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Since 1970 in Estonian Forest Research [nstitute studies have been carried out to find opportunities to increase forest soil
fertility and stand productivity by fertilization. Research work has shown after positive influence of the primary fertilization in
some cases there will take place depression period of stands growth. Approximately half of pine stands on experimental areas of
mineral soils are of such kind, where the stand fertilized 10 or more years ago grows worse than the unfertilized one. In order to
find out the reasons for the depression of stand increment the volume increment and its soil microflora on four experimental areas
were under research in Rhodococcum and Myrtillus site types. One area was with depression features from the both types and the
other area without depression. The results do not confirm the opinion in certain conditions the influence of fertilization would be
restraining on forest soil microflora. Microflora in fertilized forest soils is mostly numerous and for improving soil fertility more

favourable than that in unfertilized forests.

Key words: site type, pine stand, volume increment, fertilization, depression of stand growth, soil microflora.

Introduction

Since 1970 in Estonian Forest Institute (closed in
1996) research has been carried out to find new ways for
increasing forest soil fertility, stand productivity and its
value. For that purpose forest fertilization experimental
areas have been formed. As seen from the collected
data, fertilization does help in improving productivity
and value of forests, but not necessarily always. There
is no use to fertilize if the soil is too humid or very fertile.
After drainage potentially fertile peatsoils do not need
any fertilization. Some good results can be seen if
middle-aged and older pine stands (Il and III quality
class) of Rhodococcum and Myrtillus site types are
repeatedly fertilized with nitrogen. The research work
has shown that the primary fertilization has a good effect
on stand growth and it will usually last for 5 to § years.
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After that period stand increment on fertilized and
unfertilized soil is more or less equal or on fertilized soil
it will be 10-20 % less. Thus the initial profit due to
fertilization in stand increment becomes gradually less
and in a long period may disappear at all. In Estonia on
experimental areas with mineral soil approximately half of
pine stands are of such kind, where the stand fertilized
10 or more years before grow worse than the unfertilized
one. If a stand is fertilized again with nitrogen after 7 to
8 years the increment will become much more. Most
probably the second fertilization with nitrogen will be
positive over 5 to 6 years after it, but afterwards a
depression period may start. Why a depression period,
after nitrogen-fertilizer effect is over, does come up, it
needs some explanation. It can be supposed in some
conditions nitrogen fertilizer may brake the microflora of
the soil. As a result, in fertilized soil microbiological
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activity lessens and, therefore, after fertilizer exhausts
nutritional conditions of trees and the increment of a
stand becomes poorer than that in unfertilized soil.

Materials and methods

In order to find out the reasons for the depression
of stand increment the volume increment of stands and
its soil microflora.on four permanent experimental areas
were under research. Two of the areas were situated in
pine stands of Rhodococcum, the other two of Myrtillus
site types. The objective of the research was one area
with depression features from the both types (A and C)
and the other area without depression (B and D).

Experimental areas in pine stands of Rhodococ-
cum Site type

Experimental area A (Kuuste [I) was formed in
medium podzol soil in a 46-year-old pine stand (II quality
class) of Rhodococcum site type. The main fertilization
was done by the norm N P K . In the fourth year
after the main fertilization it was repeated with nitrogen
(N,,,)- Experimental area B (Saare 1) was formed in
medium podzol soil in an 80-year-old pine stand (III
quality class) of Rhodococcum site type. N, P K,
was given as the main fertilization, the repeated
fertilization was done on the eighth (N, ) and the

eighteenth (N, ) year after the main one.
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Experimental areas in pine stands of Myrtillus site
types

On experimental area C (Jarvselja I) a 50-year-old pine
stand (II quality class) of Myrtillus site type was growing
on strongly podzol. Full fertilizer with the norm N, P K
was used as the main fertilization. In the second (N ),
third (N ) and sixteenth (N ) year after the main
fertilization, nitrogen was applied repeatedly

Experimental area D (Saare I1) is situated on the
lightly too-humid strong podzol with a thick humus layer
in an 80-year-old pine stand (III quality class) of
Myrtillus site type. The main fertilization was full ferti-
lizer with the norm N P K . the repeated fertilization
was done with full fertilizer (N, ;P K, ) on the eigh-
teenth year after the main one. The additional increment
of stand volume was analysed by the data obtained in
the 16th year after fertilization. Soil microflora research
was conducted on the 19th and 20th years after the main
fertilization. The data characterizing soil acidity and
nutrient content are represented in Table 1. All the areas
were on strongly acidic poor podzol.

