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Since 1970 In Estonian Forest Research Institute studies have been carried out  to find opportunities t o  increase forest soil 
fertility and stand productivity by fertilization. Research work has shown after positive ~n f luence  o f  the primary fertilization in 
some cases there will take place depression period of stands growth. Approximately half of pine stands on experimental areas of 
m~neral  s o ~ l s  are of such k ~ n d ,  where the stand fertilized I 0  o r  more years ago grows worse than the unfertilized one. In order to 
find out the reasons for the depress~on of stand increnient the vol~lnie increment and its soil microflora on four experimental areas 
were under research in Khodococcirn~ and Myriill~rs 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 
res t ra in~ng on forest soil microflora. Microflora in fertilized forest soils is mostly numerous and for improving soil fertility more 
favourable than that in unfertilized forests. 
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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 (I1 and 111 quality 
class) of Rhodococcz~ni and lMyrtillus 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 8 years. 

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 Table 1. Agrochcmical indices of the soil 

nutritional conditions of trees and the increment of a soil Thickness of pH,,, General nitro. Lakrate 
stand becomes poorer than that in unfertilized soil. level soil Icvcl, gcn content, soluble 

Materials and methods P,O, K,O 

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 11) was formed in 
medium podzol soil in a 46-year-old pine stand (I1 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 I) was formed in 
medium podzol soil in an 80-year-old pine stand (111 
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. 

Experimental areas in pine stands of Myrtillus site 
types 

On experimental area C (Jarvselja I) a 50-year-old pine 
stand (11 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 11) is situated on the 
lightly too-humid strong podzol with a thick humus layer 
in an 80-year-old pine stand (111 quality class) of 
Myrtillus site type. The main fertilization was full ferti- 
lizer with the norm N,,,P,,,I<,,,, 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. 

Experimental area A 
2.3 1.03 18.6 57.2 
3.0 0.04 1.6 0.8 

Experimcntal arca B 
3.1 1.31 27.0 64.8 
2.6 1.02 1.8 10.4 
3.2 0.08 1.8 13.0 

Experimcntal arca C 
2.55 0.76 22.6 67.5 
3.20 0.04 0.50 1.3 

Expcrimcntal arca D 
2.8 1.14 28.5 47.3 
2.7 1 .OY 12.5 40.8 
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 Rhodococcutn 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 m3/ha (1 .I to 4.5 m3'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 m3 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 m3 
more than that on unfertilized one. 
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Table 2. Additional stand volumc incrcmcnt (m3/ha) on fertilized The results on experimental area B concerning 
soil in pine stands of Rhodococcum site type 

stand increment have shown the positive influence of 
Ycars Experimental area A Experimental area B fertilization on stand growth over 6 to 7 years, the se- 
aftcr cond fertilization with nitrogen has shown a positive 
fcrtili- ZT(M) W(ZM) ZT(M)* ZT(M) W(ZM) ZT(M)* . 
zation result over 4...5 years. Thus the positive result on tree 

~~ 

growth has been continuous. The depression period. has - 
-O.ol  O.lY 0 0 1  O.I1 been observed over the following 16 years after fertiliza- 

2 2.93 0.23 2.92 1.58 0.15 1.89 
3 3,23 0.26 6,15 2,14 0 . ~ 5  4,03 tion the stand volume has increased 18.0 m3. 

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 

The increment ofpine stands of Myrfillus site type 

7 2.46 0.35 20.31 0 78 0.16 9.81 Positive influence of fertilization on stand increment 
8 2.95 0.41 23.26 0.44 0.19 10.25 on experimental area C has lasted from the second to the 
Y 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 eighth year. In this period the additional volume incre- 

11 -0.21 0.41 24.01 1.58 0.33 15.83 ment was in total 15.0 m3/ha (0.6 ... 3.7 m3/ha per year) (Fig. 
12 -2.25 0.52 21.76 0.69 0.33 16.52 1, Table 3). Since the ninth year after fertilization the 
13 -2.21 0.58 19.55 0.44 0.43 16.96 
1 4  -2,41 0,46 17 ,14  0,42 0,33 17,38 annual increment of stand volume was 0.2 ... 2.0 m3/ha 
1 5  -1.35 0.43 15.79 0.47 0.29 17.85 less than that on unfertilized soil. Thus, as a result of 
l 6  0.51 14.23 0.29 17.98 fertilization the achieved stand volume increment by the 

