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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 I m deep. 

It was determinated, that after recultivation cut away peatland's with wastewater sludge (180-720 tlha d .m.) ,  the supply with 
nutritious substances improves peat soils fertility in 3-4 categories (from very poor N, I', until very rich), and acidity of peat in 
root zone is neutralized (pl-I,,,,,, 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 I-st - 2-nd year, but in 3-rd - 4-th year in roots zonc lack of nutritious 
substances is noticeable, whicll must be compensated with additional fertilization with mineral fcrtilizers or  repeatedly with 
wastewater sludge. 

On cut away upper type high-moor peatland local species - Ber~rla  pendula  and Beillla plrbescens, less demanding for 
nutrients, grew better fertilized with minimal and moderate (180-360 tlha d.m.) sludge application doses, and tree species, the 
needs of which in soil fertility are high - with moderate and maximal doses (360-720 tlha d.rn.). 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 foresls 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 enough for plants. 
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Introduction 

Investigations on fertilization with wastewater sludge 
are carried out in many countries. Small doses (3-5 tiha dry 
matter) are recommended to be used for fertilization of 
short rotation plantations on arable lands (Aronson, Perttu, 
1994; Perttu, 1993; Perttu, ICowalik, 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 tlha dry matter (d.m.) will be spread on about 
10 ha of  area annually. At ~naximum 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 
(DiliUnas, Jagminas, 1998; Gradeckas, Diliiinas, Kuber- 
tavitiene, 1996; HN 48- 1994; HN 60- 1996 (Hygienic stan- 

dards of Lithuania); LAND 10-96, LAND 20-96 (Stan- 
dards of wastewater s ludge i~t i l izat ion 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 ni - up to I00  ti 
ha d.m., when is thicker than 0,5 -150-170 tiha, when I m- 
350-400 tlha d.m. The  period for repeating fektilization 
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 o f  our  complex 
studies obtained in laboratory and in field analysis o f  
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, DiliUnas, I<ubertavitiene, 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 

1998, VOL. 4, N O .  2 ISSN 1392-1 355 = 



BALTIC FORESTRY 
U T I L I Z A T I O N  OF WASTEWATER SLUE FERTILIZER /.../ A .  GRADECKAS ET AL. = 
near to neutral reaction so  is able to neutralize acidity o f  
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 
o f  wastewater sludge on cultivation of  fast growing tree 
specles on cut away peatlands and determine optimal, 
ecologically safe doses of  fertilization for short rotation 
forests. 

Methods 

The research has been cunducted on fertilization o f  
deciduous tree with wastewater sludge and doses have 
been optimized for drained cut away oligitrophic peatland 
witti 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 o f  the 
experiment: minimal dose - 180 tlha, average - 360 tiha, 
~naximal  - 720 tiha of  dry matter and not fertilized variant. 
Half plots have been ploughed and wastewater sludge 
lias been ploughed up to peat.  Since in not fertilized 
plots all test plants have grown especially poorly s o  a 
~ninimal  dose (1 SO tlha d.m.)  has been chosen for control 
variant. This  dose has been compared with a bigger 
dose, in order t o  determine optimal dose of  wastewater 
sludge for growing various tree species. 

Experiments o f  opt imizing o f  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 3 0  
tree. planted in rows (1 x3 m), planting density is 3.3 xlO'1 
ha, the height of  seedlinzs was 0.5-  1.0 In. Tested plants 
aged five years. 

Chemical analysis of  applied sludge and soil of  ex- 
perimental plot was conducted - pH(,,,, determined with 
potentiometer, hydrolyzable nitrogen by the method o f  
I<ornfild, available phospliori~s by the method o f  Icir- 
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 o f  hu- 
mus (12.6-17.5%), substantial quantities of  hydrolyzable 
nitrogen (533-792 mglkg) and available phosphorus 
(1470-1930 mglkg) and a small amount of  available po- 
tassium (1 53-298 mglkg). 

