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Abstract. An account is given of two pot experiments with sewage sludge.
H/7 5. Sewage sludge was added in amounts of 0, 50 and 200 g of dry matter per pot of 5 litres =0, 20

and 80 tons per hectare respectively, given at the start of the experiment. Two soils, a loamy sand and a clay
soil, were included in the experiment which has been running for 6 years (197 3—78), with oats and barley every
second year. The sewage sludge was anaerobically digested and had a relatively high content of heavy metals.

Relative yields (grain + straw) for the experimental period were, as a mean of the two soil types, 100, 126
and 166 respectively for 0,50 and 200 g sewage sludge per pot. The uptake of N was 43.9 percent of added N
in 50 g sludge and 32.6 percent of added N in 200 g sludge. For P the uptake was 23.9 and 18.5 percent res-
pectively.

The effect of sludge on the content of heavy metals in the yields was:
Cd. Heavy effect. Heavier effect on the grain of oats than on the grain of barley.
Cu. Distinct effect. Higher content in barley than in oats, and higher content in grain than in straw for

both crops.
Ni. Heavy effect, particularly in grain of oats. Higher content in grain of oats than in straw. For barley the

content was slightly higher in straw than in grain.
Zn. Distinct effect, particularly in the first two years. Highest increase in the straw.

Pb and Hg. No effect.
14/71 included rates of up to 400 g dry matter per pot ofanaerobically digested sewage sludge, two rates

oflime, with crops of oats, barley, red clover and timothy. The experiment ran for two years (1971—72). Soil:
Loam.

The sludge had a positive effect on the total yield of all crops, but the highest rate had a negative effect on
the grain of barley in the first year, and in the second year the hight rates caused retarded germination of all
crops. The concentration of Cd, Cu, Ni and Zn was substantially higher in red clover than in timothy.

With the addition of roughly the same amounts of heavy metals to unlimed loamy sand (H/7 3) and loam
(14/71), oats obtained a higher concentration ofCd, Ni and Zn from the sludge with the highest content of the-
se metals (H/73).

I Introduction

In the last decade lots of experiments have been done to study the effect of se-
wage sludge on the growth of plants. The effect of nitrogen and phosphorus and the
effect of the organic fraction of sewage sludge are important and positive. Content
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and uptake of different heavy metals have been highly focused as an element of ha-
zard.

In Denmark field experiments were undertaken to compare two types of sewage
sludge with ’’low” and respectively ’high” contents of heavy metals in relation to
several plants as an one-time-siipply (DAMGAARD-LARSEN et al. 1979a). Sewage
sludge with a ’’high” content of heavy metals gave a smaller crop in the supplying
year than sludge with a ’’low” content. Different kinds of plants annually supplied
with sludge in experiments carried out by the same authors (1979b), showed that
the use of sewage sludge with a ’’low” content of heavy metals gave larger crops
with higher N-content than sludge with a ’high” content of heavy metals.

KOSKELA (1978) has published results from field experiments in Finland with
increasing rates of sewage sludge given to different crops grown on two soils.

In Sweden experiments have been running for a rather long time in order to find
out about the positive effects of sewage sludge, e.g. in comparisons in field experi-
ments with farmyard manure, based on the same quantity of dry matter (VALDMAA
1968), and the effect of increasing rates of sludge (VALDMAA 1970).

In Norway experiments have been made for instance by LYNGSTAD (1972),
MARTINSEN (1976) and NJOS (1978, 1980) showing varying positive effects of
sewage sludge. The last mentioned experiment carried out on levelled land, indicates
that the organic fraction in sewage sludge is important under special soil conditions.

The varying content of heavy metals in sewage sludge might to a certain extent
reflect the chemical contents of the plants.

Further, the uptake of heavy metals in the plants will certainly be influenced by
many different conditions. The character of the soil, the content of chemically effec-
tive fractions and the pH will become important for the fixation and liberation of
heavy metals.

It is not easy to explain the effect of sewage sludge, taking into consideration
that there are several positive as well as negative individual effects contributing to
the total effect. The fact that some of the heavy metals are micronutrients makes it
also more complicated. Naturally, different plants may have different reactions, in
regard to the size of the crop as well as in regard to the chemical content. Still, in
this field a great deal remains to be done. A field experiment in Sweden may be men-
tioned as an example of long-running experiments. After a period of 1 3 years with
supplying totally approx. 9 5 tons of dry matter in sewage sludge the content of se-
veral heavy metals in the crop was distinctly higher than on plots without sludge.

