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ANNALES AGRICULTURAE FENNIAE, VOL. 14: 193 - 202 (1975) 

Seria ANIMALIA NOCENTIA N. 71 — Sarja TUHOELÄIMET n:o 71 

LINDANE SEED DRESSING AND DIMETHOATE SPRAYING IN PEST CONTROL 
OF SUGAR-BEET SEEDLINGS 

ANNA-LIISA VARIS 

VARIS, A.-L. 1975. Lindane seed dressing and dimethoate spraying 
in pest control of sugar-beet seedlings. Ann. Agric. Fenn. 14: 193 —202. 
(Agricultural Research Centre, Institute of Pest Investigation, SF-01300 
Vantaa 30, Finland). 

In 1967-1973 field experiments on pest control in sugar beet were set up 
on the experimental farms attached to regional beet-sugar factories in southern 
Finland. Besides dimethoate spraying, the effects of high dosages of lindane 
seed dressing were also studied to determine whether its pesticidal action was 
sufficient to compensate for its phytotoxicity. 

The average effect of lindane seed dressing at the rate of 6-7.5 g active 
ingredient per 1 kg of seed was 43 % on Chaetocnema concinna, 33 % on Lygus 
rugulipennis, and 52 % on Piesma maculatum. The corresponding effects of lindane 
at a higher dosage, 11-15 g AI/kg, were 58, 47, and 64 %; for dimethoate 
spray at 2.2 x 200-300 g AI/ha the figures were 52, 17, and 53 % respect-
ively. 

Lindane seed dressing caused a decrease in yield when L. rugulipennis damage 
was slight but increased the yield when damage was extensive. The average 
yield from stands treated with the lower dosage of lindane dressing was approx-
imately the same as from untreated stands. The higher dosage of lindane caused 
a slight decrease in sugar yield at the 90 % level of probability. When mono-
germ seed was used, evidence of the detrimental effect was not very clear. Pest 
damage per seedling was considerably more abundant when monogerm seed 
was used than with polyploid multigerm seed. Spraying with dimethoate in-
creased the root yield on an average of 4 %. Spraying did not affect the quality 
of the yield. The monetary value of the root-yield increase after dimethoate 
spraying was about three times as high as the costs involved for the pesticide 
and labour. 

The most harmful pests attacking sugar-beet 
seedlings in Finland are the flea beetle Chaetoc-
nema concinna Marsh. and the plant bug Lygus 
rugulipennis Popp. (VARis 1972 a). Some damage 
caused by the bug Piesma maculatum Lap. has 
occurred locally in southern Finland in recent 
years (VARIS 1973). 

The aim of the present work was to determine 
how effective lindane treatment of seeds and 
dimethoate spraying of growing stands are in  

pest control of sugar beet seedlings, and to 
study the economic profitability of these meas-
ures. Since the effect of several insecticides on 
L. rugulipennis has proved rather poor in the 
field, and in some cases early attacks by P. ma-
culatum have even necessitated resowing sugar-
beet fields, high dosages of lindane seed dress-
ing were applied to determine whether the 
pesticidal effect is sufficient to justify the phyto-
toxic effects. 

193 



The phytotoxicity of lindane dressing varies 
according to circumstances such as conditiorts 
during the growin.g season, type of soil etc. 
(e.g. JONES and HUMPHRIES 1954). Even rela-
tively small amounts of lindane have proved 
harmful. Accordin.g to ERNOULD (1949) lindane 
cannot he used for dusting beet seed clusters in 
concentrations exceeding one part per thousan,d, 
in weight, without causing a slackening in plant 
development. DUNKLER (1953) has likewise 
shown that a dosage as low as 0.5-1 g lindane 
per 1 kg of seed causes shorter roots; this effect 
is accentuated only very slightly if the rate of 
lindane is increased. In three-year field trials, 
both seed clusters and monogerm seeds showed 
high resistance. In the yield there was only a  

slight change in the root-top ratio in favour of 
the roots, starting at 5 g lindane per 1 kg of 
seed (DUNKLER 1953). JoNEs and HUMPHRIES 

(1954) concluded that seed dressin.gs  containing 
up to 35-45 % lindane were safe for gen.eral 
use on rubbed and natural seed, and for rubbed 
seed the rate might he increased to 10 g/kg. 
They also proposed that higher con.centrations 
of up to 60 % could be used in most seasons 
and on most soils without great risk of damage. 
REYNOLDS (1958) regarded 3.4 g AI/kg as the 
maximum safe rate. In the studies by REICH 

and HELMCHEN (1965) rates exceeding 10 g/kg 
(16 g/kg and 21 g/kg) had harmful effects on 
the plants. The preparation used contained 
67 % lindane. 

MATERIALS AND METHODS 

Field experiments on pest con.trol in sugar 
beet were arranged during the years 1967-
1973 on the experimen.tal farms attached to 
regional beet-sugar factories in southern Fin-
land, the main area for sugar-beet production 
in Finland. In 1967-1968 the experiments 
were carried out using polyploid seed (Polykuhn.) 
sown at a density of 15 kg/ha. In 1969-1973 
genetic monogerm seed (Monohill) was used, 
with 6-10 cm seed spacings. Plot size was 48-
57 m2  and the number of replicates 4-6. Treat-
ments varied in the different years but in most 
years included lindane dressing and dimethoate 
spray. Lin.dane seed dressing was applied either 
on the day of sowing or the day before. The 
amoun.ts used varied from 6 to 15 g Al per 1 kg 
of seed. A 75 % lindane preparation containing 
10 % thiram was used. 

The dimethoate spray was generally applied 
twice (on average 2.2 times) when the plants 
were at the cotyledon stage. Both times the 
application rate was 200-300 g Al per hec-
tare. The preparation. contain.ed 40 % dime-
thoate. 

Between. 10-20 June the experiments were 
inspected for damage caused by L. rugulipennis, 
C. concinna, and number of eggs of P. maculatum. 
The vigour of the stands was evaluated, plot  

by plot, using a scale of 0-10. A random 
sample of 4 x 50 or 6 x 50 seedlings was taken 
from each treatment. Damage caused by L. ru-
gulipennis was recorded by counting the number 
of damaged seedlings; in 1969-1973 seedlings 
damaged at the cotyledon stage and those 
damaged later were counted separately. Dam-
age caused by C. concinna was evaluated by coun-
ting the number of feeding holes. The number 
of seedlings in each plot before thinning was 
counted on three 10 m row lengths. Mangold 
fly was controlled, where necessary, by spray-
ing the whole experiment with dimethoate. In 
the autumn a section. of each plot, consisting 
of 3 x 8 m of the row, was harvested; the plants 
in the section were counted; the roots were 
weighed and an.alyzed for soil percentage, suc- 
rose, ash (K 	Na), and noxious nitrogen.. 

The efficiency of the treatments was calculated 
according to Abbot's formula. In calculating 
economic profitability, values for the year 1973 
were used. 

Analysis of variance and linear regression ana-
lysis were used for statistical treatment of the 
material. Significan.ce of the results is expressed 
as follows: 	oP = 0.10 

*P = 0.05 
**P = 

***P = 0.00i 
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RESULTS 

Lindane seed dressing 	 of the treatment was positively correlated with 

(Tables 1 and 2) 

When 6-7.5 g Al/kg lindane seed dressing 
were applied the effect on C. concinna was ap-
proximately 43 %. With the heavier dosage, 
11-15 g/kg, the effect was 58 %. The effect 
was not significantly correlated with the severity 
of damage. The effect of lindane seed dressing 
on L_ygus bugs was 33 % and 47 %, respectively. 
The treatment was more effective on early in-
jury, inflicted at the cotyledon stage, than on 
injury at the stage of 1-2 rough leaves. Fur-
ther, the treatment was more effective against 
early bug damage when damage was extensive. 
With the lower application rate r = 0.39***, 
d.f. 77; with the higher rate r = +0.74***, d.f. 79. 
With the higher application rate the correla-
tion with total bug damage was also significant 
(Fig. 1). 

The average effect on Piesma bugs was 52 % 
with the lower dosage and 64 % with the higher 
dosage of lindane (Tables 1 and 2). Effeciency  

the frequency of injury: 

Lower application rate r = 	0.53***, d.f. 77 
Higher application rate r = 	d.f. 55. 

Plots treated with the lower dosage of lindane 
were as vigorous as the untreated plots; those 
treated with the larger amount grew more 
weakly thart the control. Symptoms of phyto-
toxicity appeared with the larger amount of 
lindane, especially if growin.g conditions were 
for any reason unfavourable. On the average, 
lindane treatment increased the vigour of stands 
to some extent when monogerm seed was used: 

No. of Lower Control No. of Higher Control 
obser- dosage 	obser- dosage vations 	of 	vations 	of 

lindane 	 lindane 
Monogerm 78 7.6 7.o 80 
Polyploid 120 7.5 7.7 120 

When the lower dosage of lindane was ap-
plied, average root yield, sugar contint, ash content, 
and noxious nitrogen content did not differ signif-
icantly from the values for the control (Table 1). 

	

7.5 	7.2 

	

6.9 	7.7 

Table 1. Effects of lindane seed dressing, 6-7.5 g AI/kg, on sugar beet pests and sugar beet yield. 

No. of 
plots observed1 

Lindane 
Mean ± 	S.E. 

Control 
Mean j 	S.E. 

Chaetocnema concinna, 

no. of feeding holes per 100 seedlings 198 317.o ± 	38.22 559.0 	± 	61.54 11.16*** 

L.ygus rugulipennis, 

frequency of injured seedlings, % 	 198 19.1 ± 	1.46 28.4 	+ 	1.95 1439*** 
injured at cotyledon stage 	 78 7.7 ± 	0.81 14.3 	± 	1.62 13.23*** 
injured at 2-4 rough-leaf stage 78 19.2 + 	1.82 23.7 	± 	1.99 2.69 

Piesma maculatum, 

no. of eggs per 100 seedlings 	 78 123 ± 	4.61 26.9 	± 	5.96 3.45°  
Vigour of growth on plots (0-10) 	 198 7.5 ± 	0.09 7.3 	1 	0.1i 2.29 
No. of seedlings per 24 m before thinning 120 293.9 ± 	11.64 281.s 	± 	13.38 0.46 
No. of beets per 24 m at harvest 	 185 83.1 ± 	0.90 80.4 	± 	1.06 3.71°  
Root yield, tn/ha 	  185 38.6 ± 	0.46 38.5 	± 	0.51 0.02 
Sucrose, % 	  185 14.97 ± 	0.089 15.oi ± 	0.085 0.15 
Ash, meq./100 g 	  149 8.10 ± 	0.133 8.06 + 	0.140 0.05 
Noxious nitrogen, mg/100 g 	  149 49.4 ± 	1.35 51.1 	± 	1.31 0.79 
Sugar yield, kg/ha 	  185 5 796 ± 	82.9 5 792 	± 	87.4 0 
Average root weight, g 	  185 469.4 ± 	5.65 186.7 	± 	6.66 3.91* 

1  The figures are the same for plots treated with lindane and for the control plots. 
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Table 2. Effects of lindane seed dressing, 11-15 g AI/kg, on sugar beet pests and sugar beet yield. 

No. of 
plots 

observed 

Lindane 
Mean ± 	S.E. 

Control 
Mean ± 	S.E. 

Chaetocnema concinna, 
no. of feeding holes per 100 seedlings 	 200 278.3 + 	34.10 655.9 ± 	69.22 23.94*** 

Lygus rugulipennis, 

frequency of injured seedlings, % 	 200 133 ± 	1.10 26.3 ± 	1.92 31.83*** 
injured at cotyledon stage 	 80 5.o ± 	0.68 11.4 ± 	1.68 12.33*** 
injured at 2-4 rough-leaf stage 	 80 123 ± 	1.38 21.o ± 	1.80 12.75*** 

Piesma maculatum, 

no. of eggs per 100 seedlings 	 80 10.2 ± 	2.10 28.6 ± 	5.82 8.86** 

Vigour of growth on plots (0-10) 200 7.1 ± 	0.11 7.5 ± 	0.o9 6.34* 
No. of seedlings per 24 m before thinning 	 122 266.2 ± 	11.21 267.4 + 	13.73 0 
No. of beets per 24 m at harvest 	 180 78.2 + 	0.96 81.o ± 	1.o7 3.63° 
Root yield, tniha 	  180 38.5 ± 	0.62 39.7 ± 	0.62 2.o6 
Sucrose, % 	  180 14.78 ± 	0.1oo 14.98 ± 	0.092 2.21 
Ash, meq./100 g 	  144 8.66 ± 	0.166 8.44 ± 	0.161 3.62°  

144 51.4 ± 	1.31 50.3 ± 	1.19 0.40 Noxious nitrogen
' 
 mg/100 g 	  

It 	  Sugar yield, kg/a. 180 5 717 ± 108.3 5 968 ± 1043 2.76° 
Average root weight, g 	  180 4893 ± 	7.62 498.6 ± 	7.46 0.68 

1  The figures are the same for plots treated with lindane and for the control plots. 

100- 

Y:33.25+ 0.326x r: + 0.24" 

50- 

0 	 20 
	

310 

FREQUENCYMOF DAMAGED SEEDLINGS 

IN THE CONTROL 
Fig. 1. Correlation between the severity of L. rugulipennis -damage and the 
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The average root weight of the plants treated 
was slightly lower than that of untreated plants, 
but the number of beets at harvest was, on the 
other hand, somewhat higher on the plots 
treated than on the control plots. 

With the higher rate of lindane a tendency 
towards lower yield and poorer quality could 
be seen. At the 90 % level of probability, the 
sugar yield was lower, the number of plants 
harvested lower, and the ash content of beets 
higher than in the control. It was found, how-
ever, that when monogerm seed was used, the 
number of plants surviving increased somewhat 
with the treatment, even with the higher dosage 
of lindane: 

No. of Lower Control No. of Higher Control 
obser- dosage 	obser- dosage 
vations 	of 	 vations 	of 

lindane 	 lindane 

Monogerm 65 84 79 60 83 80 
Polyploid 120 82 81 120 76 81 

In other respects, too, it was found that there 
were no appreciable detrimental effects result-
ing from the lindane if monogerm seed was 
used. With the lower dosage of lindane, the 
average relative sugar yield was 101, and with 
the higher dosage 99. 

The relative yield of the plots treated with 
lindane was positively correlated with the 
amount of L. rugulipennis damage in the con-
trol (Fig. 2). 

Dimethoate spray 

The average effect of dimethoate spray on 
C. concinna was 43 %. The highest effect, 52 %, 
was achieved in 1973 when damage was most 
severe — 19 feedin.g holes per seedling, and 
the poorest effect (20 %) occurred in 1968 
when there was least damage — 2 holes per 
seedling. The efficiency of dimethoate spray 
against the flea beetles was positively correlated 
with the frequency of flea-beetle damage (Fig.3). 

The average effect of dimethoate on L. ruguli-

pennis was 17 % (Table 3). The bug damage 
indicated the short duration of the effect of 
the treatments. The effect was weaker on dam-
age inflicted at the 1-2 rough-leaf stage than 
on that inflicted earlier, at the cotyledon stage. 
The effect of dimethoate spray on early bug 
damage was positively correlated with the fre-
quency of damage (Fig. 4). 

Fig. 2. Correlation between the severity of L. rugulipennis -damage and the 
relative values of root yields in lindane seed dressing treatments. 

— — — 6-7.5 g,   11-15 g AI/kg 
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Fig. 3. Correlation between the severity of C. coneinna -damage and the 

effectiveness of dimethoate spraying. 
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Fig. 4. Correlation between the severity of L. rugulipennis -damage 
at cotyledon stage and the effectiveness of dimethoate spraying. 
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Table 3. Effects of dimethoate spray, applied twice (2.2 times), 200-300 g AI/ha, on sugar beet pests and sugar 
beet yield. 

No. of 
plots 

observed 
Dimethoate 

Mean ± 	S.E. 
Control 

Mean ± 	S.E. 

Chaetocnema concinna, 
no. of feeding holes per 100 seedlings 140 402.o 	± 	30.21 711.o ± 	56.4 23.34*** 

Lygtts rugulipennis, 
frequency of injured seedlings, % 	 , 140 21.3 	± 	1.74 26.4 ± 	2.05 3.000  

injured at cotyledon stage 	 110 7.7 	± 	0.85 10.7 ± 	1.28 3.71°  
injured at 2-4 rough-leaf stage 	. 110 18.9 	± 	1.49 21.6 ± 	1.65 1.41 

Piesma maculatum, 
no. of eggs per 100 seedlings 	 110 11.5 	± 	2.67 24.5 ± 	4.44 6.31* 

Vigour of growth on plots (0-10) 	 140 7.6 	± 	0.13 7.2 + 	0.14 431* 
No. of seedlings per 24 m before thinning 128 240.o 	± 	10.14 231.o ± 	11.53 0.34 
No. of beets per 24 m at harvest 	 119 84.o 	± 	0.71 80.4 ± 	0.34 11.08*** 
Root yield, 119 43.4 	± 	0.65 41.s ± 	0.59 2.72° 
Sucrose, % 	  119 15.24+ 	0.120 15.25 ± 	0.120 0 
Ash, meq./100 g 	  107 8.19 ± 	0.169 8.21 ± 	0.152 0 
Noxious nitrogen, mg/100 g 	  107 53.0 	± 	1.79 53.3 + 	1.79 0.10 
Sugar yield, kg/ha 	  119 6 600 	+ 112.4 6 391 ± 105.2 1.65 
Average root weight, g 	  119 519.3 	± 	8.35 523.6 ± 	8.08 0.14 

1  The figures are the same for plots treated with dimethoate and for the control plots. 

The average effect of dimethoate on Piesma 
bugs was 53 % (Table 3). Spraying was most 
effective when a large number of piesmid eggs 
were present: 

r = 	0.4o***, d.f. 108. 

Vigour of the plots sprayed with dimethoate 
was, on the average, higher than that of the 
control plots. In this respect no difference was 
observed when polyploid seed was used but 
with monoseed the difference was clear: 

	

No. of 	Dimethoate 	Control 
observations 

	

Monogerm 110 	7.6 	7.o 
Polyploid 	30 	7.3 	7.9 

Dimethoate spray increased root yield by an 
average of 4 %. The yield increase was not 
significantly correlated with the amount of 
damage caused by the different pests nor with 
the yield level. Spraying had no significant 
effect on the quality of yield (Table 3). The 
plots treated contained larger numbers of beets 
than the untreated plots. 

ECONOMIC PROFITABILITY OF THE CONTROL 

With the lower application rate of lindane 
and with monogerm seed the consumption 
of pesticide was 32 g/ha. The cost of this 
was 2.15 Fmk (US $ 0.6). The amount of 
active ingredient delivered to the field was 
24 g/ha. The cost of dimethoate treatment 
when. applied on än. average 2.2 times at the 
rate of 0.65 1/ha was 27.80 Fmk/ha (US $ 7.3). 

According to the "Maatalouskalenteri" (ANoN.  

1974), the corresponding labour costs were 
15-20 Frnk/ha (US $ 3.9-5.3). 

The yield increase obtained with dimethoate 
in this study was 1.5 tn/ha and the basic price 
of raw beets in. 1973 127.6 Fmk/tn. 
Increase in root yield 1.5 tn 127.6 	Fmk 191.40 
Cost of material 2.2 x 0.05 X 19.42 = 27.77 
Cost of labour 2.2 X 17.5o 	= 38.50 	9 	66  _ 

Fmk 125.13 
(US $ 33) 
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The yields of beet tops were not weighed in 
this study. According to the studies by VARIS 
and RAUTAPÄÄ, which will be published sep-
arately, the increase in top yield following  

dimethoate treatment is slightly higher than the 
increase in roots, and the value of the increment 
in tops can be estimated at about 20 Fmk/ha 
(US 5.3). 

DISCUSSION 

Lindane seed dressing and dimethoate spray 
have both been included as treatments in ex-
periments at various localities for several years, 
and the results can therefore be considered as 
fairly reliable indications of the results generally 
obtained with these pesticides. Against C. con-
cinna, the efficiency of both lindane dressing 
and dimethoate spray has been considered sat-
isfactory. The fact that some flea-beetle damage 
to the sugar-beet seedlings has already been 
done before the application of dimethoate makes 
the efficiency obtained by it look somewhat 
poorer than it is. 

The effect on L. rugulipennis has proved weak. 
Dimethoate spray at the time of seedling emer-
gence, repeated a week later, and lindane seed 
dressing have, due to the timing of the treat-
ment, a greater effect on early (cotyledon-
stage) bug damage than on damage inflicted 
at the 2-4 rough-leaf stage. It has been shown 
earlier (VARIS 1972 b) that residues of lindane 
and dimethoate are dispersed very quickly mere-
ly as a result of plant growth. On the other 
hand, damage by bugs at the cotyledon stage 
is much more likely to be detrimental with a 
view to plants' future development than damage 
at a later stage (VARIS 1972 a). The poor effect 
of control is largely due to the fact that Lygus 
bugs are extremely mobile and polyphagous. 
New individuals move to the fields from un-
treated cultivations, and a relatively short feed 
can cause damage to small seedlings (VARIS 
1972 a)'. Thus there will be ample time for the 
bugs to cause damage before control measures 
start having any effect. 

The number of Piesma eggs was much lower 
in plots treated with lindane seed dressing or 
dimethoate spray than in untreated plots, as 
recorded in an. earlier publication (VARIS 1973). 

Dimethoate spray caused an average in.crease 
of 4 % in root yield, a result that could not be 
obtained with lindan.e dressing despite its higher 
average efficiency. The larger amoun.t of lindane 
appeared to reduce the yield. This can be at-
tributed to the harmful effect of lindane dress-
ing on growing plan.ts, which will only be just-
ified if pest damage is fairly extensive. Of the 
differen.t pests, Lygus bugs play the most im-
portant part. With the lower dosage of lindane, 
c. 20 % bug damage is the lower limit beyond 
which yield increases can be expected from the 
treatment (Fig. 2). With the higher lindane 
dosage the limit is 35-40 %. In the material 
subjected to the lower lindane treatment, aver-
age bug damage on the control plots was 28 % 
and their relative root yield 100, whereas in 
the material treated with higher lindane the 
percentage of bug damage in the control was 
26 and relative root yield 97. Thus a medium 
level of damage is not sufficient to compensate 
the phytotoxic effects of the higher rate of 
lindane. The phytotoxic effect was weaker when 
monogerm seed was used than with polyploid 
seed. With monogerrn seed damage by pests 
was also much more extensive than with poly-
ploid seed. The results show, therefore, that 
lindane seed dressing will, by eliminating pest 
damage when pests are abundant, cause an 
increase in yield, but there is no effect on the 
yield when damage is average. The cost of the 
treatment is very low (material about 2 Fmk/ha, 
US $ 0.6). 

Dimethoate spray, despite its relatively weak 
effect, gives an average yield increase of c. 1.5 
tn/ha. Taking the costs of material and labour 
into account, the benefit from the treatment 
can be calculated at c. 125 Fmk/ha (US $ 33). 
To this may be added the increase in beet top 
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yield, an. estimated 20 Fmk/ha (US $ 53). 
The effect of dimethoate spray on flea beetles 

and Piesma bugs was thus equal to the effect 
of the lower dosage of lindane. With L. ruguli-
pennis, despite of lower efficiency, the econ.omic 
result from dimethoate was clearly better than 
from lindane dressing. 
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SELOSTUS 

Lindaanipeittaus ja dimetoaattiruiskutus sokerijuurikkaan taimia vioittavien 
tuholaisten torjunnassa 

ANNA-LIISA VARIS 

Maatalouden tutkimuskeskus 

Vuosina 1967-1973 järjestettiin sokerijuurikkaan 
taimiasteen tuholaisten torjuntakokeita sokeritehtaiden 
koetiloilla. Käsittelyt vaihtelivat vuosittain, mutta useina 
vuosina toistuvat koejäsenet olivat lindaanipeittaus ja 
dimetoaattiruiskutus. Lindaanipeittauksessa käytettiin 

tehoainetta 6-15 g/kg. Valmiste sisälsi 75 % lindaania 
ja 10 % tiraamia. 

