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In hörsebreeding, attention is paid to a great 
numbet of characteristics, only a few of which 
have been the subject of genetic investigations 
in our own stock. Investigations on the herit-
ability of the most important characteristics 
have now become of great interest because, since 
the beginning of this year, the progratnme of 
Finnish horse breeding has been changed. Along 
With the studbook of draught horses, insteael of 
the former studbook of general horses, the stud-
book for trotters has been instituted. Improve-
ments in the breeding programme are expected 
to make both draught horse and trotter breeding 
better defined and more consistent, and to 
incease interest particularly in improving the 
draught horse. The material investigated con-
sists of 5 996 mares of different ages, which 
have been entered in the studbook during the 
years 1952 to 1963. The estimation of the 
coefficients of heritability is based on the intra-
class correlation of paternal half-sibs, calculated 
by variance analysis. The effect of variance 
between sires has been calculated separately in 
different age classes within both year classes and 
districts. The horses were divided into four-
year classes according to whether their entry in 
the studbook took place in the period 1952-55, 
1956-59 or 1960-63. The mares of each of 
these classes were divided into district groups 
according to the studbook districts where they 
had been registered. 

Fig. 1. The boundaries of the studbook districts. 
Kuva 1. Kantakiljapiirieh rajat. 
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Table 1. The averages of the four-year-old 
Taulukko 1. Nelivuotiaiden tammojen 

Characteristic 
Ominairaus 

Ageclass1952-5 
ika_ik  1 I ic:,  d II P 

d III 
P 

d IV 
P 

d V 
P 

1 799 759 150 184 65 223 137 

1 Pulling power, in kilos 1)- Vetovoima kg 	 437.4 425.8 421.0 425.0 436.0 429.9 421.0 
2 Pulling power per cent 2) - Vetovoima % 	 76.7 75.4 74.0 76.4 79.4 74.3 75.3 
3 Steps-Porrasluku 	  7.8 7.6 7.3 7.7 8. 2 7.5 7.5 
4 Pace speed - Käyntiaika 	  8.17 8.22 8.28 8.34 8.05 8.24 8.03 
5 Trotting speed =-Juoksuaika 	  2.28 2.28 2.25 2.29 2.28 2.32 2.24 

6 Draught points - Vetopisteet 	  7.4 7.3 7.2 7.3 7.7 7.1 7.3 
7 Pace points - Kåyntipisteet 	  3.,9 3.8 3. 6 3.4 4.2 3.7 4.3 
8 Trotting points - Juoksupisteet 	  3.1 3.0 3.2 3.0 3.1 2. 7 3.3 
9 	Style of gait -- Liikkeet 	  2.4 2.3 2.2 2.2 2.4 2.4 2. 3 

10 Temperament - Luonne 	  4.5 4.4 4.4 4.4 4.4 4.2 4. 5 

11 	Performance points 3) - Koepisteet 	  21.3 20.7 20.7 20.3 21.8 20.1 21. 6 
12 Type judging points - Tyypit 	  4.8 4.7 4.6 4.5 4.5 4.7 4. 9 
13 Body shape - Runko 	  5.8 5. 6 5. 9 5. 5 5. 3 5.5 5.7 
14 Feet - Jalat 	  3.5 3. 5 3.5 3.4 3.5 3.4 3.9 
15 Hoofs - Kaviot 	  2.9 2.8 2.7 3.0 2.7 2. 6 3.0 

16 Conformation judging points 4)_  Rakennepisteet . 	 17.0 16.5 16.6 16.5 16.13 16.2 17.4 
17 	Points together 5) - Pisteet yhteensä 	  38.3 37.2 37.3 36.7 37.8 36.3 39.0 
18 Height of withers - Säkäkorkeus 	  157.7 157.6 157.0 155.8 157.7 159.5 157.8 
19 Height of the rump -Lautaskorkeus 	 157.8 157.8 157.1 156.2 157.7 159.6 157.9 
20 Body length - Vartalon pituus 	  168.4 167.9 167.7 166.8 167.9 169.0 167.5 

21 Circumference of chest - Rinnan ympärys 	 188.7 188.1 189.2 187.5 185.8 188.9 187.7 
22 Depth of chest - Rinnan syvyys 	  77.3 77.1 77.2 76.5 76.2 78.2 76.5 
23 Width of shoulders - Ryntään leveys 	  45.8 45.6 45.9 45.6 45.2 45.3 46.1 
24 Front width of hips - Lautasen etaleveys 	 58.5 58.3 58.4 57.6 58.4 58.3 58.8 
25 Back width of hips - Lautasen takaleveys 	 55.2 54.8 55.1 54.6 54.7 54.8 54.9 

26 Circumference of front knee- Polvenympärys 	 33.4 33.3 33.3 33.0 33.3 33.1 33.8 
27 Circumference of front cannon - Etusäären ympärys 20.3 20.3 20.5 20.1 20.2 20.4 20.5' 
28 Bredth of front cannon -Etusäären leveys 	 7.5 7.5 7.6 7.5 7.3 7.5 7.5 
29 Circumference of hind cannon - Takasäärenympärys 22.6 22.6 , 23.0 22.5 22.4 22.5 22. 6 
30 Bredth of hind cannon - Takasäären leveys 	 8.7 8.7• 8.8 8. 8 8. 6 8.7 8. 7 

31 	Weight estimation -Painon arvio 	  569.7 564.6 570.6 557.1 550.1 573.1 560.8 
32 Fattness - Lihavuusaste 	  4.3 4.2 4.4 4:4 4.1 4.0 4.3 

maximum draught 
» per cent of liveweight 

6 -I- 7 + 8 -I- 9 ± 10 
12 + 13 ± 14 + 15 
11 + 16 

Step = A pulling stretch of 50 m. Ori the first step is the pulling resistance 25 % of the live weight, on the seeond 

mares by the 4-year classes and districts (d) 
keskiarvot vuosiluokittain ja piireittäin 

1956-9 I d 
P 11 d 

P 
m d 

P 
IV d 

P 
V d 

P 1960-3 I d P 
d U 
P 

d III 
P 

IV d e V d 
P 

521 	1 	60 60 164 183 54 519 39 82 104 214 80 

440.3 425.2 445.1 450.0 430. 9 454.0 451.3 432.4 445.7 453.6 453.2 458.2 
77.5 75.7 77.0 79.4 75.3 81.6 77.9 73.8 79.0 79.4 77.6 77.7 
7.9 7.6 7.9 8.2 7.5 8.2 8.1 7.3 8.2 8.2 7.9 8.5 
8.13 8.17 8.25 8.10 8.14 7.56 8.14 8.20 8.34 8.08 8.14 7.58 
2.26 2.16 2.31 2.25 2.31 2.16 2.29 2.28 2.32 2,25 2.32 2.20 

7.5 7.5 7.3 7.7 7.3 7.7 7.6 7.2 7.6 7.7 7.5 7.8 
4.0 3.9 3.6 4.1 3.0 4.4 4.0 3.8 3.4 4.1 4.0 4.4 
3.2 3.8 2.8 3.2 2.8 3.8 3.0 3.0 2.7 3.2 2.8 , 	3.6 
2.4 2.3 2.4 2.4 2.5 2.6 2.6 2.3 2.4 2.5 ,  2.7 , 	2.6 
4.5 4.6 4.4 4.6 4.5 4.7 4.6 4.4 4.6 4. 6 4.6 4.9 

21.6 ' 22.0 20.5 22.0 21.0 23.2 21.7 20.7 20.7 22.1 21.5 23.4 
4.8 4.9 4.9 4.6 4.9 5.2 5.0 4.9 4.9 4.8 5.1 5.4 
5.8 6.2 6.1 5.4 5.9 6.2 6.2 6.3 6.1 5.8 6.2 6.5 
3.5 3.6 3.3 3.4 3.6 3.7 3.6 3.7 3.6 3.4 3.7 3.8 
2.8 2.9 3.0 2.7 2.8 - 	3.0 3.0 2.9 3.2 2.8 3.0 3.2 

17.0 17.5 17.3 16.0 17.2 . 	18.0 17.9 17.8 17.8 16.7 18.0 19.0 
38.6 39.6 37.8 38.0 38.2 41.2 39.6 38.6 38.5 38.8 39.6 42.3 

157.8 156.5 156.8 158.3 158.5 156.6 157.8 158.1 155.6 158.7 158.4 156.9 
157.8 156.5 157.0 158.2 158.5 156.6 157.8 158.0 155.8 158.7 158.4 157.0 
168.8; 167.-2 167.5 169.5 169.2 168.3 168.7 169.13 166.7 168.8 169.9 167.3 

188.6 188.2 1909. 187.8 188.9 188.2 189.6 1912. 189.0 188.8 1904. 188.3 
77.2 77.1 76.6 77.2 77.7 76.6 77.8 77.9 76.1 77.9 78.5 77.2 
45.7 45.9 46.5 45.3 45.5 - 46.6 46.3 47.3 46.5 45.6 45.8 47.9 
58.6 58.2 57.9 58.9 58.5 59.0 58.8 58.7 58.3 59.1 58. 6 59.6 
55.2 55.1 55.4 54.6 55.5 -55.7 55.8 56.1 55.5 54.6 56.0 56.8 

33.3. 33.2 33.3 33.5 33.2 33.3 33.6 33.6 33;2 33.6 33.7 33.4 
20.2 20.3 20.3 20.4 20.1 20.2 20.3 20.4 20.2 20.3 20.3 20.3 
7.4 ' 7.4 7.5 7.4 7.4 7.3 7.5 7.5 7.5 7.3 7.5 7.4 

22.5 22.9 22.7 22.6 22.3 22.3 22.6 22.9 22.6 22.5 22. 6 22.2 
8.6 8.7 8.8 8.6 8.6 8.5 8.7 8.8 8.7 8.6 8.7 8.6 

7 
570.1 562.3 580.5 568.1 573.9 560.1 576.9 588.1 565.7 572.6 586.1 563.6 

4.3 4.7 4.8 4.o 4.2 4.4 4.3 4.8 4.6 4.1 4.1 4.4 

30 %, on the third 35 % a.s.o. 

The material has, been divided into 4-year-
classes in order to eliminate from the heritability 
estimates the disturbing influence of ariy devel-
opment which may possibly have taken place 
during the eight years concerned. The material 
has further been divided into districts in order 
to avoid errors due to the different conclitions 
in different districts and possible differences in 
estimation by the studbook specialists. 

Strictly speaking, the material is slightly 
selected, because only the mares that have been 
entered in the studbook have been included. 
Because the grounds for rejection in studbook 
tests may have been quite different, it has not 
been possible to direct culling very effectively 
to any particular characteristic. The nutnber of 
rejected mares is quite small, only c. 15 per cent, 
so that culling cannot very much influence the  

heritability estimates. By including only stud-
book mares in the inveätigation the advantage 
has been gained that the heritability of each 
chäratteriStic has been estirnated Within the sante 
series of aniinals. 