Table 1. Agrochcmical indices of the soil

Soil Thickness of pH,., General nitro- Laktate
level soil level, gen content, soluble
cm %%
PO, K,0
Experimental area A
A, 0- 7 2.3 1.03 18.6 57.2
A,(A)  7-15 3.0 0.04 1.6 0.8
Experimental arca B
A, 0- 3 3.1 1.31 27.0 64.8
A’ 3-6 2.6 1.02 1.8 10.4
A,(A) 6-10 3.2 0.08 1.8 13.0
Experimental arca C
A, 0-10 2.55 0.76 22.6 67.5
A, 10-27 3.20 0.04 0.50 13
Expcrimental arca D
A, 0- 8 2.8 1.14 28.5 473
A, 8-20 2.7 1.09 12.5 40.8
A 20-39 3.4 0.04 0.0 1.3

Samples for soil microflora analysis were taken from
15-cm soil layer, including forest decay and podzol level.
All the experimental treatments with fertilized and unfer-
tilized soil were on three plots of 0.1 to 0.2 hectares. The
mean soil sample, i.e. a mixed soil from three to five spots
was taken from each plot. 6 samples ~ 3 from fertilized, 3
from unfertilized experimental treatments — were there from
each area. Microbiological analysis of the soil sample was
conducted at the Estonian Institute of Agriculture. By the
dilution method the number of the main 12 microgroups
were determined. It will be enable us to estimate micro-
biological activity and thus the soil fertility.

Results

The increment of pine stands of Rhodococcum site
type

The results of the research on plot A (Fig.1.,Table
2) have shown the positive influence of fertilization on
tree growth continues from the second to the ninth year
after fertilization. The additional volume increment of
stand was 24.3 m*/ha (1.1 to 4.5 m¥ha per year). From the
twelfth year after fertilization the annual volume incre-
ment of stand on a fertilized area has been by far less
than that on an unfertilized area. In the 10th up to the
sixteenth year after fertilization in a fertilized stand
volume supply per hectare in total was 10.1 m® less than
the corresponding index in an unfertilized stand. By the
end of the 16th year after fertilization the stand volume
increment on fertilized soil per hectare was only 14.2 m’
more than that on unfertilized one.
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Table 2. Additional stand volume increment (m*/ha) on fertilized
soil in pine stands of Rhodococcum site type

Ycars Experimental area A Experimental arca B
aftcr
fertili-  ZT(M) W(ZM) ZT(M)* ZT(M) W(ZM) ZT(M)*
zation
1 -0.01 0.19 -0.01 0.31 0.11 0.31
2 2.93 0.23 292 1.58 0.15 1.89
3 3.23 0.26 6.15 2.14 0.15 4.03
4 4.53 0.33 10.68 1.95 0.16 5.98
5 4.10 0.36 14.79 1.83 0.20 7.81
6 3.07 0.35 17.85 1.22 0.17 9.03
7 2.46 0.35 20.31 078 0.16 9.81
8 2.95 0.41 23.26 0.44 0.19 10.25
9 1.06 0.63 24.32 1.95 0.26 12.20
10 -0.10 0.37 24.22 2.05 0.36 14.25
11 -0.21 0.41 24.01 1.58 0.33 15.83
12 -2.25 0.52 21.76 0.69 0.33 16.52
13 -2.21 (.58 19.55 0.44 0.43 16.96
14 -2.41 0.46 17.14 0.42 0.33 17.38
15 -1.35 0.43 15.79 0.47 0.29 17.85
16 -1.56 0.51 14.23 0.13 0.29 17.98

ZT(M) - additional stand volume increment per year in fertilized
stand (m*/ha)

W(ZM) - mistake of additional increment (= m%ha)

ZT(M)* - supplementary increment (m‘/ha)

Experimental area A
(N100P 100K 100+N100%)

Experimental area C
(N100P 100K 100+N1002+N100*+N150')

ZT(M) m’/ha

The results on experimental area B concerning
stand increment have shown the positive influence of
fertilization on stand growth over 6 to 7 years, the se-
cond fertilization with nitrogen has shown a positive
result over 4...5 years. Thus the positive result on tree
growth has been continuous. The depression period. has
been observed over the following 16 years after fertiliza-
tion the stand volume has increased 18.0 m*.