Ruiskutus tehtiin keskimäärin 2,2 kertaa 40 % di-
metoaattia sisältävällä valmisteella. Kerralla käytettiin 
tehoainetta 200 —300 g/ha. 
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Käytettäessä lindaania 6-7,5 g/kg teho kirppoihin 
oli keskimäärin 43 %, suurempaa lindaanimäärää, 11 — 
.15 g/kg, käytettäessä se oli 58 %. Vastaavat tehot pelto-
luteisiin olivat 33 ja 47 %. Juurikasluteisiin saatiin pie-
nemmällä ainemäärällä keskimäärin 52- ja suuremmalla 
64-prosenttinen teho. Pienempää ainemäärää käytet-
täessä juurisadon määrä ja laatu eivät merkitsevästi 
poikenneet kontrollin sadosta, mutta suurempaa mää-
rää käytettäessä näkyi satoa alentava ja sen laatua 
huonontava suunta. Tulos johtui lindaanin haitallisesta 
vaikutuksesta kasveihin. Kun ludevioitusta oli vähän, 
käsittely alensi satoa, ja kun vioitusta oli runsaasti, 
käsittelyllä saatiin aikaan sadonlisäystä. 

Pienempää lindaanimäärää ja monosiementä käy-
tettäessä ainekustannus oli noin 2 mk/ha. 

Dimetoaattiruiskutuksella saatiin kirppoihin keski-
määrin 43-, peltoluteisiin keskimäärin 17- ja juurikas-
luteisiin keskimäärin 53-prosenttinen teho. Ruiskutus 
lisäsi juurisatoa keskimäärin 4 %. Kun juurisadon li-
säyksen rahallisesta arvosta vähennettiin käsittelyn 
aiheuttama aine- ja työkustannus oli tulos 125 mk/ha. 
Lisäksi tulee käsittelyn aiheuttama naattisadon lisäys, 
arviolta noin 20 mk/ha. Laskelmat perustuvat vuoden 
1973 arvoihin. 

Dimetoaattikäsittelyllä oli kirppoihin ja juurikaslu-
teisiin samanlainen teho kuin pienemmällä lindaani-
määrällä, ja peltoluteisiin saadusta huonommasta te-
hosta huolimatta dimetoaatin taloudellinen tulos oli 
selvästi parempi kuin lindaanin. 
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ANNALES AGRICULTURAE FENNIAE, VOL. 14: 203-209 (x975) 

Seria ANINIALIA NOCENTIA N. 72 — Sarja TUHOELÄINIET n:o 72 

SEASONAL ASPECTS OF BEETLE FAUNA OCCURRING IN OATS 
IN WESTERN-FINLAND 

TERTTU LAITINEN and MIKKO RAATIKAINEN 

LAITINEN, T. & RAATIKAINEN, M. 1974. Seasonal aspects of beetle fauna 
occurring in oats in Western-Finland. Ann. Agric. Fenn. 14: 203-209. 
(University of Helsinki, Institute of Zoology, P. Rautatiekatu 13, SF-00100 
Helsinki 10, Finland). 

Samples of beetles occurring in oatfields in Westem-Finland were netted at 
intervals of ca. one week. The samples contained 83 species. The most frequent 
and abundant species were Corticarina fuscula, Meligethes aeneus and Longitarsus 
melanocephalus. 

The beetle community in oatfields was divided into three aspects, the early 
summer aspect lasting about 14-1 month, high-summer, about a fortnight and 
late summer, more than one month. The highsummer aspect represented a 
period of change connecting the other two, but the features of this aspect de-
viated so much that it must he regarded separately. 

Only a small number of the specimens fed on oats and most of them lived 
among the weeds. If the weeds in oatfields are not treated with herbicides, 
the fields will serve as a domicile and reproduction site for many injurious 
beetles, particularly those damaging cruciferous plants. 

About 15 years ago, when a series of studies 
was started at the Agricultural Research Centre 
in Tikkurila, fittle information existed on weeds 
and animals living at the field stratum in cereal 
fields. From the material collected during these 
studies many articles have been published con-
cerning weeds (e.g. MUKULA et al. 1969, RAATI-
KAINEN and RAATIKAINEN 1972), leaf hoppers 
(e.g. RAATIKAINEN 1967, 1971, 1972, RAATIKAI-
NEN and VASARAINEN 1971, 1973) and spiders 
(RAATIKAINEN and HUHTA 1968, HUHTA and 
RAATIKAINEN 1 974) . 

The present work is the first concerning beetles. 
The intention is to publish, later data on 
regional characteristics of beetle fauna occurring 
in oats and comparisons of the fauna occurring 
in various cereals. 

Material and methods 

In 1959-1962 samples were taken in Western-
Finland at Kuppaarla, in the parish of Laihia 
(some 63° N and 22° E). RAATIKAINEN (1971) 
has explained the methods which were used. 

The oatfields from which the samples were net-
ted were situated in the middle of a cultivated 
area extending several square kilometres. The 
oats were sown in. May and the first samples 
could be netted in June, when the shoot was 
about 10 cm high. The stands grew to a height 
of 70-90 cm. In 1959 the oats were cut as early 
as August 2nd, and the last four samples were 
netted from the stubble, about 10 cm high. In 
1960 the oats were somewhat lodged after Au-
gust 8th, and were cut at the end of the month 
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before the last sample was taken. In. 1961 and 
1962 the oats were not cut during the sampling 
season. 

During each growing season the samples were 
taken at intervals of ca. one week, mostly in the 
afternoon. The samples were not taken if it was 
rainy or there was a gale, or the vegetation was 
wet. The samples were netted from oatfields of 
ca. 0.5 hectares which were not treated with 
herbicides. Netting was started at a distance of 
over 5 m from the borders of the fields and the 
sample of 200 sweeps was taken along the dia-
meter of the field. The sweep net described by 
HEIKINHEIMO and RAATIKAINEN (1962) was used. 
The samples were always taken by same person. 
The number of the samples and the sampling 
seasons (see also Fig. 3) were as follows: 

	

12/6 — 2/9 
	

1959 
	

11 samples 

	

7/6 — 29/8 
	

1960 
	

12 	53 

	

6/6 — 5/9 
	

1961 
	

13 

	

19/6 — 12/9 
	

1962 
	

13 

In 1959 the growing season was warm and dry, 
but at the end of May and in the beginning of 
June there were cold nights; on the other hand 
it was warm by day. In. 1960 it was very warm 
and moderately wet, in 1961 average warmth 
and wet, and in 1962 very cool and wet (ANoN. 
1959-1962). 

Seasonal aspects were differen.tiated by means 
of the Soren.sen. (1948) quotient of similarity. 

Results 

The 49 samples which were taken contained 83 
species and 1860 specimens. The majority of the 
beetles lived in spring fields at the bottom stratum 
and this was one reason for the small number 
of beetles in. samples. 

The numbers of species and specimens were 
smallest in 1962, when it was wet and cool: 

	

1959 	1960 	1961 	1962 

Species 	 40 	50 	46 	32 
Specimens 	600 	404 	724 	133 

The beetles arrived at the oatfields before the 
sampling season began (Fig. 1) and had settled 

Fig. 1. Numbers of species and specimens of beetles 
obtained in different years by means of 200 sweeps in 

oatfields. 

in the fields when the sampling season. ended. 
The numbers of species and specimens were high-
est in August, when there were 14 species and 78 
specimens per sample. The number of species was 
lowest, on the average 4 per sample, in the be-
ginning of July and that of specimens, 4 per 
sample, in. the middle of June. 

The most frequent and abundant species at the 
field stratum of the oatfields were Corticarinafuscula 
(frequency 51.o, 22.2 % of the total number of 
specimens), Meligethes aeneus (49.o, 13.2) and 
Longitarsus melanocephalus (42.9, 12.2). Also frequen.t 
(in over 20 % of ali samples) were Chaetocnema 
concinna, Ch. hortensis, Gastroidea pob,goni, Amischa 

A. cavifrons, Atheta fungi and Coccinella sep-
tempunctata and also abundant (over 2 % of the 
total number of specimens) were Chaetocnema con-
cinna, Corymbites incanus, Gastroidea polygoni, Amischa 
analis, A. cavfrons, Tachyporus chrysomelinus, Atheta 
fungi and Coccinella septempunctata (Table 1). 

The abundance of beetles varied considerably 
from year to year. In. 1959 the number of the 
specimens of Corticarina fuscula was 248, in. 1962 
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Table 1. Abundance, dominance and frequency (%) 
of the species of those beetles, which were more than 
one specimens, in samples, taken at Laihia in 1959-62. 

Species No. % Frequency 

Agriotes obscurus L. 8 0.4 12.2 
Amischa analis Gr. 128 64 30.6 
A. cavifrons Sharp. 98 5.3 24.5 
Anotylus rugosus F. 2 0.1 4.1 
Apion cerdo Gerst. 2 0.1 4.1 
A. marchinum Hbst. 2 0.1 4.1 
Atheta arenicola Th. 2 0.1 4.1 
A. fungi Gr. 81 4.4 30.6 
Atomaria analis Er. 14 0.8 10.2 
A. fuscata Schnh. 20 1.1 20.4 
Bembidion quadrimaculatum L. 18 1.0 14.3 
Cantharis figurata Mnh. 20 1.1 16.3 
C. rufa L. 4 0.2 4.1 
Cassida viridis L. 4 0.2 8.2 
Ceutorhynchus assimilis Payk. 33 1.8 14.3 
C. contractus Mrsh. 6 0.3 10.2 
C. floralis Payk. 2 0.1 4.1 
C. quadridens Panz. 9 0.5 4.1 
Chaetocnema hortensis Geoffr. 23 1.2 20.4 
Ch. concinna Mrsh. 108 5.6 34.7 
Coccinella septempunctata L. 65 3.5 26.s 
Corticarina fuscula Gyll. 413 22.2 51.o 
C. gibbosa Hbst. 3 0.2 6.1 
Corymbites incanus Gyll. 40 2.2 14.3 
Cryptophagus scanicus L. 5 0.3 6.1 
Gastroidea polygont L. 56 3.0 22.4 
Helophorus guttulus brevipalpis Bed. 3 0.2 8.2 
Hippodamia trecimpunctata L. 6 0.3 8.2 
Longitarsus melanocephalus DeG. 227 12.2 42.6 
L. succineus Found. 8 0.4 8.2 
Mantura chrysanthemi Koch 6 0.3 2.o 
Meligethes aeneus F. 246 13.2 49.o 
M. viduatus Heer 2 0.1 4.1 
Oedemera virescens L. 5 0.3 4.1 
Omalium rivulare Payk. 3 0.2 2.o 
Oulema melanopa L. 4 0.2 8.2 
Oxytelus nitidulus Gr. 2 0.1 4.1 
0. rugosus F. 2 0.1 8.2 
Philonthus varius Gyll. 3 0.2 4.1 
Phyllotreta undulata Kutsch. 15 0.3 14.3 
Ph. vittata F. 5 0.3 6.1 
Ph. vittula Redtb. 9 0.5 8.2 
Phytobius quadrituberculatus F. 4 0.2 8.2 
Probylaea quartuordecimpunctata L. 4 0.2 8.2 
Rhagonycha limbata Th. 3 0.2 4.1 
Rhinonchus bruchoides Hbst. 27 1.5 14.3 
Silpha tristis III. 9 0.5 10.2 
Sitona flavescens Mrsh. 3 0.2 2.o 
S. sulcifrons Thbg. 4 0.2 8.2 
Stenus nitens Steph. 2 0.1 4.1 
Syneta betulae F. 2 0.1 4.1 
Tachinus fimetarius Gr. 6 0.3 6.1 
Tachyporus abdominalis F. 2 0.1 2.o 
T. chrysomelinus L. 45 2.4 16.3 
T. hypnorum F. 6 0.3 12.2 

only 2. In. 1959 the species in question was found 
to he very numerous in the samples which were 
faken from the stubble (Fig. 2). There were a 
tew specimens of Meligethes aeneus in oatfields in 

1962. Turnip rape, which is the main food plant 
of M. aeneus in Laihia, was entirely destroyed in 
the winter 1960-1961 and in the following sum-
mer specimens assembled in the oatfields in great 
numbers, on e.g. Raphanus raphanistrum, but be-
cause of the scarcity of food the number of prog-
eny was small. 

Variation in the abundance of beetles during 
the growing season divided them into three main. 
types. The curve showin.g the abundance of the 
species belonging to the first type had one peak 
which fell at the beginning of the summer. Can-
tharidae and Elateridae belonged to this type; adults 
of these species are usually found in fields only 
at the beginning of the summer. The second type 
was composed of species which were found in 
samples throughout the growing season, and in 
the abundance curves for these species more peaks 
could he determined. These species included most 
of the species living at the bottom stratum as 
well as some others (e.g. M. aeneus and C. sep-
tempunctata), whose new generations are already 
adult in the middle of the summer. The species 
belongin.g to the third type had a two-peaked 
abundance curve, one at the beginning of the 
summer and the other at the end of the summer. 
These species included e.g. some of Halticinae and 
Curculionidae, in which the new generations emerge 
at the end of the summer (Fig. 2). 

By the means of the Sorensen quotient of simi-
larity, three aspects were differentiated which 
were most clearly defin.ed in the warm years 
1959-1960 (Fig. 3). 

1. During the early summer aspect 
fauna contained for comparison with the num- 
ber of species in other aspects many species, 
on average 7.1 species per sample, but few 
specimens, an average of 25.6 specimens per 
sample. The number of herbivores was greatest 
at the beginning of the sampling season and 
dropped at the end of the aspect, since most 
of the specimens died after the reproduction 
season. The characteristic herbivores of the as-
pect were Meligethes aeneus (frequency 54.2, 
15.s % of the total number in the aspect), 
Chaetocnema concinna (31.6, 4.2), Phyllotreta undu-
lata (21.6, 4.8), Longitarsus melanocephalus (20.8, 
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Fig. 2. Numbers of the most abundant (dominance 	0.s %) beetles in different years. Abbreviations are: 
A.a = Amischa analis, A.c = Amischa cavifrons, A.f = Atheta fungi, A.fus -= Atomaria fuscata, At.a = Atomaria analis, B.q = Bembidion quadrimaculatum, C.a = Ceutorhynchus assimilis, C.c = Chaetocnema concinna, C.f = Corticarina fuscula, C.fig. = Cantharis figurata, C.h = Cheatocnema hortensis, C.i = Comnbites incanus, C.s = Coccinella septempunctata, G.p = Gastroidea pobwoni, L.m = Longitarsus melanocephalus, M.a = Meligethes aeneus, P.0 -= Phyllotreta undulata, R.b = Rhi-nonchus bruchoides, T.c = Tachyporus chD,somelinus. 

2.2), Gastroidea polygoni (44.9, 5.o) and Corymbites 
incanus (31.6, 5.6). The species, excluding Ela-
teridae, Winter in adult stage. The secon.d gratest 
food-group was composed of saprofagous species, 
which were usually most abun.dant in the 
middle of the aspect. The number of the few 
carnivorous species showed no clear variation. 
The characteristic saprofagous and carnivorous 
species of the aspect were Corticarina fuscula 
(46.6, 15.3), Atheta fungi (38.3, 9.6), Tachyporus 
chrysomelinus (24.o, 3.8), Amischa analis (23.3, 8.6), 

A. cavifrons (21.6, 4.6) and Cantharis figurata 
(40.8, 3.6). Of these species, Cantharidae winter 
at grub stage, Coccinellidae at adult stage. 

2. The herbivores, excludin.g M. aeneus, were 
already almost absent during the high-su m-
mer aspec t, and the majority of the species 
was composed of those coming up from the 
bottom stratum. The number of species was, 
compared to the other aspects, smallest, on an 
average 4.o per sample, but the number of 
specimens considerably greater, on an average 
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1961 

33.4 per sample. The characteristic species of 
the aspect were Meligethes aeneus (50.o, 42.1), 
Corticarina fuscula (37.6, 9.1) and Coccinella sep-
tempunctata (20.8, 9.1). The high-summer aspect 
actually represertts a period of change between 
the two others and it was particularly difficult 
to distinguish it from the early summer aspect 
in. 1961, though it must be considered as an 
aspect of its own due to the deviation.s in its 
composition. 

3. During the late summer aspect 
the number of species and specimens were 
greatest, species being on average 9.o per 
sample, specimens 36.7. The characteristic spe- 

cies of the aspect were Longitarsus melanocephalus 
(74.2, 16.1), Chaetocnema concinna (62.6, 7.o), 
M. aeneus (43.2, 3.6), Ch. hortensis (35.o, 1.8), 
Ceutorhynchus assimilis (25.s, 2.4), Rhinonchus 
bruchoides (20.4, 1.2), Corticarina fuscula (66.6, 
16.2), Amischa analis (44.6, 8.4), A. cavifrons 
(32.o, 5.9), Atheta fungi (36.2, 4.2), Tachyporus 
chrysomelinus (22.8, 3.2) and Coccinella septem-
punctata (31.2, 3.6). The bulk of the specimens 
during the late summer aspect had just moulted. 
The composition of the fauna did not chartge 
essentially after the oats were cut; obviously 
the specimens found something to eat among 
the stubble. 
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The period of the late summer aspect varied 
less durin.g the three growing seasons. In the 
year 1961, which was of average warmth and 
humidity, the early summer aspect lasted until 
10. 7., over 5 weeks, the high-summer aspect 
was represented by the period between. 17. 7. 
and 24. 7., i.e. 1-2 weeks, and the late sum-
mer aspect began. 31. 7. and lasted over 5 mon.ths. 
During the warm summers the limits of the 
aspects shifted to slightly earlier dates. In. 1959 
both the early and the late summer aspects 
began. about 2 weeks earlier than. in. 1961, the 
early summer aspect lasted then. until 25. 6. 
and that of the high-summer began. 1. 7., but 
the date at which it ended remains unclear 
since samples could not be taken between. 15. 
and 31. 7. because of bad weather. The late 
summer aspect began, however, 31. 7. and lasted 
over 5 weeks. The first sample of the year 1960 
did not con.tain. beetles but the following samples 
did. The early summer aspect ended 12. 7., at 
almost the same time as in. 1961 when the 
weather was of average warmth and humidity. 
The high-summer aspect was represented by 
the samples taken on 17. and 25. 7., the late 
summer by the samples taken. after 8. 7. In 
the coldest year, 1962, there were plen.ty of 
samples which contain.ed no beetles (compare 
with Fig. 3). The early summer aspect ended 
19. 7. or less than. 2 weeks later than in 1961, 
the high-summer aspect was really represented 
only by the sample taken on 30. 7. because the 
previous sample did not contain beetles, and 
the late summer aspect began. 6. 8., about 1 
week later than in 1961, and it lasted over 
4 weeks. 

Discussion 

The beetle fauna in oatfields were divided 
into three aspects. The leafhopper fauna found 
in the same material were also divided by 
means of the Sorensen quotient of similarity 
into three aspects, the periods of which were, 
furthermore, almost the same as those for the 
beetle fauna (RAATIKAINEN 1971). As to the 
observations which were made beyond the 

samplin.g periods, the early summer aspect 
began at least as early as a few days after the 
oats sprouted and the late summer aspect 
lasted until autumn. ploughing. KROGERUS (1948) 
also divided the insect fauna found on shores 
in Southwestern-Finland into three aspects be-
tween. 23. 6.-7. 9. according to dominance of 
the species. In Central-Sweden Jthusoo (1964) 
divided the insect fauna of the field stratum in 
spring fields into four aspects so that the limits 
corresponded principally to the periods of oc-
curren.ce of the most dominant leafhoppers. 
Further south in. Europe, where the growing 
season is longer, a greater number of aspects 
can be distinguished, e.g. in Western-Germany 
BONESS (1958) divided the whole fauna at the 
field stratum in clover and luzerne fields into 
five aspects between. April and October ac-
cording to the n.umber of species. 

The frequencies of the beetles were remark-
ably smaller than those of the leafhoppers in 
oatfields (compare RAATIKAINEN 1971). The 
frequencies of different species varied, how-
ever, remarkably, from one region to another. 
According to unpublished material collected 
in 25 parishes of the Finnish oat belt, abun-
dance of the characteristic species of the aspects 
also vary, so that different comrnunities of 
beetles can be distinguished within differen.t 
zones. 

From the species characteristic in oatfields 
in Laihia only Chaetocnema hortensis, Phyllotreta 
vittula and Elateridae may be injurious to cereals. 
Of these the first is kn.own to be injurious pri-
marily to the other spring cereals (VAPPULA 
1965). The species Meligethes aeneus, Phyllotreta 
undulata, Ph. vittata and Ceutorhynchus assimilis, 
which live in cruciferous plan.ts, and Chaetocnema 
concinna, which lives primarily in Polygonaceae-
plants, are beneficial in oatfields because they 
feed on weeds, but these species cart be very 
injurious in some other fields (VAPPULA 1965). 
If the weed flora in oatfields are not treated 
with herbicides, the fields will serve as a 
favourable domicile and reproduction site for 
those harmful species. 
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SELOSTUS 

Kaurapeltojen kovakuoriaisfaunan kausiaspektit Suomessa 

TERTTU LAITINEN MIKKO RAATIKAINEN 

Helsingin yliopisto Maatalouden tutkimuskeskus 

Kovakuoriaisfaunan kausiaspekteja tutkittiin Lai-
hialla vuosina 1959-62. Näytteet otettiin kaurapelloilta 
kenttähaavilla noin viikon välein kasvukausittain. 

Kovakuoriaisfaunassa erottui kolme kausiaspektia, 
joiden esiintymiskaudet vaihtelivat vuosittain. Aspektien 
lajistossa on alueellisia eroja kauraviljelyalueellamme. 

Nyk. osoite: Jyväskylän yliopisto, Biologian laitos. 

Laihian kaurapelloille tyypillisistä lajeista vain Chae-
tocnema hortensis, Phyllotreta vittula ja Elateridit voivat olla 
viljoille vahingollisia. Rikkakasvustossa eläviin lajei-
hin kuuluivat mm. Meligethes aeneus, Phyllotreta undulata, 
Pii. vittata, Ceutorkynchus assimilis ja Chaetocnema concinna, 
jotka voivat olla hyvinkin vahingollisia muilla viljelyk-
sillä. Mikäli kaurapeltojen rikkakasvustoa ei hävitetä, 
pellot tarjoavat näille tuholaislajeille suotuisan elin- ja 
lisääntymispaikan. 
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THE EFFECT OF HEAVY NITROGEN FERTILIZATION ON THE UPTAKE OF 
NUTRIENTS AND ON SOME PROPERTIES OF SOILS CROPPED 

WITH GRASSES 

MIKKO SILLANPÄÄ and SIRKKA-LIISA RINNE 

SILLANPÄÄ, M. & RINNE, S.-L. 1975. The effect of heavy nitrogen 
fertilization on the uptake of nutrients and on some properties 
of soils cropped with grasses. Ann. Agric. Fenn. 14: 210-228. 
(Agricultural Research Centre, Institute of Soi! Science, SF-01300 Vantaa 30, 
Finland). 

The effects of 0-600 kg N/ha with PK—fertilization on the uptake of 
nutrients by pure stands of meadow fescue and cocksfoot, harvested at silage 
stage three times during the growing season, were studied at 18 sites during 
a three-year experimental period. Nitrogen fertilization increased the D.M. 
yield and average annual uptake of nutrients significantly up to the 300 kg N/ha 
fertilization level: N from 36 to 219, K from 60 to 267, P from 7.0 to 26.3, Ca 
from 10 to 41, Mg from 3.6 to 19.2 kg/ha, Na from 82 to 1598, Fe from 401 to 
1332, Mn from 278 to 782 and Zn from 60 to 279 grammes/ha. Further in-
creases, above the 300 kg N/ha application level, occurred in the case of N, 
Na and Zn. There were significant differences between the plant species, cutting 
times, soils and years in the quantity of elements removed. 