The averages of the age-ClasseS and districtS 
have been compiled in Tables 1-4. They Show 
that age claSses differ Vety slightly from each 
other, the older mares rnostly beihg inferior to  

the young ones as regards their measurements 
and points. önly the results of pulling, walking 
and trottin teSts form a clear exception in 
which the perfornnance of the older horses' has 
proved superior. Width (Å shoulders is the only 
measurement that increases as the hOrse grows 
older. The generally smaller measurements of 
the older age-classes can probably be explained 
by the fåct thåt the best and most rapidly devel- 
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Table 2. The averages of the five-year-olci 
Taulukko 2. Viisivuoliaiden tammojen 

Characteristic 
Ominaisuus 

Ageclass 1952-5 /k .i-/k 1 d P n d P III d P I V d 
e V d 

P 

1 989 	1 010 225 272 59 194 260 

1 	Pulling power, in kilos 1)-- Vetovoima kg 	 455.4 447.3 444.2 450.9 461.8 440.4 447.7 
2 Pulling power per cent 2) -- Vetovoima % ' 	 79.9 78.9 77.5 79.9 83.9 76.8 79.5 
3 Steps -Porrasluku 	  - 	7.4 7.2 6.9 7.4 8.0 7.0 7.4 
4 Pace speed- Käyntiaika 	  8.14 8.18 8.18 8.32 8.11 8.27 8.00 
5 Trotting speecl-- juoksuaika 	  2.26 2.26 2.24 2.29 2.26 2.30 2.23 

6 Draught points - Vetopisteet 	  7.1 7.0 6.8 7.1 7.6 6.8 7.2 
7 Pace points - Kayntipisteet 	  4.0 3.9 3.8 3.5 4.1 3.6 4.4 
8 Trotting points -Juoksupisteet 	  2.9 2.9 3.0 2.7 3.0 2.6 3.1 
9 Style of gait --Liikkeet 	  2.3 2.2 2.1 2.1 2.4 2.3 2.3 

10 Temperament - Luonne 	  4.5 4.4 4.5 4.3 4.4 4.3 4.5 

11 	Performance points 3)_  Koepisteet 	  20.8 20.4 20.2 19.7 21.5 19.7 21.5 
12 Type judging points - Tyypit 	  4.7 4.6 4.6 4.5 4.3 4.7 4.8 
13 Body shape - Runko 	  5.7 5.6 5.9 5.5 5.2 5.5 5.5 
14 Feet - Jalat 	  3.5 3.4 3.4 3.2 3.4 3.4 3.7 
15 Hoofs - Kaviot 	  2,8 2.8 2.7 2.9 2.8 2.5 2.9 

16 	Conformation judging r; oints 4) - Rakennepisteet . . . 16.8 16.4 16.7 16.1 15.8 16.1 16.9 
17 	Points together 5) -- Pisteet yhteensä 	  37.6 36.8 36.9 35.9 37.3 35.8 38.4 
18 Height of withers - Säkäkorkeus 	  157.4 157.1 156.8 155.9 158.8 158.8 156.9 
19 Height of the tump -Lautaskorkeus 	  157.6 157.3 157.0 156.3 158.7 159.0 157.0 
20 Body length- Vartalon pituus 	  168.0 167.4 .167.9 167.0 168.2 167.7 167.1 

21 Circumference of chest - Rinnan _ympälys 	' 188.7 188.4 189.7 188.3 185.8 188.6 187.6 
22 Depth of chest - Rinnan syvyys 	  77.2 77.1 77.2 76.9 76.5 78.0 76.4 
23 Width of shoulders - Ryntään leveys 	  46.1 45.9 46.3 45.5 46.1 45.3 46.3 
24 Front width of hips - Lautasen etuleveys 	 58.4 58.1 58.4 57.5 58.6 57.9, 58.7 
25 Back width of hips - Lautasen takaleveys 	 

i 
55.1 54.9 55.3 54.6 55.1 54.5 54.9 

26 Circutnference of front Imee - Polven ymparys 	 33.1 33.1 33.3 32.8 33.2 32.9 33.3 
27 Circumference of front cannon - Etusäären ,ympärys 20.2 20.3 20.5 20.0 20.2 20.2 20.3 
28 Bredth of front cannon. - Etusäären leveys 	 7.4 7.5 7.6 7.5 7.3 7.5 7.4 
29 Circurnference of hind cannon- Takasäären ympärys 22.s 22.6 23.1 22.3 22.5 22.3 22.5 
30 Bredth of hind cannon- Takasäären leveys 	 8.6 8.7 8.8 8.7 8.6 8.6'8.6 

1 31 	Weight estimation- Painon arvio 	  568.8 564.6 575.2 562.9 551.5 566.9 558.6 
32 Fattness - Lihavuusaste . 	  4.2 4.2 4.3 4.4 4:1 4.0 4.3 
1-5) See Table 1 - Katso taulukosta 1  

inares by the 4-year classes and districts (d) 
keskiarvot vuosiluokittain ja piireiåäin 

1956-9 1 d 
P u d 

P III d P IV d P V d 
P 1960-3 I d II d III d IV d V d 

620 67 86 165 187 115 359 37 61 110 58 93 

460.1 439.1 456.4 468.8 449.5 480.0 469.7 455.0 460.0 472.2 471.8 477.5 
80.3'79.3 80.2 80.8 78.1 84.1 81.8 79.5 80.4 81.8 81.3 84.0 
7.5 7.2 7.6 7.6 7.0 8.o 7.7 7.1 7.5 7.6 7.6 8.2 
8.10 8.10 8.28 8.07 8.14 7.31 8.08 8.17 8.38 8.07 8.05 7.49 
2.26 2.21 2.32 2.24 2.31 2.18 2.25 2.24 2.31 2.25 2.32 2.17 

7.2 7.0 7.2 7.3 6.9 7.6 7.4 6.8 7.2 7.4 7.3 7.7 
4.1 4.1 3.6 4.1 4.0 4.6 4.1 " 	3.9 3.3 4.1 4.2 4.6 
2.9 3.1 2.6 3.o 2.6 3.5 3.0 3.0 2.6 3.1 2.6 3.6 
2.4 2.2 2.3 2.4 2.5 2.4 2.4 2.2 2.3 2.4 2.6 2.5 
4.5 4.6 4.3 4.5 4.4 4.8 4.6 4.5 4.4 4.6 4.4 4.8 

21.2 21.2 20.2 21.4 20.4 22.9 21.5 20.4 19.9 21.4 21.1 23.1 
4.8 4.7 4.7 4.5 4.8 5,2 4.9 4.8 4.9 4.7 4.9 5.2 
5.8 6.1 5.9 5.5 5.9 6.1 6.0 6.1 5.9 5.8 6.0 6.2 
3.5 3.5 3.3 3.4 3.5 3.7 3.6 3.6 3.6 3.4 3.5 3,8 
2.9 3.0 3.1 2.6 2.7 3.1 3.0 3.0 3.2 2.7 2.9 3.2 

17.0 17.4 16.9 16.1 16.9 18.1 17.5 17.6 17.6 16.7 17.3 18.5 
38.1 38.6 37.0 37.4 37.3 41.0 38.9 38.0 37.5 38.1 38.4 41.6 

157.9 156.0 156.6 158.8 158.6 157.5 157.6 156.4 156.6 158.7 158h3-' 157.1 
157.8 156.1 156.7 158.6 158.6 157.3 157.8 156.5 156.7 158.8 158.5 ' 157.2 
168.6 166.9 166.8 169.8 169.0 168.6 168.4 167.9 168.3 169.1 169.1 167.5 

188.9 187.1 189.7 189.1 189.4 188.5 189.2 189.6 189.5 189.6 19021 187.8 
77.4 77.0 76.7 77.5 78.0 77.1 77.4 77.2 76.6 77.8 78.3 76.9 
46.2 46.1 46.4 46.1 45.8 47.0 46.5 47.1 46.4 46.1 45.s 47.3 
58.5 57.9 57.5 59.1 58.4 59.0 58.8 58.1 58.6 59.0 58.3 59.3 
55.3 54.8 55.0 55.3 55.5 55.7 55.4 55.3 55.6 54.5 55.7 56.2 

33.2 32.9 32.9 33.4 33.0 33.5 33.2 32.7 33.1 33.5 33.3 33.1 
20.2 20.2 20.2 20.3 20.0 20.3 20.2 20.1 20.3 20.4 20.2 20.1 
7.4 7.4 7.5 7.3 7.3 7.4 7.4 7.4 7.5 7.4 7.5 7.4 

22.4 22.8 22.5 22.6 22.1 22.4 22.5 22.4 22.7 22.7 22.6 22.1 
8.6 8.7 8.7 8.6 8.4 8.6 8.6 8.6 8.8 8.7 8.6 8.5 

572.7 555.1 570.9 577.6 576.2 571.7 573.8 574.3 575.5 579.0 581.4 561.4 
4.2 4.4 4.4 4.1 4.2 4.3 4.2 4.7 4.4 4.0 4.1 4.3 

oped horses are offered to the studbook at the 
youngest age. The testing of slow-growing 
animals, which have probably been small-sized 
as well, has been postponed as long as possible 
to ensure their entry in the studbook, - and in 
this way such animals •have obviously been 
selected into the groups of older can clidates. 

The changes from one 4-yearclass to another 
have been vety slight in 2.11 age-classes; relatively 
speaking, the measurements have changed little, 
whereas considerable progress can be seen in 
performance and in points of build. Table 5, 
however, shows that differences between year- 

classes have not generally been significant. They 
have been more significant in regard to the abso-
lute pulling power in kilos, style of gaif, tempera-
ment, body shape and type. Other significant 
differences have been noticed only in certain 
measutements of the oldest age-class. 

How are we to intetpret the .fact that the 
improvement in certain measurements has been 
greatest in the oldest age-class. In chest circumfer-
ence, knee, circumference and estimated weight 
the differences between year-classes have been 
highly significant, and in body-length and width 
of hips significant. Can the explanation be that  

the first year-class of the oldest age-class con-
tains a relative abundance of horses whose 
development was disturbed by the defective 
feeding of the war years and the cr.isis that 
immediately followed the war. Thus the greater 
differences between year-classes (than within 
other age-classes) would be due not to greater 
variation in the animal material itself but 
to the greater variability of environmental 
factors. 