The increment of pine stands of Myrtillus site type

Positive influence of fertilization on stand increment
on experimental area C has lasted from the second to the
eighth year. In this period the additional volume incre-
ment was in total 15.0 m’/ha (0.6...3.7 m*/ha per year) (Fig.
1, Table 3). Since the ninth year after fertilization the
annual increment of stand volume was 0.2...2.0 m’/ha
less than that on unfertilized soil. Thus, as a result of
fertilization the achieved stand volume increment by the
end of the experiment was 6.3 m*/ha. The first favourable
influence of fertilization on experimental area D lasted
for 8 years. Over this period the volume increment in a
fertilized stand was 15.7 m*/ha more than that in an un-
fertilized stand. Since the ninth year after the fertilization

Experimental area B
(N10OP100K 100+N100%+N150")

25 -

1 3 5 7 9 1 13 15

Experimental area D
(N100P100K100+N100P100K100'™)

ZT(M) m’/ha

Fig. 1. The change of additional volume increment ZT(M) in stands fertilized 16 years ago. The increment of stand volume after the positive
influcnce-period on cxperimental areas A and C s clearly smaller, but on experimental areas B and D morce or less cqual than on unfertilized soil
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Table 3. Additional stand volumc increment (mé/ha) on fertilized
soil in pinc stands of Myrtillus site types

Ycars Expcrimental arca A Expcrimental arca B
after
fertili- ZT(M) W(ZM) ZT(M)* ZT(M) W(ZM) ZT(M)*
zation
1 -0.25 0.13 -0.25 0.85 0.18 0.85
2 2.27 0:27 2.01 3.18 0.23 4.02
3 3.12 0.28 5.14 3.16 0:23 7.18
- 3.70 (.34 8.83 2.55 0.30 9.73
5 2.23 0.34 11.06 2.36 0.34 12.09
6 2.2 0.29 13.33 1:37 0.36 13.46
7 1.14 0.29 14.47 1.14 0.33 14.60
8 0.57 0.30 15.04 1.10 0.37 15.70
9 -0.18 0.27 14.86 0.29 0.37 15.99
10 -0.90 0.30 13.96 0.01 0:37 16.00
11 -0.68 0.29 13.28 -0.11 0.27 15.89
12 -1.73 037 11.55 0.10 0.37 15.99
13 -2.03 (.46 9.52 (.49 0.49 16.48
14 -1.60 0.35 792 0.13 (.44 16.61
15 -1.01 0.31 6.91 (.47 (.36 17.08
16 -0.58 0.45 6.34 0.12 0.41 17.20

ZT(M) - additional stand volume increment per year in fertilized
stand (m*/ha)

W(ZM) - mistake of additional increment (£ mé/ha)

ZT(M)* - supplementary increment (m/ha)

the stand volume increment in a fertilized and unferti-
lized stand continued to be more or less equal. There was
no depression period.

Soil microflora

The data in Figure 2 and Table 4 imply that the
fertilization has not decreased microbiological activity of
the soil, just the opposite. The number of ammonifica-
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Fig. 2. Thc number of microorganisms in fertilized soil (percentage
from the number of microorganisms of unfertilized soil) of
Rhodococcum (A, B) and Myrtillus (C, D) pinewoods. 1- bacteria
growing on meat-pcptonc agar, 2- sporogenaous bacteria, 3-
actinomycctes, 4- microfungi on wort agar, 5- clostridium pasteurianum,
6- butyric acid bacteria, 7- ccllulose decomposing bacteria

