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Tlic sludgc rccovcrcd in domcstic scwagc trcatnicnt is a valuablc fcrtilizcr containing nitrogcri atid phosphorus. Tlic fcrtilizcr 
uscs of sludgc arc limitcd duc to a high conccntratio~i of licavy nlctals in it. Thc tcsts done by tlic autliors of this articlc show tlic 
sludgc to hold promisc for fcrt~lizing forcst crops. 

Tlic rcsults of fivc ycars long cxplorat~ons show that optimum fcrtilizcr doscs (3 - 4 kg pcr planting spot) to improvc tlic 
substrate of lcan sandy duncs Iiavc stimulated thc survival of young plants, and ill  tiic long run cnhanccd tlic growth in liciglit (for 
pinc by 30 - 70 % in 4 ycars, for sprucc - by 40 - 60 %). In casc of mulcliing applications (30 Vlia), thc cffcct of sludgc is lcss 
and short - tcrm only. 

Sludgc uscd as a fcrtilizcr for forcst crops affccts to somc cxtcnt of chcmical composition of forcst vcgctation. Thc ash 
contcnt in pinc nccdlcs and mushrooms rcduccs, wliilc tlic conccntration of nitrogen, calciuli~ and magnesium incrcascs. 

Tlic givcn fcrtilizcr also somcwl1at incrcascs thc contclit of licavy mctals in forcst vcgctation, yct for bcrrics and mushrooms 
it rcrnains considerably bclow tlic admissiblc lcvcl (bctwccn 20 and 50 % of tlic maximum admissiblc conccntration). 
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Introduction 

Large amounts of sludge accumulate at domestic 
sewage treatment facilities of big cities. Its chemical com- 
position may vary depending on the industries in the 
given locality and the method of sewage treatment. Typ- 
ically, sludge includes an increased amount of nitrogen 
and phosphorus compounds but less potassiun~ ones. 
Depending on treatment technology, the dry solids of 
sludge may contain 1 - 5 % of nitrogen and 0,5 - 4 % of 
phosphorus, or 1,5 - 4,5 times more than stable manure, 
respectively. (Anspoks, Voicehemska, 1990) The amount 
of N and P held in 1 t of sludge (the content of dry sol- 
ids 30 - 40 %) equals that of 50 kg of ammonium nitrate 
and 100 kg of superphosphate, respectively. (Grisnana, 
Uljanov, 1992; Rekomendacija.. ., 1990). 

Apart from nutrients that can be used by living 
plants, the sludge contains also heavy metals (lead, 
copper, zinc, cadmium, mercury), thus restricting its 
fertilizer uses. In small amounts heavy metals act as 
microelements and represent a necessary component of 
the nutrients used by living organisms. Yet, in higher 
concentrations, they pollute the environment and be- 
come toxic. (Latvijas Rep.. . , 1994) 

The sludge is, in limited scope, used for fertilizing 
the crops other than food for animals or human beings. 
To widen the application of sewage sludge, we have 
started research on its use for fertilizing forest crops. 
(Anspoks, Voicehemska, 1990; Latvijas Resp.. ., 1994). 

To establish forest on dry sandy areas, burnt for- 
est sites, coastal dunes, as well as abandoned farm- 
lands, large investments are required. It especially re- 
fers to dry site type forests with lean soils, lacking 
nutrients and humus. Taking additional measures to 
increase mineral and organic matter availability in the 
substrate is a necessary precondition for a successful 
forestation of sites like that. The observations made so 
far show sewage sludge to hold promise for cultivating 
forest crops. It may also be used as a fertilizer in tree 
nurseries and in green lining the towns and cities. The 
use of sewage sludge for improving forest soils will help 
us solve the problem of its utilization (Gradeckas et al., 
1994; Gradeckas, KubertaviEienk, 1998). The aims of the 
present project were to determine possible ways for 
using of sewage sludge as fertilizer and soil improver 
in forestry in Latvia, to investigate ecological and eco- 
nomical aspects of the problem and to find optimal 
solutions. 

