitrogen, calcium and
especially of magnesium.

This situation needed a rapid solution and as counteract-
ing treatments, fertilisation with deficient nutrients (N, Mg)
was suggested. As for foliar liquid fertilisers, MgN-sol and
Lamag (N, Mg, Mo) were selected. This application was
repeated 3% before the end of July 1999. At the same time,
large scale liming and ground fertilisation was prepared for
the next 5 years. As a main fertilisation material, dolomitic
limestone with potential further Mg supply was chosen.

Applications of foliar fertilisers lead to (preliminary
evaluation):

— increase in Mg and N foliar contents, disappearance
of deficiency symptoms and increase in assimilatory
organs biomass; health state of forest trees improved
considerably,

— effects were restricted to a short period only in most
cases, reactions of stands were dependent on the nutri-
tion and health status before the treatment,
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— deficient nutrients were effectively taken up and incor-
porated into the bio-chemical cycles,

— soil amelioration is another step, especially urgent is
liming with dolomitic limestone with addition of other
nutrients; good results were obtained by SILVAMIX
use up to an admixture amount 10-15%,

— treatments in 1999 had good results, acute nutrient
deficiency was counteracted,

— they did not solve the problem of high soil acidity and
low soil nutrient content; this has to be assured by
following soil amendment treatments (LOMSKY et al.
2000).

METHODS

Two pairs of permanent research plots (PRP) were
established for the study of fertilisation effects in sum-
mer 1998. Research plots are located in the Stozec Forest
District area in zones II of the Sumava National Park (Ta-
ble 2). Yellowing is observed for a long time there, neither
reaching the critical extent nor progressing into forest
decline. In the German as well as Austrian part of this
mountain range, many successful fertilisation trials were
established to prevent and reduce Norway spruce yel-
lowing and defoliation. The so called “new type of forest
decline” was described there since the 1980ies and several
types of treatment were tested as counteraction.

In the present experiment, fertiliser SILVAMIX (SIL-
VAMIX Mg) was spread out manually in the summer
2000. Amount of the amendment matter was used, cor-
responding to the use of 100 kg N/ha. Particular plots
are 50 x 50 m in size, foliage percentage and yellowing
needle percentage was determined every autumn since the
plot establishment. An ocular estimation method is used
for this purpose, in 5% defoliation and yellowing classes
(VACEK, MAYOVA 2000). For a synthesis of results, the
following defoliation degrees were defined.

Defoliation Foliation (%) Tree characteristics
degree
0 91-100 Healthy
1 71-90 Slightly damaged
2 51-70 Medium damaged
3 31-50 Heavily damaged
4 1-30 Declining
5 0 Dead

RESULTS

The results of the experiment have been very remark-
able since the first years after fertiliser application in 2000
(Table 3). Several important trends are obvious. The fo-
liation is visibly lower and the state is in relative equilib-
rium for both variants during the study period at the more
extreme site (Stozec, S — plots 23, 24). Before fertilising,
yellowing percentage was very slightly higher on plot 23.
After fertilising, this situation was reversed, and needle
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Fig. 1. Defoliation degrees and yellowing dynamics in % on
permanent research plots 23-24, Stozec locality

yellowing on this fertilised plot was markedly lower than
on the control one. Since 2001, the results between vari-
ants became statistically significant and the yellowing was
suppressed by fertilisation on this plot.

On the other locality (U kanalu, K —plots 21, 22) studied,
the foliage state did not change in the period 1998-2001.
Considerable defoliation (13—19%) was observed in 2002,
being caused by the bark beetle. Defoliation progress was
more rapid on the control plot (plot No. 22) than on the
fertilised one (plot No. 21). Yellowing was minimised on
the fertilised plot (decrease from 9% to 2%) compared to
2001, a relatively high number of healthy trees remained
there (13% from 28%). On the contrary, the yellowing
percentage was very similar and the number of healthy
trees decreased from 15% (2001) to 1% (2002) on the
control variant (Fig. 2). These results were also statisti-
cally significant since the last two years.

Plots will also be studied in the subsequent periods,
maximum of favourable effects should appear in the next
few years. The results of the two years lasting experiment
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Fig. 2. Defoliation degrees and yellowing dynamics in % on
permanent research plots 21-22, U kanalu locality

are very positive. The effects of fertilisation on the soil,
ground vegetation and natural regeneration have to be
studied on particular plots.

CONCLUSIONS

Short-term effects of fertilisation were considerably
favourable, supporting deficient forest ecosystems with
magnesium. Apart from the bark beetle attack, foliage
losses were prevented and the yellowing symptoms were
lowered. The fertilisation results were more marked at
sites in more favourable ecological conditions where the
yellowing was almost eliminated. The extreme conditions
of a locality lower amelioration effects.

