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The research has been conducted on fertilization of deciduous tree with wastewater sludge and optimization of doses for
drained cut away oligitrophic peatland with left peat layer 1 m deep.

It was determinated, that after recultivation cut away peatland’s with wastewater sludge (180-720 t/ha d.m.), the supply with
nutritious substances improves peat soils fertility in 3-4 categories (from very poor N, P, until very rich), and acidity of peat in
root zone is neutralized (pH ., from 2.8, to 7.0). After fertilization with ecologically-economically acceptable doses (180-360 t/
ha d.m.) the bests chemical parameters of soils are in the 1-st — 2-nd year, but in 3-rd — 4-th year in roots zonc lack of nutritious
substances is noticeable, which must be compensated with additional fertilization with mineral fertilizers or repeatedly with
wastewater sludge.

On cut away upper type high-moor peatland local species - Betula pendula and Betula pubescens, less demanding for
nutrients, grew better fertilized with minimal and moderate (180-360 t/ha d.m.) sludge application doses, and tree species, the
needs of which in soil fertility are high - with moderate and maximal doses (360-720 t/ha d.m.). From the ecological point of view
limited dose of fertilization up to 400 t/ha d.m. is sufficient and effective for growing short rotation forests on peat soils.

The increasing of current height of almost all tree in three-four years period shows that nutrients introduced with sludge have

been cnough for plants.
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Introduction

Investigations on fertilization with wastewater sludge
are carried out in many countries. Small doses (3-5 t/ha dry
matter) are recommended to be used for fertilization of
short rotation plantations on arable lands (Aronson, Perttu,
1994; Perttu, 1993; Perttu, Kowalik, 1995; Dickinson, Pun-
schon, Hodkinson, Lepp, 1994; MAFF, 1993).

Short rotation forest in Lithuania on a large scale
will be established in nearest years on sludge utilization
areas of Kaunas wastewater plant on cut away peat-
lands. The building of representative in Lithuania waste-
water plant of Kaunas, is foreseen to be finished in 1999.
In contrast to foreign countries, the future wastewater
sludge of Kaunas wastewater plant, is foreseen to utilize
in a concentrated way on cut away peatlands, seeking
not to pollute large areas. Sludge with application doses
about 250 t/ha dry matter (d.m.) will be spread on about
10 ha of area annually. At maximum level of sludge pro-
ducing about 50 ha of peatlands annually will be needed
for sludge utilization. On these areas short rotation fo-
rests will be grown.

Maximal ecologically permissible doses of sludge
(Dilitinas, Jagminas, 1998; Gradeckas, Dilitinas, Kuber-
tavi¢iene, 1996; HN 48-1994; HN 60-1996 (Hygienic stan-

dards of Lithuania); LAND 10-96, LAND 20-96 (Stan-
dards of wastewater sludge utilization of Lithuania))
which have been determined in our research will be used.
These doses depend on thickness of the remaining peat
layer: when the layer is thicker than 0,3 m - up to 100 v/
ha d.m., when is thicker than 0,5 -150-170 t/ha, when | m-
350-400 t/ha d.m. The period for repeating fertilization
also depends on thickness of peat layer: when the layer
is thicker than 0,3 m -4-5 years, when is thicker than 0,5
m -7-8 years, when 1 m -9-12 years.

The remaining layer of peat on cut away peatlands
possesses bigger absorbing properties of heavy metals,
than mineral soils, stops them from migrating into deeper
soil layers and ground water. The results of our complex
studies obtained in laboratory and in ficld analysis of
absorbing capacity of various rocks has shown, that
peat has from some ten to several hundred times higher
absorbing capacity of heavy metals, as compared with
sand (Gradeckas, Dilitinas, Kubertavi¢iené, 1994). How-
ever, peat soils are very infertile, of very acid reaction,
poor in nutritious substances. Under these conditions
only some bushes and tree species naturally grow. Ferti-
lization is necessary for improvement of peat soil. The
cheapest fertilizer is wastewater sludge. The wastewater
sludge is rich in humus and nutritious substances. It is
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near to neutral reaction so is able to neutralize acidity of
peaty soils and there is no need for liming. By using
waste water sludge as a fertilizer the problem of waste-
water sludge utilization, is solved.

The aim of research was to investigate the influence
of wastewater sludge on cuitivation of fast growing tree
species on cut away peatlands and determine optimal,
ecologically safe doses of fertilization for short rotation
forests.