Materials and methods 

Established experimental plots (20 total): 
1. Ventspils district, coastal dunes 3 objects; 
2. Saulkrasti forestry, coastal dunes 3 objects; 
3. Lilaste forestry, inland dunes 4 objects; 
4. Bullupe (Dune forestry), coastal dunes 4 objects; 
5. Boldergja municipality, coastal dunes 2 objects; 
6. Jugla forestry, inland dunes 3 objects; 
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7. lecava municipality, agricultural lands 1 object. 
To test the fertilization effect of sewage sludge on 

pine, the trial sites were chosen on sandy coastal dunes 
(12 experimental plots, total area 4 ha) and on inland 
sandy areas that had suffered from forest fires (7 ex- 
perimental plots, total area 2,8 ha). Mechanically well- 
graded sand (SiO, accounting for 99 % of it, the parti- 
cle size 0,25 - 0,05 mm) and raw substrate was typical 
of the site on the dunes. The nutrient and humus avail- 
ability were low (Table 1). 

lings of pine and three - year - old seedlings of spruce 
were used. For the purpose of the experiment sludge 
was applied to the planting spots or  spread over the 
soil surface as mulch. The dosage was the follo\ving: 1 
- 10 kg of stabilized sludge with dry matter content 30 
- 40 % per planting spot (2 - 20 tlha d.m.) and 30 t/ha 
(12 t/ha d.m.), when used for mulching. A planting hole 
of the size 40 x 40 x 40 cm was made and filled with 
sludge and sand over sludge layer. The planting was 
done using the planting wedge after filling in the plant- 

Active nulrlenls (mg/iOOg) 

10 -30 0,15 19.9 

r 30 

On the inland dune site the sand was less graded 
and richer in nutrients. On the burnt area the soil cover 
was destroyed, a part of the nutrients was leached away 
and the nitrogen deficiency was apparent; podzolization 
was typically of average degree (Table 2). 

Table 2. Soil characteristics of the inland dunc sitc, (Soil typc 
- Pot to POf) 

Horizon Moisture Organic Active nutrients (mgll Wg) 

10-30 5.4 0.8 4.5 4.8 42,O 16.5 4.6 

30-50 6.7 1.0 2.2 7.0 6.7 88.4 31.1 

> 50 6.6 0.3 1.3 5.7 5.6 69.5 295  5,6 

ing hole. Mulching was done in a plantation and in a 
Table 1. Soil characteristics of the coastal dune sitc, (Soil typc 
- NIj to NIe) ~iiature forest (70 years old). The aim was to establish 

the content of heavy metals in the substrate and fol- 
low up the variations in it after fertilizer application. Re- 
spective plantations -of pine and spruce were estab- 
lished for the control. Over a number of years field data 
were taken at the end of the growing season. The data 
were compared with the control. 

The field data show the fertilizer dose of 3 - 4 kg 
per planting spot (6 - 8 t/ha d.m.) to be most efficient. 
High doses as well as mulching are less efficient and 
their effective time is shorter. 

The sludge of the following chemical composition 
was used for trial plantations: 

Organic matter (in dry soil) 59,8 % 
Total nitrogen ( N )  4,1 % 
Total phosphorus (P) 1,8 O/o 
Total calcium (Ca) 14,O % 

pH,,, 633 
The content of heavy ~iietals in dry solids, mg/kg: 

Trial plantations of spruce were established on the 
sites formerly used for agriculture (1 experimental plot 
with total area 1,s ha). The soil was average heavy sandy 
clay. A deficiency of active nitrogen was found there, 
too. The amount of  humus in the topsoil layer was 
about 3,5 %, followed by a sharp fall in deeper hori- 
zons. The amount of active phosphorus and potassium 
represent average values. The soil was leached renzina 
(Tables 3 ,4) .  

