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The sludge recovered in domestic scwage treatment is a valuable fertilizer containing nitrogen and phosphorus. The fertilizer
uscs of sludge arc limited duc to a high concentration of heavy metals in it. The tests done by the authors of this article show the

sludge to hold promisc for fertilizing forest crops.

The results of five years long cxplorations show that optimum fertilizer doses (3 — 4 kg per planting spot) to improve the
substratc of lcan sandy duncs have stimulated the survival of young plants, and in the long run enhanced the growth in height (for
pinc by 30 — 70 % in 4 ycars, for sprucc — by 40 — 60 %). In casc of mulching applications (30 t/ha), the cffect of sludge is less

and short — term only.

Sludge uscd as a fertilizer for forcst crops affcets to some cxtent of chemical composition of forest vegetation. The ash
content in pinc ncedles and mushrooms reducces, while the concentration of nitrogen, calcium and magnesium increascs.

The given fertilizer also somewhat increascs the content of heavy mectals in forest vegetation, yet for berrics and mushrooms
it remains considerably below the admissible level (between 20 and 50 % of the maximum admissible concentration).
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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 potassium 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, Kubertaviciené, 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. Bu]]upe (Dune forestry), coastal dunes 4 objects;
5. Bolderija municipality, coastal dunes 2 objects;
6. Jugla forestry, inland dunes 3 objects;
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7. lecava municipality, agricultural lands [ 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).

Table 1. Soil characteristics of the coastal dune site, (Soil type
- NIj to Nle)

Horizan | Molsture | Organic Active nutrlents {(mg/100g) PHxar
(cm) (%) (%)
NH, P,0,4 K,0 Ca0 MgO
0-10 12 0,43 09 20 1,2 43,6 21,6 6,6
10-30 1.8 0,15 0.6 25 1.3 19.9 9,4 65
> 30 2.3 0,09 0,4 2,1 13 218 9,2 6,7

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 dune site, (Soil type
-~ POt to PO

Horizon | Moisture | Organic | Active nutrients (mg/100g)

10-30 54 | 0.8 l 1.1 ‘ 45 ' 48 l 420 l 16,5 | 4.6
30-50 6,7 1,0 22 7.0 6.7 88.4 311 51
>50 | 6,6 | 03 | 1.3 |1 67 { 56 | 6951 295 | 56

Trial plantations of spruce were established on the
sites formerly used for agriculture (1 experimental plot
with total area 1,5 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 characteristics of the test plantation of spruce,
(Soil type — VKz to VKi)

Horizon Moisture | Organic Active nutrients (mg/100g) PHxa
(cm) (%) (%)
NH, | P,Os | K,O0 | CaO | MgO
0-10 20,6 3,47 1.4 6,1 45 52,8 171 6,8
10-30 18,8 1,18 11 6,9 41 55,1 16,6 6,7
30-50 18,4 0,33 1.2 6,3 5,0 543 18,2 7,0

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 following: 1
— 10 kg of stabilized sludge with dry matter content 30
— 40 % per planting spot (2 - 20 t/ha d.m.) and 30 t/ha
(12 t/ha d.m.), when used for muilching. 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-
ing hole. Mulching was done in a plantation and in a
mature 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 %

Total calcium (Ca) 14,0 %

PH 6,3

The content of heavy metals in dry solids, mg/kg:
Cu-—733,Zn -2 850, Ni— 206, Hg — 3,72, Mn — 374, Pb
— 196, Cd - 2,64.

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. 1t 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)
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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 pine on the coastal dune site.

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.
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Figure 2. The effect of studge applied as an extra fertilizer
to young pine 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 t/ha d.m.).
High doses often produce a reverse effect (Table 5).

Table 5. The effect of fertilizer dose on the annual increment
of young pinc on coastal dunes.

Variant 1997 1998 1999 Variant 1997 1998 1999
cm % cm % cm % cm % cm % cm %
Control 2,940,3 100,0 8,940,5 100,0 16,8+1,2 100,0 Control 2,9+0,2 100,0 7,6+0,2 100,0 7,9:0,4 100,0
Sludge 3 kg per planting spot 5.10,4 1759 15,040,6 146,1 19321,1 1149 < 3 kg per planting spot 2,8+0,3 96.6 8,2+0,4 107,9 8,4+0,4 106.3
untilled soil (6 tha d.m.)
Control 3002 | 1000 | 914 | 1000 | 215909 | 100,0 (<6Vradm)
3 — 4 kg per planting spot 5,2+0,3 1793 9,1+0,3 1197 11,020,5 139,2
Sludge 3 kg per planting spot 4,74),3 156,7 11,840,5 130,0 22,2412 103,2
on ploughed bed (6 ¥had.m.) (6-8thadm.)
. . . 56 kg per planting spot | 3,5¢0,3 | 120,7 | 8,2:04 | 1079 | 95204 | 1202
It seems that site preparation is of importance, too.
(10— 12 yhad.m)
As to the increment, the performance of pine was bet- ST0kg per planing spol | 3.6:03 | 1241 | 47303 | 678 | 8.1z06 | 1023
ter on untilled sites than on tilled. The differences are (>20 yhad.m)

believed to be due to different humidity regimes for the
topsoil horizons.