Increasing N application affected the following soil properties significantly: 
it decreased the pH (R = 0.67***), exchangeable K (R = 0.62***), soluble P 
(r = —0.19*) and exchangeable Ca (r = —0.24***), and increased the specific 
conductivity (R -= 0.6o***), exchangeable Mg (r = +0.24**), soluble Fe 
(r = +0.39***) and soluble Mn (r = +0.2s***). Nitrogen application had 
varying effects on the average N, C, Na and Zn contents of soils. Significant 
differences between different soils existed. 

INTRODUCTION 

Nitrogen fertilization greatly in.creases yields 
and it is therefore obvious that large amounts 
of nutrients are removed from soils. Even in 
cases where the conten.ts of nutrients in the 
yield decrease with increasing nitrogen applic-
ation., total removal of the same elements from 
soils may considerably increase due to higher 
yields (HiivoLA et al. 1974). High yielding for-
ages are likely to deplete the soil of nutrients 

to a much greater extent than grain crops and, 
therefore, fertilizer needs might he better under-
stood if the removal of nutrients by plants is 
known.. Nitrogen and potassium are mobile 
within the root zon.e and considerable quantities 
of these nutrients are takert by plan.ts from the 
soil. On the other hand, the plan.ts recover only 
a small proportion of the added phosphorus 
which is likely to become fixed in the soil. Trace 
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elements are n.ot regularly applied to soil in 
common fertilizers. As a result of a one-sided 
development in fertilizin.g soils with main. nu-
trients only to stimulate increased yields, a loss 
of trace elements is contributing towards ac-
celerated exhaustion of available supplies of 
such trace elements in. soils. The amoun.ts re-
moved by plan.ts are, on the other han.d, not 
always an accurate measure of soil status. This 
depends on the availability of trace elements, 
which is related more to soil pH and other soil 
properties. 

Relatively little attention has been paid to 
the effects of nitrogen fertilization on the nu-
trien.t balan.ce of soils. Especially in.forage pro-
duction., where very heavy nitrogen fertilization 
has been practised and large yields removed  

from fields, the soil nutrien.t balan.ce is likely to 
become disturbed. In some experimertts where 
moderate doses of calcium nitrate or calcium 
ammonium nitrate have been used as a nitrogen 
source for leys, the soil an.alyses have indicated 
a decreasing tendency for K and Mg, pH has 
remained un.affected and the content of soluble 
P has increased (SALONEN and TAINIO 1956, 
SALONEN 1958, TVEITNES 1967, HEDDLE and 
SIMPSON 1969). The in.terrelation.s between the 
nutrients in the soil, naturally depend on rela-
tions and quantities of nutrients applied in. fer-
tilizers. The aim of the presen.t work is, by 
means of an experimen.tal period covering three 
years, to show the effect of increasing nitrogen 
fertilization on the uptake of nutrients and on 
some soil properties. 

MATERIALS AND METHODS 

Detailed information on the pian of the ex-
perimen.ts carried out at the experiment stations 
of the Agricultural Research Centre is given in 
the preceding number of this series (HuoRuNA 
and HIIVOLA 1974) .All treatments received equal 
annual dressings of phosphorus (44 kg P/ha), 
calcium (100 kg Ca/ha), magnesium (19 kg 
Mg/ha), sodium (2 kg Na/ha) and iron. (1.5 kg 
Fe/ha). Potassium fertilization varied according 
to the soil: coarse mineral soils received 100 kg 
K/ha, fin.e mineral soils 90 kg K/ha and organo-
genic soils 120 kg K/ha. Nitrogeri was applied 
as calcium ammonium nitrate (contairting 13 % 
ammonium + 13 % nitrate nitrogen as well 
6 % Ca and 3 °/,„ Mg) in dosages of 0, 150, 300, 
450 and 600 kg N/ha/yr. Part of the results 
concerning potassium removal, dry matter and 
protein yields and mineral contents of DM have 
recen.tly been. published ( Joy et al. 1973, }TII-
VOLA et al. 1974, RINNE et al. 1974a, 1974b). 

Determin.ation of the removal of minerals is 
based on dry matter yield and on mineral con-
tent of represen.tative samples chosen from the 
bulk of each harvest (four replicas).. Soil an.a-
lysis is based on material consistin.g of 1440 soil 
samples, 720 of which were taken before and  

720 after the experimerttal period (18 sites x 5 
treatmen.ts x 2 plan.ts x 4 replicas). Each sample 
was extracted separately with acid ammonium 
acetate (pH 4.65) after end-over-en.d shaking 
for on.e hour (VUORINEN and MÄKITIE 1955). 
The extracts of the four replicas for each treat-
ment were combin.ed, Ca and K were deter-
mined with a flame photometer, Mg, Mn, Na, 
Fe and Zn with an atomic absorption spectro-
photometer and P colorimetrically (molybden-
blue). Soil pH and specific conductivity of ali 
samples were determined from soil: water (1: 2.5) 
suspensions. Average carbon and nitrogert con-
tents of the soils for each treatment were also 
determined both before and after the experi-
mental period, carbon by the dichromate meth-
od and nitrogen. by the Kjeldahl method. For 
particle size distribution determirtation one 
sample (mixture of 40 subsamples) from each 
experimental site was an.alyzed by the pipette 
method (Table 1). 

For statistical analysis the material was div-
ided into three soil groups as expressed in. 
Table 1. Ali regressions of changes in soil nu-
trient status following nitrogen fertilization were 
calculated for these soil groups as well as for 
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Table 1. Organic matter content (C %) and particle size distribution (%) of experimental soils. 

Experirnental sites 
Establ. 
year C ?4, <0.002 

Particle size, 	mm 
0.02-0.02 	0.02-0.2 0.2-2 Soil type 

Coarse mineral soils 

Pasture Exp. Sta. 	  1966 2.69 12.8 22.1 57.3 7.13 Finesand 
South Savo Exp. Sta. 1966 4.00 3.8 7.o 53.6 35.6 Finesand 
Central Ostrobothnia Exp. Sta 	 1966 5.59 12.o 36.8 48.4 2.8 Finer finesand 
Peat Soc. Exp. Sta. (Tohmajärvi) 1966 3.39 4.4 12.o 79.2 4.4 Finer finesand 
Häme Exp. Sta. 	  1966 3.30 20.4 29.a 31.4 18.9 Sandy moraine 

South Savo Exp. Sta. 1967 3.06 3.2 9.2 64.6 23.o Finesand 
Satakunta Exp. Sta. 	 1967 1.89 6.2 8.7 80.7 4.4 Finesand 

Fine mineral soils 

Inst. of Plant Husb. 	 1966 3.10 36.o 36.6 19.5 7.9 Sandy clay 
Satakunta Exp. Sta. 	 1966 3.53 43.s 33.2 20.3 2.7 Sandy clay 
Kymenlaakso Exp. Sta. 	 1966 3.o5 41.5 41.8 12.5 4.2 Silty clay 
South Ostrobothnia Exp. Sta. 1966 6.25 36.3 54.3 7.4 2.o Clayey silt 
Southwest Finland Exp. Sta. 1966 3.17 62.o 25.1 10.5 2.4 Heavy clay 

Inst. of Plant Husb. 	 1967 8.79 52.6 32.1 14.7 0.3 Silty clay 
Southwest Finland Exp. Sta. 	. 1967 2.26 36.8 21.5 35.o 6.7 Sandy clay 
Äland Exp. Sta. 	  1967 2.23 48.8 23.7 26.4 1.1 Sandy clay 
Central Finland Exp. Sta. 1967 3.35 25.2 46.8 25.9 2.1 Loamy silt 

Organogenic soils 

Peat Soc. Exp. Sta. (Leteensuo) 1966 22.30 Spaghnum peat 

Central Ostrobothnia Exp. Sta 	 1967 12.so 20.1 	55.3 24.6 Mould 

the whole material. A regression of the first 
degree was replaced with a second degree re-
gression if the correlation of the latter signifi- 

can.tly exceeded that of the first degree regres-
sion. The significan.ces are expressed at 0.001***, 
0.oi** and 0.05* levels. 

RESULTS AND DISCUSSION 

SoilpH 

The average soil pH measured before the 
three-year experimental period was 5.78 for ali 
soils, 5.86 for coarse mineral soils, 5.90 for fine 
mineral soils and 5.oi for organogenic soils 

(Table 2). The analyses made after the experi-
mental period showed that nitrogen fertilization 
had lowered the soil pH considerably, inde-
pendent of the soil type. At 0, 150 and 300 kg 
N/ha/yr fertilization levels the average soil pH 
was 0.10--0.15 pH unit lower, at 450 kg N level 

Table 2. Soil pH before and after the three-year experimental period. 

Nitrogen 
fertilization 

kg N/ha/yr 

pH before the experimental period pH after the experimental period 

Coarse 
mineral 

soils 

Fine 
mineral 

soils 

Organog. 
soils 

Ali 
soils 

Coai-se 
mineral 

soils 

Fine 
mineral 

soils 

Organog. 
soils 

All 
soils 

0 5.85 5.92 5.00 5.79 5.76 5.81 4.90 5.69 
150 5.87 5.90 5.03 5.79 5.75 5.82 4.91 5.69 
300 5.85 5.50 5.133 5.78 5.713 5.75 4.90 5.63 
450 5.86 5.89 4.96 5.78 5.56 5.6o 4.80 5.49 
600 5.85 5.88 5.03 5.77 5.42 5.47 4.63 5.36 
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(n 5.0 

- 0.1 
-0.2 
-0.3 

a. 
-0.4 

6.0- 
+0.1 

v fine miner. soils 
x coarse miner. soils 
o organog. soils 
— ali soils 

R=0.68 ***  (df 2,177) 
x= kg N1K10 -2/ha 
Y . change in sai! pH 

1 	1 	1 	1 
150 300 450 600 	0 150 300 450 600 

NITROGEN FERTILIZATION, kg N/ha/yr 

Fig. 1. (A) Soil pH at the end of the experimental period at different nitro-
gen fertilization levels in various soil groups and (B) changes in pH during 
the three-year period as a function of yearly nitrogen fertilization (ali soils). 

4.5- 

0 

0.22 pH unit lower, and at highest N fertiliza-
tion level (600 kg N/ha/yr) 0.41 pH unit lower 
than at the beginning of the experiment (Fig. 
1 B). Average pH for the different soil groups 
after the experimental period is given in Fig. 1 A. 

The correlation between the pH change and 
nitrogen fertilization for the whole material is 
highly significant (R = 0.68***) as are the cor-
respon ding correlations for different soil groups: 
coarse mineral soils (R = 0.72***), fine mineral 
soils (R = 0.66***), and organogenic soils (R --
0.65***). There are no significant differences 
in the changes of the level or direction of soil 
pH on nitrogen fertilization between the soil 
groups. 

For ali soils 45.6 per cent of the changes in 
pH during the experimental period are due to 
nitrogen fertilization alon.e. In multiple regres-
sions when. the fertility level of soils at the be-
ginning of the experiment was taken into ac-
count that percentage increased to 64.1, ex-
changeable calcium, soluble phosphorus and 
sodium (in this order of significance) being ad-
ditional significant variables. 

Phosphorus and potassium fertilizations are 
not included as variables in the regressions on  

nitrogeri fertilization, since equal dosages of 
these were applied to ali plots. It is obvious, 
however, that superphosphate especially, being 
an acid forming fertilizer, when applied in high 
dosages, 500 kg/ha/yr, is partly responsible for 
the lowered pH level of soils independent of 
nitrogen. fertilization. This is supported by the 
fact that pH also dropped in plots where no or 
only small dosages of nitrogen were applied. 

Specific conductivity of soil 

At the beginning of the experimental period 
the average specific conductivity for ali experi-
mental soils was 1.16, for coarse rnineral soils 
0.22, for fine mineral soils 1.16 and for organo-
genic soils 1.72 units (Table 3). During the 
experimental period specific conductivity of 
soils increased at ali nitrogen fertilization levels 
varying from 0.12 unit (aver.) at the lowest 
nitrogen (150 kg/ha/yr) level to 1.57 unit at 
the highest nitrogen (600 kg/ha/yr) level. The 
situation at the end of the period is given in 
Fig. 2 A. 

The regressions for the changes in. specific 
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Table 3. Specific conductivity of soils before and after the three-year experimental period. 

Nitrogen 
fertilization 

kg N/ha/yr 

Specific conductivity (10 x millimh 	cm) 

Before the experimental period After the experimental period 

Coarse 
mineral 

soils 

Fine 
mineral 

soils 

Organog. 
soils 

Ali 
soils 

Coarse 
mineral 

soils 

Fine 
mineral 

soils 

Organog. 
soils 

Ali 
soils 

0.99 1.13 1.84 1.13 1.22 1.30 2.49 1.40 
150 0.98 1.11 1.70 1.13 1.09 1.20 2.09 1.25 
300 0.97 1.18 1.70 1.13 1.27 1.54 1.99 1.48 
450 1.01 1.18 1.79 1.18 1.53 2.81 2.88 2.04 
600 1.01 1.2s 1.74 1.21 2.93 3.10 3.27 2.78 

conductivity during the period on nitrogen fer-
tilization are highly significant for ali soil groups 
(Fig. 2 B). However, between the soil groups 
there are significan.t differences both in the level 
(F = 2.75*) and in the direction (F = 2.49") 
of the curves. The increase in the specific con-
ductivity due to nitrogen was most pron.ounced 
in the group of fine mineral soils (1.84 units) 
and least marked in coarse mineral soils (1.22 
units). In con.trol plots which received no nitro-
gen the con.ductivity in.creased more than. in 
plots receiving the lowest nitrogen. (150 kg/ha) 
application level. This is apparen.tly due to the 
fact that on both plots heavy, equally high 
doses of P and K fertilizers were applied, but 

x coarse mIner. soils 
V fine mlner. solls 
0 organog.soils 
- ali soils 

the amounts ofnutrien.ts removed by yields from 
150-N-plot soils were over three times as high 
as those from control plots (Table 4). The dif-
feren.ce between these plots due to this uptake 
is apparen.tly greater than that due to 150 
kg/ha/yr fertilization., leading to higher increases 
in the specific conductivity of con.trol plot soils 
than in. the 150-N-plot soils. 

Uptake of nutrients and soil nutrient 
status 

Nitrogen 

The three-year average uptake of nitrogen 
by the yield increased eightfold, the DM yield 

coarse miner. soils 
y .0.24-0.1623+0.053432  
R.0.50***  
fine mIner. solls 

5- +2.0- y .0.13-0.089x 40.0637x 2  
R.0.68*** 

1:•-• 	organog.soIls 
y •0.83-0.4313+0.0 92332  
R -0.83 *** 

0 +1.5-01184115 
y -0.25-0.1553+0.0629x 2  
R-0.61 *** 
x • kg NxI0-2/ha 
y •change In spec.cond. 

+ - 
L11 

+0.5- 
(1) 

1 1 1 I 1 
0 150 300 450 600 

NITROGEN FERTILIZATION, kg N/ha/yr 
Fig. 2. (A) Soil specific conductivity (10 X millimho/cm) at the end of the 
experimental period at different nitrogen fertilization levels in various soil 
groups and (B) average changes in specific conductivity during the three-
year period as a function of yearly nitrogen fertilization. 
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Table 4. Nutrients removed from the soil during the three-year experiment kg/halyr. 

NUMBER 
of 

YIELDS 

DRY 
MATTER 
YIELDS 

 

Ca 	 Mg 

 

 

kg/ha/yr 

  

     

NITROGEN FERTILIZATION 
kg Nihaiyr 

0 
150 
300 
450 
600 

108 
108 
106 
104 
104 

1 980a 
6 130b 
7910° 
8 3500  
8240° 

36a 
130b 
2190  
270d 
288d 

60a 
199b 
267e 
288c 
2890  

7.oa 
20.31,  
26.3e 
27.3e 
27.8c 

10° 
30b 
41e 
46e 
46e 

3.0 
12.7b 
19.2c 
22.6d 
224d 

F-values 160.6*** 291.3*** 82.6*** 89.o*** 117.o*** 170.1*** 

SPECIES 
Meadow fescue 265 6360° 185a 206a 21.6a 3913 16.3a 
Cocksfoot 265 6630a 190a 232b 21.3a 30a 15.8° 

F-values 0.6 0.3 4.6* 0.1 30.4*** 0.3 

AGE OF THE LEY 
year 
lst 180 7 900c 22 1b 3010  26.80  40e 18.4b 
2nd 
3rd 

180 
170 6  95400  4 4: 111:? blaa 

212b 
141a 

21.613  
16.6a 

3513 
28a 

16.2b 
13.6a 

F-values 41.6*** 17.9*** 72.8*** 32.1*** 17.7*** 11.7*** 

SOILS 
Coarse mineral 204 6670° 191a (211) 22.oa 40b 16.5" 
Fine mineral 266 6 350a 185a (228) 21.2° 30a 14.sa 

3. Organogenic 60 6 490a 186a (206) 23.6° 34ab 19.7b 

F-values 0.s 0.2 (Li) 0.9 13.5*** 6.4*** 

CUT 
527 2 420e 69b 89b 8.61' 11a 4.5a 

II 528 2 150b 57a 67a 6.4a 12b 3.8b 
III 538 1 890a 60a 62a 6.6a 11a 5.7b 

F-values 23.6*** 10.3*** 40.6*** 25.7*** 3.9* 20.5*** 

The TUKEY method (STEELE and TORRIE 1960) was applied to test the differences between the averages, a-d : 
P < 0.05. Values followed by the same letter do not differ significantly from each other. 

Means of K removal between soils are not comparable because of different K fertilization levels. 

4.1-fold and the nitrogen content of the yield 
almost doubled as the nitrogen. rate increased 
from 0 to 600 kg N/ha. The increase of nitrogen 
uptake was significant up to the 450 kg N/ha 
level (Table 4). During the three-year experi-
mental period the relation between the uptaken 
and applied nitrogen was as follows: 

applied 

0 kg Nilla/yr 
150 	» 

uptaken 

36 kg N/halyr 
130 

uptake/appl. 

87% 
300 » 219 » 73 » 
450 » 270 » 60 » 
600 » 288 » 48 

Differences in nitrogen uptake between the 
two plant species, three cuts, three yeais and 
three soil groups were discussed in detail in a 
previous paper (HuvoLA et al. 1974) in con-
nection with protein yields. 

S oil analy se s before and after the ex-
perimental period showed that at the highest 
nitrogen application levels carbon contents in-
creased slightly and total nitrogen con.tents 
increased strongly during the period (Table 5). 
However, only in fine mineral soils the regression 
between soil nitrogen and nitrogen fertiliza- 
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Table 5. Soil C %, N % and C/N ratio before and after the three-year experimental period. 

Nitrogen 
fertili- 
zation 

kg/ha/yr 

Before the experimental period After the experimental period Difference, %-units 

Coarse 
mineral 

soils 

Fine 
mineral 
soils 

Organog. 
soils 

Ali 
soils 

Coarse 
mineral 

soils 

Fine 
mineral 

soils 
Organog. 

soils 
Ali 

soils 
Coarse 
mineral 

soils 

Fine 
mineral 

soils 
Organog. 

soils 
Ali 

soils 

Carbon content, % 
0 3.43 4.07 17.39 5.30 3.50 4.00 17.61 5.34 +0.07 -0.07 +0.42 +0.04 150 3.40 3.96 17.13 5.21 3.47 3.99 17.35 5.27 +0.07 +0.03 +0.22 +0.06 300 3.41 4.01 17.30 5.25 3.58 4.01 18.86 5.49 +0.17 +0.00 +1.56 +0.24 450 3.43 4.04 18.07 5.36 3.44 4.15 19.45 5.57 +0.01 +0.11 +1.38 +0.21* 600 3.40 3.94 17.97 5.29 3.52 4.o9 17.48 5.36 +0.12 +0.15* -0.49 +0.07 

Nitrogen content, % 
0 0.206 0.283 0.668 0.296 0.220 0.284 0.727 0.308 +0.014**  +0.001 +0.059 +0.012*  150 0.208 0.261 0.672 0.298 0.221 0.285 0.743 0.311 +0.013 +0.004 +0.071 +0.015*  300 0.206 0.280 0.663 0.294 0.224 0.288 0.708 0.308 +0.018** +0406 +0.045 +0.014** 450 0.207 0.281 0.702 0.299 0.224 0.295 0.771 0.320 +0.017*** +0.014** +0.069** +0.021*** 600 0.207 0.280 0.685 0.297 0.224 0.294 0.759 0.319 +0.017*** +0.014** +0.074 +0.022*** 

Carbon/nitrogen ratio 
0 16.68 13.73 25.72 16.21 15.83 13.66 24.10 15.67 -0.07 -1.62 -0.54* 150 16.21 13.59 25.22 15.90 15.56 13.55 23.19 15.40 -0.65* -0.04 -2.03 -0.50 300 16.5o 13.78 25.75 16.17 15.86 13.54 26.14 15.84 -0.64* -0.24 +0.39 -0.33* 450 16.49 13.75 25.75 16.15 15.30 13.63 25.05 15.55 -1.19** -0.12 -0.70 -0.60* 600 16.34 13.59 26.10 16.05 15.49 13.47 22.78 15.29 -0.12 -3.32 -0.76* 

tion was statistically sign.ificant (r = 0.27*). 
Nevertheless, even the highest average increase 
in nitrogen. (0.022 %, equal to 440 kg/ha plough 
layer) falls a long way short of the difference 
betweert the nitrogen applied and the nitrogen 
taken up by the plan.t. In other words, signif-
ican.t quantities of nitrogen. (at the highest 
N-application levels) have been leached out 
of the soil in drainage waters, leached down to 
lower soil levels or lost by denitrification. This 
subject will be considered in more detail in 
another connection.. Iii general, the C/N ratio 
decreased durin.g the period. 

Polassium 

The effects of nitrogen fertilization on the 
armual yields, potassium content of plants, and 
on total and net uptake of potas-
sium are given in Fig. 3. and the three-year 
averages in. Table 4. 

During the first year the effect of nitrogen 
on. the dry matter yield was most pronounced,  

but then decreased towards the end of the ex-
perimental period. Nitrogen also increased the 
K content of the plants in the first year from 
233 to 4.03 %, in the second year the changes 
were slight (from 2.87 to 3.14 %), and in the 
third year there was a tendency to decrease 
(from 234 to 2.73). This is an indication of the 
diminishin.g soil potassium reserves (See p. 000), 
which is also evidently one of the causes of the 
simultaneously decreasing yields. The increase 
in the uptake of potassium due to nitrogen was 
greatest in the first year, decreasing toward the 
end of the three-year period. This decrease was 
significant and relatively greater than that in 
the yields because of the simultaneously de-
crease in the potassium content of plants. Po-
tassium fertilization. (average 100 kg/ha/yr, 
diagon.ally lined section. in Fig. 3) replaced only 
a small part of the gross K uptake leading to 
a considerable depletion of soil-native potas-
sium (net uptake). The three-year totals of gross 
and net K uptakes at different nitrogen fer-
tilization levels were as follows: 
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150 300 450 600 0 150 300 450 600 0 150 300 450 600 

NITROGEN FERTILIZATION, kgN/hci 
Fig. 3. Dry matter yields, K content of plants, and total and net K uptake as a function of nitro-
gen fertilization during the three-year experimental period (aver. two plants, three soil groups). 

	

N fertilization 	Three year total K uptake kg K/ha 

	

kg N/ha/yr 	
Gross — Fertilization =- Net 

0 180 300 —120 
150 597 300 297 
300 801 300 501 
450 864 300 564 
600 867 300 567 

According to the soil analyse s, the 
average content of exchangeable potassium was 
342 kg K/ha (ali soils) at the beginning of the 
experiment, varying according to soil (Table 6). 
At the en.d of the experimental period the an.a-
lyses showed a 66 kg K/ha average increase of 
exchangeable K content in control plots while  

ali N treatments caused a decrease in. exchange-
able K (Table 6 and Fig. 4). The greatest fall 
(134 kg K/ha) occurred at the 450 kg N/ha 
fertilization. level. The contents of exchangeable 
potassium after the experimental period at dif-
ferent nitrogen fertilization levels in different 
soils are given in Fig. 4 A. Regressions showing 
changes in exchangeable K following N fer-
tilization are given in Fig. 4 B. The regressions 
for ali three soils are highly significan.t, differin.g 
significantly also from each other both in eleva-
tion (F = 3.90**) and in. direction (F = 2.91.*). 
Fine mineral soils originally con.tained con-
siderably more exchangeable potassium than. 
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y •change In salin 

exchangeable K 

Table 6. Exchangeable K kg/ha before and after the three-year experimental period. 