7

tion bacteria grown on meat-peptone agar is greater in
fertilized soil: in pine stands of Rhodococcum 1.3...1.5
and in these of Myrtillus site types 1.8...2.3 times.
Sporogenous bacteria in both site types in fertilized soil
are 1.4 to 3.0 times more, but in spite of that their number
remains small even in fertilized soil. More numerous
sporogenous bacteria were Bacillus cereus. Bac. my-
coides and Bac. cyanogenes. Actinomycetes have been
1.5 to 2.5 times more in fertilized pine stands of Rhodo-
coccum and 2.1 to 4.6 times more of Myrtillus site type
than that in unfertilized stands. Sporogenous bacteria as
well as Actinomycetes take part in final mineralizing of
organic matter and thus they improve soil quality.
Microfungi characteristic of forest soil which are from the
genus Trichoderma, Mortierella, Penecillium, Acremo-

Table 4. The number of microorganisms (thousands per 1 g of absolutely dry soil) in fertilized (F) and unfertilized (Unf.) pinc stands soils

of Rhodococcum and Myntillus sitc types

Rhodococcum site type Myrtillus site type

Group of pxperimental arca
microbes -
B C D
Unf E Unf. F Unf. E Unf. E

Bactcria growing on mcat-peptonc agar 450 567 521 779 400 920 630 1110
Sporogenous bacteria 1.7 5.1 3.2 5.9 0.5 1.6 1.2 1.7
Actinomycetes 4.2 10.4 3.8 54 3.5 16.3 3.9 8.2
Microfungi on wort agar 54.5 5.1 45.6 54.7 28.6 38.3 72.2 102
Fusarium on Nash and Snyder culture medium (CM) 0.06 0.16 0 0 0.04 0.41 0 0.08
Lipomyces on Ashby culturc medium 0 0.05 0.02 0 0.06 0:17 0 0.01
Nitrification bactcria 0 0 0 0.01 0 0.02 0.06 1.86
Denitrification bacteria on Hiltay culturc medium 0.01 0.03 0 0 + 0 0.03 0.1
Clostridium pastcurianum on Vinogradski culture medium 0.4 0.8 0.1 0.3 0.2 0.8 10.1 10.3
Butyric acid bacteria on potato culture medium §0.7 62.3 28.8 11:2 38.6 163.3 248 252
Desulfating bacreria on Starkey culture medium 0.10 0.09 0.03 0.03 0.05 0.07 0.06 0.06
Ccllulose decomposing bacteria
on Hutchinson culturc medium 0.02 0.04 0.02 0.05 0.01 0.08 0 0.05

Bacteria growing on starch-ammonium agar

779
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nium have been most numerous. The number of cellu-
lose-decomposing microfungi and sulfate-decomposing
desulfating bacteria has not considerably changed due
to fertilization. The number of Fusarium has consider-
ably increased on one experimental area (2.7 times) of
Rhodococcum site type and in one of Myrtillus site type
(10.3 times). In most cases the number of air-nitrogen
connective Clostridium has increased, in fertilized
Rhodococcum site type soil by 2.2 to 2.7 times and in
Mpyrtillus site type soil (experimental area C) by 3.8 times.
The number of cellulose-decomposing bacteria in fertiliz-
ed soils Rhodococcum site type has grown 2...2.5 times
and that of Myrtillus site type 8 times. Nitrification and
denitrification bacteria could be found less, but in pine
stands of Myrtillus type in fertilized soil they were by far
more numerous than in unfertilized soil. In pine stands
of Rhodococcum site type the above-mentioned bacteria
were practically absent in fertilized as well as in unfer-
tilized soils. Carbohydrates-decomposing unaerobic
butyric acid bacteria were relatively rare in Rhodoccum
site type soils, while after fertilizing the number of
butyric acid bacteria in Rhodococcum site type pine
stands decreased from 23 to 61 %. In fertilized soils of
pine stand of Myrtillus type on one experimental area
the number of bacteria remained the same, but on the
other one became 4 times greater. The number of sulfate
decomposing desulfating bacteria did not considerably
change in fertilized pine stands of Rhodococcum site
type, but in Myrtillus site type pine stands after fertili-
zation the above index increased 1.4 times in one case,
in another case it remained unchanged.