11. Experimental

Two pot experiments were carried out.

Experiment H/73. Increasing rates of sewage sludge to oats and barley.
As part of a student’s main subject at The Agricultural University of Norway a

pot experiment was started in 1973 using increasing quantities of sewage sludge for
oats. The experimental design included two soils, a loamy sand and a clay soil, with
mixtures of these soils in four different relations. The first year results have been pu-
blished (HAMAR 1974).



In the years 1974—78 the experiment was carried on with the two soil series of
loamy sand and clay soil, with barley and oats as test crops every second year.

Experimental design
Soils: Scries A. Lomay sand.

Series B. Clay soil, 43 % 0,002 mm, 50 % 0,002—0,06 mm.

Some other characteristics of the soils are given in Table I.
Sewage sludge was added in 1973. The rates arc given in dry matter per pot of 5 litres (per hectare in brac-

-kets):
a. Without sewage sludge
b. 50 g sewage sludge (20 tons)
c. 200 g ” ” (80 tons)

Three replicates.
The sludge was anaerobically digested sewage sludge produced by Bekkelaget Sewage Treatment Plant,

Oslo, with pH = 5,8. The sludge was relatively rich in heavy metals. Sec Table 2.
Every year a basic treatment including 300 mg N + 7 5 mg P + 300 mg K in soluble chemicals was ad-

ded to all pots.

Experiment 14/71. Increasing rates of sewage sludge to different crops.
Experimental densign

Soil: Loam
Sewage sludge, added in 1971. The rates given in dry matter per pot of 5 litres (per hectare in brackets)

were:

a. Without sew. si.
b. 50 g (20 tons)
c. 100 g (40 tons)
d. 200 g (80 tons)
e. 400 g (160 tons)

The sludge was anaerobically digested sewage sludge produced by Bekkelaget Sewage Treatment Plant,
Oslo, with pH = 7,7. Some chemical data of the sludge are given in Table 2.

Lime per pot:
Series A. Without lime (pH after harvesting, 1971:ca.5.9, 1972; ca. 5.6).
Series B. 5 g CaO (pH ” ” ,1971 ” 6.6, 1972: ” 6.2).

Crops: Oats, barley, red clover and timothy.
Three replicates.
Basic dressing with N, P and K to all treatments as for experiment H/73.
The experiment ran for two years, 1971 and 1972.

Table 1. Exp. H/73. Some characteristics of the soils. Content of airdryed soil before addition of fertilizers and
heavy metals.

Soil pH Total Available*
mg/100 gper cent ppm

N Cu Zn P
Loamy sand 5,5 0,03 2 8 1,2
Clay 5,6 0,36 15 47 3,8

'AI-soluble after EGNER et al.

Table 2. Exp. H/73 and Exp. 14/71. Content in dry matter of some elements in the sewage sludge.
Expe-
riment

per cent ppm
N NH„N P Cd Cu Hg Ni Pb Zn

H/73 3.391.39 37.1 1976 11.8 257 547 4857
14/71 3.290.44 1.0717.3 1133 12.9 193 546 2406

3
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111. Results and Discussion

Experiment H/73
Yields and content of N and P

The yields in the experimental period can be seen from Figure 1. The yield in-
crease with sewage sludge fell considerably throughout the experimental period, the
highest application had, however, a clear effect even in the last two experimental ye-
ars. Higher yields in Series B than in Series A without sewage sludge were levelled
in the first years for oats at the highest application of sewage sludge. As to barley
there was no such tendency.

The total yield (grain + straw) in grams of dry matter per pot for the 6 years was

0 sev. si. 50 g sev.sl. d.m. 200 g sev.sl. d.m.
Ser. A Loamy sand 170 257 (+B7) «• 369 (+199)
Scr. B Clay soil 332 376 (+44) 465 (+133)
Ser.A+B Average 251 317 (+66) 417 (+166)

rel.figs 100 126 166

For sewage sludge the yield increase for both amounts was considerably higher
in loamy sand than in clay soil, i.c. the effect of the sludge was highest for the soil
which had the lowest content ofN and P and the smallest yield without sludge. No
toxicity symptoms that might have been caused by heavy metals were observed on
the plants in the period of growth. Also, there was no indication that the content of
copper in the sewage sludge had caused any increase in the yield in soil scries A,
where the copper content without sewage sludge application was low.