Nitrogen 
fertilization 

kg N/ha/yr 

Exchangeable K kg/ha 

before the experimental period after the experimental period 

Coarse 
mineral 

soils 

Fine 
mineral 

soils 

Organog. 
soils 

Ali 
soils 

Coarse 
mineral 

soils 

Fine 
mineral 

soils 

Organog. 
soils 

Ali 
soils 

0 256 432 226 340 296 492 410 406 
150 260 424 226 338 144 366 152 256 
300 268 422 230 340 118 316 72 212 
450 294 420 230 350 120 322 66 216 
600 270 416 236 340 136 328 58 224 

other soils did. In spite of the lesser annual 
fertilization. (90 kg K/ha), the fall in soil ex-
changeable K due to N fertilization was less 
marked than in other soils. Nitrogen fertiliza-
tion explained 27.o per cent of the variation in. 
exchangeable K in fine mineral soils. The great-
est fall in. exchangeable K occurred in organo-
genic soils despite their having received the 
highest K fertilization (120 kg K/ha). Nitrogen 
fertilization. explained 85.7 per cent of the varia-
tion in these soils and 48.9 per cent in coarse 
mineral soils. The original exchangeable K con-
tent of soils and nitrogen. fertilization together 
explained 61.7 and 56.9 per cent of the variation 
in exchan.geable K in coarse and fin.e mineral 
soils, respectively. 

The net K removal from soils calculated above 
on the basis of yields, K content of yields and 
given K fertilization are well reflected in the 
changes in exchangeable soil K obtained by the 
soil analyses. The latter changes, however, are 
much smaller in magnitude because of the re-
placement of removed exchangeable K from 
other soil K sources. 

N fertilization 
kg N/ha/yr 

Net removal 
kg K/ha/yr 

Fall in exch. K 
kg/ha/3 yr 

—120 —66 
150 297 82 
300 501 128 
450 564 134 
600 567 116 

The removal of soil K due to heavy nitrogen 
fertilization and its effects on various forms of 

I 	1 	1 	1 	1 	1 	1 	1 
	

1  
0 150 300 450 600 	0 150 300 450 600 

NITROGEN FERTILIZATION, kg N/ha/yr 
Fig. 4. (A) Exchangeable K at the end of the experimental period at different 
nitrogen fertilization levels in various soil groups and (B) average changes in 
exchangeable K kg/ha during the three-year period as a function of yearly 

nitrogen fertilization. 
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Table 7. The effect of cutting time on the uptake of 
potassium (aver. ali years, species and soils). 

kg N/ha/cut 0 	50 	100 	150 	200 	Aver. 

Cut Uptake of K kg/ha/yr 
30 77 104 116 119 89 

II 19 65 82 86 84 67 
III 11 54 76 83 83 62 

soil K have been discussed in detail in another 
paper ( JoY et al. 1973). The results of the latter 
paper are based on a part of the present ma-
terial. 

Of the two plant sp ec ies the average 
(ali N levels, soils and years) uptake of potas-
sium by cocksfoot (232 kg K/ha/yr) exceeded 
that of meadow fescue (206 kg) by 12.6 per 
cent. In spite of the statistically significant dif-
ference in the total uptake (Table 4) there was 
no significant difference between the species 
either in the elevation (F = 0.17) or in the di-
rection (F = 0.02) of the regressions of the ex-
changeable soil K due to nitrogen. fertilization. 

The difference between cutting times 
iii the uptake of potassium was considerable. 
The uptake was most pronounced in the first 
cut, apparen.tly due to the fact that all potas-
sium was applied ann.ually in the spring, in 
one dose and was therefore more readily avail-
able to the first thart to the later growths 
(Table 7). 

Phosphorus 

The quantity of fertilizer phosphorus applied 
each year (44 kg P/ha) considerably exceeded 
the uptake of P regardless of nitrogen. treat-
ment. The effects of nitrogen fertilization on the 
phosphorus content of plants and on phosphorus 
uptake are given in Fig. 5 and the three-year 
averages in Table 4. 

At control (0 kg N/ha) level the average P 
content of the plants was significantly higher 
(P< 0.661) than that of plants which" received 
nitrogen., while the quantity of nitrogen (from 

2nd. YEAR 3rd. YEAR 1 st. YEAR 
0.40 

2 
0.30 

a_ 0.20 

1 	1 	1 	1 	1 	1 	1 	1 
o 	100 300 450 600 0 150 300 450 600 0 150 300 450 600 

P FERTILIZATION 

150 300 450 600 0 150 300 450 600 0 150 300 450 600 

NITROGEN FERTILIZATION, kg N/ha/yr 
Fig. 5. P content of plants and P uptake as a function of nitrogen fertilization (aver. two 

plants, three soi] groups). Dotted line indicates P fertilization. 
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NITROGEN FERTILIZATION, kg N/ha/yr 
Fig. 6. Acid ammonium acetate extractable phosphorus in various soils before and after the three- 

year experimental period at different nitrogen fertilization levels. 

150 to 600 kg N/ha) had no effect on the aver-
age P content of grasses. 

Due to the relatively small variation in the 
content of the grasses, the yearly uptake of 
was mainly determined by the quantity of 

yields. The increase of P uptake with in.creasing 
nitrogen fertilization was most pronounced in 
the first experimental year but the three-year 
average increase was significan.t only up to 
300 kg/ha nitrogen application. level (Table 4). 
Due to the general decrease in yields and con-
sequently in P uptake towards the end of the 
period, the quan.tities of fertilizer P remaining 
in the soil correspondingly in.creased. The ac-
cumulation of fertilizer P iii the soil was greatest 
at control N fertilization level where the residual 
effect of P was also likely to he most prominent. 
This is apparen.tly an explanation to the in-
crease in. P content of grasses from the first to 
the third year at control N level. 

Iri spite of the excess P fertilization causing 
accumulation in the soil at ali N application 

levels, the soil a n. alyses made before and 
after the experimental period show an average 
decrease of soluble soil P in ali plots which 
received nitrogen.. Evert in the control plot the 
increase in soluble P is only slight (Table 8 
and Fig. 6). The decrease in. soluble P as a 
function of nitrogen fertilization (ali soils) was 
statistically significant (r = —0.1.3*). The effect 
of N was greatest in organogenic (r = —0.34*) 

and fine mineral soils (r = —0.26*) while in 
coarse mineral soils it was in.significan.t (r = 
—0.o3). 

According to the results given. in. Fig. 5 the 
content of the total soil phosphorus has 
increased due to the excess P fertilization in re-
lation to P uptake. The excess P remainin.g in 
soil, however, does not appear quantitatively in 
the results of the analyses of soluble soil P 
(Table 8). Since it is unlikely that there has 
been any n.oteworthy leaching of P from the 
soil, the difference between the excess applica-
tion of P and changes in soluble soil P must 
he mainly due to the fixation of the excess P. 
According to SILLANPÄÄ (1961 a, 1961 b) 
about 94-95 per cen.t of the fertilizer phos-
phorus applied will become fixed in a form 
which cannot be extracted with acid ammonium 
acetate in eight months, the process being a 

Table 8. Relation between the excess P fertilization 
(applied P minus removed P) and the corresponding 
changes in acid ammonium acetate soluble soil P dur-
ing the three year experimental period (aver. ali soils 

and plants). 

Nitrogen 	 Applied minus 	Change in 
fertilization 	 removed P 	soluble soil P 
kg N/ha/yr 	 kg/ha 	 kg/ha 

+111 +1.4 
150 + 71 —1.6 
300 + 53 —1.4 
450 + 50 —1.6 
600 + 50 —2.6 
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AFTER CHANGE 
(ali soils) 

Co. 2 78 _ 0.38 N  

r=-0.24 *** 

1 1 1 1 
150 300 450 600 

log-log function of the time elapsed since P 
application. Accordingly, the excess application 
of P (111 . . . 50 kg/ha, Table 8) should cause 
about 5.6 . . . 2.6 kg/ha increase in soluble soil P, 
respectively, instead of the small decrease shown 
in the right-hand column.. The difference is 
apparently due to the fall in soil pH during 
the experimental period (Fig. 1) causing a 
decrease in the solubility of P, including both 
the applied and soil native P. 

There was no significant differen.ce between 
the two p lant sp ecie s in the uptake 
of P. The average conten.t of P in plants as 
well as the P uptake were significantly higher 
iii the first c u t than in later cuts (Table 4). 
This is apparently due to the phosphorus being 
more readily available shortly after its one-dose 
spring application than in the later stages of 
the growing season. 

Calcium and magnesium 

The effects of nitrogen fertilization on. the 
calcium and magnesium uptake 
are given. in Table 4. The quantity of fertilizer 
calcium and magnesium applied considerably 

exceeded the Ca and Mg uptake by grasses. 
When nitrogen fertilization increased from 0 
to 600 kg N/ha, quantity of applied calcium 
increased from 100 to 240 kg Ca/ha and re-
moved calcium from 10 to 46 kg Ca/ha. Ap- 
plied magnesium increased from 1 kg to 73 kg 
Mg/ha and removed magnesium from 3.6 to 
22.9 kg Mg/ha, respectively. 

According to the s oil analyses the 
average contents of exchangeable calcium and 
magnesium were 3088 kg/ha and 332 kg/ha (ali 
soils), respectively. At the end of the experi-
mental period the analyses showed on an aver-
age a slight increase of exchangeable Ca con-
tent in each soil group, in spite of the decreasing 
effect of nitrogen fertilization on the exchange-
able Ca in soil (Fig. 7). The negative effect of 
nitrogen was greatest and statistically significant 
only in fine mineral soils (r = —0.33**), while 
it was insignificant in coarse mineral soils 
(r = —0.17) and in organogenic soils (r 
—0.13). 

The soil analyses made after the experimental 
period showed a decrease iii exchangeable mag-
nesium in the coarse mineral soils and an in-
crease in the organogenic soils. However, regres-
sion between nitrogen fertilization and change 

fine miner.soils 
organog. soils 

x coarse miner.soils 
— ali soils 

1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 
0 150 300 450 600 0 150 300 450 600 0 

NITROGEN FERTILIZATION, kg N/ha/yr 
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Fig. 7. Exchangeable (acid ammonium acetate) calcium in various soils before and after the three- 
year experimental period at different nitrogen fertilization levels. 
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Fig. 8. Exchangeable (acid ammonium acetate) magnesium in various soils before and after the three-
year experimental period at different nitrogen fertilization levels. 

in exchangeable magnesium is positive and sig-
n.ifican.t for the whole material (Fig. 8). The 
effect of N fertilization was clearest in the fine 
min.eral soils (r -= 0.27**); while iri coarse min-
eral and organogenic soils it was not signif-
ican.t (r -= 0.23 and 0.12, resp.). 

Sodium, iron, manganese and zinc 

The effects of nitrogen fertilization on the 
average annual up take of mi cr o - 
nutri en ts are given. in Table 9. As the 
quan.tities of applied nitrogen increased from 
0 to 600 kg/ha, the three year average DM 
yield increased 4.1-fold, uptake ofsodium 34-fold 
(from 82 g to 2762 g/ha), iron. 3.5-fold (from 
401 g to 1419 g/ha), manganese 2.s-fold (from 
278 g to 819 g/ha) and zinc 5.4-fold (from 60 g 
to 325 g/ha). However, with nitrogen doses 
higher than 300 kg N/ha/yr further significant 
increases in uptake occurred in cases of Na and 
Zn. only. The differences in. Mn uptake due to 
nitrogen were negligible because of the de-
creasing effect of nitrogen. on Mn con.tent of 
yields. Due to the relatively great variation in 

Na and Mn contents of the grasses grown in 
differen.t soils there were significan.t differences 
between the soils in. uptake of Na and Mn 
(Tables 9 and 10). The uptake of sodium in 
organogenic soils increased with increasing N 
fertilization. 85-fold while that of fin.e min.eral 
soils increased only 15-fold. The uptake of man-
ganese was also greatest in organogenic soils. 
There were no significan.t differences between 
the soils in the uptake of iron and zinc. 

The results of soil analyses on the 
contents of soluble sodium, iron, manganese and 
zinc made before and after the experimen.tal 
period are expressed in. Figs. 9-12, respectively. 
The average contents of acid ammonium acetate 
extractable nutrients varying with the soils were 
at the beginning of the experimen.t as follows: 
Na 42 kg/ha, Fe 146 kg/ha, Mn 23 kg/ha and 
Zn. 4.0 kg/ha. At the end of the experimen.tal 
period the analyses showed a slight increase in 
the average contents of soluble sodium and iron, 
elemen.ts which had been applied in fertilizer, 
while the average contents of soluble Zn. and 
Mn in soils had decreased. 

Regression between nitrogen fertilization and 
soluble iron is statistically significant for the 

222 



Table 9. Nutrients removed from the soil during the three-year-experiment g/ha/yr. 

NUMBER 
of 

YIELDS 

DRY 
MATTER 
YIELDS 

Na Fe Mn Zn 

kg/ha/yr g/ha/yr 

NITROGEN FERTILIZATION 
kg N/ha/yr 

0 
150 
300 
450 

108 
108 
106 
104 

1 9808  
6 130b 
7 9100  
8 350c2 

828  
43413  

1 598c 
406cd 

401a 

9348b 1 	32c 
1 407c 

2788  
722b 
78213  
825b 

608  
194 b 
279e 
3160d 

600 104 8 240c 2 762d 1 419c 819b 325d 

F-values 160.6 *** 17.5*** 52.8*** 33.6*** 104.4*** 

SPECIES 
Meadow fescue 265 6 3608  4798  1 174b 5258  225a 

Cocksfoot 265 6 6308  2 390b 1 0158  82913  2418  

F-values 0.6 57.6*** 6.1** 71.1*** 1.8 

AGE OF THE LEY 
year 
1st 180 7 900c 1 0078  1 415c 864b 296c 

2nd 180 6 540b 1 458813  1 135b 6428  230b 

3rd 170 4940a 1 875b 7188  5348  1718  

F-values 41.6*** 3.5* 47.2*** 25.6*** 34.1*** 

SOILS 
Coarse mineral 204 66708  1 677b 1 1178  756b 2438  
Fine mineral 266 6 3508  6778  1 0958  558a 2298  

3. Organogenic 60 6 490a 4 005c 1 0168  982c 2208  

F-values 0.5 33.2*** 0.5 27.6*** 0.6 

CUT 
I 527 2 420c 2898  412b 1918  87b 

II 528 2 150b 552b 3218  245b 728  
73a 

III 538 1 8908  590b 357a 240b 

F-values 23.6*** 8.6*** 12.2*** 14.5*** 11.4*** 

For meaning of the index letters, see Table 4. 

Table 10. Uptake of sodium and manganese at various nitrogen fertilization levels from different soils (aver. three 
years and two plants). 

Applied nitrogen, kg/ha/yr 0 150 300 	 450 600 aver. 

Na uptake, g/ha/yr 

Coarse mineral soils 	  71 562 2 113 	2 747 3 029 1 677 
Fine mineral soils 	  87 274 683 	1 061 1 319 677 
Organogenic soils 	  96 709 3 394 	7 098 8 127 4 005 

Mn uptake, g/ha/yr 

Coarse mineral soils 	  297 751 864 	932 969 756 
Fine mineral soils 	  274 594 628 	671 627 558 
Organogenic soils 	  234 1 189 1 204 	1 135 1 150 982 
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Fig. 9. Soluble sodium in various soils before and after the three-year experimental period at different 
nitrogen fertilization levels. 
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whole material (Fig. 10) as well as for each 
soil group separately: Coarse mineral soils (r = 
0.31**), fine mineral soils (r = 0.39***) and 
organogenic soils (r = 0.46*). This is appar-
ently due to the decrease of soil pH as a function 
of N fertilization (Fig. 1). 

Although the average conten.t of soluble Mn 
generally decreased during the experimen.tal 
period, its content as a function of nitrogen 
fertilization significan.tly inreased (Fig. 11) ap-
paren.tly due to the corresponding decrease in 
pH (Fig. 1). The correlation between the change 
in soil Mn. and N fertilization was strongest in  

coarse mineral soils (r = 0.31") followed by 
fine mineral soils (r -= 0.29**) while iii organ.o-
genic soils it had no significan.ce (r =0.07). 
There were no significant correlations between 
N fertilization and changes in. soluble Na and 
Zn irt any of the soil groups. 

Of plant sp ecie s, the average uptake 
of sodium and manganese by cocksfoot exceeded 
that of meadow fescue significan.tly (Table 9). 
Greatest differences existed in organ.ogenic soils, 
where the Na uptake of cocksfoot was 10-fold 
and Mn uptake 1.8-fold compared with meadow 
fescue. There were no significan.t differences be- 
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Fig. 10. Soluble iron in various soils before and after the three-year experimental period at different 
nitrogen fertilization Ievels. 
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Fig. 11. Soluble manganese in various soils before and after the three-year experimental period at 
different nitrogen fertilization levels. 
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Fig. 12. Soluble zinc in various soils before and after the three-year experimental period at different 
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w 3-
-J CO 
--I 2 — 0 

1 	1 	1 	1 	1 	1 	1 	1 	1 	1 
0 	150 300 450 600 0 	150 300 450 600 

tween the two grasses in the uptake of Zn, 
while meadow fescue took significantly (15 %) 
more iron. than. cocksfoot. 

The differences between cutti xi g times 
in the uptake of micronutrients were consider- 

able. The average uptake of sodium and man-
ganese was significantly less in the first cuts in 
spite of significan.tly greater dry matter yields, 
while uptake of iron and zinc was greater in 
the first than in. later cuts (Table 9). 
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SELOSTUS 

Runsaan typpilannoituksen vaikutus nurminadan ja koiranheinän ravinteiden 
ottoon ja maan ravinnetilaan 

MIKKO SILLANPÄÄ ja SIRKKA-LIISA RINNE 

Maatalouden tutkimuskeskus 

Säilörehun tuotannon vaikutusta kasvien ottamien ravin-
teiden määriin ja maan ravinnetilaan tutkittiin 18 koe-
paikalla v. 1967-70. Typpitasot olivat 0, 150, 300, 450 
ja 600 kg N/ha ja sato korjattiin kolme kertaa kasvu-
kauden aikana. Maanäytteet otettiin sekä ennen koetta 
että 3-vuotisen kokeen päätyttyä. 

Fosforia annettiin lannoitteina runsaasti yli kasvien 
ottamien määrien, kaliumia huomattavasti vähemmän 
(kuvat 3 ja 5). Kuiva-ainesato ja kasvien ottamien ra-
vinteiden määrät nousivat tilastollisesti merkitsevästi 
typpitason noustessa tasolle 300 kg N/ha (taulukot 4 
ja 9). Kaliumin määrä nousi keskimäärin 60 kg:sta 
267 kg:aan, fosforin 7,o kg:sta 26,3 kg:aan, kalsiumin 
10 kg:sta 41 kg:aan, magnesiumin 3,8 kg:sta 19,2 kg:aan, 
natriumin 82 g:sta 1 598 g:aan, raudan 410 g:sta 1 332 
g:aan, mangaanin 278 g:sta 782 g:aan ja sinkin 60 g:sta 
279 g:aan hehtaarilta vuodessa. Sadon ottama typpi- 

määrä lisääntyi merkitsevästi 450 kg Nilla saakka: 
36 kg:sta 270 kg:aan hehtaarilta. Natriumin ja sinkin 
otto lisääntyi merkitsevästi korkeimmalle typpilannoi-
tustasolle saakka. 

Ammoniumtyppeä 13 % ja nitraattityppeä 13 % 
sisältävä Oulunsalpietari alensi suuria määriä käytet-
täessä voimakkaasti maan pH:ta ja nosti johtolukua 
(kuvat 1 ja 2). Suurten kuiva-ainesatojen maasta ot-
tamat kaliummäärät vähensivät vaihtuvan kaliumin 
määriä maassa typpitason kohotessa (kuva 4), ja lan-
noituksen välittömät seuraukset, lähinnä pH:n alene-
minen, vähensivät typpitason noustessa kasveille käyt-
tökelpoisen fosforin määrää huolimatta runsaasta fos-
forilannoituksesta (kuvat 5 ja 6). Typpitason noustessa 
vaihtuvan kalsiumin määrä väheni (kuva 7), sen sijaan 
magnesiumin, raudan ja mangaanin liukoiset määrät 
lisääntyivät kokeen aikana (kuvat 8, 10 ja 11). 
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DOMESTICATION OF THE COWBERRY (VACCINIUM VITIS-IDAEA L.) 
IN FINLAND 

AARO LEHMUSHOVI and JAAKKO SÄKÖ 

LEHMUSHOVI, A. & SÄxö, J. 1974. Domestication of the cowberry 
(Vacciniurn vitis-idaea L.) in Finland. Ann. Agric. Fenn. 14: 227-230. 
(Agricultural Research Centre, Institute of Horticulture, SF-21500, Piikkiö, 
Finland). 

A research programme set up at the Institute of Horticulture in 1971 comprised 
a basic ecological study, a study of cultivation techniques in natural habitats 
and in field plantings, a propagation study, a study of the quality of the fruit 
and selective breeding. 

The most interesting results were obtained in experiments with fertilizers, 
substrates and mulches. Field plantings on milled peat generally gave a crop 
of 15-40 kgiare. Mulching increased the crop and the size of the berries to 
a remarkable extent. 

The cowberry can be propagated by plants taken from the wild, as well as 
from cuttings, pieces of rhizomes and course seed. Up to now propagation by 
seed has proved the most succesful. 

In the research on the improvement of the cowberry, 120 natural strains were 
thoroughly examined in an experimental field. 

Crops of the cowberry (Vaccinium vitis-idaea L.), 
the most important wild berry-bearing plant 
in Finland, vary greatly from one year to an-
other; quantities reaching the market range 
from 1 to 20 million kg, and in some parts of 
the country the crop may often prove a com-
plete failure. It was therefore considered desir-
able to start investigating the possibility of cult-
ivating the cowberry in. Finland, with a view 
to ensuring a constant supply of the fruit. 

Field plantings 

The first experimental field planting of the 
cowberry was laid out in 1968. Atten.tion was 
paid to the significance to growth and fruiting 

of the type of substrate, the use of fertilizer, 
liming and shade. Of ali the factors studied, 
the substrate was fourtd to exert the greatest 
influence on the growth of the cowberry shoot. 
GrOwth was most vigorous on milled peat. The 
cover of the plant material increased on peat 
from 10 to 95 % iii four years (Figs. 2 and 3). 
On a mixture of mineral soil and milled peat 
(1: 1) the cover rose up to 86 %, whereas on 
pure mineral soil it increased only 12 %. Five 
years after planting, the fruit yields per 100 m2  
were 82 kg on milled peat, 57 kg on mixed min-
eral soil and peat, and only 14 kg on mineral 
soil. The effect of fertilizing on shoot growth 
was very slight. Liming appeared to have an 
detrimental effect, especially on fruit yield. 
Shade stimulated shoot growth to some extent 
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Fig. 1. Cowberry (Vaccinium uitis-idaea L.). 
Kuva I. Puolukka. 

and increased shoot length, but very clearly was obtained with sand mulch. Gravel and 
decreased the fruit yield (TEÄR 1972, LEHMUS- straw mulches resulted in a slightly smaller 
HOVI and IIHRSALMI 1973). 	 crop. The control (unmukhed mineral soil) 

In mulching experiments, the largest crop yielded only one fifth and one forth of that 
of mulched soil (Table 1.) 