Table 5 shows the proportion of the total 
variance of daughters due to year-classes and 
also that due to districts and sires. The differ- 

ences between districts can be seen, even from 
Tables 1-4, to be conSidetable, ånd now it can 
be seen that they have generally been highly 
significant in ali age classes. Different conditions 
in different districts are Certainly one reasOn for 
the varianCe, bUt it is not impossible that the 
horses of different districts vary in their charac-
terictics. . Doubtless the part played by environ-
mental factors in determining these variations 
is more significant than the differences in herecl. 
itary traits. It is certain, too that the breeders' 
attitude is one of the factors that produceS 
territorial variation, its influence is most 
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Table 3. The averages of the six-year-old 
Taulukko 3. Kuusivuotiaiden tammojen 

Characteristic 
Ominaisuus 

Ikä-lk 
Ageclass d 1952-5 I  

P 
II d 

P 
III d 

P 
IV d 

P 
d V 
P 

937 589 122 140 54 55 218 

1 	Pulling power, in kilos 1) -- Vetovoima kg 	 453.8 446.0 447.0 442.1 444.3 433.0 451. 6 
2 Pulling power per cent 2) - Vetovoima % 	 79.8 79.0 77.9 79.3 81.8 75.8 79.6 
3 Steps - Porrasluku 	  7.4 7.2 7.0 7.3 7.6 6. 6 7.3 
4 Pace speed - Käyntiaika 	  8.12 8.15 8.22 8.32 8.12 8.25 7.59 
5 Trotting speed - Juoksuaika 	  2.24 2.26 2.23 2.30 2.20 2.29 2,24 

6 Draught points - Vetopisteet 	  7.1 7.0 6. 9 7.0 7.3 6.5 7.1 
7 Pace points - Käyntipisieet 	  4.0 3.9 3.7 3.5 4.0 3.7 4.4 
8 Trotting points - Juoksupisteet 	  3.0 2. 9 3.1 2. 6 3.3 2. 7 3.0 
9 	Style of gait - Liikkeet 	  2.3 2.2 2.1 2.1 2.3 2.3 2.3 

10 Temperament - Luonne 	  4.5 4.4 4.5 4.4 4.5 4. 2 4.5 

11 	Performance points 3) - Koepisteet 	  21.0 20.5 20.3 19.6 21.5 19.3 21.3 
12 Type judging points - Tyypit 	  4.8 4.7 4.7 4. 6 4.4 4. 6 4.8 
13 Body shape - Runko 	  5.7 5.6 5.9 5.6 5.2 5.4 5.6 
14 Feet - Jalat 	  3.5 3.5 3.5 3.3 3.4 3. 2 3.7 
15 Hoofs - Kaviot 	  2.8 2.7 2.7 2.8 2.7 2.4 2. 8 

16 	Conformation judging points 4)_  Rakennepisteet 	 16. 8 16.5 16.8 16.2 15.8 15.7 17.0 
17 	Points together 5) - Pisteet yhteensä 	  37.7 37.0 37.2 35.9 37.2 35.1 38.2 
18 Height of withers - Säkäkorkeus 	  157.2 157.0 156.5 155.3 157.8 159.0 157.6 
19 Height of the rump - Lautaskorkeus 	  157.2 157.1 156.5 155.7 158.0 159.3 157.5 
20 Body length - Vartalon pituus 	  167.7 167.3 167.6 166.5 167.0 168.7 167.5 

21 Circumference of chest - Rinnanympihys 	 188.8 188.6 189.9 188.0 185.3 188.9 189.0 
22 Depth of chest - Rinnan syvyys . 	' 	 77.1 76.9 77.1 76.6 76.0 78.3 76.9 
23 Width of shoulders - Ryntään leveys 	  46.4 46.2 46. 4 45. 6 46.0 45.1 46. 9 
24 Front width of hips - Lautasen etuleveys 	 58.2 58.0 58.1 57.1 58.3 57.7 58.6 
25 Back width of hips - Lautasen takaleveys 	 55.0 54.8 55.1 54.4 54.9 54.4 55.0 

26 Circumference of front knee - Polven ympärys 	 33.1 33.0 33.0 32.6 32.9 32.9 33.2 
27 Circumference of front cannon -- Etusäären ympärys - 20. 2 20.3 20.4 20.0 20.2 20.2 20.4 
28 . Bredth of front cannon - Etusäären leveys 	 7.4 7.4 7.5 7.5 7.3 7.4 7.4 
29 Circumference of hind cannon - Takasäären ympärys 22.5 22.5 22.9 22.3 22. 3 22.3 22. 6 
30 Bredth of hind cannon - Takasäären leveys 	 8.6 8. 7 8.7 8.7 8.5 8.7 8. 7 

31 	Weight estimation - Painon arvib 	  568.1 565.7 575.5 558.4 544.3 572.3 568.5 
32 Fattness -- Lihavuusaste 	  4.2 4.3 4. 4 4.4 4. o 3. 8 4.2 

1-5) See Table 1 - Katso taulukosta 1  

mares by the 4-year classes and districts (d) 
keskiarvot vuosiluokittain ja piireittäin 

1956-9 1 d 
P 

II 
P 

d m 
P 

d IV 
P 

dd V d 
P 1960-3 I 

P 
II d 

P 
III d 

P 
d IV 
P 

V d 
P 

220 16 34 69 44 57 128 14 16 42 16 40 

463.7 443.5 447.5 473.4 448.1 479.3 472.7 474.9 467.1 469.5 481.0 474.3 
81,2 81.0 77.8 82.9 76.6 84.8 81.3 81.9 78.8 81.4 81.8 813 
7.6 7.5 7.1 8.1 6.8 8.2 7.7 7.6 7.3 7.6 7.6 8.1 
8.08 8.12 8.09 8.11 8.21 7.52 8.01 8.22 8.17 8.02 8.19 7.40 
2.22 2.17 2.23 2.24 2.28 2.16 2.23 2.24 2.29 2.22 2.27 2,19 

7.3 7.3 6.8 7.6 6.7 7.7 7.4 7.3 6.9 7.3 7.4 ,7,6 
4.1 4.4 4.0 4.1 3.8 4.6 4.2 3.7 4.1 4.2 3.8 4.6 
3.1 3.6 3.1 3.0 2.7 3.5 3.2 2.8 2.8 3.3 2.9 3.5 
2.4 2.4 2.1 2.3 2.4 2.5 2.5 2.4 2.4 2.4 2.5 2.6 
4.6 4.9 4.6 4.6 4.4 4.8 4.7 4,6 4.7 4.5 4.6 4.9 

21.6 22.2 20.6 21.8 19.9 23.1 21.9 20.8 20.9 21.8 21.3 23,1 
4.9 4.8 4.8 4.5 4.9 5.3 5.0 5.0 5.1 4.8 4.8 5.2 
5.8 5.9 6.1 5.4 6.0 6.1 6.0 6.4 6.2 5.7 5.9 .6.2 
3.5 3.4 3.2 3.4 3.4 3.8 3.6 3.7 3.7 3.5 3.4 3.8 
2.8 2,8 3.0 2.5 2.8 3.1 2.9 3.1 3.0 2.7 2.7 3,1 

17.0 17.0 17.1 15.9 17.1 18.3 17.6 18.1 18.0 16.7 16.9 18.4 
38.6 39.2 37.7 37.6 36.9 41.4 39.5 38.9 38.9 38.4 38.2 41.5 

157.6 156.3 156.5 157.5 159.0 157.6 157.7 156.0 156.4 158.8 158.1 157.4 
157.4 156.1 156.4 157.3 158.8 157.4 157.6 155.9 156.6 158.9 157.8 157.3 
168.2 166.5 167.5 168.2 170.0 167.8 168.2 168.2 167.4 168.4 169.6 167.6 

188.6 186.3 190.2 187.6 190.2 188.2 190.0 190.4 193.2 189.9 191.1 188.3 
77.2 77.1 76.8 77.1 78.2 77.1 77.8 77.6 77.6 78.2 78.3 77.4 
46.3 45.3 46.6 45.6 46.6 46.9 47.1 47.6 47.5 46.5 45.4 48.2 
58.2 57.9 57.7 58.2 58.4 58.6 58.9 58.9 59.8 58.5 58.1 59.2 
55.0 54.7 55.1 54.5 55.5 55.4 55.6 56.1 55.9 54.4 55.8 56.5 

33.1 33.2 33.2 32.9 33.2 33.3 33.3 33.1 33.1 33.5 33.1 33.2 
20.3 20.3 20.2 20.5 20.0 20.3 20.2 20.5 20.1 20.3 20.0 20.0 
7.4 7.4 7,5 7.3 7.3 7.4 7.4 7.6 7.5 7.3 7.4 7.4 

22.5 22.7 22.6 22.6 22.2 22.4 22.5 22.9 22.5 22.5 22.3 22.3 
8.6 8.7 8.8 8.6 8.5 8.6 8.6 8.7 8.7 8.6 8.4 8.6 

569.0 547.7 576.9 562.3 585.7 565.3 577.9 580.4 596.6-" 577.8 590.6 564.5 
4.2 4.2 4.6 3,9 4.3 4.2 4.3 4.6 4.6 4.2 4.3'4.2  

strongly felt when the brepcling objective is 
being modified. Particularly the interest shown 
in sulky :racing and the interest in improving 
the performance of the draught-horse a.s. a puller 
vary from district to district, It is also quite 
natural the individual views of the local stn.d-
book specialists when judging and appraising 
horses play a considerable role, especially as 
regards the differences of measurements that are 
the results of vis3.1a1 estimation. 

f'» a wbole, the differences between sires 
ase also very significant. The most uncertain 
results are those in the cla,ss of six-year-old  

horses, where the total material as well as the 
progeny per father has been least. Obviously 
none of the 32 traits that have been investigated is 
independent of hereditary influences. Thus, there 
are good grounds for calculating the coefficients 
of heritability on the basis of the results obtained. 
The results also show that by selection it is 
possible to clevelop all the characteristics investi-
gated, including performance capacity. Pulling 
power is one of the traits that are most difficult 
to estimate, but probably not ali the possibilities 
for improved measuring methods have yet been 
explored.. 

Table 6 shows the coefficients of heritability. 
Besides the coefficients of each age-class, their 
weighed averages are also shown. The table also 
suggests the maximum values of the coefficients 
of heritability that could probably he reached if 
the differences between year-classes and districts 
could he eliminated. 