Pine and spruce were planted (5,000 plants per ha) 
on the sites as described above. Two - year- old seed- 

Table 3. Soil charactcristics of thc tcst plantation of sprucc, 
(Soil type - VKz to VKi) 

Results 

A positive effect of sludge application to forest 
crops is already visible in the first year of the growth. 
On sandy dunes the trees just planted usually suffer 
from the lack of moisture, and the percent of survival 
is low: 28 % for the control as against 72 % on the site 
with the sludge applied in the planting holes. On the 
other hand, spreading sludge over the substrate sur- 
face resulted in a nearly complete dieback of  all the 
young plants. It was greatly due to the dark colour of 
sludge, promoting the substrate getting hot in the sun 
and drying up. 

The sludge fertilizer positively affects not only the 
survival, but also the increment in height of  the young 
trees. It refers especially to coastal dunes where the 
substrate is raw. Depending on climatic conditions and 
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the method of fertilization used, in some cases the in- 
crement was 2 - 3 times higher as compared with the 
control. (Figure 1) 

3507- 
a Control - 

300 I % Sludge in planting spots - 

5 o  1 1  Sludge as mulch %$-- - 
206,4 &*j 206,9 

Figure 1. The increment of young pine on the coastal dune site. 

On the inland sandy sites, where the substrate was 
more fertile, the fertilization effect was visible to a less- 
er  degree as compared with coastal dunes. The effect 
was especially great for the first two years of the growth 
(Table 4). 

Table 4. The increment of pinc on the coastal dune site. 

It seems that site preparation is of importance, too. 
As to the increment, the performance of pine was bet- 
ter on untilled sites than on tilled. The differences are 
believed to be due to different humidity regimes for the 
topsoil horizons. 

The application of sludge as extra fertilizer on the 
burnt site (12 tlha d.m.) was effective over two years 
only. The annual growth in height on average increased 
35 - 45 %, reaching 10 % only starting with the third 
year of the growth (Figure 2). The sludge rapidly de- 

composed, the nutrients were partly used by the plants 
or leached away by precipitation. The effect of substrate 
fertilization appears to be of short duration. 

B Control 
11111 Fertilized 

Figure 2. Thc effect of  sludge applied as an extra fertilizer 
to young pinc on burnt sites. 

The fertilization effect depends on the method of 
applying sludge and the dose used. The optimum dose 
is found to be 3 - 4 kg per planting spot (6 - 8 tlha dm.).  
High doses often produce a reverse effect (Table 5). 

Table 5. The effcct of  fertilizer dose on the annual i ~ c r c m e n t  
of  young pinc on coastal dunes. 

Sludge may also be successfully used for fertilizing 
spruce. Optimal doses (3 - 4 kg per planting spot, 6 - 8 
tfha d.m.) already in the first year after planting increased 
the growth (Table 6). The fertilization effect lasted more 
than four years, with the increment exceeding the con- 
trol by 23 %. However, the positive effect of sludge used 
as extra fertilizer (12 tlha d m . )  was considerably less. 

Table 6. T h e  ferti l ization 
effect of sludge on the annual 
increment of young spruce. 



BALTIC FORESTRY 
ubt. ur XWAGE SLUDGE IN FOREST CULTIVATION O V .  KAPOSTS ET AL.= 

Fertilization by sludge affects not only the incre- 
ment but also chemical conlposition of forest vegeta- 
tion. Thus, the ash content in pine needles reduced by 
0,25 - 0,30 %, while that of nitrogen, calciun~ and mag-, 
nesium increased. In mushrooms the concentration of 
nitrogen increased even by 0,6 %, but that of magnesi- 
um doubled (Table 7). The least fertilization effect was 
observed with bilberries, showing virtually no differ- 
ence in chemical conlposition between the crops ferti- 
lized and the control. 

Table 7. Variations in chemical composition o f  forest  
vegctation resulting from sludge application (YO). 