ZT(M) - additional stand volun~c jncremcnt per year in fertilized end the was 6.3 m'/ha. The first 
stand (mz/ha'l influence of fertilization on ex~erimental  area D lasted 
W(ZM) - rnistakc of additional incrcmcnt (a m3/ha) 
ZT(M)* - supplcrncntary incrcmcnt (m3/ha) 

Experimental area A 
(N 1 OOP 100K 100+N 100") 

Experimental area C 
(N I OOP I OOK I OO+N I o o 2 + ~  IOO'+N I sol6) 

for 8 years. Over this period the volume increment in a 
fertilized stand was 15.7 ml/ha more than that in an un- 
fertilized stand. Since the ninth year after the fertilization 

Experimental area B 
(NI OOP 1 OOK 1 OO+N 1 O08+N 1 50IX) 

- 
E' Experimental area D 

(N1OOP1OOK1OO+N1OOP1OOK1OO'X) 

Fig. 1. Thc changc of additional volumc incrcmcnt ZT(M) in stands fcrtilizcd 16 years ago. Thc incrcmcnt of stand volumc after the positivc 
intlucncc-pcrlod on cxpcrimcntal areas A and Cis clcarly smaller, hut on cxpcrimental areas B and D morc or I c s  cqual than on unfertilized soil 
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Table 3. Additional stand volumc incrcmcnt (m3/ha) on fcrtilizcd 
soil in pinc stands of Myrtillus sitc typcs 

Years Expcrimcntal arca A Expcrimcntal arca B 
after 
fcrtili- ZT(M) W(ZM) ZT(M)* ZT(M) W(ZM) ZT(M)* 
zation 

ZT(M) - additional stand volumc increment per ycar in fcrtilizcd 
stand (m3/ha) 
W(ZM) - mistakc of additional incrcmcnt (&  m3/hzt) 
ZT(M)* - supplcrncntary incrcmcnt (ni3/ha) 

Fig. 2. Thc numbcr of microorganisms in fcrtilizcd soil (pcrccntagc 
from t h c  numbcr  of  microorganisms of unfcrtilizcd soi l)  of 
Rhodococcunz (A, B) and Myrtilb~s (C, D) pincwoods. 1- bactcria 
growing o n  m e a t - p c p t o n c  agar ,  2- s p o r o g c n o u s  bacter ia ,  3-  
actinomycctcs, 4- microfungi on wort agar, 5- clostridium pastcurianum, 
6- butyric acid bactcria, 7- ccllulosc dccornposing hacteria 

tion bacteria grown on meat-peptone agar is greater in 
fertilized soil: in pine stands of Rhodococcut71 1.3 ... 1.5 
and in these of il.(yrtillus 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 Bacil[us cereus. Bac. my- 

the stand volume increment in a fertilized and unferti- coides and Bnc. cyanogenes. Actinomycetes have been 
lized stand continued to be more or less equal. There was 1.5 to 2.5 times more in fertilized pine stands of Rhodo- 
no depression period. coccutn and 2.1 to 4.6 times more of ~Myrtillus site type 

than that in unfertilized stands. Sporogenous bacteria as 
Soil microjlora well as Actinonzycetes take part in final mineralizing of 
The data in Figure 2 and Table 4 imply that the organic matter and thus they improve soil quality. 

fertilization has not decreased microbiological activity of Microfungi characteristic of forest soil which are from the 
the soil, just the opposite. The number of ammonifica- genus Ti-ichoderma. Mortierella, Penecilliun~, Acrerno- 

'Table 4. The numbcr of microorganisms (thousands per 1 g of ahsolutcly dry soil) in fcrtilizcd (F.) and unfcrtilizcd (Unf.) pinc slands soils 
of I</~o(/ococar~?r and Mynilliis sitc typcs 

Group of 
microhcs 

l i h o t l o c o c c ~ o ~ ~  sitc type Myrti1lu.s site type 

Expcrimcntal arca 

A B C D 

Unf. F. Unf. F. Unf.  F. Unf. F. 