As can be seen, the coefficients of heritability 
within different age-classes are generally quite 
analogous. In some cases -the differences ase 
clearly due to chance, but for some traits the 
values of the coefficients seem to change quite 
consistently with age. Among the consistently  

changing coefficients the greatest value most 
frequently seems to occur in the fifth year, after 
which there is a slight decrease. This is the 
trend, for instance, in pace speed, height of 
withers, height of rump, body length, chest 
circumference and estimated weight. The herita-
bility of temperament, hoofs and depth of chest 
seem likewise to develop in a curvilinear way, 
but the highest value is reached in the six-year-
olds. The heritabilities of trotting speed, width 
of shoulders and width of hips seem to increase 
rectilinearly with a.ge. On the other hand, the 
heritabilities of draught points, circumference of 
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Table 4. The averages of the at least seven-year-old 
Taulukko 4. Vähintään seitsemänvuotiaiden tammojen 

Characteristic 
Omituisilla 

Ageclass 
lki-lk 1952-5 d  I d  

P II d  
P 

III d 
P IV d 

P 
V 

P 

1 271 420 I 	54 81 31 41 213 

1 	Pulling power, in kilos 1) -Vetovoima kg 	 464.5 449.3 445.8 452.2 463.3 443.6 448.1 2 , Pulling power per cent 2) - Vetovoima % 	 80.9 80:1 78.4 79.8 80.9 78.0 80.9 3 Steps - Porrasluku 	  7.6 7.4 7.1 7.3 7.5 7.0 7.5 4 Pace speed - Käyntiaika 	  8.07 8.10 8.22 8.26 8.09 8.23 8.00 5 Trotiing speecl - juoksuaika 	  2.23 2.24 2.24 2.28 2.19 2.27 2.23 
6 •Draught points - Vetopisteet 	  7.3 7.1 6.9 7.0 7.2 6.9 7.2 7 Pace ,points - Käyntipisteet 	  4.1 4.0 3.7 3.6 4.1 3.8 4.3 8 Trotting points - Juoksupisteet 	  3.1 3.0 3.0 2.7 3.3 2. 9 3.2 9 Style of gait - Liikkeet 	  2.2 , 	2.1 2.0 2,1 2.1 2.1 2.2 10 Temperament - Luonne 	  4.5 4.4 4.4 4.4 4.5 4.2 4.5 

11 Performance points 3) - Koepisteet 	  21.3 20.8 20.0 19.8 21.3 20.0 21.4 12 Type judging points - Tyypit 	 - 	 4.9 4.7 4.6 4.7 4.6 4.7 4. 7 13 Body shape - Runko 	  5.8 5.5 5.7 5.6 5.6 5.5 5.5 14 Peer -Jalat 	  3.5 3.4 3.4 3.3 3.2 3.3 3. 6 15 Hoofs - Kaviot 	  2.8 2. 7 2. 7 2.8 2.7 2.5 2.8 
16 Conformation judging points 4)_ Rakennepisteet . 	 17.0 16.3 16.4 16.3 16.1 16.1 16,5 17 	Points together 5) -- Pisteet yhteensä 	  38.3 37.1 36.4 36.0 37.4 36.1 37.8 [8 Height of withers - Säkäkorkeus 	  157.3 157.1 157.1 156.1 159.4 158.3 156.8 19 Height of the rump - Lautaskorkeus 	 157.1 157.0 157.0 156.4 159.0 158.3 156.7 ZO Body length - Vartalon pituus 	  168.2 167.3 167.5 167.6 170.0 167.8 166.5 
n Circumference of chest - Rinnanympdrys 	 189.1 188.1 189.0 188.8 188.4 189.0 187.4 ?.2 Depth of chest - Rinnan 4yvyys 	  77.3 76.8 77.3 76.7 77.3 78.1 76.4 n Width of shoulders - Ryntään leveys 	  46.7 46.3 46.3 46.0 47.5 45.5 46.4 4 Front width of hips - Lautasen etuleveys 	 58.1 57.9 57.9 57.0 59.3 58.0 58.0 ?,5 Back width of hips - Lautasen takaleveys 	 55.0 54.6 54.9 54.7 55.7 54.5 54.3 
!6 Circumference of front knee - Polven ympärys 	 33.1 32.9 33.1 32.8 33.5 32. 6 33.0 !7 Circumference of front cannon - Etusäären ympärys 20.3 20.2 20.5 20.1 20.5 20.0 20. 2 !8 Bredth of front cannon - Etusäären leveys 	 7.4 7.4 7.5 7.5 7.4 7.4 . 	7. 3 1.9 Circumference of hind cannon - Takasäären ympäus 22.6 22.5 23.1 22.5 22.7 22.2 22. 4 10 Bredth of hind cannon - Takasäären leveys 	 8.6 8.6 8.7 8.8 8.6 8.6 8. 6 

11 	Weight estimation - Painon arvio 	  571.9 562.8 569.6 568.9 573.5 569.9 555.8 2 Fattness -- Lihavuusaste 	  4.0 4.1 3. 9 4.2 4.2 4.0 4.0 
1-5) See Table 1 - Katso taulukosta 1 

mares by the 4-year classes and districts (d) 
keskiarvot vuosiluokittain ja piireittäin 

1956-9 I d 
P P 

d III 
P 

IV d 
P 

d 
V P 1960-3 I d 

P 
II d  

P 
III d 

P 
IV d 

P 
V d 

P 

619 72 89 103 91 264 232 21 24 43 43 101 

470.2 458.0 453.3 474.8 457.5 481.9 476.9 468.3 -;470.9 479.5 470.,4 481.8 
81.3 79.8 80.0 82.8 79.3 82.2 81.2 79.7 , 81.3 82.0 79.5 , 	81.8 
7.7 7.3 7.5 7.8 7.3 8.1 7.7 7.3 7.6 7.7 7.3 8.0 
8.06 8.14 8.28 8.07 8.19 7.53 8.02 8.05 8.34 7.59 8.01 7.54 
2.23 2.22 2.26 2.20 2.31 2.20 2.24 2.26 2.32 2.20 2.31 2.21 

7.4 7.3 7.1 7.6 7.1 7.6 7.4 7.2 7.3 7.5 7.2 7.5 
4.2 4.0 3.6 4.1 3.9 4.5 4.3 4.1 3.3 4.3 4.4 4.5 
3.2 3.2 3.0 , 	3.3 2.6 3.4 3.1 3.1 2.5 3.4 2.7 3.3 
2.2 2.1 2.1 2.3 2.1 2.3 2.3 2.0 2.2 2.4 2.5 2.4 
4.5 4.6 4.4 4.6 4.3 4.6 4.6 4.5 4.2 4.6 4.5 4.8 - 

21.5 21.1 20.3 21.8 20.1 22.5 21.8 21.0 19.5 22.1 21.2 22.5 
4.9 4.7 4.7 4.7 4.8 5.2 5.1 5.0 4.9 4.8 5.1 5.2 
5.9 6.0 5.8 5.7 5.8 6.0 6.2 6.2 6.0 6.0 6.2 6.3 
3.5 3.4 3.2 3.3 3.4 3.7 3.6 3.7 3.3 3.1 3.6 3.8 
2.8 2.6 2.8 2.6 2.6 3.o 2.9 3.2 3.1 2.7 2.9 3.0 

17.1 16.7 16.5 16.3 16.6 17.9 17.8 18.0 17.3 16.6 17.8 18.3 
38.6 37.8 36.7 38.1 36.7 40.4 39.5 39.0 36.8 38.7 39.0 40.9 

157.3 157.6 156.3 157.7 158.0 157.2 157.5 156.6 156.1 159.2 157.8 157.1 
157.2 157.6 156.4 157.6 158.0 157.0 157.3 156.4 156.0 159.2 157.8 156.7 
168.3 168.6 166.5 169.4 168.6 168.3 169.4 169.8 169.0 169.6 170.1 169,0 

189.3 189.2 189.3 188.8 189.5 189.5 190.2 191.0 190.2 190.5 191.3 189.4 
77.4 77.7 76.3 77.3 77.8 77.5 77.8 77.8 76.8 78.4 78.6 77.5 
46.8 46.7 46.5 46.6 45.8 , 	47.3 47.4 47.5 47.2 47.1 46.4 47.9 
58.1 57.7 57.0 58.5 58.0 58.5 58.5 57.7 58.3 58.5 58.3 58.9 
55.1 54.9 54.6 54.7 55.2 55.5 55.7 55.7 55.7 54.6 55.7 56.2 

33.2 33.3 32.9 33.3 33.0 33.2 33.4 33.4 33.2 33.5 33.3 33.4 
20.4 20.5 -20.1 20.9 20.2 20.3 20.3 20.5 20.2 20.4 20.1 20.4 
7.4 7.5 7.4 7.3 7.4 7.4 7.4 7.5 7.5 7.4 7.4 7.4 

22.6 23.2 22.5 22.7 22.4 22.6 22.6 23.1 22.7 22.7 22.7 22.5 
8.6 8.8 8.7 8.6 8.6 8.6 8.7 8.8 8.7 8.6 8.7 8.6 

, 
573.8 574.4 567.5 574.3 577.6 574.4 583.3 589.7 582. 585.6 592.5 577.3 

4.0 4.0 4.2 3.8 3.9 3.9 4.0 4.5 4.4 3.8 3.8 4.0 

cannon and feet get weaker as the horse grows 
older. The change in the heritability of the feet 
points evidently has an influence on ali the con-
formation judging points as well as on the sum 
total of the points. The increase in the heri-
tability of draught points also has an effect on 
the total points. 

In many cäses the changes in heritability 
described above seem to be quite understandable. 
Thus the curvilinear changes can be understood, 
because the -variable stages of development of 
the horse'S that are 	growing lower" the herit-:  

ability, as compared with the full-grown ones. 
Eventually, however, the increasing influence of 
injuries and environmental conditions on older 
horses mask the hereditary characters and the 
codficient of heritability consequently beings to 
fall again. The latter factors probably have such a 
stiong effect on the foot points that the lowering 
of heritability has become continuous from the 
youngest age class. The ever-improving training 
probably explains the constant increase in the 
heritability of trotting speed as the horse grows 
older. 

The above consideration shows that the her-
itability of a certain trait does not necessarily 
remain the same at different ages. On the other 
hand, it may even be natural that each character-
istic should have an optimum stage at which its 
heritability is best estimated. The coefficients 
with their average errors presented here are not 
sufficient, however, to prove that the develop-
mental trends perceived were real and could be 
generalized. Therefore, the scrutiny of the 
coefficients of heritability of different charac-
teristics in the following is based on the weighed  

averages of ali calculated estimates. In spite 
of this, it can be calculated that the averages of 
ali coefficients in different age-classes from 
the youngest to the oldest were as follows: 0.29, 
0.30, 0.25, and 0.25. The differences are not 
very great, but nevertheless, on the basis of the 
figures, it can be stated -  that horses should be 
brought for studbook tests at the age of four 
or five. This would render selection more effec-
tive for other reasons besides the generally 
higher coefficients of heritability within these 
age-classes . 
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Table 5. The share of different reasons in the total 
Taulukko 5. Eri syiden osuus tammojen 

Characteristic 
Ominaisuus 

The share of yearclasses % 
Vuosiluokkien osuus 

4 5 6 7- 

1 	Pulling power, in kilos 1) - Vetovoima kg 	 5.71** 3.16* 4.91** 4.90** 
2 Pulling power per cent 2) - Vetovoima % 	 1.73 1.21 1.12 0.11 
3 Steps - Porrasluku 	  2.58 0.98 3.12 1.47 
4 Pace speed - Käyntiaika 	  0.15 -0.63 -0.34 - 1.01 
5 Trotting speed - Juoksuaika 	  - 1.20 -1.52 0.01 - 1.09 

6 Draught points - Vetopisteet 	  2.42 0.72 1.35 2.12 
7 Pace points - Käyntipisteet 	  - 0.59 -0.86 -4.28 - 1.44 
8 Trotting points - Juoksupisteet 	  - 1.46 -1.44 0.23 - 0.97 
9 	Style of gait - Liikkeet 	  5.94** 3.38* 4.33** 1.63 