Increased uptake of nitrogen and phosphorus with supply of sewage sludge may
be seen from Tables 3 and 4, respectively. The increased uptake is estimated as the
difference between application with and without sewage sludge.

The uptakes of nitrogen and phosphorus from sewage sludge were in all some-
what higher from crops grown in loamy sand than from crops grown in clay soil. As
to nitrogen this is relevant also to the same extent for the period of the residual effect
(1974—78) as it is for the year of application (1973). However, for phosphorus this
is relevant only for the year of application. Better utilisation of the two plant nut-
rients in sandy soil than in clay soil might be due to a lower content in sandy soil.
The exceptionally low N-content in sandy soil may have caused a low potential of
production for this soil without sewage sludge (Fig. 1). The average uptake for these

Table 3. Exp. H/7 3. N in the crops, mg per pot, without sewage sludge and recovered in the crops by adding
sludge. Figs in bracket, N recovered in percent.

Set. A Loamy sand Set. B Clay soil Average Ser. A+Ser. BYear
Sewage sludge added in 1973, grams dry matter per pot

0 50 200 0 50 200 0 50 200

Added Added Added Added Added Added
1695 mgN 6780 mg N 1695 mg N 6780 mg N 1695 mgN 6780 mg N

1973 258+512(30,2) +1294(19,1) 484+376(22,2) +1240(18,3) 371 +444(26.2) +1267(18.7)
1974-78 2248+426(25,1) +1235(18,2) 3288+176(10,4) +651 (9,6) 2768+301(17,7) +943(13,9)
1973-78 2506+938(55,3) +2529(37,3) 3772+5 52(32,6) +1891(27,9) 3139+745(43.9) +2210(32,6)
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Table 4. P in the crops, mg per pot, without sewage sludge and recovered in the crops by adding sludge. Figs in
bracket, P recovered in percent.

Year Scr. A Loamy sand Ser. B Clay soil Average Ser. A+ Ser. B
Sewage sludge added in 1973, grams dry matrerper pot

0 50 200 0 50 200 0 50 200

Added Added Added Added Added Added
695 mgP 2780 mg P 695 mg P 2780 mg P 695 mg P 2780 mg P

1975 28 +110(15,8) +366(13,2) 87 +71(10,2) +184(6,6) 58 +90(13,0) +275(9,9)
1974-78 303 + 78(11,2) +217 (7,8) 599 + 74(10.7) +261(9,4) 452 + 76(10,9) +239(8,6)
1973-78 331 +188(27,0) +583(21,0) 686 +145(20,9) +445(16,0) 510 +166(23,9) +514(18,5)

two soils was in the first year approx. 26 percent for N and 13 percent for P, res-
pectively, from the smallest amounts of sewage sludge. For the whole experimental
period the uptake was about 44 percent for N and 24 percent for P, respectively.
This utilization of plant nutrients is roughly the same as the one caused by the appli-
cation of the same amount of dry matter in farmyard manure. The highest amount of
sewage sludge caused a somewhat lower utilization for both nutrients. The uptake of
the two nutrients in the last years of the experimental period indicates in addition
that the residual effect will still be going on for some time for both sludge quantities.

DAMGAARD-LARSEN et ai. (1979b) added over a three-year period every year
sewage sludge low in heavy metals to different crops grown in different soil locali-
ties. As a mean for crops and soil types the utilization of nitrogen was 14 percent of
nitrogen added by slugde. The utilization of nitrogen in this actual pot experiment

Fig. 1. Yields, dry matter, sum grain + straw. Ls. = Loamy sand. Cl. = Clay soi
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was for the first year 18.7 percent as an average of the two soil types with the high-
est rate of sludge (Table 3). Better utilization of N from sewage sludge in the pot ex-
periment than in DAMGAARD-LARSENS field experiments is probably due to more
favourable conditions for crop production in the pot experiment, and about 30 per-
cent lower addition of nitrogen in the pot experiment than in the field experiments.
Further, the content of NH4-N in the applied sludge in the experiments, may have
differed.

Heavy metals in the crops
The contents of cadmium, copper, nickel, zinc, lead and mercury in grain and

straw were determined separately each year. For the four first mentioned metals the
concentration obviously increased, even with the lowest application of sewage slud-
ge, which naturally must be seen in relation to the hight concentration of heavy me-
tals in the sludge.