Methods

The research has been cunducted on fertilization of
deciduous tree with wastewater sfudge and doses have
been optimized for drained cut away oligitrophic peatland
with left peat layer 1 m deep, which had been fertilized
using various doses. Ground water level is about 1 m
deep. The wastewater sludge has been spread entirely
on the surface with three layers of different thickness -
6, 12 and 24 cm. Thus, there were four variants of the
experiment: minimal dose - 180 t/ha, average - 360 t/ha,
maximal - 720 t/ha of dry matter and not fertilized variant.
Half plots have been ploughed and wastewater sludge
has been ploughed up to peat. Since in not fertilized
plots all test plants have grown especially poorly so a
minimal dose (180 t/ha d.m.) has been chosen for control
variant. This dose has been compared with a bigger
dose, in order to determine optimal dose of wastewater
sludge for growing various tree species.

Experiments of optimizing of sludge application
doses on cut away peatland have been established in
1993 and fifteen species of trees and their hybrids tested.
Variants were established with three replicates by 30
tree, planted in rows (1x3 m), planting density is 3.3 x10%/
ha, the height of seedlings was 0.5- 1.0 m. Tested plants
aged five years.

Chemical analysis of applied sludge and soil of ex-
perimental plot was conducted - PH yq) determined with
potentiometer, hydrolyzable nitrogen by the method of
Kornfild, available phosphorus by the method of Kir-
sanov, available potassium with flame photometer.

Wastewater sludge with moisture content 55%, ap-
plied to experimental plantations, according to granulo-
metric content represents consolidated sand with great
amount (16.4-30.2%) of organic matter. It is close to neut-
ral reaction (pH ., - 6.6), contains great amount of hu-
mus (12.6-17.5%), substantial quantities of hydrolyzable
nitrogen (533-792 mg/kg) and available phosphorus
(1470-1930 mg/kg) and a small amount of available po-
tassium (153-298 mg/kg).
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At the end of every vegetation period tested tree
have been recorded continuously. The stem height, cur-
rent height increment and diameter at 1,3 m above ground
have been measured. The data of measuring have been
processed by mathematical statistic’s methods. The sig-
nificance of variants differences has been evaluated by
Student’s criteria (t).

Results

On cut away upper type peatland, fertilized with
sludge, the concentration of the main nutrients (N, P, K)
and soil’s reaction in tree roots zone directly depended
on the quantity of sludge dose (180-720 t/ha d.m.) and
technology of sludge spreading (Table 1). Only the layer
of wastewater sludge or layer of sludge mixed with peat
corresponds to the highest category by provision plants
with available nitrogen and phosphorus. The highest
concentration of nutrients at the beginning of fertili-
zation has been up to 10-20 cm in depth and after 3-4
years nutrients have been found more only up to 10 cm
in depth. The part of nutrients are migrating to deeper
40-70 cm horizons. This process goes on quicker when
wastewater sludge is ploughed up to peat. Lack of nut-
rients must be compensated with additional fertilization
with mineral fertilizers - N -120-150 kg/ha/yr, P -20-50 kg/
ha/yr, K - 80-100 kg/ha/yr (Ledin, Perttu, 1989), or re-
peatedly with wastewater sludge 100-250 t/ha d.m. with
period of refertilization 4-9 years respectively. Lack of
potassium amount in the siudge may be compensated
with additional application of potassium fertilizers.

In the fifth year of tree growth (Table 2), better ten-
dency is noticeable in variants with sludge ploughed up
to peat, because tree have deep root system. Growth of
the most perspective tree species (Fig.1.) - birch and as-
pen in not fertilized variant shows, that mostly adapted
to the upper type peatland conditions is Betula pubes-
cens. Birches are less demanding for nutrients species of
tree, so in this trial overdosing effect very typical of
them has been obtained: Befula pubescens grew better
fertilized with minimal (180 t/ha d.m.) sludge dose and
Betula pendula - with moderate dose (360 t/ha d.m.).
Worst growth of birches was on the area with maximal
sludge application dose (720 t'ha d.m.) - Betula pendula
did not survive. Tree species, the needs of which in soil
fertility are high - Populus tremula, P. tremula hybrid x
P. tremula, P. tremuloides x populus tremula hybrid, P.
berolinensis and Acer negundo (Table 2), better grew
fertilized with moderate and maximal studge doses (720-
360 t/ha d.m.). Faster growing Populus tremuloides x
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Table 1. Changes in the main nutrients (N, P, K) concentration and soils reaction in four years pericd on cut away upper

type high-moor peatland applying different sludge doses

yiDusc of sludge Thickness PH e, Hidrolizable Available P,O,, Available K,O
t/ha d.m. and of layer, cm N, mg/kg mg/kg mg/kg
spreading way