Bacteria growing on meat-pcptonc agar 
Sporogcnous bactcria 
Actinoniycctcs 
Microtungi on wort agar 
Fusarium on Nash itnd Snyder culture mcctium (CM) 
Lipomyccs on Ashhy culturc mcdium 
Nitrification bactcria 
Dcnitrification bactcria on Hiltay culturc mcdium 
Clostridium pastcurianuni on Vinogradski culture mcdium 
Butyric acid bactcria on potato culturc mcdium 
Dcsulfating bacrcria on Starkcy culturc mcdium 
Ccll~~losc dccornposing hactcria 
on Hu~chinson culturc mcdium 
Bactcria growing on starch-ammonium agar 
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niurn 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 
Rhodococc~~m site type and in one of Myrtillus site type 
(10.3 times). In most cases the number of air-nitrogen 
connective Clostridiurn has increased, in fertilized 
Rhodococcurn site type soil by 2.2 to 2.7 times and in 
Myrtillus site type soil (experimental area C) by 3.8 times. 
The number of cellulose-decomposing bacteria in fertiliz- 
ed soils Rhodococc~lm 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 Rlzodococcum site 
type, but in Mvrtillus 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. If 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 
KC1 2.3 ... 3.4. The depression period is apparently 
connected with nitrogen 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. 

Rcccivcd 29 Dcccmbcr 1997 
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E n a r o n p m ~ ~ o e  B n u s H u e  n e p ~ ~ q ~ o r o  y n o 6 p e ~ ~ ~  H a  p o c ~  ~ a c a m e ~ w f i  n p o n o n x a e T c a  0 6 b l Y H 0  5-8 n e T .  nocne a ~ o r o  
n p U p O C T  H a C a X J l e H M R  H a  y n 0 6 p e H H o f i  M ~ e y n o 6 p e ~ ~ o f i  3 e M n e  6onee MnM M e H e e  Y p a B H O B e l M B a e T C R  PmM OCTaeTCR B 

Y ~ ~ O ~ P C H H O M  H a C a m e H M M  H a  10-20% M e H b I I l e ,  B p e 3 y n b T a T e  q e l W  n0n) 'YeHHaR O T  yno6pe~ua I I e p B M q H a R  n p ~ 6 h 1 n b  B B M n e  

nOnOJIHMTenbHOrO n p M p O c T a  H a Y M H a e T  I l O C C e n e H H O  YMeHbrUaTbCR H B T e q e H M e  6onee LlJlMTeJlbHOKl B P e M e H M  M O X e T  PICYe3H)Tb. 

~ P M ~ ~ M ~ M T ~ J I ~ H O  nOIlOBMHa O n b l T O B ,  3 W l O X e H H b I X  B. ~ C T O H ~ I U  B COCHRKaX H a  M M H e p U l b H b l X  I IOYBaX,  RBJlRIOTCR TBKMMM, me 
H a c a m e r - t M e  p a c r e T  H a  nowe, y n 0 6 p e H ~ o f i  10 M 6onee n e T   asa an, xyme, Y e M  H a  H e y n 0 6 p e H ~ o f i  noqee. 

& I R  B b r s c H e H M z  npuqmi n e p M o n o B  nenpeccm B p o c T e  H a c a X n e H k I f i  ~ s y q a n ~  n p r f p o c T  sanaca 1 i a c a m n e ~ u C  M 

M M K P O @ ~ O P Y  n O Y B b l  T e X  Xe H ~ c ~ X J ~ H M ~ ~  H a  q e T b I p e X  IIOCTORHHblX O n b I T H b l X  ) 'YaCTKaX no necoyno6peaaro. X B ~  O n b l T H b l X  

)'YaCTKa p a C n 0 J l a r W l M C b  B ~ P Y C H M Y H M K O B O M  M n B a  O n b l T H b I X  F a C T K a  B Y e p H W H M K O B O M  T M n e  M e C T O n p O M 3 p a C T a H K R  B 45-80- 
JleTHMX COCHRKaX !I M 111 ~ O H M T ~ T ~ .  COCHRKM-~PYCHM~HMKM P O U M  H a  T M ~ M Y H O - C ~ ~ ~ H ~ ~ O ~ ~ O ~ U C T O ~ ~  n O q B e  PI COCHXK&.I- 