Weed control played an important part in 
1 00 	 the research programme. Of ali the herbicides 

tested in the natural habitats of the cowberry 
80 
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Fig. 2. Cowberry cover (%) during the years 1968— Fig. 3. Shoot height (cm) of cowberry during the years 
1973 on mineral soil (A), mixture of mineral soil and 	1968-1973 on mineral soil (A), mixture of mineral 

milled peat, 1: 1 (B) and milled peat (C). 	soil and milled peat, 1: 1 (B) and milled peat (C). 
Kuva 2. Kivennäismaan (A), kivennäismaan ja kasvuturpeen Kuva 3. Kivennäismaan (A), kivennäismaan ja kasvuturpeen 
seoksen, 1: I (B) sekä kasvuturpeen (C) vaikutus puolukan 	seoksen, 1: 1 (B) sekä kasvuturpeen (C) vaikutus puolukan 

versojen peittävyyteen (%) vuosina 1968-1973. 	 versojen korkeuteen (cm) vuosina 1968-1973. 
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spring level again towards the beginning of 
September. The cuttings achieved a rooting 
percentage of 85 on milled peat in a mist prop-
agation house, and 65-75 % in a plastic green-
house. The best rooting results for the rhizom-
epieces ranged from 60 to 85 % (LEumusHovi 
1974 a). However, propagatim from rhizomes 
is more laborious than from cuttings. A new 
and unexpected observation made in 1973 may 
necessitate a revaluation of propagation by cut-
tings. It became evident that plants raised from 
cuttings had very poor capacity for vegetative 
spreading. Their growth was comparatively 
good, and they formed woody branches and 
hove abundant fruit in the summer following 
rooting, but they failed to become polycormic 
and did not develop horizontal underground 
stems from which new shoots could emerge. 

Nevertheless, it is essential to develop a satis-
factory method of vegetative propagation in 
order to preserve, intact, certain desirable prop-
erties found in strains growing in the wild. 

However, according to the most recent re-
sults, propagation by seed is perhaps the prime 
method for the cowberry. This conclusion is sup- 
ported by the good results obtained from ger-
mination tests. On average, 50 % germination 
was achieved on the best substrates and un.der 
the conditions most favourable for germination. 
In several replicate the highest germination per- 
centages even exceeded 70. In addition, the 
seedlings have a good capacity for vegetative 
spreading and develop abundan.t daughter 
shoots. The only serious disadvantage observed 
so far is that it takes a fair number of growing 
seasons before the fruit yield is good. On aver-
age, it is not until the fourth season that they 
yield a proper crop. 

Table 1. The mulching experiment in the field, 1971 
(Piikkiö). The substrate: mineral soil (coarse, fine sand). 

The plot is 2 m2  and there are four replicas. 

Taulukko 1. Katekoe pellolla, 1971 (Piikkiö). Kasvualusta: 
kivennäismaa (karkea hieta). Koeruutu on 2 m2  ja kerran- 

teita 4 kpl. 

Treatment 	Fruit Range 	Average 	Average weight 
yield 	 yield 	of 100 berries 

Ifoejäsen 	Sato 	Ääriarvot Sadon määrä 100 marjan paino 
keskimäärin 

1974 	 1972-74 1974 1972-74 

kg/a 	kg/a 	kg/a 	g 	g 

Control 	 8 2-16 4 24.3 28.o 
Milled peat 10 5-13 11 27.s 31.9 
Bark humus 22 17-28 13 26.8 31.o 
Sand 	 30 14 — 48 20 28.5 32.o 
Gravel 	 33 19 — 53 18 26.5 30.6 
Straw 	 29 3-40 16 27.3 30.9 
Sawdust 19 5-32 13 26.s 31.1 

maleic hydrazide was found to control grasses 
best. In experimental field plantings, terbacil 
and atratzine clearly promoted the growth of 
the cowberry and controlled weeds well. In 
general, the cowberry tolerated the various 
herbicides well; only amitrole caused notice-
able damage to the plants in, some of the tests 
(LEHmusHovi 1974 b). 

Propagation 

The easiest and most natural way of prop-
agating the cowberry is by taking plants from 
the wild. However, disadvantages often en-
countered are the heterogeneity of the material, 
difficulty in obtaining it and transporting it to 
the planting locality and comparatively poor 
establishment of the plants. A large proportion 
of the plants frequently die, especially during 
the summer following planting. However, by 
using milled peat the plants can achieve a 
cover of 100 % in the fifth growing season fol-
lowing planting. In contrast, on pure mineral 
soil the corresponding average cover achieved 
was only 15--20 % (Figs. 2 and 3). 

Cowberry can, be propagated from cuttings 
and pieces of rhizomes. The best time for root-
ing was found to be April and May. Rooting 
was poorer in mid summer, but reached the 

Breeding 

In the studies aimed at improving the cow-
berry, 120 natural strains collected from differ-
ent parts of the country have been thoroughly 
investigated in the experimental field. The in-
tention is to select the best of these strains on 
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the basis of certain desirable characteristics. 
These can later be used in breeding, and may 
possibly serve as basis material for the devel-
opment of new cultivated strains. For example, 
there has proved to be great variation in the 
weight of berries and some strains with remark-
ably large berries have been found. Work has 
started on polyploids and mutations, but the 
final evaluation of the material has not yet been 
made. 
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SELOSTUS 

Puolukan (Vaccinium vitis-idaea L.) viljely Suomessa 

AARO LEHMUSHOVI ja JAAKKO SÄKO 

Maatalouden tutkimuskeskus 

Puolukkaa (Vaccinium vitis-idaea L.), joka kuuluu Poh-
joismaiden tärkeimpiin luonnonvaraisiin marjakasvei-
hin, kasvaa yleisesti kaikkialla metsäalueillamme. Sen 
satovaihtelut ovat kuitenkin vuosittain hyvin suuret. 
Eri osissa maata sattuu usein myös täydellisiä puolukan 
katovuosia. Tämän takia on katsottu välttämättömäksi 
käynnistää puolukan viljelymahdollisuuksia selvittelevät 
tutkimukset, jotta voitaisiin varmentaa marjojen jat-
kuva saanti. 

Vuonna 1971 Puutarhantutkimuslaitoksessa aloitettu 
tutkimusohjelma jakautuu ekologiseen perustutkimuk-
seen, viljelytekniseen tutkimukseen luonnonkasvupai-
koilla ja pelto-oloissa, lisäärnistutkimukseen, marjojen 
laatututkimukseen sekä jalostukseen. 

Mielenkiintoisimmat tulokset on saatu erilaisista lan-
noitus-, kasvualusta- ja katekokeista. Lannoituksen vai-
kutus on osoittautunut varsin komplisoiduksi, mutta 
määrätyissä olosuhteissa sen vaikutus satoon on merkit-
tävä varsinkin luonnonkasvupaikoilla. Kasvuturpeella  

on pellolla yleisesti saavutettu 15-40 kg/a marjasatoja. 
Katteiden satoa ja marjakokoa lisäävä vaikutus on erit-
täin huomattava. Myönteisiä tuloksia on saatu sekä 
luonnonkasvupaikoilla että pellolla. Kalkituksen vaiku-
tus on osoittautunut useimmiten negatiiviseksi. Varjostus 
lisää kentällä jonkin verran versojen kasvua ja pituutta, 
mutta alentaa erittäin selvästi marjasatoa. 

Puolukkaa voidaan lisätä luonnontaimista, pistok-
kaista, maarönsynpalasista sekä luonnollisesti siemenistä. 
Kasvuturpeella automaattisessa sumumonistushuoneessa 
on pistokkaiden juurtuminen ollut keskimäärin 85 %. 
Parhaat juurtumistulokset maarönsyn palasilla ovat 
vaihdelleet 60 %:sta 80 %:iin. Vuoden 1973 aikana on 
puolukalla saavutettu keskimäärin 50 %:n itävyystaso 
parhailla idätysalustoilla ja hyvissä idätysolosuhteissa. 

Jalostustyössä on tutkittu koekentällä perusteellisesti 
lähes 120 luonnonkantaa. Puolukan polyploidia- ja mu-
taatiojalostus on aloitettu, mutta käsitellyt aineistot ovat 
lopullista tarkastelua vailla. 
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CONTROL OF RHOPALOSIPHUM PADI (L.) (HOM., APHIDIDAE) WITH 
COCCINELLA SEPTEMPUNCTATA L. (COL., COCCINELLIDAE) IN CAGES, 

AND EFFECT OF LATE APHID INFESTATION ON BARLEY YIELD 

JORMA RAUTAPÄÄ 

RAUTAPÄÄ, J. 1975. Control of Rhopalosiphum padi (L.) (Hom., 
Aphididae) with Coccinella septempunctata L. (Col., Coccinellidae) 
in cages, and effect of late aphid infestation on barley yield. Ann. 

Agric. Fenn. 14: 231-239. 
(Agricultural Research Centre, Institute of Pest Investigation, SF-01300 Vantaa 30, 
Finland). 

In tests conducted in cages the negative correlation between the abundance 
of coccinellid larvae and the growth of aphid populations was highly significant. 
The decrease in numbers of aphids was calculated by computing the relation 
of the aphid indices (the sum of the numbers of aphids living on one shoot on 
each day of the experiment) to the initial numerical ratios between the coc-
cinellid larvae released into the cages and the aphids present on the shoots at 
that moment. When, for example, at the beginning of the tests, one coccinellid 
larva was released into a cage containing 100 aphids, the aphid index was 16.5 
percentage units less than what would have been expected without predators. 
Correspondinaly, the decrease of the aphid index, when five larvae were released 
per 100 aphids, was 59.4 percentage units, and, when 20 larvae were released, 
97.3 percentage units. 

The decrease of aphid indices in percentage units proved to be nearly twice 
as great as in a previous study done by the same methods. 

The aphid infestation, which started at the end of the fiowering period of 
barley and reached a maximum in the middle of the ripening period (stages 
11. 2. to 11. 3. of Feeke's scale), did not significantly affect the yield. 

Results of cage experiments showed (RAUTA-
PÄÄ 1972) that there was a significant negative 
correlation between the numbers of Coccinella 
septempunctata L. larvae and the population 
growth of Rhopalosiphum padi (L.). However, no 
correlation was observed between the numbers 
of adult coccinellid and R. padi or between the 
coccinellid larvae or adults and Macrosiphum 
avenae (F.). The influence of coccinellids on the 
aphid populations was an.alysed and a cur-
vilinear log regression equation was computed. 

Also, it was found possible to calculate the 
decrease of aphid populations (which were de-
scribed by a special aphid index, see RAUTAPÄÄ 
1972) iii percentages as a function of the initial 
numbers of coccinellids released into cages and 
aphids living on shoots at that time. When the 
cages contained 100 aphids per coccinellid, the 
decrease in the aphid index was 7.3 percentage 
units. Correspondingly, when there were 40 
aphids per coccinellid, the decrease in the aphid 
index was 17.3 percentage units, and for 10 
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aphids per coccinellid the decrease was 52.8 
percentage units. 

The aphids significantly reduced grain yield, 
1000-grain weight of barley and extract con-
tent of malt, but did not affect other brewing 
qualities or amounts of trace elemen.ts in the 
grain.. 

Interest in cereal aphids has increased greatly 
during recent years. In Finland studies were 
begun in the middle-60's with the aim of clar-
ifying the effects of cereal aphids on the quan- 

Table 2. Number of aphids (per shoot) and coccinellids 
(per m2) in cages. R.p. = Rhopalosiphum padi, C-1 = 

coccinellid larvae, C-ad = coccinellid adults. 

Cages 
	 Number of aphids and coccinellids 

June 20 July 3 	6 	9 	12 	18 	23 

	

B 6 R.p. 3.0 5.3 	76.2 98.6 237.3 65.3 

	

7 R.p. 3.0 4.3 	88.6 70.2 366.1 285.o 

	

C 8 R.p. 1.o 2.8 	22.a 47.2 74.5 14.o 

	

9 R.p. 1.o 3.7 	14.7 50.7 21.o 0 

	

10 R.p. 1.o 44.3 	18.7 101.3 86.o 	43 
D ii R.p. 	1.o 	4.5 	29.1 	57.7 	64.7 	7.3 

C-1 	 40 8 0 0 0, 
C-ad 	 0 	4 

12 R.p. 1.o 5.o 	9.o 29.o 38.3 32.7 
0-1 	 40 8 0 0 0 

Table I. The number of aphids and coccinellids released 	C-ad 	 0 	28 	32  
into cages. Ali the aphids were transferred into cages 	13 R.p. 1.o 2.1 	1.5 	9.8 	15.4 	8.7 June 20, and coccinellid larvae July 5. The ratios of 	C-1 	 40 12 	0 	0 	0 the numbers of aphids and coccinellids at the moment 	C-ad 	 0 	12 	8 when coccinellids were put into cages are expressed 

14 R.p. 1.o 1.7 	0.5 7.o 18.o 9.8 as follows: 
0-1 	 40 8 0 0 0 
C-ad 	 0 	4 I -= Number of coccinellids per 100 aphids 

II = Number of aphids per one coccinellid 	 15 R.p. 1.o 	1.1 	1.2 	8.2 41.5 	71.7 
III = Number of aphids (per plant = per main shoot) 	0-1 	 40 0 	0 	0 	0 

per 100 coccinellids (per m2) 	 C-ad 	 0 	8 	4 

 

16 R.p. 1.0 1.4 	4.3 15.6 9.1 6.o 
0-1 	 40 12 	4 	0 	0 
C-ad 	 4 16 8 

Initial numbers of aphids and cocc- 	Aphids per coccinellids 
cinellids released into cage 

 

Cage 	R. padi Coccinellid 	1 	 II 	III 	17 R.p. 	1.o 	0.4 	8.6 	14.s 	55.3 	32.3 
larvae 	 C-1 	 40 0 0 0 0 

C-ad 	 0 8 8 24 
A 1 	0 	0 	 18 R.p. 1.o 0.8 	17.4 73.3 64.7 8.o 

	

2 0 0 	 0-1 	 40 0 0 0 0 

	

3 0 0 	 C-ad 	 0 36 12 24  4 	0 	0 E 19 R.p. 	1.o 	2.4 	12.4 	29.o 	24.9 	15.o 

B 6 300 0 
20 R.p. 1.0 1.2 	0.4 7.4 0.3 1.3 7 300 0 

0-1 	 60 16 	4 	0 	0 
C-ad 	 0 16 20  C 8 100 0 

	

9 100 	0 	 21 R.p. 1.o 6.0 	34.6 29.6 49.5 42.3 

	

10 100 	0 	 C-1 	 60 12 	4 	0 	0 
C-ad 	 0 4 20 24 

	

D 11 100 10 	0.8 	127.o 	31.8 	22 R.p. 1.o 3.7 	83 59.2 45.1 19.4 

	

12 100 10 	3.9 	63.o 15.8 	0-1 	 60 0 0 0 0 

	

13 100 10 	5.3 	19.o 	4.8 	C-ad 	 0 20 20 16  

	

14 100 10 	7.6 	13.o 	3.o 	23 R.p. 1.0 1.2 	184 51.7 23.7 2.3 

	

15 100 10 	9.1 	11.0 	2.8 	0-1 	 60 0 0 0 0 

	

16 100 10 	4.2 	24.o 	6.o 	C-ad 	 0 4 20 4  17 	100 	10 	3.2 	31.o 	9.8 	F 24 R.p. 	1.0 	6.9 	19.7 	78.5 	32.2 	4.o 18 	100 	10 	1.6 	63.o 	15.a 0-1 	 100 8 4 0 0 
C-ad 	 0 4 44 72  

	

E 19 100 15 	2.6 	38.o 	9.5 
20 100 	15 	16.7 	6.o 	1.5 	25 R.p. 1.o 5.9 	8.3 20.5 70.7 35.7 
21 100 	15 	0.9 	103.3 	25.8 	0-1 	 100 20 	0 	0 	0 

	

22 100 15 	2.9 	34.7 	8.7 	C-ad 	 0 32 20  
23 100 	15 	2.2 	46.5 	11.5 	26 R.p. 1.0 2.5 	0.2 2.o 2.o 5.1 

C-1 	 100 8 0 0 0 

	

F 24 100 25 	2.2 	44.8 	11.2 	C-ad 	 0 12 8  

	

25 100 25 	3.7 	26.8 	6.7 	27 R.p. 1.o 2.3 	1.3 5.1 0.5 2.o 

	

26 100 25 	14.7 	6.8 	1.7 	C-1 	 100 16 	0 	0 	0 

	

27 100 25 12.5 	8.o 	2.o 	C-ad 	 0 8 12 24 

5 	0 	0 0-1 	 60 16 	0 	0 	0 
C-ad 	 0 16 24 
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tity and quality of the grain yield (RAurApÄÄ 
1966, 1968 a and b, 1972). The importance of 
cereal aphids and the economic thresholds for 
control have been assessed in many recent stu-
dies (e.g. PERUTIK et al. 1969, RESSEL 1970, 
ANON. 1972, WETZEL 1972, BARAN and PIDANY 

1973, KOLBE 1973, STEFFAN 1973). Field pop-
ulations, natural enemies and general bionomics 
of cereal aphids have been clarified in some new 
studies (e.g. MALYK and ROBINSON 1971 a and b, 
JoNEs 1972, DEAN 1973, 1974a, b and c). 

Special attention has been paid to the im-
portance of the stage at which the cereals are 
infested. WELLS and MacDoNAED (1961) and 
APABLAZA and ROBINSON (1967) concluded that 
early infestation led to more severe damage and 
reduction of yield than late infestation. In Den-
mark (ANON. 1972) no adverse effects of aphids 
were observed when infestation began after the 
sprouting of the heads. According to WETZEL 

(1972), the earlier during plant development a 
heavy infestation with cereal pests occurs, the 
more serious the losses are likely to be. The 
same conclusion was reached by KOLBE (1973). 

However, from cage experiments made in 
this country (RAuTAPÄÄ 1966, 1968 a and b, 
1972) it has not been possible to draw the same 
conclusion. There has been no evidence that 
late infestation with maximum numbers of aph-
ids at the end of the flowering stage has a less 
severe effect on yield than earlier infestation. 

The purpose of this study was to repeat the 
previous tests with C. septempunctata and R. padi 
by the same method as before (RAuTAPÄÄ 1972) 
and also to study the effect of late aphid in-
festation on the yield of barley. 

Material and methods 

The aphids belonged to the line reared par-
thenogenetically on Sisu oats in glasshouses since 
summer 1972. The method for rearing non-
viruliferous aphids has been described before 
(RAuTAPÄÄ 1966). C. septempunctata larvae were 
obtained from laboratory cultures maintained 
for other tests. 

Pomo barley was sown on May 15, 1973, in  

27 cages (60 x 60 x 120 cm). The same cages 
were used in the previous tests (RAuTAPÄÄ 1972). 
The number of shoots was reduced to 100 on 
June 1 iii each cage. 

Five cages were chosen at random as con-
trols without aphids or coccinellids. The other 
cages were grouped as follows (see also Tables 
1 and 2). 

A — Cages 1-5. Controls. 
B — Cages 6-7. On June 20, three R. padi were placed 

on each plant. No coccinellids were released into 
these cages. 

C — Cages 8-10. On June 20, one R. padi was placed 
on each plant. There were no coccinellids in these 
cages. 

D — Cages 11-18. On June 20, one R. padi was 
placed on each plant. On July 5, ten coccinellid 
larvae were released into the cages. 

E — Cages 19-23. Same as cages in D, but the num-
ber of coccinellid larvae was 15. 

F — Cages 24-27. Same as cages in D, but the num-
ber of coccinellid larvae was 25. 

Ali the aphids placed on the barley plants 
were alate females gathered from the ceilings 
of the rearing cages. The coccinellid larvae re-
leased into 'the cages were at larval stages III 
—IV. 

On June 20, when the aphids were placed 
on the plants, the barley was at the end of 
the flowering period, e.g. at stage 10. 5. 4 in 
Feeke's scale (see LARGE 1954). 

The ratios of initial numbers of aphids and 
coccinellids released into cages are presented in 
Table 1. The figures are expressed as follows: 
I — The numbers of coccinellid larvae per 
100 aphids living in a cage on the day when 
coccinellids were released into the cages; II — 
The number of aphids per coccinellid larva in 
a cage at the moment when the larvae were 
released into the cages; III — The number of 
aphids (per main shoot) per 100 coccinellid 
larvae (per m2) at the moment when the larvae 
were released into the cages. The same ratios 
were used in the previous study (RAuTAPÄÄ 
1972). 

The number of aphids on the main shoot of 
30 marked plants in each cage were counted 
at 3 to 7 day intervals. Counts were also made 
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01 	5 	10 	15 	20 
C-Iarvae per 100 aphids 

100 20 10 6,5 5 
aphids per one C-Iarva 

25 	5 	2,5 	1,7 	1,3 
aphids (per shoot) per 100 
C-Iarvae (per ni') 

Fig. 1. The correlation between log-indices of R. padi 
and the numerical ratio of coccinellid larvae released 
into cage and number of aphids living on plants at 

that moment. For detailed explanation, see text. 

0 1 	5 	10 	1.5 
C-Iarvae per 100 aph Ida 

100 20 10 6,5 
aphids per one C-Iarva 

25 	5 	2,5 	1,7 
aphids (per shoot) per 100 
C—Iarvae (per rit') 

Fig. 2. The reduction of aphid index (in percentage 
units) as a function of the numerical ratio of coccinellid 
larvae, released into cage and the number of aphids 

living on plants at that moment. 

20 

5 

1,3 

of the coccinellid larvae and adults on ali the 
plants, on the soil and on the walls of the cages. 
The yield was harvested on July 24. The barley 
heads were dried at 35° C for over two weeks. 

For each cage an index was calculated on 
the basis of the mean number of aphids on 
the main shoot and the time during which the 
aphids were living in the cages. The index re-
presents the sum of the n.umbers of aphids liv-
ing on one shoot on each day of the tests. The 
method for calculating this "aphid index" has 
been described in detail previously (RAuTAPÄÄ. 
1966). The coccinellid index was calculated for 
each cage by the same method and was based 
on the numbers of coccinellid larvae or adults 
coun.ted inside the cage. Later on, the coccinel-
lid indices were transformed to represen.t the 
sum of larvae or adults per square metre living 
in cages during the test period. 

Results 

Numbers of aphids and coccinnellids 

In general, the numbers of aphids were great-
est in cages 6 and 7, where no coccinellids were 

released (Table 2). The maximum numbers of 
R. padi were 237 (cage 6) and 366 (cage 7) per 
main shoot. The aphid indices in these cages 
were 2347 and 3637, respectively. In the other 
cages without coccinellids the number of aphids 
per shoot was lower, exceedin.g 100 only in 
cage 10 (1013). The abundance was a little 
greater in this experimen.t than in the previ-
ous one (RAuTAPÄÄ 1972), where the greatest 
number of R. padi per shoot was about 177 and 
the aphid index correspondingly 2289. 

Because of the.warm, dry weather, the barley 
grew faster than usual, and the plants were at 
the ripen.ing stage when the aphid populations 
reached a maximum. The corresponding devel-
opmental stage was about 11.2 to 11.3 on Feeke's 
scale (LARGE 1954). 

The coccinellid larvae were at the third or 
fourth instar when released into the cages and 
soon pupated. After 6 days no larvae were to 
be seen in the cages (Table 2). The indices for 
larvae were greatest in cages 24-27, varying 
from 278 to 440. In these cages the number 
of larvae released was 100/m2. 

The first adults were noted on July 12 in 
cages 16-18, 21-24, and 27. In the other 
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153 
26 

527 
316 
216 

408 
72 

753 
659 
482 

366 
372 
410 
398 
290 

160 
148 
200 
248 
140 

206 
224 
210 
150 
150 

Table 3. Indices of coccinellid larvae and adults. For detailed information, see text. 