For cadmium, copper, nickel and zinc the concentration is presented in Figures
2—5 as an average for the two soil series.

The content of cadmium increased substantially with application of sewage slud-
ge, particularly in oats in the first year (Fig. 2). The content increased with increa-
sing rates of sewage sludge in grain as well as in straw, even for the last two experi-
mental years. Throughout the period the increase was far higher in grain of oats than
in grain of barley, but also for grain of barley there was some increase with the lo-
west application of sewage sludge, and the concentration of cadmium was at least
tripled for the highest one.

Fig. 2. Cadmium concentration in grops, grain (G) and straw (St.). Mean loamy sand and clay
soil.
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Cadmium may be one of the heavy metals that most requires attention when
using sewage sludge in plant growing.

The content of copper increased with the application of sewage sludge every year
(Fig. 3). The content is considerably higher in barley than in oats in grain as well as
in straw. For both crops the content is much higher in grain than in straw at all rates
of sewage sludge. The content decreased throughout the experimental period, with
as well as without sewage sludge. Therefore, it is not definite whether the ability of
the sewage sludge to supply copper had decreased throughout the experimental peri-
od.

DUDAS and PAWLUK (1977) found significantly higher contents of copper in
grain of barley than in grain of oats grown in the Gray Soil Zone in Alberta. Also
for straw the copper content was higher, and partly significantly higher in barley
than in oats.

Since copper is essential not only for higher plants, but also in the diet for hu-
mans and domestic animals, it is a matter of importance that the content in plants is
high enough. The importance of this is certainly not the same as it was a few decades
ago, yet it is also of current interest. The copper content of grain of barley in 1974,
after the highest application of sewage sludge, was substantially higher than the con-
tent (10 ppm) which in England is required (ANON. 1965) as a minimum
concentration for cattle (ref. MILTIMORE ct al. 1970). Generally, the importance of
’’high” or ’’low” content of an essential element in a single crop depends greatly on
the composition of the diet as a whole. In case a relatively high copper content is not

Fig. 3. Copper concentration in crops, grain (G) and straw (St.). Mean loamy sand and clay soil.
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required, e.g. as feed for sheep, the experiment indicates that one should be careful
with heavy applications of sewage sludge.

It should be stressed that the copper content in the grain of oats is not higher af-
ter the heaviest application of sewage sludge than without sewage sludge in the grain
of barley.

The content of nickel increases considerably with application of sewage sludge
(Fig. 4). In comparison with barley the content in oats was generally many times as
high. The difference is particularly hight for grain, in any case the content in grain of
oats is many times higher compared with the content in straw, especially with sludge
application. This bears out the experiments made previously by HUNTER and
VERGNANO(I9S2), HALSTEAD et al. (1969), ANDERSSON and NILSSON (1975)
and by SORTEBERG (1974, 1978), who found a higher content of nickel in grain
than in straw of oats. For barley there is a tendency to a higher nickel content in
straw than in grain, particularly in treatments without sewage sludge. Furthermore,
there is a falling content of nickel throughout the experimental period both for oats

and barley, particularly after application of sludge.
The distinct difference between grain of barley and oats as to nickel content in-

dicates that the choice of oats or barley as crop can be important when a reduction
of the nickel content is required.

The content oftjnc increases every year with application of sewage sludge (Fig.
5). The increase is distinct the first two years, but it is also evident for the rest of the
experimental period. With the substantial increase in the first two years with heavy
application of sewage sludge, the content is much higher in straw than in grain. For
the rest of the period the zinc content has been rather moderate, and after heavy app-
lication highest partly in grain, partly in straw. Without sewage sludge the zinc con-
tent falls slightly in the course of the experiment. Except for the first year in oats, the
content is higher in grain than in straw in all years without application of sludge for
both oats and barley. In grain the content was slighdy higher in oats than in barley.
This is not in accordance with analyses of the same crops grown in the Gray Soil
Zone in Alberta (DUDAS and PAWLUK 1977), where a significantly higher content
of zinc was found in grain of barley than in grain of oats.