The application of siudge as extra fertilizer on the
burnt site (12 t/ha 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-

Sludge may also be successfully used for fertilizing
spruce. Optimal doses (3 — 4 kg per planting spot, 6 — 8
t/ha 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 t/ha d.m.) was considerably less.

Variant 1995 1996 1997 1998 1999 Table 6. The fertilization
cm % cm % cm % cm Yo cm %
effect of sludge on the annual
Control 44+ | 1000 | 97+ | 100,0 | 126+ | 1000 | 162 | 1000 | 27,9+ | 100,0 . g
0,2 0,4 0,6 0,7 1,1 imcrement of young spruce.
3-4kgperplantng | 7,0+ | 1591 | 13,0+ | 1340 | 17,5+ | 1380 | 22,8+ | 228 | 344+ | 1233
spot (6-8 t/had.m.) 03 0,3 0,5 0,8 1,3
30 t/ha mulch (12 41+ 932 | 129+ | 1339 | 128+ | 1016 | 183+ | 183 | 30,6 | 1097
t/had.m.) 0,2 0,3 0,4 0,4 1,0
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Fertilization by sludge affects not only the incre-
ment but also chemical composition of forest vegeta-
tion. Thus, the ash content in pine needles reduced by
0,25 - 0,30 %, while that of nitrogen, calcium 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
observea with bilberries, showing virtually no differ-
ence in chemical composition between the crops ferti-
lized and the control.

Table 7. Variations in chemical composition of forest
vegetation resulting from sludge application (%).

Table 8. Variations in the content of heavy metals in forest
vegetation (total dry solids) resulting from sludge fertilizer
(mg/kg).

Variant Zn Cu Pb Cd
mg/ % mg/ % mg/ % mg/ %
kg kg kg kg
Pine nee 54.0 | 1000 | 1.4 | 1000 | 0.5 | 100.0 | 0.20 | 100.0
Pine needles fe 615 | 1139 | 1.6 | 1143 | 1,0 | 2000 | 0.22 | 110.0
| Biberries control [210] 1000 | 29 | 1000 | 04 | 1000 [ 010 [ 1000
s fertilzed 235 | 1119 | 3.1 | 1069 | 03 750 | 013 | 130.0
ries leaves conlrol | 32,6 | 100.0 | 3.1 | 100.0 | 0.2 | 1000 | 0,10 | 100.0 |
ries leaves fertilized 30.5 93.6 3.0 96.8 0.2 57.0 011 110.0
s conlrol | 55.0 | 1000 | 265 | 1000 | 0.7 | 1000 | 200 | 1000
Mushrooms fertiized 69,2 | 1258 | 315 | 1189 | 0.4 230 | 1150

Table 9. The admissible and actual concentration (mg/kg,
naturally humid mass) of heavy mectals in forest berries and

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 t/ha d.m.) there are
no grounds to claim that a single application of the
above fertilizer pollutes the berries and mushrooms to
a degree harmful to man (Table 9).

Plants Ash N P,Os | KO [ Ca0 MgO mushrooms.
Needles control 2,03 1,11 0,24 0,73 | 047 045
V. t Z C Pb cd
Needles fertiized 1,74 | 1,36 | 0.25 | 0,64 | 056 | 0,63 A 2 3
mg/ % mg/ % mg/ % ma/kg %
Bitberries control 1,96 1,30 | 025 | 0,83 | 033 0,28 kg kg kg
- Admissible level 10,0 | 1000 | 50 | 1000 | 0,40 | 1000 | 0030 | 100,0

Bilberries fertilized 1,97 | 1,49 | 0,24 | 0,77 | 0,31 0,31 )

berries
Bilberries leaves control 4,22 1,28 | 0,22 1,39 1,24 1,47 Admissible level 20,0 | 1000 | 10,0 | 1000 | 050 | 1000 | 0,100 | 1000
Bilberries leaves 460 | 157 [ 023 | 1,40 [ 1,29 | 1,20 higlabiocind
fertiized Biberries control 4,2 42,0 06 12,0 0,08 20,0 0,012 40,0