Cages C. larvae C. adults Total 

D 	11 128 14 142 
12 128 98 220 
13 142 42 184 
14 128 0 128 
15 100 56 156 
16 150 8 158 
17 100 64 164 
18 100 72 172 

E 	19 206 206 
20 214 214 
21 210 88 298 
22 150 40 190 
23 150 8 150 

F 	24 286 8 294 
25 320 112 432 
26 278 90 368 
27 306 16 322 

From the start go the maximum of aphid populations 	 From the start te the end of aphid populations 

Corresponding C. larvae 	C. adults 	Total 	Corresponding 
aphid indices 	 aphid indices 

671 
400 
142 
131 
495 

97 
324 
252 

772 	702 
676 	689 
368 	68 
480 	76 

128 
	

70 
	

198 
	

822 
128 
	

378 
	

378 
	538 

142 
	

90 
	

232 
	

199 
128 
	

12 
	

140 
	

197 
100 
	

56 
	

156 
	

521 
160 
	

130 
	

290 
	

753 
100 
	

152 
	

252 
	

532 
100 
	

272 
	

372 
	

816 

	

317 
	

296 
	

476 

	

441 
	

440 
	

236 

	

68 
	

278 
	

90 

	

43 
	

306 
	

174 

cages adults appeared later. Adults were ob-
served in every cage. The maximum number 
of adults per m2  was 72 in cage 24. The indices 
for adult coccinnellids were highest in. cage 24 
(476) and cage 18 (272). 

The coccinellid indices were computed sepa-
rately for the growth period of the aphid pop-
ulations, i.e. from the start to the maximum 
number of aphids and for the whole duration 
of the experiments, i.e. from the start until the 
disappearan.ce of coccinellid larvae or, in the 
case of adults, until the end of the entire ex-
periment. The indices are presented in Table 3. 

Correlations between aphid and coccinellid indices 

The correlation between aphid indices and 
indices of coccinellid adults were not significant 
(Table 4). When indices of adult coccinellids 
were calculated for the growth period of the 
aphid populations, the value of r was —0.226 

(P> 0.05). Correspondingly, when indices of 
adults were based on the whole period of the 
aphid populations, r was —0.3oo (P> 0.o5). 

On the other hand, the correlations between 
indices of coccinellid larvae and of aphids were 
significant (r = —0.551, P < 0.oi) when cal-
culated from the growth period of the aphid 

Table 4. Correlation between aphid indices and coc-
cinellid indices. Coccinellid indices were calculated se-
parately on the basis of the growth-period of the aphid 
populations, i.e. from start until the maximum (A), or 
on the basis of the total time when aphids existed on 
plants, i.e. from start untill the end of experiment (B). 

*P < 0.os 	**P < 0.01 

Coccinellid 
	 Correlation coefficients 

indices 

C. larvae 	 —0.551** 	—0.558**  
C. adults 	 —0.226 	—0.300 
C. larvae 	adults 	 —0.448*  

populations, and when based on the whole pe-
riod of infestation of the aphids (r = —0.558, 

P < 0.oi). The corresponding regression equat-
ions were Y =-- 2222.6 —10.52 X, and Y = 
1395.s — 4.43 X. 

In a previous study (RAuTApÄÄ 1972) the 
effect of coccinellids on aphid populations was 
studied by correlating the aphid indices with 
numerical ratios between the coccinellids re-
leased into cages and aphids existing on shoots 
at that time. The same analysis was done in 
this study, too. The logarithms of aphid indices 
were significantly correlated with the ratio of 
the number of coccinellid larvae released into 
the cage and the number of aphids gn the shoot 
at the same moment. The curvilinear regression 
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equation log Y = 3.005 - 0.078 X (r = -0.853, 
P < 0.01) is presented in Fig. 1. 

In computing the regression equation, the 
numbers of coccinellids per 100 aphids (in 
Table 5) was taken as the independen.t vari-
able. 

The change of the aphid indices in percent-
age units was calculated with the aid of the 
following equation: X = 100 (A-B) / A, where 
X represen.ts the percentage decrease of the 
aphid index; A = the value of log Y when 
X = 0 (i.e. 3.005) in the equation presented in 
Fig. 1; and B = the aphid index corresponding 
to a certain value of X. The aphid indices 
decreased in the manner shown in. Table 5. 

According to this calculation, the aphid in-
dices decreased by 16.5 percentage units when 
one coccinellid larva was released into a cage 
containing 100 aphids, by 59.4 percentage units 
when five larvae were released per 100 aphids, 
and by 97.3 when 20 larvae were released per 
100 aphids. The same ratios of numbers of 
larvae and aphids have been expressed in 
Table 5 in other ways, too. 

Effect of aphids on yield 

There was no significant correlation between 
the aphid indices and the cage yield, barley 

Table 5. The decrease of aphid index as a function of 
the ratios of initial numbers of aphids and coccinellid 
larvae released into cages. The decrease of index in 
percentages is calculated on the basis of regression 
equation in Fig. 1. For detailed information of method, 

see text. 

The ratios of the numbers of aphids 
and coccinellids at the moment when 
coccinellids were released into cages 

Coccinellids 
per 100 
aphids 

Aphids per 
1 coccinel- 

lid 

Aphids 
(per shoot) 

per 100 coccinel- 
lids (per m1) 

0 1 012 0 
1.o 100 25 845 16.5 
1.3 80 20 800 20.9 
1.5 60 15 772 23.7 
2.5 40 10 645 36.3 
5.0 20 5 411 59.4 

10.o 10 2.5 167 83.5 
15.o 6.5 1.7 68 93.3 
20.o 5 1.3 28 97.3 

head yield, 1000-grain weight or plant yield 
weight (P > 0.05, Table 6). Neither was there 
a significant correlation between the maximum 
number of aphids per shoot and the yield. 

Discussion 

A significant negative correlation was found 
between the abundance of aphids and the num-
bers of coccinellid larvae living in. cages. The 
same significant correlation was also foun.d in 
a previous study (RAuTAPÄÄ. 1972). It seems 
evident that coccinellid larvae can lower the 
population level of R. padi, at least in cages. 
When the coccinellid index increased by 100 
units, a change in the aphid index of about 
200 was foun.d in the previous study (RAUTA-
PÄÄ op. cit.) and of 443 units iii this study 
(see text above). The relatively greater decrease 
of the aphid index in this study can also be 
seen from the percentage decrease of the aphid 
indices as a fun.ction of the ratios of numbers 
of aphids and coccinellids released into cages 
(Table 5). The decreases, in percentage units, 
were as follows: 

Coccinellids per 
100 aphids 

Decrease in percentage units of aphid 
index 

In this study In previous study 
(RAuTArÄÄ 1972) 

0 0 
1.0 16.5 7.3 
1.3 20.9 9.3 
1.5 23.7 10.3 
2.5 36.3 17.3 
5.0 59.4 31.2 

10.o 83.5 52.8 
15.o 93.3 67.5 
20.o 97.3 77.8 

This relatively great difference between the 
results of the two studies is difficult to explain. 
The population levels of aphids and coccinellids 
were about the same in the two experiments; 
the initial ratios of coccinellids to aphids at the 
time when the coccinellids were released into 
the cages were about the same; plants, cages 
and site of tests were the same. HODEK et al. 
(1965) have pointed out the importance of en- 

Aphid % decrease 
index 	of aphid 

index 
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237 

Grain 
yield per 

plant 

Grain 
yield 

per head 

Grain 
yield 

per cage Plants 
per cage Cages 

1000-grain 	Indices of 
weight, g 	R. padi Shoots 	Heads 

per cage 	per cage 

2.08 
1.77 
2.46 
2.39 
2.14 

1.27 
1.12 

227 
183 
256 
253 
231 

179 
163 
170 
187 
168 

194 
176 
181 
208 
193 

1.50 
1.35 
1.38 

38.4 	0 
36.6 	0 
39.3 	0 
41.3 	0 
37.1 	0 

A 	1 	110 
2 	104 
3 	104 
4 	106 
5 	108 

165 
159 
191 
180 
171 
214 
209 
219 

164 
138 
168 
168 
160 
195 
196 
206 

185 
153 
169 
169 
182 
271 
261 
270 

1.75 
1.46 
1.55 
1.56 
1.73 
2.52 
2.58 
2.57 

Table 6. Effect of R. padi on the yield of barley. For detailed information of the aphid index, see text. r 	coeffici- 

ents of correlation between aphid indices and the yield of cages. 

202 	188 	213 
205 	190 	216 

	

1.14 	2.07 

	

1.14 	1.98 

	

33.6 	2 347 

	

34.8 	3 637 

	

35.6 	809 

	

29.s 	458 

	

32.4 	1 360 

33.6 	822 
32.7 	538 
32.6 	199 
32.s 	197 
35.4 	521 
36.4 	753 
35.9 	532 
35.3 	816 

36.6 	408 
32.s 	72 
32.8 	753 
36.8 	659 
33.6 	482 

C 	8 	101 
9 	102 

10 	108 

vironmental factors in determining the effect-
iveness of coccinellids in preyin.g on aphids. 

Evidently, the number of coccinellids has to 
be relatively high as compared with the abund-
ance of aphids if even a slight reduction in the 
aphid population is to be attained. If a de-
crease of 10 to 20 percentage units in the aphid 
is wanted, the mean number of coccinellids per 
100 aphids has to exceed 1.3, or in other words, 
such a reduction can be expected if the density 
of coccinellids is at least 100 per square metre 
and the number of aphids per shoot does not 
exceed 20 (see Table 5). It is still uncertain 
whether these numbers can be achieved in 
fields. Unfortunately CLAYHILLS and MARK-
KULA (1974) used netting method (100 sweeps 
per field) when clarifying the abundance of 

coccinellids on cultivated plants in Finland in-
stead of coun.ting the actual number of coc-
cinellids per m2  or per plant. 

There was no significant correlation between 
the aphid indices and the crop. However, the 
previous studies (RAuTAPÄÄ. 1966, 1968 a and b, 
1972) showed that when the aphid index in-
creased by 1000, the yield decreased by 9 to 
34 percentage units. In ali the previous tests the 
correlation between aphid in.dex and yield was 
significant and negative. In this study the 
aphids were placed on the plants at the end 
of the flowering period and the numbers of 
aphids were greatest during the ripening period. 
In previous tests the effect of the date at which 
the infestation began was studied, too, but the 
proliferation of the aphid populations started 

189 
247 
155 

1.87 
2.42 
1.44 

1.05 
1.20 
1.05 

180 
206 
148 

184 
225 
156 

170 
156 
239 
183 
195 

1.46 
1.38 
3.03 
2.19 
2.17 

159 
149 
321 
232 
230 

1.02 
1.03 
1.37 
1.44 
1.32 

156 
145 
234 
161 
175 

B 	6 	103 
7 	109 

D 11 	106 
12 	105 
13 	109 
14 	109 
15 	105 
16 	108 
17 	101 
18 	105 

	

E 19 	109 

	

20 	108 

	

21 	106 

	

22 	106 
23 	106 

1.99 
2.12 
1.58 
1.51 

1.23 
1.16 
1.09 
1.08 

201 
225 
167 
158 

163 
194 
154 
146 

174 
208 
167 
161 

30.5 	702 
36.3 	689 
34.7 	68 
32.5 	76 

+0.04 	-0.158 	+0.03 	-0.216 

	

F 24 	101 

	

25 	106 

	

26 	106 
27 	105 



earlier than in this study. In the first study of 
this series (RAuTAPÄÄ 1966), on damage to 
wheat by M. avenae, it was not possible to decide 
with certain.ty whether aphid infestation caused 
more severe damage on wheat when occurring 
during the flowering period or during the ripen-
ing period. The same conclusion was reached in 
studies with R. padi on oats (RAuTAPÄÄ 1968 a), 
M. avenae on barley (RAuTAPÄÄ 1968 b) and both 
aphid species on barley (RAurApÄÄ 1972). 

However, opposite conclusions have been 
reached in Denmark (ANON. 1972), where the 
damage caused by aphids was strongly affected 
by the time when infestation started. The aphid 
did not reduce yield if the irtfestation began 
after the start of heading. WELLS and MacDo-
NALD (1961) and APABLAZA and ROBINSON (1967) 
drew attention to the importance of the devel-
opmental stage of the plant whert aphid in- 

festation begins. Considering ali pests of cereals, 
WETZEL (1972) concluded that in gen.eral the 
earlier during the plant's development infestat-
iort occurs the more serious the damage may 
be expected to be. The same conclusion was 
drawn. by KOLBE (1972). However, it seems 
eviden.t that if the infestation of aphids on cereals 
begins before the en.d of the flowering period, 
the changes in yield are correlated with aphid 
indices, i.e. the duration of infestation. and n.um-
bers of aphids. The time at which proliferation 
begins does not seem to be of great importance 
until on stage of plant development extremely 
late, i.e. at or after the beginning of the ripen-
ing period (stage 11.2 of Feeke's scale). The 
results obtained in Denmark can be explained 
by the fact that later the aphids begiii to prop-
agate on cereals, the smaller is the aphid index 
and corresportdingly the yield losses. 
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SELOSTUS 

Tuomikirvan torjunta seitsenpistepirkon avulla sekä myöhäisen kirvasaastunnan 
vaikutus ohraan 

JORMA RAUTAPÄÄ 

Maatalouden tutkimuskeskus 

Häkkikokein selvitettiin seitsenpistepirkon (Coccinella 

septempunctata L.) toukkien käyttöä tuomikirvan (Rho-

palosiphum padi (L.)) torjunnassa sekä toisaalta ohran 
kukinnan lopulla alkaneen kirvasaastunnan vaikutusta 
ohran satoon. 

Leppäpirkkojen toukat hidastivat kirvojen lisäänty-
mistä häkeissä. Kun kokeiden alkaessa häkkiin sijoitet-
tiin yksi leppäpirkon toukka ja samaan aikaan kirvojen 
määrä häkissä oli 100, jäi kirvojen määrä 16,5 prosentti-
yksikköä pienemmäksi kuin häkeissä, joissa leppäpirkkoja 
ei ollut. Jos häkkiin asetettiin viisi toukkaa, oli vähennys 
59,4 prosenttiyksikköä ja kun toukkien luku oli 20, oli  

vähennys 97,3 prosenttiyksikköä. Aikaisemmin samalla 
menetelmällä tehdyssä kokeessa olivat ;vastaavat luvut 
7,3, 31,2 ja 77,s prosenttiyksikköä. 

Ohran kukinnan lopulla kasveihin sijoitetut kirvat 
eivät vaikuttaneet satoon. Aikaisemmissa vastaavissa 
kokeissa on sadon vähennys korreloitunut kirvojen mää-
rään, mutta niissä on kirvojen lisääntyminen alkanut 
aikaisemmassa kehitysvaiheessa ja ollut suurimmillaan 
kukinnan lopussa tai tuleentumisen alkaessa. Näyttää 
siltä, ettei suurikaan kirvamäärä vaikuta satoon, jos 
kirvojen enimmäismäärät sattuvat tuleentumisen keski-
vaiheille tai sen loppuun. 
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THE BEHAVIOR OF SELENIUM IN FINNISH SOILS 

TAPIO KOLJONEN 

KOLJONEN, T. 1975. The behavior of selenium in Finnish soils. 
Ann. Agric. Fenn. 14: 240-247. 
(University of Helsinki, Dept. of Geology and Mineralogy, Box 115, SF-00171 
Helsinki 17, Finland). 

In Finland, where sediment beds are comparatively shallow and soils are 
young (<10 000 years), selenium contents in sediments, especially in tills, 
follow those in bedrock. 

The pH of soils is usually low and the selenium, which in rocks is predom-
inantly present as selenide diadochially in place of sulfur in sulfides, has been 
oxidized to elemental form. As such it migrates with difficulty and is strongly 
enriched into clays and organic sediments by adsorption, or it is enriched as 
selenite into iron-rich weathering products. In podzols, which are the most 
common soils in Finland, it is enriched into the 0—A, horizons rich in organic 
material and the iron-rich B horizon and depleted in the eluviated A, horizon. 

Selenium content in Finnish bedrock and sediments is low and fess than 
the average found elsewhere. Since selenium is present in soils in insoluble 
elemental form or as hydrous iron selenite, neither of which is readily avail-
able for plant consumption, selenium deficiency, especially with regard to 
cattle, is to be expected over extended areas of Finland. Exceptions are those 
areas where clay-rich sediments or Svecokarelian schists in bedrock predominate. 
Deficiency is particularly probable in acid, highly podzolized mineral soils or 
peats and in areas where soils contain little organic and inorganic colloids and 
much sand and silt. 

Introduction 

This study is aimed at clarifying the behavior 
of selenium in the soil-forming process in Fin-
land, especially from the poin.t of view of ag-
riculture; previous studies have indicated that 
selenium con.tents are extremely low in bedrock 
and sediments (KOLJONEN 1973 a, b, c, 1974 a). 

Earlier investigations have mostly been C011-
cerned with soils in areas where some ppm of 
this element are found in sediments and where, 
owing to its toxicity, animals and humans that 
have consumed seleniferous plants have con.-
tracted grave, even fatal diseases (LAKIN 1972, 

ROSENFELD and BEATH 1964, TRELEASE and 
BEATH 1949). Lately, however, selenium has 
also been found to be an important nutrient, 
whose absence may lead to deficiency diseases 
when the concentration is under 30-70 ppb in 
forage (cf. OLDFIELD 1972, and in Finland, OK-
SANEN 1965, SANDHOLM 1973). Though the nu-
tritional importance is not clear, under C011-
trolled experimental conditions the deficiency 
appeared in rats and mice as liver n.ecrosis and, 
under similar conditions, in swine as hepatosis 
dietica, and in young ruminants and poultry 
as myopathy. The muscle damage was accom-
panied by calcification in NMD (nutritional 
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muscular dystrophy, white muscular disease) 
of calves and lambs, and by exudation of cel-
lular fluids into extracellular space in the ex-
udative diathesis of poultry. The deficiency is 
frequently associated also with such symptoms 
as poor growth of hair or feathers and gen.eral 
depression of body growth. 

The frequency of occurrence of NMD in. Fin-
nish cattle is at least circumstantial evidence for 
a soil-plant-animal relationship, especially since 
such animals are largely restricted in their diets 
to locally grown forage. It would follow that 
livestock reared by rton-progressive methods 
or on farms, typically small and isolated, situat-
ed on nutrien.t poor soils, and in this case on 
selenium poor soils, are vulnerable to nutritional 
deficiency unless their feed is replenished from 
outside sources. In most cases the deficiency is 
probably mild and of short duration owing to 
feeding habits and to the fact that the need of 
nutrients increases only temporarily, i.e. during 
periods of growth and reproduction. 

The behavior of selenium in soils where its 
content in sediments is low is not known. VI-
NOGRADOV (1954) studied the occurrence of 
selenium in the USSR, analyzing soils of tundras, 
podzols, gray forest soils, and brown, black, and 
red earths. The selenium content did not ex-
ceed 10 ppb and in most cases none at ali was 
detected. No variation attributable to depth 
was observed. 

In the following, the selenium contents of 
various Finnish soils, especially podzol which 
is the dominant soil because of the cool and 
humid climate, are briefly reviewed and com-
pared with the known behavior of selenium in 
sediments.  

un.derlying bedrock. However, the sediment 
beds smoothen the effect and hence represent 
the average over a larger area. The concen.tra-
tion in No. 1 (Table 1) is higher than the aver-
age because the soil has formed in sedimen.t 
lyin.g immediately over carbonaceous schist, in 
which the selenium concentration. is on.e of the 
highest found in common. rocks. No. 2 is situated 
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Podzol 

The distribution of selenium in podzols is set 
out in Table 1. This soil is mostly formed under 
coniferous forests growing over tills, and the 
contents found in Nos. 3, 5-8 are typical of 
extensive areas of Finland where silicic bedrock 
prevails. 

Selenium contents clearly follow those of the 
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300 meters from the Luikon.lahti copper mine 
where some ppm of selenium are incorporated 
into sulfides. The content in the soil has only 
increased a little as a result of the high content 
in. bedrock (KOLJONEN 1975) and the disturb- 
ance of nearby industry. Soil No. 4 (Table 1) 
differs 'from the others, being a relict podzol 
in cultivated field. In it selenium seems to have 
been increased somewhat through fertilizers, 
because the field has for years been used for 
experimental purposes by Dept. of Plant Hus-
bandry of the University of Helsinki and has 
been under efficient cultivation. 

In ali podzols the enrichment of selenium 
into 0—A1  horizons rich in organic ma-
terial is observed. It is depleted in the leached, 
colloid-poor A2  horizon and enriched in 132, 
probably as hydrous iron selenite. Selenium 
freed from minerals through weathering is e-
luviated from A horizons to the iron-rich B 
horizon and most of it, in dissolved form, is 
assimilated as a nutrient by plan.ts and deposited 
with litter in the topmost, organic-rich layer. 
By dissolving the iron hydroxides in organic 
acids, vegetation may also serve to free the 
selenium combined with iron. in B horizon. 

The selenium content in topsoil depends 
mostly on the quan.tity and state of disintegra-
tion of plant remain.s, since the iron minerals 
with which selenium is mostly incorporated in 
sediments are easily disintegrated by the low 
polymerized organic acids formed in soils (cf. 
KOLJONEN and CARLSON 1975). The content 
of selenium is very low in the eluviated zone, 
which consists of sand and silt, because the 
most resistant minerals, quartz and feldspars, 
contain little selenium, and under soilforming 
processes selenium migrates from A zone to 
colloid-rich sediments. 

Distribution of selenium in sediments 
in selected areas 

Selenium contents in selected areas are set 
out in Table 2. 

Table 2. Selenium content in soils and sediments in 
selected areas. 

No. Locality and specimen 	 Se ppb 

Kuhmoinen, Patavesi (also Table 1, No. 1) 

1 Mun humus, cultivated 	  
2 Clay, 80 cm below No. 1 (average of 2 spec- 

imens) 	  

Herttoniemi 
3 Clayey silt (average of 2 specimens), under 

podzol soil, Table 1, No. 3 	  

Helsinki, Viikki 

4 Mull humus, cultivated field where in some 
places podzolic layers are found (Table 1, 
No. 4) 	  

Petäjävesi, Puttola 
5 Diorite (average of 2 specimens) 	 
6 Peat, Equisetum, Menyanthes 	  
7 Gyttja 	  
8 Clay 	  
9 Mun humus, cultivated (average of 9 spec-

imens) 
10 Silt (average of 2 specimens) 	  

Petäjävesi, Maunula (also,Table 1, Nos 	 7 and 8) 
11 Mun humus  	54 
12 Mun humus, cultivated (average of 2 spec- 

imens) 	 160 
13 Peat, Sphagnum 	  < 10 

Petäjävesi, Ruukinsuo 
14 Granite 	  < 10 
15 Peat, cultivated (average of 5 specimens) 	160 

Hämeenkyrö, Komi (also Table 1, No. 5) 
16 Peat, Sphagnum  	114 
17 Gyttja, from a small pond (average of 2 

specimens)  	82 
18 Clayey silt, under No. 16  	66 
19 Clayey silt, under No. 16  	59 
20 Topsoil under coniferous forest, 5-cm thick, 
. formed just upon granite (Se < 10 ppb)  	10 

21 Mun humus, cultivated soil or meadow 
(average of 6 specimens)  	150 

22 Glacial washed sand (average of 2 speci- 
mens) 	  < 10 

With the exception of resistates (sand, silt, 
etc.) in which selenium is depleted because of 
their low adsorption capacity, the selenium con-
tent in sediments and soils clearly follows that 
found in. bedrock. Selenium is enriched in gyttjas 
which receive water from selenium-rich areas 
(No. 7) and in peats which may collect nutrients 
from circulating waters (No. 6). It is greatest 
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in clays, even though the adsorption capacity 
of illite, the most common clay mineral in 
l'inland, is limited and clays being in an in-
itial state of weathering, also contain much 
unweathered mineral detritus (KOLJONEN and 
CARLSON 1975). Selenium content in soils de-
pends on its initial concentration in sediment 
and on the content of soil colloids on which 
finely dispersed selenium particles can be ad-
sorped. In calcium-rich soils selenium forms 
soluble selenite and migrates easily (KOLJONEN 
1974 a). In most sediments in. Finland selenium 
behaves as a resistate and, with time, is enrich-
ed in sediments. 

Cultivated clays and soils rich in organic ma-
terial contain more selenium than tills or sedi-
ments rich in resistates, but the differen.ces in 
concentration are small and depen.d mostly on 
the balance achieved between the addition and 
removal of this element during cultivation. 