The content of zinc in straw of oats in the first year after heavy application of
sewage sludge is very high and about 50 percent higher than declared e.g. by JONES
(1972) as a toxic concentration in mature leaves (400 ppm in d.m.). BOAWN and
RASMUSSEN (1971) applied increasing rates of soluble zinc to different crop species
grown in alkaline soil. Cereal crop species accumulated higher concentrations of zinc
and had greater reductions in growth than did legumes. At concentrations of 400—
560 ppm Zn in d.m. the yield reductions of the cereals were distinct. In the remai-
ning years the content has, however, been far beyond this threshold. As a micronut-
rient and an essential element for human food and feed for domestic animals, zinc is
also interesting in relation to the required content in plants. MILTIMORE et al.
(1970) indicates a content of 50 ppm as the required minimum for cattle feed. The
content of both oats and barley is partly much lower without sewage sludge in the
remaining part of the period than the required content.

The content of lead varied a lot from year to year and has been independent of
the application of sewage sludge. Neither has there been any trend in the lead con-
centration in the experimental period caused by the sludge. There was no distinct
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Fig. 4. Nickel concentration in grops, grain (G) and straw (St ). Mean loamy sand and clay
soil.

Fig. 5. Zink concentration in crops, grain (G) and straw (st.). Mean loamy sand ans clay soi.
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difference in the content of oats and barley. For oats as well as barley the lead con-
tent was substantially higher in straw than in grain in all years. As a mean of 36 ob-
servations (years X rates of sewage sludge X soils) the lead content in dry matter in
grain was 0.65 ppm and in straw 2.05.

No effect or only a moderate effect on the lead content by adding sewage slud-
ge has been observed in many investigations, among other by HINESLY et al.
(1972), by KING et al. (1974) and by ZWARICH and MILLS (1979). SORTEBERG
(1974, 1978) found substantially smaller increases in oats of lead content than of
cadmium, cobalt and nickel contents when adding an equivalent amount of the res-
pective metal in soluble from as MeHCl2 .

The content of mercury was not influenced by the application of sewage sludge.
In grain the content usually was < 0.01 ppm in d.m., and in straw the content gene-
rally was within the figures 0.02—0.05 ppm.

Experiment 14/71
Crop yields

The yields of different crops for 1971 are presented in Tables 5 and 6. The hi-
ghest rate of sewage sludge has doubled or tripled the yield of red clover and of ti-
mothy (Table 6). For barley, without lime, the yield increase has stopped already at
the lowest rate of sludge. The highest rate has increased the total yield (grain +

straw) only slightly compared with no sludge, and the yield ofgrain dropped to only
half the weight. Also with lime the grain yield of barley was reduced by the highest
rate of sludge. The total yield of oats has increased 50—70 percent with the highest
rate of sludge, but without lime the yield of grain is highest for lower rates of sewa-
ge sludge.

The experiment continued in 1972, but the crops were not analysed. No crops
continued to grow in the same soil. The following arrangement for crop rotation
was made:

1971. Series of Oats Barley Red clover Timothy
1972. ' Red clover Timothy Oats Barley

The emergence was retarded and uneven in all series by the two highest rates of
sludge. Nevertheless there was a yield increase with increasing rates of sludge for all
crops, also for grain of oats and barley (Table 7).

The positive effect of the sludge application on the crop yield may mainly de-
pend on the content of nitrogen and phosphorus and to a less extent on the content
of potassium. The clay soil used in this experiment should not be short of trace ele-
ments, magnesium or sulphur. The reason for the yield decrease in grain, particularly
in barley in 1971, and the retarded germination of all crops in 1972 after high rates
of sewage sludge, is unknown, but some relations may be mentioned:

With the highest rate of sewage sludge the supplying of N, P and K should be
calculated at 704 kg NH 4-N, 1712 kg P and 469 kg K per hectare (2 mill, litre
soil). With the two highest rates of sludge these nutrients were supplied in amounts

embodying a certain risk. As a matter of fact, the negative effect of the high rates of
sewage sludge was of a different kind in the two years. The explanation may be that



the negative effects have been caused by different factors depending on the decom-
position of the organic matter in the sewage sludge.

The supply of chlorine with the highest rate of sewage sludge was 141 kg per
hectare, which amount should not be dangerous to the crops grown in this experi-
ment.

Heavy metals in the crops
The heavy metals Cd, Ni and Zn may not have constituted a risk for oats and bar-
ley, compared to the content of these metals in exp. H/73. Roughly, the content of
Ni and Zn in oats and barley was of about the same size in exp. H/73 with the hea-

Table 5. Exp. 14/71. Yields and concentration of heavy metals in oats and barley 1971 by different rates of se-
wage sludge.