10 Temperament - Luonne 	  4.03** 0.81 3.12* 0.59 

11 	Performance points 3)_ Koepisteet 	  3.61 1.42 4.37 0.59 
12 Type judging points - Tyypit 	  7.98* 3.18 2.56 6,59* 
13 Body shape - Runko 	  10.59* 5.10* 2.98 11.48*** 
14 Feet - Jalat 	  - 0.60 --0.25 --1.68 -- 1.90 
15 Hoofs - Kaviot 	  2.36 -0.41 -0.10 0.55 

16 	Conformation judging points 4) - Rakennepisteet . . . 10.47* 5.02 2.60 8.18* 
17 	Points together 5) - Pirteet yhteensä 	  9•95* 5.35 6.81 6.70 
18 Height of withers - Säkäkorkeus 	  - 2.56 -0.41 -0.98 - 0.60 
19 Height of the rump - Lautaskorkeus 	  - 2.39 --0.97 -1.40 - 0.71 
20 Body length - Vartalon pituus 	. 	' 0.22 1.55 0.69 2.68* 

21 Circumference of chest - Rinnan ympärys 	 0.88 -0.01 -0.16 1.94** 
22 Depth of chest - Rinnan iyvyys 	s  - 0.22 -0.55 1.29 2.07 
23. Width of shoulders - Ryntään leveys 	  1.08 0.74 0.49 2.54 
24 Front width of hips - Lautasen etuleveys 	 1.30* 1.05 1.43 0.19 
25 Back. width of hips -Lautasen takaleveys 	 4.51 1.66 1.57 4.33* 

26 Circumference of front knee - Polven ympärys 	 0.80 -0.58 0.30 2.02** 
27 Circu.mference of front cannon - Etusäären ympärys - 0.21 -0.82 -0.86 - 0.05 
28 Bredth of front cannon - Etusäären leveys 	 2.06 1.24 0.68 - 0.57 
29 Circumference of hind cannon -, Takasäären ympärys - 0.90 -1.61 -1.12 - 0.69 
30 Bredih of hind cannon - Takasäären leveys 	 1.04 0.65 0.08 0.94 

31 	Weight estimation - Painon arvio 	  0.98 0.62 0.06 2.56** 
32 Fattness - Lihavuusaste 	  - 1.98 -0.88 -1.06 - 0.36 

Statistical significance (F) is denoted by stars as follows: 
Tilastollinen merkitseeyys (F) ilmaistu tähdillä seuraavasti: 

P < 0.001 ***; P < 0.01 **; P < 0.05 * 

1-5) See Table 1 - Katso taulukosta 1 •  

variance of mares in different age classes 
kokonaismuuntelussa eri ikäluokissa 

The share of districts % 
Piirien osuus 

The share of sires % 
Isien osuus 

5 6 7- 4 s 6 7- 

1.46** 2.35*** 1.18 1.78** 5.3o** 7.57*** 5.94* 7.15** 
4.11*** 4.29*** 5.01*** 0.88 4.42** 3.22* 5.71* 0.75 
4.93*** ' 	'6.81*** 8.33*** 4.43*** 6.8o*** 2.62** 2.75 5.58** 
8.84*** 14.18*** 14.37*** 13.84*** 11.73*** 12.71*** 10.25*** 5.90** 

10.57*** 9.51*** 6.18*** 5.77*** 8.84*** 9.95*** 11.66*** 13,14*** 

3.51*** '5.33*** 6.5o ** 2.76*** ' 	4.43*** 3.63*** 3.63* 2.93** 
13.35*** 13.82*** 12.75*** 11.02*** 11.56*** 12.67*** 3.93* 

10.17*** 8.46*** 6.64*** 6.25*** 8.41*** 9.19*** 9.74*** 11.48*** 
3.23*** '3.22*** 1.01 2.02** 10.48*** 10.21*** 9.75*** 10.45*** 
1.92*** 4.01*** 2.19* 3.90*** 2.50 6.15*** 8.43*** 6.56** 

9.62*** 13.61*** 12.92*** 14.95*** 9.56*** 9.54*** 8.43*** 9.28*** 
9.84*** 8.02*** 9.07*** 7.14*** 5.89*** 4.90** 2.40 4.93** 
8.07*** ' ' 4.99.44* 7.36*** 1.54** 6.22*** 6.o7*** 2.50 4.78* 
9.52*** 7.45*** 11.11*** 13.59*** 10.48*** 6.64*** 4.91* 1.81 

10.66*** 11.59*** 7.51*** 7.48*** 9.87~ 9.99*** 11.32*** 7.01** 

12.13*** 9.32*** 12.08*** 10.23*** 7. 2*** 6.39*** 5.22* 2.74 
10.94*** 15.05*** 15.11*** 18.24*** 8.01*** 7.54*** 6.75** 5.56** 
12.13*** 7.86*** 8.06*** 2.77*** 6:27*** 8.44*** 6.63** 4.26* 
11. o 1*** 7.31*** 7.40*** 2.86*** 6.62*** 8.59*** 5.84* 5. o s* 
4.36*** 2.11*** 1.26 2.01** 5.34** 6.97*** 5.34* 4.42* 

2.2o*** 1.79** 3.60** - 0.31 8.11*** 10.24*** 9.62*** 4.33* 
9.41*** 5.53*** 3.41** 3.67*** 6.82*** 7.76*** 8.91*** 4.15* 

9.12*** 4.11*** 8.5o"** 7.44*** 8.95*** 9.95*** 
4.47*** . 	6.6o*** 6.56*** 5.72*** 7.68*** 10.65*** 0.00 11.19*** 
6.01*** « 	3.97*** 5.20* 3.29*** 7.14*** 8.05*** 2.30 8.54*** 

3.2,1*** 3.95*** 1.83* 0.12 6.05*** 5.93*** 3.40 9.53*** 
2.92*** 4.41*** 3.50*** 0.62 7.84*** 6.06*** - 1.19 -- 3.60 
4.94*** ' 	4.34*** 3.27** 3.90*** 6.59*** 8.22*** 5.34* 7.45*** 
6.24*** ' 	10.92*** 5.57*** 5.16*** 6.27*** 5.83*** 2.49 11.84*** 

' 3.76*** . 	4.38*** 2.05* 3.55*** 6.74*** 7.25*** 5.42* 8.31*** 
, 

2.45*** 1.46** 2.80** - 0.09 7.58*** 9.47*** 7.02** 4.03* 
9.64*** 3.72*** 5.32*** 1.79* 6.41*** 0.00 2.97  

The highest heritabilities (0.40 <), according 
to the averages, have been gained for the speed 
of trotting and pacink and the style of gait, 
if the pace points are disregarded: It is only 
natural that - classification by points, which is 
rougher than that by trotting and pace records, 
has lowered the heritabilities to some extent. 
The estimation of the style of gait is obviously  

the easiest of the visual estimations, because in 
ali age-classes it has given quite a high and equal 
value to the heritability. 

It is worth noting that the estimation of hoofs 
has led to quite a high value for heritability. 
Rather high coefficients have further been gained 
for width of shoulders, circumference of chest 
and front width of hips. The back width of the  

hips has proved to be a less reliable measurement 
than the front width of the hips. The weakest 
average heritability, in this investigation, has 
been found for the circumference of the front-
cannon. The heritability 'of fatness is low, 
although it is surprising that heritability of this 
characteristic can be detected at ali. Evidently 
the progeny of different sires have different 

abifities to maintain their condition. As was 
ascertained earlier, ,pulling power is also one of 
the characteristics that are most difficult to 
estimate, especially when mea.sured as relative 
pulling power, expressed either as a percentage 
of the weight, in draught points or in steps. 

Yet it must be taken into consideration that 
during the time in which this investigation has 
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Table 6. Coefficients of heritability. with their average errors*) 
Taulukko 6. Perbnymisasteet*) 

Characteristic 
Ominaisuus 

Age in rears 
Ikä vuosia 

Averages 
Keskiarsat 

4 
0 

5 6 7- Weighed 
Pifimill" 

MaX I - 
mtun  

Maksimi 

1 	Pulling power, in kilos 1) - Vetovoima kg . . . 0. 21 ± 0. 08 0.3010.08 0. 24 ± 0.11 0.29±0.1 0 0.26 0.28 
2 Pulling power per cent 2)- Vetovoima % . . 0.18± 0. 07 0.13+0. 07 0. 23 ± 0. 11 0. 03 ± 0. 08 0.14 0.14 
3 Steps - Porrasluku 	  0.27±0.o8 0.10±0.o7 0.11±0.10 0.22±0.10 0.18 0.20 
4 Pace speed - Käyntinopeus 	  0.47+0.10 0.51±0. 09 0.41±0.13 0.24±0.10 0.41 0.48 
5 Trotting speed -Juoksunopeus 	 0.35±0.090.40±0.09 0.47±0.13 0.5310.12 0.43 0.46 

6 Draught points - Vetopisteet 	  0.18±0.07 0.15±0.07 0.15±0.10 0.12±0.09 10.15 0.16 
7 	Pace points - Käyntipisteet 	  0.44±0.09 0.46±0.09 0.5,1±0.14 0.18±0.09 0.40 0.45 
8 	Trotting points -Juokstspisteet 	 0. 34± 0. 09 0. 37 ± 0. 08 0. 39± 0. 13 0. 46± 0. 11 0.39 0.4 1 
9 	Style of gait - Liikkeet 	  0.42±0.09 0.41±0.09 0.39±0.13 0.42±0.11 0.41 0.44 

10 Temperament - Luonne 	  0.10±0.070.25±0.08 0.34±0.12 0.26±0.10 0.23 0.23 

11 	Performance points 3) - Koepisteet 	 0.38±0.090.38±0.08 0.3410.12 0.3710.11 0.37 0.44 
12 Type judging points - Tyypit 	  0.24±0.080.20±0.07 0.10±0.10 0.20±0.09 0.19 0. 23 
13 Body shape - Runko 	  0.25±0. 08 0. 2 4±0.08 0.10±0.10 0.19±0.09 0.20 0. 25 
14 Feet -Ja/at 	  0.42±0.090.27±0,08 0.20+0,11 0.07±0.08 0.25 0.28 
15 Hoofs -Kaviot 	  0.39±9.090.40±0.09 0.45±0.13 0.28±0.10 0.38 0.43 