Biberries fertilized 47 47,0 0,6 12,0 0,07 17,5 0,010 33,3
Mushrooms control 8,82 1,44 | 042 | 229 | 0,31 0,30 _ [
Moshroors TortiTeed 55 205 Tom (557 o3 555 “Mushrooms control 104 | 520 | 50 [ 500 [013] 260 [ 0070 | 700

ushrooms fertiliz ) , \ i \ \
Mushrooms fertilized 19 59,5 59 59,0 0,07 14,0 0,080 80,0

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

Conclusions

1. 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.
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UCIIOJb30BAHUE WIA CTOYHBLIX BOJ B JIECHOM XO3SIlCTBE

B. Kanoct, 3. Kapunbi, A. JlazauHsim

Pe3sione

Hn ropoockuX CTOYHBIX BOA SIBASETCS LICHHBIM YROGDCHHMEM C BBICOKHM COJCPXaHMeM a3oTHHX U drochopHbIx
coeguneHnii. KpoMe Toro, i B 3HaYUTENBHOM KOMMUECTBC CONEPXHT THXENbIE METANIBI, KOJIMYECTBO KOTOPBIX OTpaliucBacT

TIPUMECHEHHE HUJ1A B CEIIBCKOM X039 CTBE.

B Tedenuit HECKONBKUX JIET HAMM M3YYEHO BIIMSIIME WIa TOPOACKHX CTOYIBIX BOI KaK YRoOpenus MaloriofqopoaHbiX
JIECHBIX 3CMENb W MPUMOPCKHX MIOHHBIX IeckoB. HM3yuyHo simusiine 103 yroGpenus ot | fo 10 Kr wia B NOCAlouHOM MecTe.
OnTumanpHON 030§ Wna ycTaHomIeHo 3 — 4 Kr Ha nocagovHoe MecTo, 3akiiansiBad yuobpeHue B aMKH na niybune 35 — 40
cM. TlosepxroctHoe ynoGpenne 30 T/ra ManoaddekTUBHO U OCHCTBYET KOPOTKHIl CPOK.

OnTuManeHbic 10361 YIOOPEHHS NONOXUTEILHO BIHIIOT HA TIPHAMBAEMOCTh KYJILTYD HA JIOHHBIX 11€CKAX U YBEIHUHBAET
TeKywii mpupocTt. Tak Xe M Ha 3aHOPOBBIX TCCYAHBIX OTINOXKCHHAX JaHHOE yHoOpeHHe MOMOXHTENbHO BAMSIOT Ha
NIPUXKHBAEMOCTb COCHOBBIX KYNbTYp. B Teuenwii 4-x net npupoct yBemmmuusaercs B cpegiiem Ha 30 — 40 %. IMonoxurcnehoe
BAMAHKE WA NOKA3alno W HA POCT )M B IutanTaunsax. Jononuurenshbiii npupoct gocturaer 40 — 60 % B rog u coxpansercs

bonee 5 ner.

B pe3ynbrare ynoGpemm HJIOM H3MENSIeTCd XMMHYECKHIt CocTaB paCTenuﬁ. B cocriopoii xsoe ¥ B rpnﬁax CITUXKacTCAa
BaJIOBOE KOJMHUUECTBO 30NbI, HO MOBLILLIACTCA COMCPXAHHE a30Ta, KANHI U Marums.

KpoMe TOTO BeNUCH HabJofeHHd O pacnpeneyicHi TAXEIbIX METAIOB B 1104YBE M B pacTCHHAX. YCTaHOBHCHO, 4To
HeOONBIIOE KOMHYECTBO BHECEHHOTO B nouBy Hia (JIO 30 T/m), 3arpa3fdIoT cpeay HeIHAUHTENBHO M NMOBBIIICHHE KOJINYECTBA
TAXEJIBIX METAJIOM B 1104BE€ HE MNPEBLIUACT YCTAHOBJICHHLIC 1TOPMBI. B pacTeHuax — XBOE, Arogax H ,rpHGax - naGmopnaercs

HEKOTOpPOE YBEIIHYEHUEC CONCPXAHUA THXENLIX MCTAJIOB. B GonbmencTse Cy4yacB 3TOT IIpHpPOCT

HE NnpeBbIIACT

KOHTPONbHBIX fannbiXx Gonee yem Ha 25 — 30 %. HckimiouenneM sABnseTcs COCHOBas XBost, B KOTOPOii cofepXalue cBHNLa
po3spocraeT Ha 100 %. Ho Taxkoil npupoct gocturaet auis 1 MI/Kr cyxoii XBOM H e SBISETCS ONACHBIM U OKpyXaloliein
cpenst. B sironax u rpufax BanoBoe KOMMYECTBO OTHENLIBIX METAMIOB cocTapnseT nuwb 20 — 50 % OT NOHYCTHMEBIX HOPM.

Kimouessie cjioBa — un TOPOACKHUX CTOYHBIX BOI, yno6penne, NPAPOCT KYNBTYP, TAXKENBIC METAILL,

g
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