At the end o f  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 o f  the main nutrients (N,  P, K )  
and soil's reaction in tree roots zone directly depended 
on the quantity of  sludge dose (1 80-720 tlha d.m.)  and 
technology of  sludge spreading (Table 1). Only the layer 
of  wastewater sludge or  layer o f  sludge mixed with peat 
corresponds to the highest category by provision plants 
with avai lable  nitrogen and phosphorus.  T h e  highest 
concentration o f  nutrients a t  the beginning o f  fertili- 
zation has been LIP 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 o f  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 fel-tilization 
with mineral fertilizers - N - 120-1 50 kg!halyr, P -20-50 kg/ 
halyr, K - 80- 100 kglhalyr (Ledin, Perttu, l989) ,  o r  re- 
peatedly with wastewater sludge 100-250 tlha d.m. with 
period o f  refertilization 4-9 years respectively. Lack of 
potassium amount in the s ludge may be compensated 
with additional application of  potassium fertilizers. 

In the fifth year o f  tree growth (Table 2), better ten- 
dency is noticeable in variants with sludge ploughed LIP 

to peat, because tree have deep root system. GI-owth 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 Betzrla pubes- 
cet~s. Birches are less demanding for nutrients species o f  
tree, s o  in this trial overdosing effect very typical o f  
them lias been obtained: Be~zrla ptrbescens grew better 
fertilized with minimal (180 tiha d .m. )  sludge dose and 
BEILIIU pendz,lcr - with moderate dose (360  tlha d.m.).  
Worst growth o f  birches was on the area with maximal 
sludge application dose (720 tlha d.m.) - Betzlla pendzrlu 
did not survive. Tree species, the needs of  which in  soil 
fertility are high - Populzu tremulu, P trenzzlln hybrid x 
P. trenzzlln, P tren~lrloides x popz,lzrs ~rernzrla hybrid, P. 
berolinet7sis and Acer negnndo (Table 2),  better grew 
fertilized with moderate and maximal sludge doses (720- 
360 tlha d.m.) .  Faster growing Populzr.~ ~remz~loicle.~ x 
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amounted to 12.9 t/ha d.m. and it's no less, than necessary 
~ o i ~ ~ i i z r s  [ remula hybrid is most promising in all sludge 

biomass increment o f  willow energetic plantations. The 
application doses (F ig .  I .). F1.0117 the ecological point of  

obtained results have indicated that along with willows 
view limited sludge application dose up to 400 tlha d.ni. 

utilizing waste water sludge on ciit away peatlands for 
is sufficient and effective for trees. 

short rotation forests fast growing deciduous tree and 
The current height increment (Fig.  2 . )  of  almost all 

their hybrids are very perspective. 
tree species fertilized with 360 tlha d.m. dose o f  sludge 

Table 1. Changes in the main nutrients (N, P, K) concentration and soils reaction in four years period on cut away upper 
type high-moor peatland applying different sludge doses 

in three-four years period have been increasing, how- 
ever in the fifth year it started decreasing. Only Popzi/zis 
~reinirlotdes s popu1zi.s 11.ei7lzrlci hybrid grew faster in the 
fifth year. The  growth intensity o f  some tested tree 
species was lower in 1994, when there was drought over 
vegetation period. The increasing o f  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  o f  view 
repeating fertilization in four years period may be carried 
out only with small doses of sludge (up to 160 tlha d.m.).  
It is more desirable operationally to make a single large 
application of  sludge (350-400 tlha d.m.) in a period of  
nine years to  keep transport and spreading cos.ts t o  a 
minimum, than apply small units o f  s l ~ ~ d g e  in short  
periods. 

The i n f l ~ ~ e n c e  of  fertilization for short rotation fo- 
rests most o f  all is indicated by the biomass increment 
(Table 3). Best growing Populus trenzuloides x populzrs 
lrernula hybrid with maximal sludge application dose (720 

Conclusions 

Dosc of sludge 
tlha d m .  and 
spreading way 

720 1 sprcad o n  
thc. surface 

-%'- ploughed up 

360 t sprcttd on 
thc surfacc 
-"- ploughcd up 

180 t spread on 
thc surlacc 
-"- ploughcd up 

0 (not fcrtilizcd) 

1 .  After recultivation cut  away upper  type pcat- 
land's with wastewater sludge (I  80-720 tlha 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 in~proves  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 o f  used wastewatel- sludge, 
the way of  sludge spreading and period o f  time after fer- 
tilization. 