16 Conformation judging points 4)- Rakennepist. 0.2310.98 0. 26 ± 0. 08 0.21±0.11 0. 11 ± 0. 09 0.22 0.28 
17 	Points together 5) - Pisteet yhteensä 	 0.32±0.08 0.30±0.08 0.27±0.12 0.22±0.10 0.28 0.36 
18 Height of withers - Säkäkorkeus 	 0.2510.08 0.34±0.08 0.2710.12 0.1710.09 0.26 0.29 
I.9 Height of the rump - Lautaskorkeus 	 0.26±0.080.34±0.08 0.2310.11 0.20±0.09 0.27 0.29 
a0 Body length - Vartalon pituus 	  0 2110.08 

i i 
0.28±0.08 0.21±0.11 0.18+0.09 0.23 0.24 

al 	Circumference of chest - Rinnan ympärys . .. 0.32±0.080.41±0.09 0. 38 ± 0.13 0. 17 ± 0. 09 0.32 0.3 4 
a2 Depth of chest - Rinnan syvyys 	 0.27 ±0.08 0.31±0.08 0.36±0.12 0.17±0.09 0.27 0. 29 
n Width of shoulders - Ryntään leveys 	 0.34±0. 09 0. 30±0.0 8 0.38±0.12 0.40±0.11 0.34 0.37 
14 Front width of hips - Lautasen etuleveys .. 	 0.31+0.08 0. 43 ± 0. 09 0. 00 ± 0. 09 0. 45 ± 0. 11 , 0.33 0.35 
15 Back width of hips - Lautasen takaleveys . 	 0. 29± 0. 08 0. 32± 0. 08 0.09+0.10 0. 34 ± 0.11 ' 0.28 0.30 

16 Circumference of front knee - Polven ympärys 0.24±0.08 0.2 4±0.08 0.14+0.10 0. 38 ± 0.1 I 0.26 0. 27 
17 Circumference of front cannon - Ellis. ymp. 0. 31 ± 0. 08 0. 2 4 ± 0. 0 8 -0. 0 5 ± 0. 0 8 -0.1 4 ± 0. 07 0.13 0.14 
18 Bredht of front cannon -Etusäären leveys . 	 0.26±0.08  0. 33 + 0. 0 ä 0.21 ± 0.11 0.30 ± 0.10 0.28 0.3 0 
19 Circumference of hind cannon - rakas. ymp. 0. 25± 0. 08 0. 23 ± 0. 07 0. 10 ± 0. 10 0.47+0.12 0.26 0. 29 
50 Bredht of hind cannon - Takasäären leveys 0.27+0.08 0. 29± 0. 08 0. 22 ± 0. 11 0. 33 ± 0. 10 ' 0.28 0. 29 

;I. 	Weight estimation - Painonarvio 	 0.30±0.080.38±0.08 0.28±0.12 0.18±0.09 0.29 0. 30 
52 Fatness - Libavuusaste 	  0.28±0.o8 .00±0.o8 0.12±0.10 0.29±0.10 0.16 0.17 

*) The average errars are calculated by the approximate method of Robertson (1959) 
*) Keskivirheet on laskettu Robertsonin (1959) likimääräisen menetelmän mukaan 
1-5) See Table 1 - Katso taulukosta 1 

been made, the pulling points have risen to the 
eighth step only. Only eight points have been 
given for the pulling records of the eighth or a 
higher step, so that the variance of the pulling-
record points has come to be abnormal. Simulta-
neously, it has made the distribution of pulling 
records generally biassed, because the owners 
have not been interested enough in getting the 
maximum pulling power out of the horses. It is 
clear that this has tended to depress the values 

for pulling power heritabilities found with 
different measuring methods. It is impossible 
to estimate how great this influence has been, 
but it is not impossible that it has made the 
coefflcients somewhat smaller. 

According to this, the pulling power as a 
percentage of weight seems to be, at least in 
mare estimates, the most uncertain method of 
measuring the pulling power. Draught points, 
11 which attention has also been paid to the 

234 



pulling style, have not been much better — their 
superiority has no statistical significance whatso - 
ever. Measuring by steps, on the contrary, the 
variation of which has not been restricted, proves 
to be better than other relative measurements. 
The absolute pulling power, measured in kilos, 
however, proves to be the best measurement of 
the pulling power if superiority is estimated only 
according to the coefficient of heritability. It is 
clear, however, that the heritability of the abso-
lute pulling power, measured in kilos, is the 
result of the combined effects of size and relative 
pulling power, the latter being independent of 
weight. The greater absolute pulling power and 
capacity for work of large and heavy horses, 
as co npared w:th smaller ones, is self-evident 
and a fact recognized by most investigators. 

Yet, at the same time, it has often been 
perceived that the relative pulling power varies 
widely independently of weight and size. Thus 
IsHizAKT et al. (1961) have ascertained that in a 
performance test ali the horses that weighed at 
least 498 kg succeeded and all those that weighed 
478 kg at the most failed, but that of those 
between these limits many small horses passed 
the test whilst much larger ones failed. TERHO 

(1942) pointed out that though there is a strong 
positive correlation between a horse's weight 
and its absolute 'pulling power in kilos: r = 
0.420 + 0.036, there is a negative correlation: 
r = —0.097 ± 0.043, between its weight and 
relative pulling power. The same negative 
correlation between weight and relative pulling 
power has also been ascertained by VAINIKAINEN 

(1946): r = —0.08 ± 0.03 in ali and r = —0.26 
± 0.04 in the horses that have been entered in 
the studbook, by PRAVOCHENSKI and PIOTRAS-

ZEWSKI (1954): r = —0.2 ± 0.03, by HESSE 

(1957) and by VARO and VAINIKAINEN (1958): 
r = —0.161 + 0.029. In the last-mentioned 
investigation the correlation between weight 
and pulling power in kilos was r = 0.394 
± 0.025. 

The above-mentioned correlation coefficients 
show that while the weight is growing, the 
pulling power, as measured in kilos, increases, 
but simultaneously the capacity for performance  

decreases with respect to the weight. Thus 
it depends on the object of breeding, what 
importance must be given in selection to the 
relative pulling power — which is best measured 
.in steps — or the absolute pulling power in 
kilos. If efforts are made to increase the pulling 
power without enlarging the size by improving 
the pulling inclination, endurance and tenacity, 
the most suitable basis for selection is the 
'relative estimation. But if the object is prima-
:rily only a great absolute pulling capacity, wit-
hout reference to size, the estimate measured in 
kilos evidently give the quickest result. Engines, 
however, have started to replace the horse as a 
source of pulling power, particularly when great 
strength is needed. The importance of great 
pulling power measured in kilos, as represented 
by large horses, is apparently decreasing. On the 
other hand, in various functions which, in 
addition to enduring pulling capacity, also 
demand tenacious pulling inclination, alertness 
of disposition and agility, horses, at least for the 
present, are mainitaining their position as a 
living source of power because of their versatil-
ity, economy and eminent capacity to co-operate 
with man. Examined against this background, 
the relative pulling power, measured in steps, 
seems to be the best basis for estimating a horse's 
capasity for work. 

When the coefficients of heritability, obtained 
now are compared with those estimated from 
the results of earlier investigations, conside-
rable agreement can be seen. From the corre-
lation coefficients that have been calculated 
in the investigations made in Finland, certain 
coefficients of heritability can be estimated. 
These have been compiled in Table 7. The greatest 
differences, compared with the estimates obtained 
in this investigation, seem to be in the coef-
ficients of heritability of trotting speed, which 
are based on the correlations calculated 
by VAINIKAINEN from the dam-son and by 
LONKA from the sire-son data. The reason for 
the differences is probably the small number of 
parents included and also the fact that the 
influence of common factors may be inciuded 
in the correlation coefficients. 
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Table 7. Coefficients of heritability calculated earlier in Finland 
Taulukko 7. Suomessa aikaisemmin arvioi/aja periytymisasteita 

Characteristic 
Ominaisuus 

Vainikainen (1946) Lonka (1946) 
The basis of estimation 

Arvion peruste 

rsire-son 
r isä-poika 

rdam-son 
ronai-poika 

rsire-son 
r isä-poika 

Trotting speed —Juoksunopeus 	  0.40 0.60 0.62 
Pace speed — Kit:ylti/nopeus 	  0.38 0.24 0.30 
Conformation judging points — Rakenne 	  0.36 0.28 
Feet —Jalat 	  0.22 0.28 
Weight — Paino 	  0.20 
Pulling power per cent — Vetovoima, % 	  0. 1 4 1) 0. 2 0 1) 0.142) 
PuLling power, in kilos — Vetovoima, kg 	  0.02 

Calculated by draught points — Vetopisteistä arvioituna 
2) Calculated by steps — Porrasluvuista arvioituna 

Heritability seems to be clearer in dam- son 
correlations than in sire- son correlations, as is 
suggested by the results obtained by VAINI-
KAINEN. The high correlation found by LONKA 
between the weights of dams and sons: r = 0.33 
± 0.07, also supports this view. The coefficient 
of heritability of the pulling power in kilos, 
based on the results of LONKA, is also unusually 
small and obviously due to the inadequate and 
random material. The investigation on data for 
stallions made by VARO and VAINIKAINEN (1959) 
gave a results of the same type, based on the 
variance between sires. Then the heritability 
found for the pulling power in kilos was 0.00 
within the 4-year-olds and 0.18 within the 5-
year-olds, or 0.07 on an average. The average 
heritability for the number of steps was 0.18. 

In the literature available at the Department 
of Animal Breeding there is vety little infor-
mation about investigations made in other 
cantries on heritability. There are a couple of 
statements about trotting speed. ARTZ (1961) has 
calculated the heritability of the trotting speed of  

thoroughbred horses to be 0.243 by the clam-
daughter regression and 0.1936 by the correlation 
of paternal half-sibs. The values are smaller than 
those obtained in Finland. But the values were 
especially small in OESAG and TOTH'S (1959) 
estimations, according to which the heritability 
of speed in ridinghorses was only 0.06 and of 
trotters 0.04. 

Summary 

The coefficients of heritability of certain 
characteristics were estimated from material 
consisting of 5 996 four-, five-, six- and at least 
seven-year-old mares. The estimation was based 
on the paternal half-sib correlation, which was 
calculated within districts and 4-year classes 
separately in different age-classes. The results 
are shown in Table 6. It is possible that the most 
advantageous moment to estimate the heritabili-
ties of different traits is at different ages, although 
the data utilized here were not sufficient to give 
significant results in this respect. 
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SELOSTUS 

Hevosen eräiden ominaisuuksien periytyvyydestä 

MIKKO VARO 

Maatalouden tutkimuskeskus, Kotieläinjalostuslaitos, Tikkurila. 