1993 1996 1993 1996 1993 1996 1993 1996

720 1 spread on 0- 24 7,3 6,8 360 200 980 100*** §9** 84%*
the surface T 0-10 5,9 37 450** 380** 2120 290*>* H40* 85*

—— ploughed up 0- 24 6.4 5.6 380 160 870 210 1144+ | 33%+
T 0-10 4,1 3.5 230* 110* 550 140%* 86 75*
360 t spread on 0- 12 6,8 6,2 340 140 560 [50=** 50* 37*
the surface T - 10 4.7 3,0 400** 350** 430** % 60** 110* 45~

—"— ploughed up 0-12 6,6 5.0 260 200 570 24() RS*=* R3**
T 0- 10 4,0 3.0 370** 310** 990 S0 60" 32

180 t sprcad on 0-6 6.7 4,6 620 270 3190 350 85%* WYt
the surfacc TO- 10 3,8 2,8 780*>* 590*=x  220%** 120~ 80 637
—”— ploughed up 0- 6 6,4 4,2 450 240 920 350 107*** 46"
T 0- 10 3,7 2,8 600*** S60***  220%*F| 60** 90* 73*

0 (not fertilized) T0O- 10 3.4 3,2 350 270x* 140** T0** 115+ 105"

Fertility categorics (Sleinys, 1986; Vaicys, Raguotis, Slcinys, [979):
* -very infertile

** - infertile
rxx - modcrately fertile
rArx - fertile

not marked  -very fertile

populus tremula hybrid is most promising in all sludge
application doses (Fig. 1.). From the ecological point of
view limited sludge application dose up to 400 t/ha d.m.
is sufficient and effective for trees.

The current height increment (Fig. 2.) of almost all
tree species fertilized with 360 t/ha d.m. dose of sludge
in three-four years period have been increasing, how-
ever in the fifth year it started decreasing. Only Populus
tremuloides x populus tremula hybrid grew faster in the
fifth year. The growth intensity of some tested tree
species was lower in 1994, when there was drought over
vegetation period. The increasing of the current height
increment over a period of three-four years shows that
nutrients introduced with sludge have been enough for
plants. However, from the ecological point of view
repeating fertilization in four years period may be carried
out only with small doses of sludge (up to 100 t/ha d.m.).
It is more desirable operationally to make a single large
application of sludge (350-400 t/ha d.m.) in a period of
nine years to keep transport and spreading costs to a
minimum, than apply small units of sludge in short
periods.

The influence of fertilization for short rotation fo-
rests most of all is indicated by the biomass increment
(Table 3). Best growing Populus tremuloides x populus
tremula hybrid with maximal sludge application dose (720
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t/ha d.m.) during five years have accumulated volume 61.3
m */ha of wood which corresponds to 26.7 t/ha, of dry bio-
mass. The current biomass increment in fifth growth year
amounted to 12.9 t/ha d.m. and it’s no less, than necessary
biomass increment of willow energetic piantations. The
obtained results have indicated that along with willows
utilizing waste water sludge on cut away peatlands for
short rotation forests fast growing deciduous tree and
their hybrids are very perspective.

Conclusions

1. After recultivation cut away upper type peat-
land’s with wastewater sludge (180-720 t/ha d.m.), infer-
tile with very acid re action soils are being enriched with
nutrients and also there is no need for liming. The supply
with nutrients improves peat soil fertility in 3-4 catego-
ries (from very poor N, P, until very rich), and acidity of
peat in root zone is neutralized (pH from 2.8, until 7.0).
Reaction of peat soil and the quantity of the main nut-
rients depend on the dose of used wastewater sludge,
the way of sludge spreading and period of time after ter-
tilization.

2. By influence of wastewater sludge chemical qual-
ities of the soils are improved and also the growth of tree
and bushes is accelerated. After fertilization with eco-
logically-economically acceptable doses (180-360 t/ha
d.m.) the bests parameters of soils are in the 1-st — 2-nd