2. By influence of  wastewater sludge chemical qual- 
ities o f  the soils are improved and also the growth of tree 
and bushes is accelerated. After fertilization with eco- 
logically-economically acceptable doses (180-360 tlha 
d.m.) the bests parameters o f  soils are in the I -st - 2-nd 
year, but in the 3-rd - 4-th year  in root  zone lack o f  

Fcrtility calcgorics ( ~ l c i n ~ s ,  IYk6: VaiCys, Raguotis, ilcinys, !97Y): 
* +cry infcrtilc 
* * - infcrtilc 
" * +  - modcratcly fcrtilc t h a  d m . )  during five years have accumulated vo lu~ne  6 I .5 
* + * *  - fcrtilc m '/ha of  wood which corresponds to 26 .7  tlha, of  dry bio- 
not niarkcd -vcrv fcrtile 

mass. The current biomass increment in fifth gro~vtli  year 

Thickness 
of laycr, cm 

0 - 24 
T 0 -  10 

0 - 24 
T 11 - 10 

0 -  12 
T 0 - I0 

0 -  12 
T 11- 10 

0 -  h 
T O -  I0 

0 - 6 
T 0 - 10 

T O -  10 
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P ~ ~ K C L )  

1993 

7 , ?  
5,y 
6.4 
4 , l  

6 , s  
4,7 
6,h 
4,O 

6.7 
?,S 
6,4 
3,7 

3.4 

1996 

6 , s  
3.7 
5,6 
3 , s  

6,2 
3,O 
5.0 
3.0 

4,6 
2 , s  
4 2  
2,5 

3,2 

Hidrolizable 
N, rngikg 

1993 

360  
450* * 
3SO 
230* 

340 
400* * 
260 
370; * 

620 
78"** I 

450 
6( ) ( )***  

350** 

1996 

2110 
?XU* * 
160 
1 l o *  

140 
330** 
200 
310** 

270 
590*** 
240 
j h ( ) * * *  

270% * 

Available P20j ,  
mgfig 

1993 

980 
2120 
870  
550 

560 
430* * * '  

570 
990 

3190 
220" '"  
9 2 0  
- 7 7 0 * * *  - 

140** 

Available I<,O 
mgikg 

1996 

loo***  
290'** 
7 1 0 
I *  

1 5 0 * * *  
hO* * 
240 
5Ol- 

350 
120" * 
350 
6O+* 

70'" 

3993 

8 9 * +  
140* 
1 , 4 - * *  
86'  

5 0 *  
I I l l *  
8 5 ‘!; * 

hO* 

s 5 * *  
X O *  
1 0 7 * * *  
90' 

l l 5 *  

1996 

s 4 * *  
85 * 
_;j** 

75 * 

37-  
4 5 -  
~ 3 * *  
32 '  

; I )**  
6 5 .'. 
46' 
73' 

105* 
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/ /  Tree suecies 11 Doses of 1 Stem hdeht I Stem diameter at 1.3 m 

Sludge spread on the surfice ofpeat 

6.0*0.1 
360 6.4*0.1 107 
720 

I sludge 
t1had.m 

I not fertilized 1 2.7+0.2 1 13.9 1 46 1 1.5*0.1 1 13.5 1 37 
P p d m  tremda I IS0 1 4.450.1 1 - 1 100 13.0*0.1 1 - 1 100 

M*mm 1 t I % l ~ * m , c r n l  t 1 % 

1 not fertilized 1 0.7*0.1 1 41.6 1 17 1 
P. tremdordes x P. I 130 / 5.6*0.3 I - 1 100 1 4 3 0 . 3  1 - 1 100 

/ not fertilizecl 1 1.8-10.1 1 22 1 32 1 0.6*0.1 1 16.2 1 15 
3. p&eszms I 180 1 6.0*0.1 1 - 1 100 1 3.9*0.2 1 - 1 100 

Acer n e p d o  

I rlot fertilized 
P o p d x  tremda I 130 

not fertilized 
P. tremdoides x P. 