Series CaO Sew.sl. Yield g d.m. per pot Heavy metals, ppm in dry matter

/Crop g/ d.m. Grain Straw
pot g/pot Grain Straw G.+St. Cd Cu Ni Zn Cd Cu Ni Zn

~~Ö 33~5 604 006 TÄ 3~3 46 OH 1J fÖ TT
50 37.535.4 72.90.26 4.26.5 65 0.331.6 1.4 72

0 100 44.443.4 87.80.27 4.37.4 88 0.401.9 1.4 90
200 42.549.6 92.10.54 6.216.4 124 0.583.6 3.7 142
400 35.656.9 92.50.58 6.922.5 158 0.745.1 8.5 207

LSD 3.1
1./Oats

0 28.832.3 61.10.05 2.71.6 35 0.121.2 1.1 42
50 32.738.0 70.70.10 3.63.6 54 0.221.6 1.1 53

100 35.138.9 74.00.25 4.24.7 73 0.282.0 1.2 60
5 200 40.150.5 90.60.37 5.110.0 96 0.482.7 2.0 94

400 41.965.5 107.40.43 6.716.1 123 0.604.6 4.2 129
LSD 5.7

O 24.224.4 48.60.09 6.9 <0.7 49 0.262.8 1.5 68
50 32.029.1 61.10.17 9.8 <0.7 81 0.465.4 1.7 121

0 100 30.232.4 62.60.16 11.11.1 86 0.697.5 2.1 124
200 22.937.0 59.90.19 11.41.4 89 0.8512.2 3.8 209
400 11.739.6 51.30.14 13.11.0 94 0.5418.3 4.0 195

LSD 2.711./Barlcy
0 22.321.5 43.80.05 6.9 <0.7 31 0.263.4 1.4 60

50 29.829.0 58.80.17 9.3 <0.7 52 0.464.5 1.6 77
5 100 30.132.0 62.10.17 10.3 <0.7 62 0.637.1 1.9 107

200 28.736.6 65.30.22 10.90.9 73 0.696.9 2.4 138
400 18.347.3 65.60.16 13.21.1 81 0.8116.7 2.2 160

LSD 4.4
Av. Ser. 10 CaO 37.443.8 81.2 0.34 yö IL2 96 044 2Ä 372 TIT
Av. Ser. I 5 g CaO 35.7 45.0 80.7 0.24 4.5 7.2 76 0.34 2.4 1.9 76
Av. Ser II 0 CaO 24.232.5 56 7 0.1510.5 1.0 80 0.569.2 2.6 143
Av. Ser. II 5 g CaO 25.833.3 59.10.15 10.10.8 60 0.57 7.7 1.9 108

Grain + Straw
Cd Cu Ni Zn

Average Scr. 10 CaO 0.393.8 6.9 105
Average Ser. I 5 g CaO 0.303.3 4.2 76
AvcrageSer.llO CaO 0.399.8 1.9 116
Average Ser. II 5 g CaO 039 B_7 L 4 87

II



viest rate of sludge when no negative effect was observed, and the content of Cd
was rather higher in exp. H/7 3, in both oats and barley, also grown in clay soil. The
concentration of Cu was particularly high in the straw of barley with the highest ra-
te of sludge in exp. 14/71, which indicates that the transfer of Cu from the vegetati-
ve part to the generative part of the plant had been disturbed. Interaction between
heavy metals may have occurred. Thus, CHUMBLEY (1971) assumed that Cu is
twice as toxic and Ni eight times as toxic as Zn (Ref. MACLEAN et ai. 1978).

The higher concentration of Ni in grain than in straw, the higher content of Cu
in barley than in oats and the higher content of Cu in grain than in straw of oats and
for barley up to moderate rates of sludge, are well in agreement with the results in
exp. H/73. As mentioned already, the concentration of Cu was exceptionally high
in straw of barley at high application of sewage sludge.

The content of all heavy metals analysed was usually distinctly higher in red clo-
ver as compared to timothy. Lime reduced the content of Ni and Zn in both crops
and of Cd in red clover. The content of Cu in red clover showed a tendency to in-
crease with liming.

Tabic 6. Exp. 14/71. Yields and concentration of heavy metals in red clover and timothy 1971, by different
rates of sewage sludge.