5]

year, but in the 3-rd — 4-th year in root zone lack of
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| Tree species Doses of Stem height Stem diameter at 1.3 m
sludge above ground
t/ha d.m Mimm | t | % |[Mtmem| t | %
Sludge spread on the surface of peat
Betda pendula 180 49+0.2 - 100 | 3.1+.04 100
360 5.8+0.1 4 117 | 48403 | 3.1 | 152
- not fertilized | 1.5%0.1 | 174 29
180 6.0£0.1 - 100 | 4.1+0.2 - 100
360 6.4£0.1 3 107 | 5.0+02 | 34 | 122
720 49+03 | 3.5 83 | 31+03 | 25 77
not fertilized | 2.720.2 | 139 | 46 | 1.5+0.1 | 13.5 | 37
Paprdys tremula 180 4401 - 100 | 3.0+0.1 - 100
360 6401 | 138 | 145 | 4304 | 34 | 144
not fertilized | 0.7+0.1 | 416 | 17
F. tremylaides x P. 180 5.6+0.3 - 100 | 4.5+03 - 100
[ hybrid 720 8.2+0.3 6 146 | 72+0.4 | 5.7 | 159
E hybnd x 180 5.7+£0.4 - 100 | 4.1%0.5 100
la 360 5.4+0.2 0.8 94 36+0.2 | 08 89
720 7.0£0.2 | 2.7 | 122 | 4.9+0.6 1 120
p 180 5.9+0.2 - 100 | 4.8+0.3 100
360 5801 | 0.6 98 | 4703 | 0.1 99
720 6.0+03 | 03 | 102 | 6.0+04 | 2.7 | 126
Acer negundo 180 5.7+0.3 - 100 | 4.8+0.3 - 100
360 5.3+0.3 1 93 | 4503 | 08 92
720 6.1+02 | 13 | 108 | 6406 | 24 | 133
Sludge ploughed up to peat
Betda pendula 180 5.5+0.1 - 100 | 3.7x0.2 - 100
360 6.1+0.2 2 110 | 4203 | 1.5 | 114
not fertilized | 1.8+0.1 22 32 | 06+0.1 | 162 | 13
B. pubescens 180 6.0+£0.1 - 1060 | 3.9+0.2 - 100
360 58+0.1 | 09 97 | 4602 | 2.5 | 116
720 511201 59 86 | 21x02 | 6.7 33
not fertilized | 2.7+0.2 | 13.7 | 45 12402 | 116 | 31
Poprilus tremida 180 4.0£0.3 - 100 | 2.4+0.3 - 100
360 4.5£0.1 14 | 112 | 26+0.1 | 0.8 | 110
720 4702 | 18 | 117 | 22+0.5 | 04 91
not fertilized | 1.1+0.1 8.6 27
P tremuloides x P 180 7.7+0.2 - 100 | 6.2+0.5 - 100
tremsula hybrid 360 8.5£0.1 4 111 | 72£0.5 | 15 | 116
720 8402 | 24 | 109 | 76+0.5 | 2.1 | 123
not fertilized | 2.3+0.2 21 30 | 13x03 | 86 21
F.tremude hybrid x 180 5.9+0.3 - 100 | 3.4%0.2 - 100
P. tremuila 360 6.8+0.1 3 116 | 5.0+0.4 | 3.7 | 145
Acer negundo 180 3.9+0.2 - 100 | 2.1+0.2 - 100
360 43+0.2 | 1.5 | 109 | 3.0£03 | 2.9 | 144
720 49+03 | 33 126 | 23£02 | 2 122
Dose of | Density | Stem | Stem Volume Biomass, d.m., t/ha
sludge, | plants, | height,|diame- m’*/ha Current | 5 years | Current | %
t/ha 10*/ha m ter, 4 5 incre- old incre-
dm. cm | years | years | ment, ment,
1 old old m’/ha m’/ha
180 333 7.7 6.2 | 233 | 403 17.0 17.5 74 100
360 - 8.5 72 | 817 | 576 25.9 2510 11:2 151
720 -7 8.4 7.6 | 317 | 615 29.8 26.7 12:9 174

Table 2. The influence of fertilization
with wastewater sludge for deciduous tree
growth in the fifth year on cut away
upper type peatland

Table 3. The influence of fertilization
with wastewater sludge for Ptremuloides
X Ptremula hybrid growth, volume and
biomass accumulation in the fifth year on
cut away upper type peatland
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Figure 1. The influence of fertilization with sludge for birch and aspen growth in the fifth year on cut away
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nutrients is noticeable, which must be compensated with
additional fertilization with mineral fertilizers or repeated-
ly with wastewater sludge. Because of chemical
substances migration to deeper horizons, plouging up of
wastewater sludge to peat is not desirable.

3. On cut away upper type high-moor peatland local
species - Betula pendula and Betula pubescens, less
demanding for nutrients, grew better fertilized with mini-
mal and moderate (180-360 t/ha d.m.) sludge application
doses, and tree species, the needs of which in soil fer-
tility are high - with moderate and maximal doses (360-
720 t/ha d.m.). From the ecological point of view limited
dose of fertilization up to 400 t/ha d.m. is sufficient and
effective for growing short rotation forests on peat soils.