iremula hyb~id 
720 

Sluclee ploughed up to peat 
Betiria ps,y.ri:d~ 130 5.550.1 - 100 3.7*0.2 - 100 1 360 1 6.110.2 1 2 1 110 / 4.2*0:3 1 1.5 I 114 

360 
720 
130 
360 
720 

1 not fertilized 1 2.3*0.2 1 21 1 30 1 1.3*0.3 1 S.6 1 21 
F. i remdc  hybid s I 180 I 5.9k0.3 I - 1 100 1 3.4*0.2 1 - 1 100 

Table  2. The influence of fertilization 
with wastewater sludge for deciduous tree 
growth in the  fif th year o n  cut  away 
uppei type peatland 

5.8*0.1 
6.0*0.3 
5.7*0.3 
5.3*0.3 
6.110.2 

T a b l e  3 .  The  influence o f  fertilization 
with wastewater sludge for Ptremziloldes 
s P f r e m u l a  h y b r ~ d  growth, volume and 
biomass accumulation in the fifth year on 
cut away upper type peatland 
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0.6 
0.3 

- 
1 

1.3 

9s 
102 
100 
93 
108 

4.7k0.3 
6.0*0.4 
4.8*0.3 
4.5*0.3 
6.4*0.6 

0.1 
2.7 

- 
0.8 
2.4 

99 
126 
100 
92 
133 
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licui la 

pendula 

Figure 1. The influence of fertilization with sludge for birch and aspen growth in the fifth year on cut away 
upper type peatland 

1993 1994 1995 1996 1997 
Years 

Figure 2. The current height increment of tree species fertilized with sludge (360 tlha 
d.m.) on cut away upper type peatland 
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nutrients is noticeable, must be with Gradeckas  A., Diliiinas J., Kubcr t av i r i ene  L. i r  kt. 1994. 
Kauno vandcnvalos jmones dumblo panaudojimo miSkq 17- 

additional fertilization with mineral fertilizers or repeated- kyje galimybiq tyrimas. Ataskaita u.2 1994 [Invcstigations 
ly with wastewater sludge. Because of chemical of  possibilities of  utilization wastcwatcr sludgc of K a ~ ~ n a s  

substances migration to deeper horizons, plouging up of wastcwatcr plant for short rotation forestry]. Girionys, Rc- 
ports of 1994 ycar. - 165 p. 

wastewater sludge to peat is not desirable. Gradeckas  A.. Diliiinas J.. Kubertavir icni t  L. i r  kt. 1996. 
3. On cut away upper type high-moor peatland local Kauno vandcnvalos jrnones durnblo panaudojimo miSkq il- 

species - Berula pendula and Betrlla pubescens, less kyjc g a l i m y b i ~ ~  tyrimas. Ataskaita uf 1996 [Invcstigations 
of  possibilitics of  utilization wastcwatcr sludge of Knunas 

demanding for nutrients, grew better fertilized with mini- wastcwatcr plant for short rotation forestry]. Girionys, Rc- 
ma1 and moderate (1 80-360 tlha d.m.) sludge application ports of  I996 year. - 196 p. - - -  
doses, and tree species, the needs of which in soil fer- HN 48-1994. Lictuvos higicnos norma. Kcnksmi~igos nicdiiagos. 

Didiiausia lc idt iama ir laikinai lc idt iama konccntracija dir- 
tility are high - with moderate and maximal doses (360- vofemyjc. [Hygienic standards of  Lithuania. Harmful sub- 
720 t/ha d.m.). From the ecological point of view limited 
dose of fertilization up to 400 tlha 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 tiha d . ~ n .  and is not less than necessary bio- 
mass increment for willow energetic plantations. 

References: 

Aronsson P. , Per t tu  K. L. 1994. M'iliow vcgctation filtcrs for 
municipal wastcrwatcrs and sludgcs. A biological purifica- 
tion systcm. Procccdings of  a study tour, confcrcncc and 
workshop in Swcdcn, 5-10 Junc 1994. Swcdish University 
of Agricultural Sc icnces  - Uppsala,-230 p. 

Diliimas J., J a g n ~ i n a s  E., Karninskss  M., C iu f ius  G., Bajo- 
r inas  \'. 1998. Hidrogcologiniai nuotckq dumblo panaudo- 
jilno i~cksploatuotq durpynq rckultivavimui aspcktai. - Vil- 
nius, "Gcologija", T. XXIII,  p. 148-157. 