Outside of sites, important from the aspect of nature
conservation, fertilisation with deficient nutrients can
show positive effects on the health status of forest trees
and on the forest stand stability in this way. Norway spruce
stands in these conditions can partly be stabilised by this
treatment. A detailed analysis of ecological, site and nu-
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trition conditions is necessary before the planning of all
activities in any case.

The tested fertiliser, i.e. SILVAMIX, showed long-last-
ing positive effects on the health state of forest trees. It
can be recommended for nutrition improvement projects
in similar conditions.
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Vliv prihnojeni na stav jehli¢i smrku ztepilého
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ABSTRAKT: Zloutnuti smrku ztepilého je relativnd b&znym jevem ve mnoha lesnich oblastech Ceské republiky. Casto byva
spojeno s naslednym hynutim lest. Tento nezadouci fenomén je podminovan jak pfirozenymi, tak antropogenné pozménénymi
procesy. Jednou z nejdilezitéjSich pficin je nevyvazenost vyzivy porostl, kterd vede k deficitu prvkd, nejcastéji hot¢iku. Na-
stoleni rovnovahy 1ze napomoci dikladnym pidnim rozborem a naslednym opatfenim zamétenym na odstranéni hlavni pficiny
deficitu. I pfes snizujici se pfimy dopad imisi zlstava ptihnojovani deficitnimi zivinami uspé$nym opatienim managementu
v postizenych oblastech. Relativné malé mnozstvi dodatkového hnojiva (SILVAMIX Mg) v zajmové oblasti vedlo k vyraznému

zlepseni dynamiky olisténi a procest zloutnuti uz v prvnim roce po aplikaci.

Kli¢ova slova: vliv imisi; defoliace; zloutnuti smrku; deficit zivin; hnojeni

Zloutnuti asimilaénich organti a nasledna defoliace
lesnich dfevin, v prvni fadé smrku ztepilého [Picea abies
(L.) Karst.] jsou pozorovany v riznych obdobich v fad¢
oblasti Evropy. Zloutnuti je zpravidla pocite¢nim sta-
diem dalsiho zhorSovani zdravotniho stavu lesnich
porostd, tedy pocatkem odumirani lest. V odlisnych
ptipadech byla popsana fada pfic¢in a doprovodnych
nerovnovazné stavy ve vyzive, potom napadeni zejména
asimilacnich organd houbovymi agens a konecn¢ i vliv
ozonu. Pres vSechny diskuse o moznych ¢i prokazanych
pti¢inach neuspokojivého stavu lesnich porosti jsou
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procesy vyvolavajici ztraty zivin z lesnich ekosystému
a deficit ve vyzivé prozatim uvazovany jako nejcastéjsi
pri¢ina chfadnuti lesi a pripadn¢ jejich dalsiho
odumirani. Rozsahle a dikladné¢ byly tyto tendence
v dynamice lesnich porostii popisovany a napravna
opatieni byla vyzkumné i provozné feSena v Némecku
a Rakousku.

Zloutnuti lesnich dievin je nej¢astéji spojovano
s nepiimymi dopady imisni kalamity. Kromé pfimého
vlivu jednotlivych slozek antropogennich imisi je tak
ovliviiovano i prostfedi dfevin, zejména lesni puda. Ky-
sela depozice zplsobuje pidni zmény, které se odrazeji
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v poskozovani kofenového systému a v naruseni vyzivy.

— ztraty bazi vyplavenim z narusenych asimilaénich
organu lesnich dievin a z tzv. fyziologického profilu
pud, resp. z vrstvy, odkud jsou dieviny schopny jed-
notlivé ziviny Cerpat,

— aktivizace toxickych pldnich slozek — predevsim vol-
nych forem hliniku, poskozujicich kofenovy systém
lesnich dfevin,

— vysoky spad dusiku, ktery vyvolava relativni defi-
cit jiné ziviny, v souvislosti s acidifikaci prostiedi
nejcasteji bazi.

Je nutné zdiraznit, Ze pro nejvice poskozené oblasti
CR mély a maji tyto mechanismy poskozovani lesnich
porostd mensi ulohu a jak v oblasti Krusnych hor, tak
i v severnich pohotich, nalezejicich do soustavy su-
detskych pohofii, ptevazovalo ptimé poskozeni lesnich
dievin vysokymi atmosférickymi koncentracemi imisi.
Uvedené zpuisoby poskozeni se mohou uplatnit v poné-
kud jinych imisné-ekologickych podminkach:

1. v oblastech s relativné nizkymi koncentracemi polu-
tantl v ovzdusi, ale s pomérné vysokym kyselym spa-
dem, depozici,

2. v regionech s chudymi pidami, deficitnimi s ohledem
na baze, v prvni fadé hoi¢ik,

3. v ptipad¢ dosud relativné vitalnich porostd lesnich
dievin, kdy pfevazuje latentni a maximalné chronicky
typ poskozeni véetné poskozeni ozonem.