Behavior of selenium during 
weathering 

Table 3 shows the selenium contents in some 
weathered rocks. The soils investigated are in 
an initial stage of disintegration and con.tain 
much gravel. 

Selenium migrates out of the weathered zone 
as selenite when basic rocks disintegrate (cE 
Fig. 1). This is observed in Nos. 1 and 2 
(Table 3) in which the content has decreased 

Table 3. Selenium content in in situ weathered rocks. 

No. Locality and specimen 

Kaavi, Luikonlahti 
1 Serpentinite 	  960 
2 Serpentinite, weathered 	  440 

Valåsen, Sweden 
3 Quartz-feldspar schist, with pyrrhotite dis- 

semination 	  230 
4 Quartz-feldspar schist, rusty and weathered 640 
5 Quartz-feldspar schist, rusty and weathered 920 

Petäjävesi 
6 Granite 	  < 10 
7 Granite, rusty and weathered 	  72 

Fig. 1. Thermodynamic equilibria in the system HP — 
Se (25° C, P --- 1 atm.; DYACHKOVA and KHODAKOVS-
KIY 1965). The "rhombus" represents the conditions 
estimated to prevail in Finnish soils (pH, KAILA 1956, 

1972; RYTI 1965; Eh, HEM 1972). 

in weathered magnesium-rich, iron-poor ser-
pentine rock. When iron is present (Table 3, 
Nos. 3-7) selenium remains and is enriched 
in elemen.tal form or as iron selenite into the 
weathering products formed. 

Selenium as a nutrient in soils 

Selenium content is low in Finnish soils and 
deficiency as a nutrient in mild or severe form 
is possible in animals and humans. In the fol-
lowing such areas are surveyd on small scale 
geological maps. Similar maps may also he 
made on a large scale when the occurrence of 
rock types and sediments is kn.own., e.g. when 
geological or agrogeological maps are available. 
Trace element maps, especially large scale ones, 
are useful for various purposes: for example, 
agricultural, forestry, ecological, environmental, 
and pollutiort surveys, as well as for geochem-
istry, ore prospectin.g, and even medicine. 

The average selenium con.tents in bedrock 
and sediments are set out in the geological 
maps of Pre-Quaternary rocks (Fig. 2), and in 
Quaternary superficial deposits (Fig. 3). Gneiss, 
granulite, granite, and granodiorite, in which 
little selenium (Table 4) is found, comprise the 
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F.g. 2. Distribution of selenium as averages in Finnish 
bedrock. The Geological rnap (SirrorrEN 1960) is ge-
neralized. 1. Schists (Se> 80 ppb). 2. Basic plutonic 
rocks (Se 40-80 ppb). 3. Silicic plutonic rocks and 
gneisses (Se< 40 ppb). 4. Rapakivi granite (Se•-•.60 ppb). 

greatest part of Finnish mostly Middle Precam-
brian (1 400-2 500 Ma) high metamorphic 
bedrock. Only in the Svecokarelian schist belt, 
where the content in carbonaceous schist (black 
schist), mica schist, and amphibolite is about 
200-500 ppb, is the magnitude equal to that 
in most parts of Europe, were sedimentary or 
volcanogenic rocks prevail. 

Tills with an average of 60 ppb selenium are 
the most common sediments in Finland (Koi: 
JONEN 1974 a). After deposition, these glacial 
sediments have been sorted by water and wind, 
and selenium, strongly enriched to the clayey 
fraction, is tran.sported to watercourses, lakes, 
and seas (Table 4). Fig. 3, therefore, aho shows  

the ancient shore of the Litorina Sea in which 
much of the clay nowadays under cultivation, 
especially in southern Finland, originally sedi-
mentated. Selenium content in these sediments 
over a wide arca is about 300 ppb. Sorted 
sediments, rich in quartz and feldspars, and 
peat contain little selenium. 

In Table 5 selenium contents in some sedi-
ments and plants are represented as averages 
(KOLJONEN 1974 b). Uptake by plants depends 
on the part dissolved. The content in plants is 
only 10-30 % of the total content in soil, since 
selenium tends to precipitate in elemental from 
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Fig. 3. Distribution of selenium as averages in sedi-
ments. The map of Finnish sediments (Topografikunta 
and Suomen maantieteellinen seura 1968) is ge-
neralized. 1. Sand and fine sand (Se < 50 ppb). The 
areas are presented somewhat larger than found because 
the content of resistant minerals has probably increased 
in the soils in a larger arca. 2. Till (Se 40-80 ppb). 
3. Clay (Se> 80 ppb). 4. The highest shore of the 

Litorina Sea. 5. Peat soils (Se 30-80 ppb). 
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Table 4. Average selenium content in Finland's most 
common rocks and sediments (KOLJONEN 1973 a, b, 

1974 a). 

Plutonic igneous rocks 
	 Se, ppb 

Gabbro 
	108 

Diorite  
	72 

Granite 
	25 

Rapakivi granite  
	56 

Metamorphic rocks 	 Se, ppb 

Gneiss  	62 
Mka schist  	190 
Carbonaceous schist (Black schist) 	 9 900 
Amphibolite 	  240 
Carbonate rocks  	25 
Metamorphic volcanic rocks  	36 

Sedbnents Se, ppb 

Till 	  64 
Sand 	  < 10 
Silt 	  90 
Clayey stlt, Silty clay 	  140 
Clay 	  320 
Organic-rich mineral soils 	  180 
Peat 	  120 
Gyttja, Dy 	  75 

when pH and Eh are low (see Fig. 1). Soils 
are acid because uncultivated soils are usually 
depleted of cations which could neutralize the 
organic acids formed. Silicic bedrock promotes 
the acidity of soils, and organic residues, which 
collect selenium out of the biogeochemical cycle, 
accumulate iii mires and lakes. In addition to, 
iron and aluminium hydroxide-rich chemical 
sediments in podzols and lakes (lake ore) collect 
selenium as insoluble hydrous selenite (unpub- 
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Fig. 4. Selenium content as a nutrient in Finnish soils. 
The effect of glacial transport of sediments (cf. in SW 
Finland, KOLJONEN and CARLSON 1975), which is usu-
ally to the southeast, is not included in the map. The 
glacial transport directions are found in the compilation 
of GLtiCKERT 1974. 1. On average, sufficient selenium 
is present in soils for nutrition. Se> 80 ppb. 2. The 
average selenium content in soils is near minimum for 
nutrition. Se 40-80 ppb. 3. The average selenium 
content is below minimum for nutrition in soils. Se < 

40 ppb. 

Table 5. Average selenium content in plants compared with that in soils. 

No. 	 lorality Bedrock Soil Se in soils, 
ppb 

No. of 
analyses 

Se in plants, 
ppb 

No. of 
analyses 

Se soil/plant 

1 Petäjävesi Granite Peat 43 (5) <10 (1) k 4 
2 Petäjävesi Granite Mull humus 140 (4) 50 (2) 3 
3 Vantaa Migmatite Topsoil, 

raw humus 170 (7) 44 (8) 4 
4 Kuhmoinen Carbonaceous Topsoil, 

schist raw humus 760 (2) 80 (2) 10 
5 Kaavi Sulfide-rich Topsoil, forest 

rocks raw humus 2 300 (6) 240 (12) 10 
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lished data). On the whole, apart from lime-
stone and skarn rock areas (which are small in 
Finland and where pH and Eh are higher than 
elsewhere), selenium is in a form not readily 
available for plant consumption. 

Fig. 4 shows a generalized map of regions 
where the selenium content in soils is possibly 
deficient for nutrition.al  purposes. The minimum 
content in sediment before deficiency occurs has 
been calculated at 60-80 ppb. The map is 
based only on geological and geochemical data, 
but appears to support the earlier investigations 
of areas where low selenium contents in forage  

have been foun.d and where deficien.cy  in cattle 
has been observed. 

Podzolic tills, together with the peat soils, 
silt, and san.d-rich soils which contain little clay, 
typically contain too little selenium for the nu-
tritional needs of cattle. Moreover hay, the 
most significant forage crop, grows in nutrient-
poor soils and its uptake of selenium seems to he 
lower than that of most other plants (KOLJONEN 
1974 b). Therefore, it would seem advisable to 
increase the selenium content of deficien.t soils 
by means of fertilizers or to add selenium di-
rectly to the fodder. 
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SELOSTUS 

Seleenin esiintyminen maaperässä 

TAPIO KOLJONEN 

Helsingin yliopisto 

Suomen kallioperässä ja tästä johtuen myös sedimen-
teissä seleenipitoisuudet ovat yleisesti suuruusluokaltaan 
30-100 ppb (ppb = 1 mg/tonnissa) ja huomattavasti 
pienempiä kuin muualla maailmassa, jossa peruskallio 
yleensä on nuorempaa ja koostuu suurelta osin sedi-
menttikivistä. Koska Suomessa maaperä on tavallisesti 
hapan ja pelkistävä sekä sisältää vähän kationeja, jotka 
voisivat neutraloida orgaaniset humushapot, seleeni 
esiintyy maaperässä yleisemmin alkuainemuodossa ja 
rikastuu adsorboitumalla orgaanisiin ja epäorgaanisiin 
kolloideihin sekä hapettuneena raudan kanssa vaikea-
liukoiseksi, vesipitoiseksi rautaseleniitiksi. Kasvien on 
vaikea saada seleeniä maaperästä ravinteeksi, koska 
sitä on vähän ja se esiintyy vähäliukoisessa muodossa. 
Tästä syystä on todennäköistä, että siitä on eritoten 
piilevänä vajausta laajoilla alueilla, sillä karjanravin-
nossa alarajana pidetty 30-70 ppb on suomalaisissa 
kasveissa melko korkea pitoisuus (SANDHOLM 1973). 
Yleensä kasvien seleenipitoisuus on vain 10-30 % maa- 

perän seleenipitoisuudesta. 
Etenkin Pohjois Amerikassa maaperän seleenipitoi-

suus on laajoilla alueilla siksi korkea, että se on aiheut-
tanut runsaasti jopa karjan kuolemaan johtaneitå myr-
kytystapauksia. Myrkyllisyysrajana pidetään eräillä 
USA:n alueilla 500-1000 ppb. 

Suomessa seleenin myrkyllisyys joko kallioperästä, 
sulfidisista malmeista (Se 1000-5000 ppb) tai saas-
teista johtuvana on erittäin epätodennäköistä. Alueilla, 
joissa maaperän pH on korkea, seleeni liukenee lähinnä 
kalsiumseleniittinä ja siirtyy liukoisena maaperästä kas-
veihin. Näin on havaittu tapahtuneen mm. Irlannissa 
kalkkikivialueilla, joissa kallioperässä on esiintynyt niin 
runsaasti kiisupirotetta, että siitä vapautunut seleeni on 
aiheuttanut myrkytystapauksia karjassa (WALsn ym. 
1951). Toisaalta kyseinen tapaus osoittaa, että kalkitus, 
kuten monet muutkin maanviljelyksessä käytetyt mene-
telmät, vapauttaa happamilla mailla maaperään sitou-
tuneen seleenin kasveille käyttökelpoiseen muotoon. 
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& VILVA, V. Sonnien jälkeläisarvostelu ja maidon 
valkuaispitoisuus. Kehittyvä Maatalous 18: 35-50. 

RuoHomÄxt, H. Katsaus lihanaudan risteytyskokeiden 
tuloksiin. Kehittyvä Maatalous 19: 39-45. 
Charolaisristeytetyt lehmävasikat lihantuottajina. 
Koetoim. ja Käyt. 31: 2. 
Charolais- ja friisiläisristeytyskokeiden tuloksia. Kar-
jatalous 50, 11: 20-22. 
& HAKKOLA, H. & HUILAJA, J. Friisiläisristeytysko-
keiden tuloksia III. Koetoim. ja Käyt. 31: 1,2. 
& MAIJALA, K. & KOSSILA, V. Friisiläis-ayrshireris-
teytyskoe Jokioisissa. Koetoim. ja Käyt. 31: 4. 

SHARMA, D. & TUOMI, J. Determination of thyroglobulin 
antibodies in the obese strain chicken sera using chromic 
chloride as a coupling reagent. Acta Vet. Scand. 14: 651 
-656. 
& TUOMI, J. Stimulation of heterophil haemagglutinins 
in chickens by a virat vaccine and chicken thyroid extract. 
Acta Vet. Scand. 14: 657-665. 

UusIsidmi, U. Asenteet ja aluepolitiikka Lapissa. Karja-
talous 1: 26 -28. 

- SHS :n työkenttä. Ruotsin kotieläinjalostuksesta. Li-
hantuottaja 1: 26. 
SHS Ruotsin kotieläintalouden edistäjänä - osuus-
toiminnallinen neuvontajärjestö. Karjatalous 3: 48 
-50. 

- Mahdollisuudet risteytysjalostukseen sikataloudes-
samme. Sika 4: 1-3. 

- Ajankohtaista sikojen risteytyksestä II. Lihantuot-
taja 5: 19, 29. 
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hantuottaja 4: 8-12. 
UUSITALO, H. Norjalaiset tehostavat kananjalostustaan. 
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jalostamalla. Siipikarja 56: 75-77. 
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Maantutkimuslaitos, Vantaa 

Institute of Soil Science, Vantaa 
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- Paripyörillä parempiin satoihin. Käytännön Maamies 
4: 24-27. 
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-, SILLANPÄÄ, M., HUOKUNA, E. & HIIVOLA, S.-L. Ef-
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magnesium and phosphorus contents in ley grasses. Ann. 
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-, SILLANPÄÄ, M., HUOKUNA, E. & HIIVOLA, S.-L. Ef-
fects of heavy nitrogen fertilization on iron, manganese, 
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SILLANPÄÄ, M. Nurmille annettujen suurten typpilan-
noitemäärien vaikutus maan kalivaroihin. Koetoim. 
ja Käyt. 31:9. 
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kalivarat. Käytännön Maamies 4: 36-37. 
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Report of an expert consultation on soil degradation 
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gen Diingung von Ammonium und Kalium auf deren Fixie-
rung in einigen finnischen Boden. Kali-Briefe 4: 1 -8. 
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JAAKKOLA, A. Maanparannus. Maanviljelysoppi 1. p. 145 
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Kalkitus Maanviljelysoppi 1. p. 150-156. Porvoo/ 
Helsinki. 

- Lannoitus. Maanviljelysoppi 1. p. 157-197. Porvoo/ 
Helsinki. 
Effect of soil moisture on the ability of Italian rye grass 
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kutus italialaisen raiheinän (Loliunz multifiorum Lam.) 
kykyyn vähentää maan haitallisen suurta nitraatti-
typen pitoisuutta. J. Scient. Agric. Soc. Finl. 46: 
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JOKINEN, R. Kalkitusaineiden käyttöarvo voimaperäi-
sessä viljelyssä. Sammandrag: Värdet av kalknings-
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KERÄNEN, T. Tuloksia eri suuruisten kalkkimäärien ko-
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Abstr. Results from field experiments with different amounts 
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46: 185-193. 

KOSKELA, I. Lietteiden hyväksikäyttöön liittyvät haitat 
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väksikäytön tutkimustarve A 23. Helsinki. 
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LARPES, G. Kuorihumus maanparannusaineena. Koe-
toim. ja Käyt. 31: 20. 
Barkhumus som jordförbättringsmedel. Landsbygd. 
Folk. 26. 

PESSI, Y. Lannoitus rehua tuotettaessa. Karjatalous 50, 
4:6. 

- Käyttävätkö suomalaiset viljelijät liikaa lannoitteita. 
Kauppias 12: 17. 
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Nord. Jordbr.forskn. 56, 3: 309-310. 
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tarha 77: 626-627. 
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Koetoim. ja Käyt. 31: 17, 20. 

- Lämpötilan ja kukkien pölytyskauden pituuden vai-
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ajoittumiseen. Koetoim. ja Käyt. 31: 28. 
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tarha 77: 275. 
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- Puolukan viljely. Kehittyvä Maatalous 16: 14-22. 
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ting red whortleberry. Teho 12: 54-57, 64. 
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Konsulentavd.. stencilserie, Trädgård 71: 10-12. 
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of different habitats. Aquilo 13: 1 -14. 
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ligt olika metoder. Referat af indlf ved NJF's Blom-
kålsymposium 18.-19. oktober 1973, p. 62-66. 
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72. Koetoim. ja Käyt. 31: 15-16. 
Taimikasvatuskokeet kukka- ja keräkaalilla 1970 -72. 
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- Pinaattilajikkeita kesäviljelyyn. Puutarha 77: 167. 
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Pensaspavun viljely. Terveys 38: 142. 
& KURKI, L. SF-vihanneskasvilajikkeet. Puutarha 77: 
379 -382. 

PESSALA, T. Kiinanasterin hyötö. Puutarha 77: 57, 91. 
- Kukinnan vaihtelut kasvihuoneissa. Puutarha 77: 

565 -566. 
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gårdsnytt 28: 349. 

RANTALA, E.-M. Hillan viljelykokeita Apukassa. Koe-
toim. ja Käyt. 38: 40. 

SÄKö, J. Typpi- ja kalilannoituksen vaikutus mansikan 
satoon. Koetoim. ja Käyt. 31: 8. Hedelmä ja Marja 
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Tuhoeläintutkimuslaitos, Vantaa 

Institute of Pest Investigation, Vantaa 

BERENDT, 0., STENSETH, C., SVENSSON, G. & TIITTA-
NEN, K. Om biologisk bekxmpelse af vksthusspinde-
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dae). 1. Anvendelse af prwdatorer. 2. Anvendelse af 
patogener of uforenelig gener. Ugeskrift for agrono-
mer of hortonomer 21: 324-329, 360-364. 
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21: 54. 
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21: 141-142. 
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Ent. Fenn. 40: 162-167. 
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Pesticide regulation in Finland. Kemia-Kemi 1: 630 - 
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- Beekeeping research started in Finland. Apiacta 9: 119 
-120. 
Kirvoja ja koloradonkuoriaisia. Viljelykasvien tuho-
eläimet 1973. Koetoim. ja Käyt. 31:9, 12. 
Mehiläistutkimus käynnistynyt. Koetoim. ja Käyt. 
31: 28. 

- Torjunta-aineita koskevat määräykset ja torjunta-
aineiden tarkastus. Ympäristö ja Terveys 5: 133 - 
144. 

- Torjunta-aineet ovat välttämättömiä. Vaikutusta ym-
päristöön tutkitaan. Pellervo 15, 5: 10-11, 14. 

- Näin Suomessa. Biologisesta torjunnasta. Pellervo 75, 
11:25. 
Biologisen torjunnan käytäntö ja tutkimukset. Kas-
vinsuojelulehti 7: 19-22. 
Varastotuholaisten merkitys kasvaa. Kansanterveys 
15: 3-5. 

- Torjuntamyrkyt ja ympäristö. Kansanterveys 15: 18. 
Mehiläistutkimus neuvonnan ja hoidon takana. Me-
hiläistalous 29: 67-70. 
Mehiläistutkimukset v. 1974. Mehiläishoitaja 8: 101 
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- Mehiläistutkimus alkuun maassamme. Mehiläishoi-
taja 8: 160-162. 
MUKTJLA, J., NUORVALA, S. & POUTIAINEN, E. Tie-

teellisen julkaisun laadinnan opas. 31 p. 2. painos. 
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MYLLYMÄKI, A. Experience from an unsuccesful removal of a 
semi-isolated population of Arvicola terrestris. Proc. Int. 
Symp. Spec. Zoogeogr. Eur. Mammals (Brno): 377 
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- A programme for the exterimination of rats at minimal cost 
in Tampere, Finland. Beih. Z. Angew. Zool. 3: 85-99. 
A four year study on the applicability os Small Quadrat 
Method (SQM) in a mosaic environment. Nordmus Re-
port 5: 5-10. 

- Practical experience of large-scale surveillance by small 
quadrats (SO). Nordm us Repor t 5: 22-25. 
First Report of the Working Party on Field Rodents. In-
troductory address (± Append. 1, 2 and 3). EPPO Publ. 
Ser. C. 31: 1-12. 
Outbreks and darnage by the field vole, Microtus agrestis 
(L.), in Finland 1945-1973. EPPO Publ. Ser. C. 31: 
13-22. 
Experiences of programmed control of the voles, mainly 
Microtus agrestis L. (Rodentia), in seed orchards of forest 
trees. Trans. First Int. Theriol. Congr. 1: 425 -426. 
Experimental application of the 'Small Quadrat Method' 
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(SQ.M) to the surveillance of changes in populations of sntall 
mammals. Trans. First Int. Theoriol. Congr. 1: 426 - 
427. 
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species of Microtus (Rodentia). Trans. First Int. Theriol. 
Congr. 1: 427 - 428. 
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21: 117,-118. 
& PAASIKALLIO, A. Depredation of pine seed by small 
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Viljan kirvat - torjunta ja runsauden ennustami-
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40: 1-9. 
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nön Maamies 10: 27-28. 
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kukkakaalin kasvuun. Puutarha-Uutiset 26: 250-251. 
Kaalien siemenlevintäisistä taimipoltteen aiheutta-
jista Suomessa. Puutarha-Uutiset 26: 316. 

- Kerä- ja kukkakaalin taimikasvatusajan ja -lämpö-
tilan vaikutus taimien kasvuun ja loppusatoon. Puu-
tarha-Uutiset 26: 346-347. 

Kodin teknologian laitos 

Department of Household Technology 

J05(ELA1NEN, A., RAUTIAINEN, M.-L. & OITTILA, E. Ajan 
käyttö ja fyysinen kuormitus lattian märkäpuhdistuk-
sessa. Koti talous 38: 343-346. 

Kotieläinten jalostustieteen laitos 

Department of Animal Breeding 

VARO, M. Karjantarkkailutulosten tarkastelua. Nauta-
karja 1: 5-6. 

- Karjantarkkailu karjatalouden edistäjänä. Karjata-
lous 50, 6-7: 22-24. 

- Tuotannontarkkailun ongelmia. Karjatalous 50, 12: 
18-19. 

Kotieläintieteen laitos 

Department of Animal Husbandry 

JOKINEN, T. & POUTIAINEN, E. Nurmisäilörehun ravinto-
arvon määrittäminen. Karjatalous 50, 6-7: 39, 41. 

POUTIAINEN, E. Herajauheen käyttö vasikoiden juotto-
rehussa. Karjatalott 50, 5: 42-43. 

- Tuoresäilötyn viljan ominaisuudet ja käyttö. Karja-
talous 50, 9: 4-6. 
& SEPPÄLÄ, J. Maidontuotannon kausivaihtelun ta-
soittaminen. Karjatalous 50, 11: 23-25. 
Eräitä kotieläintuotannon uusia mahdollisuuksia. 
Karjatalous 50, 12: 25-27. 
& TUORI, M. Hiehojen, härkien ja sonnien lihan-
tuotannon vertailua. Kehittyvä Maatalous 19: 
48-56. 

- Vastaako hintaporrastus rehunkulutusta. Lihantuot-
taja 2: 11-12. 
Tavoitteena 160 kilon teuraspaino. Lihantuottaja 7: 
19-20. 

Valkuaisrehukysymyksen 	ratkaisumahdollisuudet 
nautojen ja sikojen ruokinnassa. Nautakarja 1: 
8 - 10. 
Ruokintakysymykset alkaneena sisäruokintakautena. 
Varkauden Seudun Osuusmeijerin tiedotuslehti 2: 
3-7. 
Maatalouden ammattikoulutus uudistuu. Pellervo 2: 
31. 

- Valoa kotieläimille. Pellervo 4: 11. 
- Naudanlihantuotanto polttopisteessä. Pellervo 6: 

26-27. 
Nurmirehun arvo selvitettävä. Pellervo 8: 21. 
Hajasijoitus - huonot kortit maataloudelle. Pellervo 
11: 31 -32. 

- Tieteestä on tiedotettava. Pellervo 12: 23. 
Lusikka rehunsekoitussoppaan. Pellervo 14: 42-43. 
Ongelmana huono heinä. Pellervo 16: 34-35. 
Iso vai pieni lehmä lihantuotantoon. Pellervo 18: 29. 