Dickinson N. M., Punschon  T., Hodkinson R. B., L e p p  N.  
Mr. 1994. Mctal tolcrancc and acu~nulat ion in willows. In: 
Aronsson P. and Pcrttu K.L. 1994. Willow vcgctation fil- 
tcrs for muliicipal wastcrwatcrs and slrtdgcs. A. biological 
purification systcm. Procccdings of  a study tour, confcr- 
cncc and  worksllop in Swcdcn. 5-10 Junc 1994.-Uppsala, 11. 
121-127 .  

stanccs. Maximal ccologically pcrmissiblc and provisional 
conccntration in soil].  - 25 11. 

HN 60-1996. Lietuvos higicnos norma. Kcnksmi~igos mcdiiagos. 
Didiiausia IcidZiama ir laikinai Icid-iiania konccntracija dir- 
vofcmyjc. [Hygicnic standards of  Lithuania. Harmful suh- 
stanccs. Maximal ~Cological ly  pcrmissiblc and provisior.al 
concentration in soil]. - 25 p. 

MAFF (Ministry of  Agriculture Food and Fishcrics), 1993. Re- 
view of  thc rulcs for scwagc sludgc application to agrl- 
cultural land: soil fertility aspects of  potentialy toxic clc- 
mcnts. London, MAFF Publications, 91 p. 

LAND 10-96. 1996. N u o t c k ~ ~  dumblo naudojimo normos [Stan- 
dard? of  wastcwatcr sludgc utilization]. - 20 p. 

LAND 20-96. 1996. Nuotekq duniblo naudojimo normos [Stan- 
dards of  wastcwatcr sludgc ~~ t i l i za t ion ] .  - 20 p. 

Ledin S., Pe r t tu  K. L. 1989. Cliniatic; cdaphic and managc- 
mcnt rcqr~ircrncnts for cncrgy forcstry. In: Modelling of  
Encrgy Forcst: Growth. \Vatcr Rclations and Economics. 
Eds. Pcrttu K.  L. and Kowalik P. J. - Simulation Manographs 
30. Pudoc, Wcgcningcn, 198 p. 

Pe r t tu  K. L. 1993. Biomass production and nutrient rcrnoval 
from municipal wastcs using willow vcgctation filtcrs. Jour- 
nal of Sustainnblc Forcstry, Vol. 1(3), p. 57-70. 

Pe r t tu  K. L., Kotvalik P. J .  1995. Salix vcgctation filtcrs for 
purification of  watcrs atid soils in Northcrn and Eastcrn 
Europe.- Prcscntcd at thc IUFRO Congrcss in Tampcrc, 
Finland, 5-10 August 1995. - 13 p. 

Sle inys  R. 1986. MiSko t r ~ S i ~ n o  2inynas. [Forcst fertilization 
rcfcrcncc book]. - V.: Mokslas, 1986. - 156 p. 

VaiCys M., Raguot is  A.,  Slcinys  K. 1979. MiSko d i r v o % c ~ i i i ~ ~  
5inynas. [Forest fcrtilization rcfcrcncc book]. - V.: Moks- 
las. - 149 p. 

Received 12 May 1998 



U T I L I Z A T I O N  OF WASTEWATER SLU 

BALTIC FORESTRY 
, FERTILIZER /.../ -A. GRADECKAS ET AL. = 

YAOlsPEHkIE OCAHKAMH CTOYHbIX BOA J I E C O H A C A X ~ ~ E H ~ I ~  KOPOT- 
KOrO OEOPOTA HA BBIPAEOTAHHbIX TOPQHHEIKAX 

M 3 y . r e ~ o  BJIMRl-[Me pa3nM'4HblX n03 (180, 360, 720 T / r a  c.B.) O C W K O B  CTOYHLIX BOA H a  P O C T  1.5 n p e B e C H b l X  nopoll kI MX 

r u 6 p ~ n o ~  H a  B ~ I ~ ~ ~ O T ~ H H L I X  TOP@~~HUK;LX B e p X O B O r O  T l 4 n a .  
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