Bilberries fertilized 

Bilberries leaves 

feflifzed 

Mushrooms control 

Plants 
Needles control 

Needles fertilized 

Bilberries control 

I I I I 1 I 
Mushrooms fertilized 1 8.69 1 2,03 1 0,44 1 2.57 1 0,31 1 0.69 

Apart from macro element concentration, the giv- 
en fertilizer affects also the content of heavy metals in 
forest vegetation. Thus, for example, the content of zinc 
and copper in pine needles (total solids) increased by 
14 % as against the control, that of cadmium - by 10 
%. The content of lead alone doubled. The observations 
were similar also for bilberries: the fertilization increased 
the concentration of zinc and copper in berries on av- 
erage by 10 %, while that of  lead even reduced; only 
the concentration of cadmium increased 30 %. 

The accumulation of heavy metals resulting from 
sludge application is the highest in mushrooms. The 
content of the metals analysed increased 15 - 26 %. The 
only exception here is lead. Its content in mushrooms 
reduced by 40 %. The concentration of such toxic ele- 
ment as cadmium increased only by 15 % (Table 8). 

When comparing the field data with the maximum 
admissible concentration of heavy metals in forest ber- 
ries and mushrooms, it is obvious that the concentra- 
tions detected are considerably below the admissible 
ones set out in 1994 Regulations of the Ministry of 
Welfare of  the Republic of Latvia. Thus, even in case 
of mulching by sewage sludge (12 tlha d.m.) there are 
no grounds to claim that a single application of the 
above fertilizer pollutes the berries and tnushrooms to 
a degree harmful to man (Table 9). 

Ash 
2.03 

1,74 

1.96 

Table 8. Variations in the content of  heavy mctals in forest 
vegctation (total dry solids) resulting from sludge fertilizer 

(mglkg). 

Table 9. The admissible and actual conccntration (mglkg, 
naturally humid mass) of heavy mctals in forest berries and 
mushrooms. N 

1,11 

1.36 

1.30 

The analyses show the maximum content of heavy 
metals in forest berries and mushrooms to be only 60 
% of the admissible concentration. 

Conclusions 

P20r 
0.74 

0.25 

025 

I .  The sludge of domestic sewage is a valuable fer- 
tilizer that can be used to great advantage for improv- 
ing forest soils of low fertility. 

2. Fertilizer application in optimal doses (3 - 4 kg 
per planting spot) improves the survival of young trees 
after planting and increases their growth in height. For 
pine, over the first four years of the growth this increase 
comprised 40 - 60 %. The mulching of  the topsoil layer 
by sludge is inefficient, with a limited fertilization ef- 
fect lasting for two years only. 

3. Sludge application affects also the chemical 
composition of forest vegetation. In pine needles and 
mushrooms the ash content reduces, while that of ni- 
trogen, calcium and magnesium increases. 

4. As a result of fertilization by sludge the concen- 
tration of heavy metals in needles, berries and mush- 
rooms increases, yet remains by 20 - 50 % below the 
maximum admissible concentrations. 

K20  
0.73 

0,64 

0.83 

CaO 
0.47 

0.56 

0,33 

MgO 
0,45 

0.63 

0,78 
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kICllOJIb30BAHkIE WIA CTOYHbIX BOA B JIECHOM X O ~ I I ~ ~ C T B E  

Mn rOpOnCKUX CTOqHLlX BOn RBnReTCR UCtIAblM ynoGpellue~ C B1,ICOKUM ConepmaHUeM a3OTHblX M (POC(POPH~IX 
~0eU~rleHMfi. K p o ~ e  Tom, Wl B 3IlaqUT~LIlOM KOJIUVXTLK COnepXUT TSlXWlble MeTiLllnLI, KOJIU~leCTBO KOTOPLIX OrpaIlrlVCWdeT 

npuMelreHue una B c e n b c ~ o ~  xo3~ficne. 