Discussion and conclusions

In interpreting the presented data one should bear
in mind microbes activity will favour soil fertility. As a
result of it, acids separate from organic matter, which, in
their turn, react with other compounds forming fast

water-soluble salts. Microbes secrete vitamins, growing
substances and other organic compounds useful to fo-
rest. The more microorganisms in forest soil, the better
conditions for tree growth. [f after fertilization the num-
ber of microflora decreases, it will effect mineralization of
organic matter and it will be unfavourable for tree growth
which is noticeable after fertilizer stock has been
exhausted. From the results we can conclude that on the
fertilized experimental areas in pine stands of Rhodo-
coccum and Myrtillus site type the soil is poor in micro-
bes in fertilized and unfertilized stands. It seems the low
forest soil microbiological activity is caused by high
acidity of the soil. The soil of experimental areas has pH
KCl 2.3...3.4. The depression period is apparently
connected with nitrogén deficiency to trees. If nitrogen
fertilizers have been applied in time, there will be no
depression period and stand volume will increase as
expected. In accordance with the research results more
microorganisms are in the soil, if it has more organic
matter. Thus the number of microbe-groups is bigger in
pine stands of Myrtillus site type than that in Rhodo-
coccum site type. Microflora in a fertilized forest is
mostly numerous and for improving soil fertility more
favourable than that in an unfertilized forest. The results
do not confirm the opinion in certain conditions the
influence of fertilization on soil microflora would be
restraining. When the nitrogen supply by fertilization has
been exhausted, the number of microorganisms may fall
lower than that in unfertilized soil and thus a depression
period in stand growth would take place. However, the
stand increment may drop for some other circumstances,
caused by the natural changes as well as by human
activity. Stand fertilization does change a fixed balance
of the forest ecosystem. Fertilization adds nutrients
necessary to plants. As a result tree growth will improve,
but at the same time fungipests, in their own turn,
restrain stand increment.
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BJIUSAHUE YCJIIOBUU NMUTAHUA HA MHKPO®JIOPY JIECHOH ITOYBBI

X. Ceemen, X. Jlaiitamm, S1. IIukk

Peszrome

Hauunas ¢ 1970 roga B DCTOHCKOM HHCTHTYTE Jjeca (3aKpeIT B 1996 I.) MpOBOIMINCH MCCIIENOBAaHHS C LEIBIO
YCTAHOBJIEHHS! HOBBIX HAy4HO OOOCHOBAHHBIX BO3MOXKHOCTEH MOBBILIEHHS TUIOOPOMHMS JIECHBIX MOYB W MPOH3BOAUTELHOCTH
HACAXJICHHH C MOMOILBI0 MUHEPAIbHBIX yHoOpeHuii. Pe3ynpraTel HccnenoBaTenbsekoi paboTbl MOKA3bIBAIOT, YTO ynoOpeHue
MOXEeT OKa3aTbcsi 3(pheKTUBHDLIM IPU [TOBBILLIEHHH MTPOU3BOAMTEIPHOCTH U LIEHHOCTH JIECOB, OJHAKO HE BCEeraa.
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bnaronpuatHoe BAMAHME MEPBHYHOTO YIOOpeHHUS Ha pOCT HacaxneHHH nponomxkaercs obeiuno 5-8 ner. Mocne sroro
MPHPOCT HacaXmeHHs Ha yHNoOpeHHOW M HeymoOpeHHOH 3emne Gosmee MNH MeHee YPABHOBEIUMBAETCS HIH OCTaeTci B
yno6peHHoM HacaxzaeHuH Ha 10-20% meHsluie, B pe3yiabTaTe 4ero Nnoay4eHHas OT ynoOpeHHst nepBH4YHas NMpHOBLIb B BUfe
IOTIOTHUTENBHOTO MPUPOCTa HAYHHAET ITOCTENEHHO YMEHBILATHCA M B TeyeHHe Goiee IHTEIBHOTO BPDEMEHH MOXET HCUE3HYTh.
[TpuGAU3UTENBHO MOMOBUHA OMBITOB, 3AI0OXKEHHBIX B SCTOHHM B COCHSKAX Ha MHMHEPabHbIX MOYBaX, SBIAIOTCA TAKHUMM, Iie
HacaxjeHde pacreT Ha nouse, yroGpenHoit 10 u Gonee ner Hazan, xyxe, 4eM Ha HeynOODeHHOM MOYBe.