Yhteensä 5 996 neli-, viisi-, kuusi- ja vähintään seitse-
mänvuotiasta tammaa käsittävällä aineistolla arvioitiin 
eräiden ominaisuuksien periytymisasteet. Arvio perustui 
isän puoleiseen puolisisarkorrelaatioon, joka laskettiin 
piirien ja vuosiluokkien sisällä erikseen eri ikäluokista. 
Tulokset on esitetty taulukossa 6. On mahdollista, 
että eri ominaisuuksien periytyvyyden arvioimiseen 
suotuisin ajankohta sattuu eri ikäkausille, joskaan nyt 
käytetty tutkimusaineisto ei riittänyt antamaan tässä 
suhteessa merkitseviä tuloksia. Taulukosta 5 voidaan 
havaita, että vuosiluokkien väliset erot eivät yleensä 
olleet tilastollisesti merkitseviä. Tarkastellun ajanjakson 
kuluessa tapahtunut kehitys oli näin ollen yksilöiden 
kokonaismuunteluun verrattuna vähäistä. Piirien väliset 
erot olivat sen sijaan suurempia ja yleensä erittäin mer-
kitseviä. Kun ottaa huomioon, että sukupolvikierto on  

hevosella hidas, tarkasteltu ajanjakso suhteellisen lyhyt 
ja kehitys eri ikäluokkien aineistoissa ajallisesti ja alueelli-
sesti osittain epäjohdonmukaista, on niin vuosiluokkien 
kuin piirienkin välisiä eroja pidettävä lähinnä olosuhteiden 
muutoksista johtuvina. Eroja aiheuttavina ympäristöteki-
jöinä voidaan arvella olleen — luonnonolosuhteiden eroa-
vuuksien ohella — mm, sellaiset inhimillisten tekijöiden 
aiheuttamat erot kuin arvostelua suorittavien henkilöiden 
eri piirteisiin kohdistama erilainen arvostus ja hevosten 
omistajien eri piirteiden kehittämiseen tuntema mielen-
kiinto. 

Isienväliset erot ovat yleensä olleet erittäin merkitseviä, 
mikä osoittaa, kuten periytymisasteet taulukossa 6, että 
jalostusvalinnalle on olemassa hyvät edellytykset kaikkien 
tarkasteltujen ominaisuuksien kehittämiseksi. 
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Estimation of lime requirement forms an 
important part of soil testing in Finland, where 
almost ali the soils are rather acid. The current 
method of soil testing, which has been increas-
ingly used ovet the last fifteen years in this 
country, is based on the acid ammonium acetate 
extraction of soil samples. The method is actually 
a modification of Morgan's method, but instead 
of sodium acetate, ammonium acetate is used 
at the concentration of 0.5 molarity, in respect 
of both ammonium acetate and acetic acid, 
which gives a pH value of 4.65 for the buffered 
extractant (VUORINEN and MÄKI•rIE 1955). 

In the estimation of lime requirement the 
amount of exchangeable calcium thus extract-
able at pH 4.65, the soil type and the pH of 
the soil are taken into account when liming 
recommendations for routine soil testing are 
carried out (VUORINEN 1953; VUORINEN and 
KURKI 1955). 

A fair correlation has been found between 
the total exchangeable calcium extracted with 
N ammonium acetate at pH 7 or with the N 
ammonium chloride method formerly used 
(TuoRILA et al. 1939), and the value obtained 
with acid ammonium acetate at pH 4.65 (VUO-
RINEN and MÄKrriE 1951, 1955). After a single 
shaking for one hour, such as is used for soil 
testing, not ali the exchangeable calcium is 
extracted nor is ali the calcium in the fraction  

extracted ali exchangeable. Moreover, the frac-
tions are not always comparable where soils of 
different origin and especially of varying organic 
matter content are concerned (MÄKI= 1956, 
1957). 

The amounts of exchangeable calcium in acid 
soils are naturally related to the lime requirement 
only in soils of similar exchange characteristics 
and exchange capacity within the range of 
neutralization. Appreciable amounts of calcium 
can be extracted from peat soils in »exchange-
able» form with acid ammonium acetate. These 
amounts are not always correlated with the 
reaction of the soil or with the actual lime 
requirement (e.g. PuusTJÄRvi 1957). Mineral 
soils, particularly clays with a high humus' 
content, as well as soils of mixed composition 
of mineral and organic matter, often fail to give 
the expected increase in reaction and response 
on liming. The gyttja soils, rich in aluminium 
and sulphur, which are relatively common in 
Finland, also form a complicated group of soils 
in which the lime requirement tends to be 
underestimated (AARNIO 1935, HONKAVAARA 

1951, PUROKOSKI 1959). 
In spite of the weaknesses inherent in the 

method of estimating the lime requirement by 
means of the amounts of soluble calcium extract-
able with acid ammonium acetate, the esti-
mation has proved to be quite useful when 
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the tests are interpreted correctly. The deter-
mination of the actual exchange acidity of the 
soil, or so-called net negative charge, would, 
however, undeniably give a clearer estimate of 
the neutralization required. 

The so-called rapid buffer methods are another 
possible way of carrying out the determinations 
in routine soil testing laboratories. Some of 
these methods have therefore been studied and 
compared with the present method as well as 
with simple incubation tests of liming. 

SALONEN (1952) has previously studied the 
estimation of lime requirement by a modification 
of BROWN'S (1943) rapid buffer method and 
found it quite suitable as compared with the 
previous extraction method of TUORILA et al. 
(1939) and with the liming experiments. 

Testing the Ilme requirement by buffer 
methods 

The exchangeable hydrogen or total potential 
acidity in the pH range of neutralization of a 
soil indicates the amount of alkali or lime 
required to raise the reaction to the neutralized 
pH value wanted. In order to determine the 
amount of exchangeable hydrogen by a simple 
rapid method, a suitable 'buffer solution can be 
used for leaching and the exchanged acidity 
measured as the pH difference obtained between 
the equilibrated soil-buffer suspension and the 
untreated buffer solution itself. There are not 
many monobasic weak acids with an acid strength 
suitable for buffering in the region of 6-7 on 
the pH scale. p-Nitrophenol has therefore been 
popular. SCHOFIELD (1933) proposed the use 
of this weak acid for this purpose. 

WOODRUFF'S (1947, 1948) method, which has 
been widely used for lime requirement tests, 
is a modification in which p-nitrophenol and 
calcium acetate form a buffered solution. A new 
modification of the method of SHOEMAKER et al. 
(1961) with p-nitrophenol solution, in which 
triethanolamine, calcium acetate, calcium chlo-
ride and potassium chromate are also included 
in the buffer solution, has given a better corre- 

lation, especially in cases where WOODRUFF'S 
method and MEHLICH'S triethanolamine titration 
method had failed (SHOEMAKER et al. 1961, 
MEHLICH 1948). In the method of SHOEMAKER 
et al. the solution is weakly buffered and specially 
suitable for mineral soils rich in aluminium, but 
this method is reported to underestimate the 
liming needs of organic soils (PRATT and BAIR 
1962). The method of ADAMS and EWANS (1962), 
where p-nitrophenol and boric acid are used, 
is a modification that should also be mentioned. 

BROWN (1943) presented a simple method 
based on N ammonium acetate (neutralized to 
pH 7) as a buffer solution for the purpose of 
testing exchangeable hydrogen. Although this 
solution is actually not a buffer solution in the 
measuring range between pH 6-7, it gives 
reproducuble values and since it gives the 
hydrogen exchanged by ammonium it would 
seem to be the most suitable standard method 
for ali soils. SCHACHTSCHABEL (1951) has anal-
ogously used a calcium acetate solution. 

As stated, the exchange acidity is thus esti-
mated by measuring the decrease of the pH of 
the buffer solution when shaken with the soil. 
The result is therefore observed at the equilib-
rium pH, which is different in each case and 
varies from pH values of nearly 7 down to 6 and 
even 5.5 in extremely acid peat soils. The neutral-
ization curve and the shape of the curve depend 
greatly on the clay content and the amount of 
organic matter in the soil as well as on the 
character of the exchange complex generally. 
Therefore attention should be paid to the degree 
of neutralization at which the lime requirement 
is determined (e.g. TERÄSVUORI 1959, TUCKER 
1960). A correction to a standard pH should 
therefore be included. 

In the case of BROWN'S method the equi-
librium pH values are corrected in this study 
by extrapolation to the standard value of pH 6.5. 
This modification is actually possible only when 
the differences in the pH values are not too 
large, and assuming that the shape of the neutrali-
zation curve of ali soils is constant. No practical 
error will be made, however, by generalization 
of the slopes of the neutralization curves, 
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Fig. 1. Neutra1ization curves of some soils compared with the pH-values by 
the N ammonium acetate method ( o ) and with corrected (to pH 6.5) 
values of exchangeable hydrogen ( •). Curve a represents the titra-
tion curve of N ammonium acetate. 

Kuva 1. Muutamien maiden neutralointikäyrät verrattuina N ammoniumasetaatti 
menetelmän pH lukuihin ( 0 ) ja vaihtuvan vedyn pH 6. 5:een karja//teihin 
arvoihin ( 	Käyrä a esittää N ammoniumasetaatin titrauskäyrää. 

although the estimate is less accurate if the 
equilibrium pH deviates greatly from the stand-
ard pH value of 6.5, as in the case of soils that 
are much too acid, especially raw peat soils. 

Some neutralization curves, in the important 
pH range around pH 6-6.5, of the soils under 
study are presented in Fig. 1. These examples 
clearly show that the slope of the curves obtained 
for ordinary mineral soils (curves 9, 14, 15) is 
0.1 pH unit per 1-2 meq H+. For coarse mineral 
soils low in organic matter the slope is on the 
average 0.1 pH unit per 1 meq H+, or even less. 
For soils rich in organic matter the slope de-
creases noticeably and, for instance, sample No. 
28, a heavy clay with a high humus content, 
has the value 0.1 pH unit per 3.6 meq H+. 
The organogenic soils (samples 33-52) give 
neutralization curves that are relatively slightly 
inclined. The slope of these curves is 0.1 pH 
unit per 4.2-5.4 meq H+. 

The examples in Fig. 1 show that in spite of 
the unknown shape of the neutralization curve, 
for practical purposes a standard correction  

slope (0.1 pH unit per 2 meq H) brings the 
figures very near the points whee the neutrali-
zation curves cross the standard pH value of 6.5. 

Taking into account that overliming is liable 
to occur with coarse mineral soils, no appreciable 
correction can be made with these soils, nor is 
it necessary, since they do not usually contain 
much exchangeable hydrogen. On the other 
hand, peat soils and likewise muddy soils as well 
as clays with a high organic matter content are 
vety difficult to test for exact ilme requirement. 
An average correction can be made and it 
works with all except raw peat soils, where the 
ilme requirement will still tend to be under-
estimated with ali rapid methods. 

Material and methods 

The experimental material consisted of 193 
samples of acid soils. Of these, 32 samples 
represented coarse mineral soils, 40 silt soils, 
71 clay soils (including 8 gyttja soils) and 50 
samples were of organogenic origin. In the last- 
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Fig. 2. Titration curve of N ammonium acetate (pH 
7.0) titrated with acetic acid (curve a) and working 
curves (b and c) representing the correction to pH 6.5. 
Curve b is obtained with the slope 0.1 pH unit per 2 
meq H+ and curve c with the slope 0.1 pH unit per 1 

meq H. 
Kuva 2. N ammoniumasetaatin (pH 7.0) titratiskäyrä 
etikkahapolla titrattuna (käyrä a) ja pitoisuuskäyrät (b ja 
c) pH 6.5:een ,orjatIttina. Käyrä b on saatu kulmakertoi-
mella 0.1 pH yksikköä 2 mekv. H+ kohti ja käyrä c kul-
makertoimella 0.1 pH yksikköä 1 mekv. H kohti. 