Series CaO Sew.sl.
,„

. . Yield e a.m. per pot Content in l. +Z.cut, ppm in d.m./Crop g/pot dry mat. rr

g/pot l.cut 2.cut l.+2.cut Cd Cu Ni Zn
0 20.818.0 38.80.31 9.04.6 93

50 24.119.4 43.50.41 12.07.1 143
0 100 33.523.0 56.50.36 13.510.0 208

200 40.6 2 5.466.0 0.6014.7 14.0 336
400 45.5 28.3 73.80.66 14.815.0 360

111/Red LSD 9.4
clov" 0 16.315.0 31.30.17 KU 2.7 69

50 28.018.8 46.80.21 13.63.7 84
5 100 30.6 22 1 52.70.30 15.56.2 120

200 40.024.5 64.50.35 16.510.0 165
400 53.9 29.4 83.30.49 17.614.1 221

LSD 7.9
0 13.39.0 22.30.16 5.9 1.8 88

IV./Ti- LSD 2.7
mothy 0 9.811.8 21.6 0.24 5.31.5 72

50 16.314.4 30.70.27 6.41.8 79
5 100 16.022.2 38.20.26 7.62.7 89

200 19.725.6 45.30.30 9.23.5 119
400 22.037.5 59.5 0.30 11.35.6 163

LSD 3.3
Av. Ser. 11l 0 CaO 32.922.8 55.7 0.47 12.8 10 1 228
Av. Ser. 11l 5 g CaO 33.722.0 55.7 0.30 14.77.3 132
Av. Ser. IVO CaO 20.120.3 40.4 0.25 8.44.8 127
Av. Ser. IV 5 g CaO 16.822.3 39.1 0.27 8.03.0 104

12
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Table 7. Exp. 14/71. Yields 1972, g airdried matter per pot.

g per pot of Scr. I Scr. II Ser. 11l Ser. IV
Red cl. Timothy Oats Barley

CaO Sew.si. Sum two Sum two G.+straw Grain Gr.+straw Grain
dry matter cuts cuts

0 44.531.7 72.533.2 35.6 16^4
0 50 48.435.1 86.141.9 56.026.8

100 50.736.7 87.941.5 66.332.1
200 55.043.0 107 52.681.9 39.0
400 60.153.5 124 63.0 105 53.8

LSD 1.9 LSD 1.7 LSD 3.7 'J LSD 6.7 ')

0 45.528.5 75.036.1 31.2 TOT
5 50 51.233.7 90.443.9 60.729.9

100 41.934.0 93.246.6 66.132.7
200 51.441.2 112 55.084.3 42.3
400 5 5.959.8 127 64.1 106 52.4

LSD 3.5 LSD 2.1 LSD 4.7 'J LSD 3.5 ])

Av. without CaO 51.740.0 95.546.6 69.033.6
Av. withCaO 49.239.4 99.549.1 69.733.6

') Grain alone was not statistically tested.

Table 8. Amounts of heavy metals added by sewage sludge, and concentration in dry matter in oats (grain +

sir.iw) the first experimental year.
Experiment H/73 1 14/71 2 H/73 1 14/71 2 H/73' 14/71 2

Metal Sew, sludge g d.m./pot 0 0 50 100 200 400

c . Metal in sev. si. mg/pot 0 0 1.851.73 7.46.9
Metal in oats ppm 0.360.11 1.200.33 1.710.68

Cu Metal in sev. si. mg/pot 0 0 98.8 113 395 45 3
Metal in oats ppm 4 2 2.54.8 3.18.8 5.8

Metal in sew si mg/pot 0 0 12.919.3 51.477.2
Metal in oats ppm 3.72.0 13.34.4 32.113.9

2 Metal in sew. si. mg/pot 0 0 243 241 971 962
Zn Metal in oats ppm 61 49 148 89 435 188

1 Loamy sand, pH 5. 7—5. 8
2 Loam, unlimcd, pH 5. 7—6. 0

A comparison between the content of heavy metals in oats grown as the first
crop in loamy sand (exp. H/73) and in unlimed loam (exp. 14/71) showed a far
higher content of Cd, Ni and 2n in exp. H/7 3 than in exp. 14/71, particularly with
the addition of sewage sludge that supplied the soils with roughly the same amounts
of metal (Table 8). The difference in metal concentration in crops may depend on
the soils, but as the two soils had about the same pH levels, the different concentra-
tions of metals indicate that the sewage sludge with the highest content of heavy
metals (exp. H/7 3) has effected a more rapid mobilizing of some heavy metals in rel-
ation to the total supply than has the sludge with a lower metal concentration.
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SELOSTUS 1