Ins BBISCHEHMS NPHUYHH MEPHOAOB JENPECCHU B POCTe HACAXASHHH H3ydalu NPHPOCT 3anaca HacaxNeHWH H
MUKpPOGIIOpY TIOUBBL TeX Xe HAcaXIEeHHH HA YeThipeX [MOCTOSHHBIX OMBITHBIX YYaCTKaxX M0 necoynoOpeHHio. [IBa OMBITHBIX
y4acTKa pacrnonaraiuch B 6PYCHUYHUKOBOM M JIBA OIBITHBIX Y4acTKa B YEDHHUHHKOBOM THIIE MecTornpouspactanus B 45-80-
netnux cocusikax II m Il Gonurera. CocHAKH-OPYCHHYHHKH POCIM Ha THIHYHO-CPEAHEMOM3O0MUCTON TOYBE M COCHSIKH-
OpYCHHYHHUKH Ha THIHYHO-CHIBHOMOR3ONKCTOM nouse. B oboux Tumax Mecronmpou3pacTaHus OOBEKTOM HCCICAOBAHUS
BHIOpATH MO ONHOMY OMBITHOMY YHacTKy C MPH3HAKaMH jeripeccdu (ombitTHele ydacTkH A u C) M 1O OQHOMY ONBITHOMY
yuacTKy 6¢3 nenpeccun (onbiTHee yuactku B u D).

H3-3a nepuona AenpeccHu COCHSAK-OPYCHHYHHMK (ONMBITHBIH y4acToK A) MoTepsn K KOHLY OMBITHOrO nepuopa 42% u
COCHAK-YEPHHYHHK 58% OT MONOSHUTEIBHOIO [IPHPOCTa 3arnaca (KOTOPBIH B COCHsAKe-OpyCHHUHHKe cocTarnsl 24,3 m*/ra u B
cocHsike-uepHuuHuke 15,0 M3/ra), NOny4yeHHOro B NEPHOA [OJOXUTENBHOIO BIHSHHS YIOOpeHHI

[Mpucrynas x M3y4eHHI0 MHUKpOQOpsl yAoOpeHHbIX HACaXHOEHWH [ojaranu, 4ToO a30THOE YAOOpEeHHE MOXET [pH
HEKOTOPBIX YCIIOBHSIX MOBIHMATL Ha MHKpPOGUIOPY IMOYBbI OTPHULIATENBHO, B PE3YILTATE YETO MUKDOOHOIOrHYECKas aKTHBHOCTh
B yLOOpEeHHOH 1novBe YMEHBbLUKMTCA, B PE3YIbTaTe YEro Mnocne Heyepnanus yaoOpeHus Takxe ¥ YWIOBUA MHTAHHUA AEpEBheB
[IPMPOCT HaCaXHeHUs CTaHYT XyXe, uyeM B HeymoOpen:HoM mouse. OmHako uccrnenoBarensckad paGora noxasana, uTo
yaofpeHue He yMEHBILHIO MUKPOGHONOIHYECKYI0 aKTHBHOCTh MOUBHI, a ckopee Haobopot (puc. 2, Tabn. 4). Mukpodnopa
NOYBEl B YIOOpEHHOM necy B GOMBIUMHCTRE CIYYaeB MHOTOUHC/IEHHee H 6NarornpusTHee Wi ynydlleHHs TUIOAOPOAHS [OUB,
yeM B HeyIOOpeHHOM Jecy.

KirroyeBbie c10Ba: THII MECTONPOU3PACTAHMS, COCHOBOE HACaXNEHHE, NPHPOCT 3araca, ynobpeHue, AeNpeccus NpHpocTa
HacaxJACHHA, MHKPO]IOpa MTOUBBI.
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