4, By utilizing wastewater sludge on cut away peat-
lands for growing forests of short rotation along with
willows deciduous tree and their hybrids are very per-
spective. The biomass productivity of the most per-
spective tree species in the fifth year of the growth
reached 12.9 t/ha d.m. and 1s not less than necessary bio-
mass increment for willow energetic plantations.
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VIOBPEHHUE OCAJKAMH CTOYHBLIX BOJ JECOHACAXKIEHHH KOPOT-
KOI'O OBOPOTA HA BbLIPABOTAHHLIX TOPOIHHUKAX

A. T'papeukac, JI. KyoepraBuuene, A. I'paasukac

Pesronme

Hayueno snusuue paznugnsix 1o3 (180, 360, 720 1/ra c.B.) 0canKoB CTOMHLIX BOA Ha POCT 15 OpeBecHBIX nopox u KUx
rubpunoB Ha BeipaboTaHHLIX TOPGHAHHKAX BEPXOBOTO THIA.

YcradosneHo, uto npH ymobpennu ocagxamu crounblx Bog {180-720 T/ra c.B.) oBecrieueHHOCTb IMHTATETbHbIMH
BELLECTBAMH Ha TOP(SHON! BEPXOBOrO THIIA NMOYBE yBenuuuBaeTcd Ha 3-4 Kareropuu (oT ouens Gennbix (NP) mo ouens
forarsx), 4 KHCIOTHOCTh TOptha B pusocdepe Heurpannsupyercs (or pH ., 2,8 1o 7,0), 003TOMy CyLICCTBEHIIO YBEAUYH-
B4ETCA NPONYKTUBHOCTh HacaxaeHui. Yepes 3-4 roxa nocne ynoGpeHus, U3-3a HCNONB3OBAHMS PACTEHHSIMH M BBIIUEIAYHBAHHS
C OC4aiiKaM¥, COAePXKaHHe MUTATENbHbIX BELIECTB B pHU3ocepe 3HAYHTENBHO CHHXaeTcs. HelocTaToK MUTATENbHBIX BewiecTs
YCTPaHSETCA IONKOPMKOH MUHEDPATLHBIMH YROOPEHHSIMH WM [IOBTOPHBIM BHECCHHEM OCAKOB CTOUHBIX BOL.

Ha pexynabTHBHPOBAHHbBIX TOP(MAHHKAX BEPXOBOrO THIIa MECTHBIE ManoTpeboBaTeNbHble ApeBecHble nmopomnt (Gepesa
foponasyaTas 1 MyLUHCTas) NMOKA3aH JyHIUMH pocT npH yaobpenuu cpentumu (3660 1/ra c.8.), a GLICTPOpACcTyILME JIPEBECHBIZ
TMOPOMB! (OCHHA, TOMOMb, KeH) - MakcuMmanbHbiMH (720 1/ra ¢.B.) Ro3aMu. B akonornyeckoM OTHOLHEHHM OTpalHYeHIible O35
ocafgkoB cTo4HbIX Bom 10 400 T/ra c.B. ABMSIOTCS AOCTATOYHBIMH NSl BLIPALIMBAHUS MIANTALMH APEBECHLIX MOPON Ha
Topdsnbix noyBax. [Tocie sHecenus ynoOpeHHil maxe Ha 3-4-0M TOQy KHM3HHK, MPH HOCTATOYHOM HATUYHM ITHTATEITbHBIX
BEILECTB, TEKYLMH OPUPOCT APEBECHLIX OPOA YBEAHYHBAETCS.

[nst pasBenenust HACAXKICHHH KOpPOTKoro ofopoTa KpoMe HMB BeCbMa NEPCHNEKTHBHBIMH SBASIOTCH OblcTpopacTyline
JUCTBEHHBIE JApeBEeCHbIE MOPOMsl W WX ruOpumbl. IlponykTHBHOCTH 6MoMacchi rMOpUOA KAHAOCKOH OCHHBI X OCHO#
OOLIKHOBEHHOH Ha NSATOM TOMY XHU3HH HOCTUr 12.9 T/ra c.B. U He YCTYMHN [POAYKTUBHOCTH B, MPEAHAZHAYEHHBIX AT
BhIpalIMBAHUA GHOMACCHI.

Kiouespie CJIOBA: OCAIKH CTOUYHBIX BOI, 'I'()p(b‘/llll.lu [IOYBBI, HACAKAEHHA KOPOTKOTO t)ﬂ()p&)'['i\. APEBECHLIC [MOPOALI.
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