~ P Y C H M ~ H U K H  H a  T M I ~ M ' ~ H O - C M ~ ~ H O ~ O ~ ~ ~ ~ M C T O ~ ~  I l O q B e .  B o6onx T M n a X  M e C T O n p O M 3 p a C T a H M R  O ~ ~ ~ K T O M  MCCJtenOBaMMH 

~ b l 6 p W l 1 . 1  no O n H O b i y  O n b I T H O M Y  YYaCTKy C n p M 3 H a K a M M  n e n p e C C M M  ( 0 n b 1 T H h l e  YYaCTKM A M C) H n0 O n H O M y  O n b I T H O M y  

y s a c x y  6 c 3  nenpeccw ( o n b r r ~ b r e  y q a c T K M  B M D). 
M 3 - ? a  I l e p M O n a  LlenpeCCMM C O C H R K - ~ P Y C H M Y H M K  ( 0 n b l T H b l ~  Y B C T O K  A) n O T e p R J l  K KOHUY O n b l T H O r O  n e p M O n a  42% PI 

COCMRK-'IePHMqHMK 58% O T  D O n O n H M T f Z b H O ~  I l p M p O C T a  3 a n a C a  ( ~ 0 ~ 0 p b l f i  B C O C H R K ~ - ~ P Y C H M Y H M K ~  COCTaBJlRn 24,3 M ' / n  M B 

COCI-BKe-qepHMqHMKe 15,o M1/ra),  n O n Y q e H H O r 0  B B e p H O n  n O J I O X M T e J l b H O r 0  B J I m H w I  yno6pe~~ i i  
n p M c ~ y n a R  K M3YqeHMIO M M K P O @ ~ O P ~ ~  ~ ~ 0 6 p e H H b l ~  H ~ c ~ ~ ~ H M R  I l O n a r W l M ,  q T O  a 3 0 T H O e  y n 0 6 p e H M e  M O X e T  n p M  

HeKOTOpbIX YCJIOBWlX n O B n M R T b  l l a  M M K ~ o @ J ~ o P ~  nOYBbl  OTpMUaTWIbHO,  B p e 3 y n b T a T e  Y e n  M M K ~ O ~ H O J I O ~ H Y ~ C K ~ R  aKTMBHOCTb 

B y n 0 6 p e H H o f i  nowe Y M ~ H ~ U I M T C R ,  B p e 3 y n b ~ a ~ e  qero nocne M c s e p n a H u a  y n o 6 p e ~ ~ r r  T a K m e  M ycnonun nu-ratrua n e p e n b e n  M 

n p M p O C T  H a C a X n e H M R  C T a H Y  X y X e ,  Y e M  B H e y n 0 6 p e H H o f i  n O q B e .  O ~ H ~ K O  M C C n e n O B a T e n b C K a R  p a 6 o ~ a  n O K a 3 m a ,  q T O  

yno6pe~ne H e  YMeHbII lMnO M M K ~ o ~ M o ~ o ~ ~ ~ c K ~ ~ O  aKTMBHOCTb IlOYBbl,  a C K O p e e  H ~ O ~ O P O T  (PMC. 2, ~ a 6 n .  4). M ~ ~ p o @ n o p a  
n o y s b l  B Y ~ O ~ P ~ H H O M  necy B ~ O ~ ~ U M H C T B ~  cnyqaen M H o r o q u c n e H H e e  M 6naronpw1~1~ee n n ~  y n y u e H m  nnonoponwr n o s n b l ,  

s e M  B H e y n 0 6 p e H H o ~  necy. 

Knmvesbre cnosa: T M n  ~ e c r o n p o ~ s p a c ~ a ~ m ,  c o c H o s o e  H a c a w e H u e ,  npupocr sanaca, y n 0 6 p e H M e ,  nenpeccm npupocra 
H a C a m e H l t R ,  M M K ~ O @ ~ O ~ ~  nOYBbl .  

1998, VOL. 4, NO. 1 ISSN 1392-1355 = 
7 