- Kinkut ja kalkkunat. Pellervo 19-20: 18-19. 
- Nautakarjan valkuaistarve ja sen tyydyttäminen. 

Pelto-Pirkan päiväntieto 1975: 135-143. 
Säilörehun teko. Teho 5: 12-13. 
Gröna linjen i Finlands husdjursskötsel. Landskurs on 
utvikling av mkolkeproduksjonen 3. -6. 9. 1974. 
Vikebukt, Norje. 11 p + 15 p. liitteet. 

- Kotieläintuotannon uusia mahdollisuuksia. Isäntä-
akatemia Seinäjoki 28. 6.-30. 6. 1974. Etelä-Pohjan-
maan Kesäyliopisto, Seinäjoki 1975. p. 51-65. 

- Valkuaisvaranto kotieläintuotannossa. Valkuaisai-
neet. Seminaari 20. 5. 1974. Valtion ravitsemusneu-
vottelukunnan Julk. 1. p. 76-94. 

SALO, M-L. Sokerijuurikkaan naatit säilörehun raaka-
aineena. Karjatalous 50, 8: 28-30. 
& SORMUNEN, R. Sokerijuurikkaan naatit ja niistä 
valmistettu säilörehu. I. Koostumus ja rehuarvo. 
Scient. Agric. Soc. of Finl. 46: 88-96. 
& SORMUNEN, R. Sokerijuurikkaan naatit ja niistä 
valmistettu säilörehu. II. Säilöntätappiot ja puris-
temehun sidonta. Scient. Agric. Soc. of Finl. 46: 
97 -102. 

SYRJÄLÄ, L. Starea-menetelmä urean hyväksikäytön pa-
rantamiseksi. Karjatalous 50, 1: 6-7. 

- Ureamääriä rehoseoksissa voidaan lisätä. Karjatalous 
50, 1:7. 

- Palkokasvien ravintoarvo ja käyttö eläinten rehuna. 
Karjatalous 50, 3: 30-31. 
Korjuuajalla suuri vaikutus säilörehun ravintoarvoon. 
Karjatalous 50, 4: 10-13. 

- Bärgningstidpunkten avgör ensilagets näringsvärde. 
LOA. 5:224. 
Ehdotuksia valkuaisrehutilanteen parantamiseksi. 
Karjatalous 50, 8: 32-33. 
Nautakarjan merkitys elintarviketuotannossa. Signif-
icance of cattle in human food production. Maataloushal-
linnon Aikakauskirja 3: 4-12. 
Composition and volume of the rumen microbiota of sheep 
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on grass silage feeding, with d&'erent sucrose, st arch and 
cellulose supplements. IV Intern. Symp. on ruminant 
physiol. program handb. 49 p. Sydney. 

- Korsirehuiväkirehusuhde lypsykarjan ruokinnassa. 
Karjatalous 50, 11:4-5. 
Säilörehun jälkikäymisen aiheuttamat tappiot. Käy-
tännön Maamies 12: 30-31. 
Säilörehun raaka-aineen korjuuaste. Kehittyvä Maa-
talous 20: 27-37. 

TUORI, M., POUTIAINEN, E., EEROLA, M. & MROUE, B. 
Herajauheen käyttö vasikoiden juottorehussa 2. Sula-
vuuskokeiden tulokset ja veriarvot. Karjatalous 50, 
10: 14-16. 

VIRTANEN, E. Älä käytä pakkasnestettä lääkkeenä äläkä 
rehuna. Karjatalous 50, 1: 17. 
Lypsylehmän ruokinta ennen ja jälkeen poikimisen. 
Karjatalous 50, 2: 29-30. 

Limnologian laitos 

Department of Limnology 

LEHMUSLUOTO, P. 0. Mission Report, United Nations 
Development Programme, UN Project INS-70I527. Insti-
tution of Hydraulic Engineering Bandung, Indonesia. 
Polyhumoosisten vesien kasviplanktonin perustuotan-
non erityispiirteistä. Limnologisymposion 1971: 60 - 
68. 
& LEPPÄNEN, T. Humusveden bakteeritoiminnan ak-
tiivisuudesta. Limnologisymposion 1971: 22-34. 

LIMPADANAI, D. Production of zooplankton communities de-
termined by 14C in situ method. p. 1-68. Helsinki. 

PENNANEN, V. Ceelifraktioinnin soveltaminen limnologi-
seen humustutkimukseen. Limnologisymposion 1971: 
47 - 59. 

RYHÄNEN, R. Hakojärven tutkimus. Tulosten tarkastelu 
ja soveltamisen näkökohtia. Limnologisymposion 
1971: 69-87. 
Vesien suojelun ja käytön ekologinen tutkimus. 
Limnologisymposion 1971: 7-9. 

Lihateknologian laitos 

Institute of Meat Technology 

HANNUKAINEN, E. & NIINIVAARA, F. P. Die Zerstörung 
des Vitamins A der Leber bei ihrer technologischen Ver-
arbeitung. I Teil: Die Wirkung der Ascorbinsäure auf die 
Zerstörung des Vitamins A während des Kochens und 
Zerkleinerns der Leber. II Teil: Die Wirkung des Pigraent-, 
des Eisen- und des Kypfergehattes der Leber sowie der 
Kuttertemperatur auf die Zerstörung des Vitamins A wäh-
rend des Kochens und Zerkleinerns von Leber. Die Fleisch-
wirtschaft 54: 1363-1370. 

PUOLANNE, E. Makkaran kemiallisen koostumuksen ja 

hinnan välisestä korrelaatiosta. Suom. Eläinlääk.l. 
(Painossa.) 

- Uber die Korrelation zwischen Preis und chemischer Zusam-
mensetzung der Wurst. Die Fleischwirtschaft. (Painossa.) 

Maanviljelystalouden laitos 

Department of Agricultural Economics 

NIEMI, A. Osuustoiminnan metsällinen sovellutus. Pel-
lervo 75, 14: 46-48. 

RYYNÄNEN, V. & PÖLKKI, L. Maanviljelystalous. 263 p. 
Helsinki. 

TURKKI, A. Lypsylehmien ruokinnan suunnittelu. Kar-
jatalous 50, 3: 10-13. 

- Rationaalisen maidontuotantotilan suuruus ja lypsy-
karjojen keskikoon viimeaikainen kehitys. Karja-
talous 50, 3: 22-24. 

- Taloudellisuutta väkilannoitteiden käyttöön. Käy-
tännön Maamies 7: 17-19. 

WECKMAN, K. J. Lantbruksföretagets tillväxt. Rapport 
från en empirisk undersökning. Lantbr.ekon. inst. 
vid Helsingfors univ. publ. 2/1974. Stenc. 81 p. 

WESTERMARCK, N. Munantuotannon kannattavuus kir-
janpitotaloissa tilivuonna 1973. Siipikarja 7-8: 
204-209. 
The influence of certain entrepreneurial variables on economic 
success in farming. European Rev. of Agric. Economics 
1 (4): 435-446. 
Maatalouden ongelmat. Suomi toisen maailmansodan 
jälkeen. Turun yliop. Suomen historian laitos. Mo-
nistesarja A. Käsikirjoja X: 55-67. 
Elinvoimainen maaseutu tavoitteena. IBM-katsaus 
13, 1: 7-11. 
Jordbrukets forskare och internationellt samarbete. 
Svenska studenters Agro-Forstförening 1974: 5 - 6. 

YLÄTALO, M. Maatalouden taloudellisten edellytysten 
parantamismahdollisuuksista maan eri osissa. Karja-
talous 50, 3: 14-15. 

Maatalouden työtekniikan laitos 

Department af Agricultural Engineering 

OKSANEN, E. H. Inconvenience caused by power line poles iii 
the field. XVII CIOSTA Congr. Pap.: 155-163. 
Pesaro, Italy. 
Work and loading of heavy tractors in Finland. VIIIth 
Intern. Congr. of Agricultural Engin. Section V. 
Summaries 74 - V -302. Complete Pap. Mimeogr. 
7 p. 

- Entwicklung und Einsatz von Kombinationsgeräten fuir 
Bodenbearbeitung, Diingung und Aussaat in Finnland. 
Agrartechn. 24: 30-31, 104. 
Tutkimusohjeita. Maatalouden työtekniikan laitos, 
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Tutkimustiedote 6: 1-18. 
PEHKONEN, A. Vaihtaisinko pikavaihteelle. Koneviesti 2: 

10 - 11. 
Energiapula ja maatalous. Pellervo 75, 3: 6-7. 
Aikatutkimusmenetelmien ajanmittausvaiheen tark-
kuudesta. Tuottavuus 3: 31-33. Tuottavuus 8: 
10-11. 

Maatalous- ja metsäeläintieteen laitos 

Department of Agricultural and Forest Zoology 

HEIKKILÄ, R. Eri eläinryhmien osuuden määrittämi-
sestä havupuiden kylvösiementen tuhoutumisessa. 
Pro gradu-työ. 64 p. 

KALO, P., SELANDER, J., KANGAS, E. & PERTTUNEN, V. 
The chemical composition of volatiles produced by the host 
of Hylobius abietis L. (Col., Curculionidae). I. The 
terpene composition of pine seedlings. Ann. Ent. Fenn. 
40: 86-95. 

NUORTEVA, M. Eriopeltis lichtensteini Sign. - Kilpikirva 
(Hem., Coccidae) levinnyt myös Etelä-Hämeeseen. 
Die Schildlaus Eriopeltis lichtensteini Sign. (Hem., Cocci-
dae) auch in Siidwest-Häme verbreitet. Lounais-Hämeen 
Luonto 52: 16-18. 
Hämähäkeillä loisiva sieni Gibellula pleiopus (Vuill.) 
Mains tavattu Lounais-Hämeestä. Der auf Spinnen 
parasitierende Pilz Gibellula pleiopus (Vuill.) Mains in 
Sirdwest-Häme angetroffen. Lounais-Hämeen Luonto 52: 
14-15. 

PULLIAINEN, E. Etelä-Pohjanmaan peltopyysaaliin ikä-
ja sukupuolikoostumuksesta vuosina 1964-71. Sex 
and age ratios in the bag of the partridge (Perdix perdix) in 
southern Ostrobothnia, West Finland, in 1964-71. Suo-
men Riista 25: 67 - 70. 
Suomessa vuonna 1971 kaadetut karhut ja ilvekset. 
Summary: The number of bear (Ursus arctos) and lynx 
(Lynx lynx) killed in Finland in 1971. Suomen Riista 
25: 106-108. 
Winter nutrition of the common crossbill (Loxia curvirostra) 
and the pine grosbeak (Pinicola enucleator) in northeastern 
Lapland in 1973. Ann. Zool. Fenn. 11: 204-206. 
Seasonal movernents of moose in Europe. La Naturaliste 
Can. 101: 379-392. 
The .11ying activity of Phormia terrae-novae R.-D. (Dipt., 
Calliphoridae) in late winter in northeastern Lapland. 
Ann. Ent. Fenn. 40: 26-28. 
Suomen suurpedot. Kustannusoy Tammi, Helsinki. 
263 p. 
Nesting biology of a pair of rough-legged buzzards (Buteo 
lagopus lagopus Brönn.) in northeastern Lapland. Ann. 
Zool. Fenn. 11: 259-264. 

SAARI, L. Sepelkyyhkyn metsästysajasta Suomessa. Pro 
gradu-työ. 18 p. 

SELANDER, J., KALO, P., KANGAS, E. & PERTTUNEN, V. 
Olfactory behaviour of Hylobius abietis L. (Col., Curculi- 

onidae). II. Response to several terpenoid fractions isolated 
from Scots pine phloem. Ann. Ent. Fenn. 40: 108-115. 

TUOVINEN, T. Harsokorennon, Chrysopa carnea Steph. 
käyttö persikkakirvan, Myzus persicae Sulz. torjun-
taan paprikalla. Pro gradu-työ. 

VARIS, A.-L. Distribution of damage caused by Lygus rugu-
lipennis Popp. (Het., Miridae) in cultivated fields. Ann. 
Agric. Fenn. 13: 18-22. 

- Raparperin tuholaiset. Maatalouden tutkimuskeskus, 
tietokortti 6 C 24. 
Viljakukon vaikutus satoon. Esittely julkaisusta »Im-
pact of cereal leaf beetle larvae on yields of oats» 
by Wilson, M. C., Treece, R. E. Maatalous 67: 
83-84. 

Maitotalouslaitos 

Institute of Dairy Science 

ANTILA, M. SOij avalkuainen. »Valkuaisaineet»-seminaari 
20. 5. 1974. Valt. Ravitsemusneuvottelukunnan Julk. 
1: 59-75. 
Otteita Valtion ravitsemusneuvottelukunnan viime-
aikaisesta ohjelmasta. »Eräitä ajankohtaisia kysymyk-
siä maitotalouden alalla» -jatkokoulutuspäivä, Viikki 
29. 10. 1974: 19-22. 
Maitotaloustieteen korkeakouluopetus ja sen uudis-
tamishankkeet. »Eräitä ajankohtaisia kysymyksiä 
maitotalouden alalla» -jatkokoulutuspäivä, Viikki 
29. 10. 1974: 30-33. 
& ALI-YRKKö, S. Huomio navettaan. Meijerilehti 1: 
16. 
& 	S. Viher-liuoksella valmistettu säilö- 
rehu juustolamaidon tuotannossa. Maamiehen Lääke 
15, 1: 20-21. 

KIURU, K., LEPPÄNEN, R. & ANTILA, M. Determination 
qf geornetrical isomers of 9,12-octadecadienoic acid present 
in food fats. Fette, Seifen, Anstrichmittel 76: 401-408. 

Mikrobiologian laitos 

Department of Microbiology 

EKLUND, E. Eräiden solunulkoisten mikrobirpoteaasien 
aktiivisuudesta ja stabiilisuudesta maassa. Professori 
Unto Vartiovaaran 70-vuotisjuhlajulkaisu. Helsingin 
yliopiston mikrobiologian laitoksen julk. 7. 

- , HATAKKA, A., LINKO, M., MARKKANEN, P., MUST-
RANTA, A., NYBERGH, P. & VUORI, A. Sellulaasit ja 
niiden hyväksikäyttö selluloosapitoisten jätteiden kä-
sittelyssä. VTT, Biotekniikan laboratorion Tied. 6. 
44 p. 

- , HATAKKA, A., LINKO, M., MARKKANEN, P., MUST-
RANTA, A., NYBERGH, P. & VUORI, A. Selluloosa-
pitoiset jätteet yksisoluproteiinin raaka-aineena I. 
Auringonkukan siemenkuorten happohydrolyysi. 
VTT, Biotekniikan laboratorion Tied. 9. 40 p. 
, HEINONEN, H. & GYLLENBERG, H. G. Extracellular 
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proteases from soil actinomycetes 	Efect of growth 
medium and temperature on the protease production by an 
actinomycete isolated from peat. Z.bl. Bakt. Abt. II 129: 
12-19. 

GYLLENBERG, H. G. & EKLUND, E. Bacteria. Biology of 
plant litter decomposition. London and New York. 
(Ed. by C. H. Dickienson and G. Y. F. Pugh. Aca-
demie Press.) 

- & NIEMI, J. Salmonella bakteerien esiintyminen ihmi-
sen ympäristössä ja siihen vaikuttavat tekijät. Pro- 
fessori Unto Vartiovaaran 70-vuotisjuhlajulkaisu. 
Helsingin yliopiston mikrobiologian laitoksen julk. 7: 
12-30. 

HATAKKA, A. Selluloosan sokerointi mikrobisellulaa-
seilla. Professori Unto Vartiovaaran 70-vuotisjuhla-
julkaisu. Helsingin yliopiston mikrobiologian laitok-
sen julk. 7:31-44. 

- , EKLUND, E., GYLLENBERG, H. G. Extracellular pro-
reases from soil actinomycetes II. The hydrolytic features of 
the extracullular protease of an actinornycete, isolated from 
peat. Z. bl. Bakt. Abt. II 129: 1-11. 

HEINONEN, H. Mikrobiologinen valmiste uremian hoi-
toon. Professori Unto Vartiovaaran 70-vuotisjuhla-
julkaisu. Helsingin yliopiston mikrobiologian laitok-
sen julk. 7:45-60. 

- Vierailu Ho Lon prikaatissa. Kiina sanoin ja kuvin 
6: 12-13. 

KINNUNEN, K., NIEMELÄ, S. & POIKOLAINEN, M.-L. 
Bakteriofagien käyttö merkkiaineena jokien kulkeu- 
tumisnopeustutkimuksissa. Abstract: Use of bacterio-
phages as tracer of river water travel. Vesitalous 15: 
25-34. 

LEHTOMÄKI, M. Öljyn mikrobiologisesta hajoamisesta 
maassa. Professori Unto Vartiovaaran 70-vuotis-
juhlajulkaisu. Helsingin yliopiston mikrobiologian 
laitoksen julk. 7: 61-67. 

NIEMELÄ, S. 1973. Connection between the bacterial content 
of the Mahaweli River and of some adjacent soils. Verh. 
Intern. Ver. Limnol 18: 1313-1319. 
1974. Mikrobiologisen näytteenoton suunnittelu ja 
tulosten tilastollinen käsittely. Insinöörijärj. Koulu-
tuskeskus 155, II: 1-11. Helsinki. 
& RÄTY, M. Valintaperusteiden ja eräiden muiden 
lähtötietojen yhteys kandidaattien lopulliseen opinto-
menestykseen maatalousmetsätieteellisessä tiedekun-
nassa. Professori Unto Vartiovaaran 70-vuotisjuhla-
julkaisu. Helsingin yliopiston mikrobiologian laitok-
sen julk. 7: 68-83. 

NIEMELÄ, T. Havaintoaineiston numeerisista esitysta-
voista. Professori Unto Vartiovaaran 70-vuotisjuhla-
julkaisu. Helsingin yliopiston mikrobiologian laitok-
sen julk. 7: 84-96. 

NIEMI, M. Kolifagien soveltuvuus vesien hygieeniseen 
tarkkailuun. Professori Unto Vartiovaaran 70-vuotis-
juhlajulkaisu. Helsingin yliopiston mikrobiologian 
laitoksen julk. 7: 97-103. 

SEDERHOLM, H. & GYLLENBERG, H. G. Erään Öljyjal0S-
tamon jätevedessä esiintyvistä öljyä hajoittavista 
mikro-organismeista. Professori Unto Vartiovaaran 
70-vuotisjuhlajulkaisu. Helsingin yliopiston mikro-
biologian laitoksen julk. 7: 104-111. 

VOSS-LAGERLUND, K. En undersökning om förbättring 
av skogsmarkens bördighet. Professori Unto Vartio-
vaaran 70-vuotisjuhlajulkaisu. Helsingin yliopiston 
mikrobiologian laitoksen julk. 7: 112-124. 

Vuout, A. Mikrobiologin orientoitumismahdollisuuk-
sista. Professori Unto Vartiovaaran 70-vuotisjuhla-
julkaisu. Helsingin yliopiston mikrobiologian laitok-
sen julk. 7: 125-130. 
Mikrobiologinen tekniikka ympäristö- ja ravinto-
ongelmien ratkaisemisessa Medisiinari 7. 5 p. 
& GYLLENBERG, H. G. JVitrogen Metabolism Control of 
the Acetatis-Stimulated Carotenoid Synthesis in Rhodotorula 
sanneii. Z.bl. Bakt. Abt. II, 129: 68-71. 
, NUMMINEN, S. & GYLLENBERG, H. G. Enrichment 
and Isolation of Methanol-Oxidizing Teasts and Bacteria 
with Special Reference to Cell Tields and Amino Acid 
Centent. Z.bl. Bakt. Abt. II, 129: 56-67. 

Puutarhatieteen laitos 

Institute of Horticulture 

HÄRD, J. E. Quality of vegetables for fresh me and for 
processing. Proc. XIX Intern. Hort. Congr. 1974: 

- Der Einfluss der Umweld nördlicher Breitengrade auf die 
Qualität der Gemilse. Comp. Symp. f. Qualität der 
Nahrungspflanzen. Geisenheim 1974: 3. 

- Vihannesten laatututkimukset Suomessa. Vihannes-
ten viljelyä käsittelevän symposiumin esitelmät. 
Harju, Rajooni, Saku 1974: 8. 

OTTOSSON, L. & PERSSON, A. Investigations on the 
quality of vegetables cultivated at different latitudes. Proc. 
XIX Intern. Hort. Congr. 1974: 680. 

HÄRD, K. Vihannesten biologinen arvo Etelä- ja Poh-
jois-Suomessa. Puutarhakalenteri 34: 199-204. 
Eri vihannesten taimikasvatustietoa. Puutarhakalen-
teri 34: 219-226. 
Muovin käyttö avomaan vihannesviljelyssä. Vihan-
nesten viljelyä käsittelevän symposiumin esitelmät. 
Harju, Rajooni, Saku 1974: 1. 

KAUKOVIRTA, E. Rate qf carnation shoot growth as affected 
by variation in light conditions during the season of high 
light intensity. Acta Horticulturae 43: 83-91. 
Influence of supplementary light source on the photoperiodic 
response and quality of carnation. Proc. XIX Intern. 
Hort. Congr. 1: 803. 
Eräitä näkökohtia sadon ajoituksesta lasinalaisessa 
viljelyssä. Sadon ajoitus. p. 19-23. Moniste. 
Koetuloksia neilikan sadon ajoituksesta tekovalon 
avulla. Sadon ajoitus. p. 36-39. Moniste. 
& YLÄTALO, M. Lasinalaisten siemenestä lisättävien 
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koristekasvien viljelytietoutta. Puutarhakalenteri 34: 
227 —231. 

YLÄTALO, M. Kasvua hillitsevät sääteet ruukkuruusun 
viljelyssä. Puutarha 77: 65-67. 

Piispankukan viljely äitienpäiväksi. Puutarha-Uuti-
set 26: 944. 
& LEVANDER, L. Puutarha-alan yliopisto-opinnoista. 
Puutarha 77: 404-406. 

MUUT TUTKIMUSLAITOKSET 

Other institutions 

Biokemiallinen tutkimuslaitos, Helsinki 

Biochenzical Institute, Helsinki 

HAKKARAINEN, H. Säilörehun laadun vaikutus teollisuus-
maitoon. Karjatalous 50, 4: 16-19. 
Antibioottihaitat meijeriteollisuudessa. Karjatalous 
50, 4: 40-41. 
& HAUKKA, J. Tuottajamaitojen antibioottipitoisuu- 
den koetarkkailu 1973. Karjantuote 57, 8: 8-9. 

HEIKONEN, M. Työturvallisuus ja säilörehun hengitys. 
Karjatalous 50, 4: 14-15. 

HILTUNEN, A. Siltanosturistako ratkaisu AIV-rehun ja 
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55-58. 

- Pilkkionginta. Kalamiehen Viesti 1: 3. 
Pienkalastus Kemijoella. Suomen Kunnat 53: 208 - 
211. 
Siika talvikkona Kokemäenjoessa. Lappi 13. 2. 1974. 
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Kuhan siirtoistutus ja poikaskasvatus. Suomen Ka-
lankasvattaja 1: 8. 

- Pienvesiemme kalkitseminen. Kaleva 30. 4. 1974. 
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Karja on pellon ystävä. Karjatalous 50, 11: 12-13. 
Maatalouden polttoaineet uudelleen tutkittaviksi. 
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nosta. Insinööriuutiset 3: 12, 14, 29. 
Svinens skötsel i forskningens ljus. LOA 55, 1: 21. 
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HAHTOLA, K. Yksityismetsänomistajien puunmyynti-
käyttäytyminen. Teho 10: 40-42. 
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- Talvellakin kaloja narrataan. Teho 12: 42-43. 
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10-11, 15. 
Lannoite irtotavarana. Saroilta 11-12: 35. 
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perennial ryegrass. Maatilahall. Tied. 377: 29-34. 

METSÄPELTO, E. Lajikkeet nurmikasvien siemenseok-
sissa. Keotoim. ja Käyt. 31: 36. 
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