Maahan lisätyn asumajätevesilietteen vaikutus kasvien satoon ja raskasmetallipi-
toisuuteen

Asbjorn Sortebcrg

Norjan Maatalousyliopista, 1432 As-NLHm Norja

Oslon jätevedenpuhdistamon anaerobisesti mädätettyä lietettä, joka sisältää suhteellisen runsaasti raskasme-
talleja, lisättiin astiakoemaihin ja tutkittiin lictclisäykscn vaikutusta eri kasvien satoihin ja raskasmetallipitoisuuk-
siin. Kocmaina oli hieta ja savi. Verrattavat lietemäärät kokeessa 1, joka keski 6 vuotta, olivat 0, 50 ja 200 g
lietteen kuiva-ainetta 5 maalitraa kohden eli 0, 20 ja 80 tonnia hehtaarille. Lietelisäys tehtiin vain kerran kokeen
alkaessa. Joka toinen vuosi kasvatettiin kauraa, joka toinen vuosi ohraa.

Pienempi lietemäärä lisäsi 6 vuoden yhteenlaskettua jyvä- ja olkisatoa keskimäärin 26 %, suurempi liete-
määrä 66 %. Kasvit ottivat 6 vuoden aikana yhteensä pienemmän lietemäärän typestä 43,9 % ja suuremman lie-
temäärän typestä 32,6 %. Lietteen fosforin otto oli vastaavasti 23,9 ja 18,5 %.

Kasvien kadmiumpitoisuutta lietelisäys kohotti hyvin voimakkaasti. Vaikutus oli suurempi kauran kuin oh-
ran jyviin. Myös kuparipitoisuus nousi selvästi lictclisäykscn seurauksena. Ohran kuparipitoisuus kohosi enem-
män kuin kauran, ja kummallakin viljalla jyvien pitoisuus nousi enemmän kuin olkien. Nikkclipitoisuutta liete ko-
hotti voimakkaasti. Kauran jyvien Ni-pitoisuudet kohosivat eniten. Ohralla sen sijaan olkien Ni-pitoisuus kohosi
enemmän kuin jyvien. Sinkkipitoisuudet kohosivat etenkin kahtena ensimmäisenä vuotena. Vaikutus näkyi par-
haiten olkisadoissa. Viljojen lyijy- ja elohopeapitoisuuksiin lietelisäys ci vaikuttanut.

Toisessa kaksivuotisessa astiakoesarjassa tutkittiin hiuemaahan lisätyn asumajätcvesilicttecn vaikutusta kau-
raan, ohraan, puna-apilaan ja timoteihin. Suurin lietelisäys oli 400 g kuiva-ainetta 5 litraan maata vastaten 160
tonnia/ha. Myös kalkitus oli koetekijänä.

Liete lisäsi kaikkien kasvien kokonaissatoja, mutta suurin lietemäärä vaikutti kuitenkin haitallisesti ohran
ensimmäisen vuoden satoon ja hidasti kaikkien kasvien itämistä toisena vuonna. Kadmium-, kupari-, nikkeli- ja
sinkkipitoisuudet olivat selvästi korkeampia puna-apilalla kuin timotcilla. Kalkitus alensi molempien kasvien
nikkeli- ja sinkkipitoisuuksia ja puna-apilalla myös kadmiumpitoisuutta. Sen sijaan puna-apilan kuparipitoisuutta
kalkitus pyrki lisäämään.

Kokeessa verrattiin lietettä, jonka raskasmetallipitoisuus oli suhteellisen korkea, sellaiseen lietteeseen, jonka
raskasmetallipitoisuudet olivat huomattavasti alhaisempia. Jälkimmäistä käytettiin niin paljon runsaammin, että
maahan lisätyt raskasmetallien kokonaismäärät tulivat likimain samoiksi. Ensiksi mainittu, runsaasti raskasmetal-
leja sisältävä liete kohotti kauran kadmium-, nikkeli- ja sinkkipitoisuuksia selvästi enemmän.

1 Selostuksen laatinut P. Elonen