B T ~ q e ~ u f i  HeCKOJlbKUX neT H a M U  U3peHO R n U I l l l U e  Una mpOnCKUX CTOqlILlX BOU K a K  y n 0 6 p e l l ~ ~  hi~O~~OUOpO~HLIX 

JIeCHblX 3CMtXb U npUMOpCKUX nIOtlHLIX IleCKOB. kl3py~l0 BnURllUe n03 yn06petrua OT I a0 10 Kr UJIa B IlOCanOqHOhf MeCTe. 

On~u~anirroir  n03ofi una YcTaHomeHo 3 - 4 K r  rra nocanoqrloe Mec-ro, sa~nani~nax yfio6pe~ue B aMKu I I ~  nry6utre 35 - 40 
CM. ~ O U ~ ~ X H O C T ~ I O ~  yno6pelrue 30 T/ra M W I O ~ @ $ ~ K T M B H O  U ~ C U C T B ~ ~ T  K O P O T K U ~ ~  CPOK. 

O n m ~ a n b ~ ~ r c  nosir yno6periua nonomuTenbrro nnrwloT tra npummaeMocrr, K Y ~ L T ~ P  tla ~ I O H I I ~ I X  rIecKaX H yBenusunaeT 

T ~ K J ' u ~ u ~ ~  np:rpocT. T ~ K  me u Ira 3armposirx nccqanirx oTnoxewuRx natleoe yno6pe~rkre nonoxuTenino mwrrro~ rra 
npuxwBaeMocTL coc~oni~x KynbTyp. B ~eqe~rufi  4-x neT npupocr yoenwuoaeTca B cpcnrrehr Fra 30 - 40 %. nonomn~cnb~oe 
~ W I I I I U ~  una nortmarro u H a  pocr e~ru B nnarrrauuax. ,JJor~on~men~r~i~fi  npupocT nocruraeT 40 - 60 % B ron u coxpaHseTcs 

6onee 5 neT. 

B p e 3 y n ~ ~ a ~ e  yno6pe11ua unoM u3~crlae~cn x u ~ u s e c ~ u f i  cocTaa pacrerrufi. B cocrro~ofi xnoe u B rprr6ax crrumacTcs 

RUIOBOe KOnUVeCTBO 30nb1, HO nOBbllUaeTCR COnepXaHUe aOTa, KXIIUUR U MalXUR. 

K p o ~ e   om ~ e n u c i  ~ra6~1ronellua o pacnpenenelruu TnmenLrx MeTmnon B rroqne u B pac-rerrrrsx. Y C T ~ H O ~ C I I O ,   TO 

t1e60nb~uoe KonuqecrBo BHecerrHorO B nowy ma (no 30 ~Ira), sarpa3rrrrro~ cpcay ~e3rrasrnen~1ro u nosirureHue Konuqecma 

Tamenilx MeTannoM B nowe H e  npeBiluaer ycraHome1lrlLre IIOPMM. B pacrelluxx - xBoe, aronax u rpr16ax - ~a6nlonae~cn 
HeKoTopoe yneJruqerrue conepxaflus TRxenbrx ~eTanJlos. B 6onbure11c~~e cnyqaen  TOT npupocT Ile npeBLlmaeT 

~otrrponbsbrx natrrlblx Gonee qeM H a  25 - 30 %. M C K J I ~ O ~ ~ I I U ~ M  nmneTcn coc~osax XBOR, B ~ o ~ o p o f i  co~epmalrue csurrua 
BO3pOcTaeT Ira 100 %. HO TaK0fi npUpOCT n0CTUraeT nUWb 1 hlr /~r  C Y X O ~ ~  XBOU U lle RBJlReTCR OTlaCHblhf PJlR 0Kp)'XaloLUefi 

Cpenbl. B HrODaX U rpu6ax BWlOBOe KOnU'4eCTBO OT~enLlILlX MeTaJInOB COCTaBnReT n U W b  20 - 50 % OT llOllYCTHhlLlX IIOPM. 

Knlorenble cnosa - un roponcKux C T O ~ H ~ I X  B O ~ ,  yno6perl~e. npupocT ~ y n i ~ y p ,  Trrxenire hieTannLr. 