Tyto podminky byly a jsou splnény piedevsim ve dvou
oblastech Ceské republiky, kde se pak i nejrozsahleji
projevuji symptomy zloutnuti, zpasobujici provozni
problémy. Jedna se o oblast Sumavy a Ceského lesa na
stran¢ jedné a oblast zadpadniho KruSnohoii na strané
druhé. Pravé Sumava ma pro vznik tohoto typu posko-
zeni mimotfadné dobré podminky, tj. chudé pudy bez
vEtsi zasoby bazi, dosud vitalni porosty a relativné niz-
ké koncentrace Skodlivin v ovzdusi, zpasobujici pfimé
poskozeni asimilacnich organd. Projevy zloutnuti jsou
napfiiklad v byvalych vojenskych lesich, zejména na LZ
Horni Plana, pozorovany od poloviny osmdesatych let.
Dochazelo pfi nich i k vyrazné (az 60%) defoliaci. Dosud
vsak nevedly k odumirani lesnich porosta.

Pro sledovani vlivu pfihnojeni deficitnimi zivinami
byly v 1ét€ roku 1998 zalozeny dvé dvojice vyzkumnych
ploch. Trvalé vyzkumné plochy (TVP) byly zalozeny
na izemi LS Stozec, ve II. zonach NP Sumava (tab. 2).
Dlouhodobé se zde projevuje fenomén Zloutnuti, ktery
vsak dosud nedosahl kritického rozsahu. Na druhé strané

na némecké i rakouské strané Sumavy je zalozena fada
experimentl, dokladajicich uspésné aplikace chemické
meliorace pfi odstranéni priznaki poskozeni lesnich po-
rostd tzv. novodobym poskozenim les.

Na hnojenych variantach byla aplikovana hnojiva fady
SILVAMIX (SILVAMIX Mg) v [ét¢ 2000, manualné,
v davce 100 kg N/ha. Jednotlivé plochy maji vyméru
50 x 50 m a je na nich kazdoro¢né v podzimnim obdobi
stanoveno olisténi a rozsah zloutnuti standardni okularni
metodou s odhadem ve tfidach po 5 %.

Vysledky experimentu jsou velice vyrazné jiz prvni
roky po aplikaci hnojiva (tab. 3). Vyplyva z nich néko-
lik vyznacnych trendl. Na extrémnéjsi lokalité (Stozec,
S — plochy 23, 24) jsou hodnoty olisténi vyrazné nizsi
a stav je po celou dobu sledovani pomérné vyrovnany,
a to mezi obéma variantami. Hodnoty zloutnuti byly nevy-
znamn¢ vys$$i na plose, ktera byla po dvou letech sledovani
pfihnojena, to se projevilo jiz v roce 2000 zvratem vyskytu
projevu zloutnuti. Od roku 2001 jsou rozdily jiz statisticky
vyznamné a zloutnuti je na této extrémngéjsi plose hnoji-
vym zasahem vyrazné potlaceno (obr. 1).

Na lokalit¢ U kanalu (plochy K — 21 a 22) se stav
olisténi na obou sledovanych plochach v letech 1998 az
2001 prilis neménil. K velmi vyrazné defoliaci (v rozsahu
13-19 %) doslo az v r. 2002, coz bylo zptisobeno atakem
lykozrouta smrkového. Na hnojené varianté vSak oproti
roku 2001 doslo k vyrazné minimalizaci projeva zloutnuti
(pokles na 2 % z 9 %) a zustal zde pomérn¢ vysoky podil
zdravych stromt (13 % z 28 %). Naproti tomu na kontrolni
varianté zustaly projevy zloutnuti v podstaté nezménény
a podil zdravych stromti poklesl z 15 % (v r. 2001) az na
1 % (v r. 2002) (obr. 2). Tyto vysledky ziskané v posled-
nich dvou letech sledovani jsou statisticky vyznamné.

Kratkodobé puisobeni hnojivého zasahu, dodavajiciho
deficitni hotcik, se projevilo jako velice pfiznivé. Nebe-
reme-li v tvahu vliv kiirovce, bylo zamezeno vyraznym
ztratam asimila¢nich organt a byly odstranény (nebo ales-
pon vyrazné potlaceny) piiznaky zloutnuti. Mimo malo-
plo$na zvlasté chranéna izemi a tzemi I. zony NP, tam,
kde se predpoklada trvala hospodaiska ¢innost ¢loveka,
muze tedy dodani deficitnich zivin mit pozitivni ulohu
ve zlepSeni zdravotniho stavu a zvySeni stability lesnich
— zejména smrkovych — porostl. Aplikaci hnojivych 1a-
tek pak musi predchazet dikladny rozbor ekologickych,
stanovistnich a nutri¢nich podminek. Rovnéz by mél byt
nasledné vyhodnocen stav ptd, pfizemni vegetace a stav
pfirozeného zmlazeni na jednotlivych plochach.
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