1
6 	 1 

20 
CaCO3 /n/ho,recommended 

7 .- 

6- 

' 5 	 10 
*rheg per wo g soi/ (titrated) 

Fig. 3. Titration curve of p-nitrophenol buffer solution 
titrated with acetic acid (curve a) and working curve 
for lime recommendations (curve b) according to 

SHOEMAKER et al. (1961). 
Kuva 3. p-Nitrofgolin puskuriliztoksen titrauskäyrä "etik-
kahapolla titrattuna (käyrä a) ja pitoisuuskizyrä kalkituS-
uhjeeksi (käyrä b) SHOEMAKERin ym. (1961) mukaan. 

mentioned group 24 Carex and 12 Sphagnum 
peat soils were included. A few non-arable soils 
were also tested in order to have ali soil types 
represented (samples of mor humus and some 
raw Sphagnum peat soils). The soil samples 
were air-dried, homogenized and sieved through 
a 2 mm round-holed sieve. 

The acid ammonium acetate 
extractable calcium was extracted 
according to the soil-testing method and deter-
mined by flame photometry (VuoanvEN and 
MÄKI.= 1951, 1955). The weight per volume 
was taken by the so-called tapping cylinder 
method used for correcting the values in the 
soil between the weight and volume bases. One 
hectare of 20-cm top-soil is thus considered to 
be equivalent to a soil volume of 2 million litres. 

The lime requirement test by 
SHOEMAKER, MCLEAN & PRATT'S method 
was carried out with the buffer solution con- 

taining 1.8 g. p-nitrophenol, 2.5 ml triethandIa.-
mine, 3.0 g K2Cr04, 2 g (CH3C00)2Ca and 
53.1 g CaC1, • 2 H20 per litre. Five g of soil 
was weighed ,and stirred with 5_ ml of water (for 
pH determination 1: 1) and 10 ml of buffer 
solution for 30 minutes, after which the pH of 
the suspension was measured. The equilibritim 
pH values were converted to liming recommen-
dations for pH 6.5 according to the curve pre-
sented in Fig. 3 (SHOEMAKER et al., 1961). It was 
necessary to extrapolate some very acid values, 
which thus apparently do not fit the experimen-
tally found interpretation scale (down to pH 
4.8 only), as reported by SHOEMAKER et al. 

The titration curve of the buffer solution is 
presented in Fig. 2. 

The exchangeable hydrogen as 
exchanged with N ammonium 
acetate solution (adjusted to pH 7.0) was 
determined in a soil suspension (1:10) according 
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to BROWN'S method. Five g of soil and 50 ml 
of solution were equilibrated by shaking and 
allowed to stand overnight. The pH of the 
suspension and of the supernatant solution are 
practically the same in ordinary soils (BROWN 
1943). 

Sufficient accuracy was obtained when the 
equilibrium stage of the suspension was reached 
and the pH can he expressed to two deci-
mals. 

The titration curve of N ammonium acetate 
(pH 7.0) titrated with a weak acid is presented 
in Fig. 1. The titration curve (a) is corrected 
to a working curve (b) which gives directly the 
amount of exchangeable hydrogen to be neutral-
ized to the standard pH 6.5. The slope of the 
creneral neutralization titration curve with ordi-
nary soils is taken as 0.1 pH unit per 2 meq H+, 
which in practice deviates very little when soils 
of moderate clay and organic matter content 
are concerned. The hypotenuse of the correcting 
right-angled triangle gives the slope in question 
(Fig. 1.) For very poor mineral soils it is better 
to use the curve (c) with the slope of 0.1 pH 
unit per 1 meq H+. 

Incubation tests werecarriedout on 
55 soils in. small - sized polyethylene jars of 
100 ml content. 40 g of soil (20 g of light peat 
soil) was weighed out and thoroughly mixed 
with calcium hydroxide, the amount of base 
being equivalent to the amount of, exchangeable 
hydrogen found by the N ammonium acetate 
method, as corrected to the standard pH value 
of 6.5. The incubation period was 75 days. The 
pH measurements were carried out on air-dried 
soil, as in ali other cases. 

All the pH determinations were carried out 
by means of a Radiometer PHM 4c potentiometer 
with glass electrode and potassium chloride 
reference electrode at 25°C. 

The organic matter content was determined 
in the mineral soil samples as organic carbon 
according to the known method by sulphuric 
acid-chromic acid oxidation with moderate 
external heating. The factor 1.73 was used for 
multiplying organic carbon to the approximate 
organic matter content. 

Results and diseussion 

Some of the results are tabulated in Table 1, 
where values obtained with the four different 
methods of estimating lime requirement can he 
compared. 

Ammonium acetate (pH 4.65) extractable 
calcium as listed in column (d) indicates calcium 
per litre of soil, which is the present way of 
expressing the results of soil testing. In column 
(e) the calcium figures are given in tons per 
hectare and corrected to exchangeable calcium, 
which is the former way of reporting the results 
(VuoRINEN and MÄKITIE 1955). The figures 
represent , on an average, only 80 % of the total 
exchangeable calcium in soil when this is extract-
ed by a simple shaking procedure according to 
the soil-testing method mentioned. The corre-
sponding liming recommendation in CaCO3  tonsi 
ha is given in column (f). 

The results of the nitrophenol buffer method 
are listed in column (g), where the equifibration 
pH values indicate the amount of exchangeable 
hydrogen. Column (h) shows the recommen-
dation of liming (SHOEMAKER et al., 1961). Some 
of the extreme figures are obtained by extrapola-
tion of the recommended scale. 

The results obtained with the N ammonium 
acetate buffer method (BRowN 1943) are corre-
spondingly presented in columns (i) and (j) 
The values of exchangeable hydrogen are obtain-
ed by correcting the equilibrium pH value to 
pH 6.5, according to the modified method 
mentioned. The liming recommendations to 
obtain pH 6.5, calculated on a soil volume 
basis, are listed in column (k). 

The results of the incubation test are listed in 
column (1), where the pH values found indicate 
the result of liming. The untreated soil is limed 
in order to neutralize the exchangeable hydrogen 
to pH 6.5 as estimated by the N ammonium 
acetate method (column j). Two samples (Nos. 
1 and 20), which did not show any ilme require-
ment to pH 6.5, were included and were limed 
to neutralize 2 meq H+ per 100 g of soil in 
order to determine the liming effect for refer-
ence. 
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Fig. 4. Comparison of the two buffer methods. The dotted line represents the two lime requirement scales. 
The numbered plots are referred to in the text. • = mineral soils, o organic soils. 

Kuva 4. Kahden puskurimenetelmän vertailu. Katkoviiva edustaa molempia kalkitustarveasteikkoja. Numeroidut pisteet 
on mainittu tekstissä, • ---- kivennäismaat, o = eloperäiset maat. 

Regressions found: Mineral soils; 
Saadut regressiot: 	Kivennäismaat: 

Organic soils; 

y = —11.67 + 2.72 x 

(r = 0.73, t = 12.81***; d.f. 142) 

y = —11.02 -I- 2.38 x 
Eloperäiset maat: 

(t = 0.77, t = 8.40***; d.f. 49) 
Ali soils; 

y = —13.12 + 2.94 x 
Kaikki maat: 

(r = 0.82, t = 19.97***; d.f. 192) 

The four methods were compared with each 
other. The two buffer methods gave much the 
same results, as was to be expected. The re-
gression, of the nitrophenol buffer method as a 
function of the N ammonium acetate method 
seems to be linear (Fig. 4): 

H94 12 + 2 p —13. 	. PH Nitrophenol buffer = 	 N NH,Ac. 

The regression y = —11.67 + 2.72 x was 
found for the mineral soils and the equation 

= —11.02 + 2.58 x for the organic soils, re-
sp ectively. 

Some soils seem to deviate from the general 
grouping (Fig. 4). Some raw Sphagnum peat 
soils (Nos. 1-3, Fig. 4) as well as one Carex 
peat (No. 4), one gyttja (No. 5) and two gyttja 
clays (Nos. 6-7) appear to have a greater ilme 
requirement with the N ammonium acetate 
method than with the method of SHOEMAKER 
ei ui. The last-rnentioned method shows high 
Ilme requirement values with coarse mineral 
soils compared with leaching with Nammonium 
acetate, which can also be observed in Fig. 4, 
where coarse mineral soils deviate upwards from 
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Fig. 5. The relationship between the pH values 
in N ammonium acetate and in calcium extrac-
table in acid ammonium acetate in milliequiv-
alents per 100 g of soil. 
Kuva 5. N ammoniumasetaatilla saadut pH luvut 
happamaan ammoniumasetaattiin uuttuvan kalsiumin 
funktiona, mekv.1100 g maata. 

= mineral soils — kivennäismaat, 
= organic soils — eloperäiset maat.  
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Fig. 6. Plot of pH values in N ammonium acetate as a 
function of calcium extractable in acid ammonium acetate 
in grams per litre of soil. 
Kuva 6. N ammoniumasetaatilla saadut pH luvut bappamaan 
ammoniumasetaalliin :tuntevan kalsiumin funktiona, gllitrassa 

maata. 
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Fig. 7. Plot •  of soil pH (in water suspension 1:1, 
volume: völume) as a function of calcium extractable 
in acid ammonium acetate in milliequivalents per 

100 g of soil. 
Kuva 7. Maan pH (vesisuspensiossa 1: 1 tilavuuden mu-
kaan)_ happamaan ammoniumasetaattiin uuttuvan kalsiumin 

funktiona, mekv.1100 g maata. 
= mineral soils — kivennäismaat, 

ö = organic soils-- eloperäiset maat. 
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Fig. 8. Plot of soil pH as a function of calciufn in 
grams per litre of soil. 

Kuva 8. Maan pH kalsiumin funktiona, gllitrassa maata. 
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Fig. 9. Correlation between N NH4Ac method and 
soil pH. 

Kuva 9. N ammoniumasetaattimenetelmän ja maan pH:n 
välinen korrelaatio. 

Regressions found: 
Saadut regressiot: 
Mineral:soils; j= 5.90 + 0.14 x 
Kivennäismaat: 

(r = 0.66, t = 10.53***;  d.f. 142) 
Organic soils; y = 4.82 + 0.29 x 
E/oper0.1;et , maat; 

(r = 0.81, t = 9.71***; d.f. 49) 

	

Ali soils; 	y = 4.84 + 0.33 x 
Kaikki maat; 

(r = 0.83, t = 20.47***; d.f. 192) 

the regression line. The dotted line is the inter-
pretation line between the amount of hydrogen 
exchanged by N ammonium acetate at 4.65 and 
the ilme requirement recommendation to obtain 
pH 6.5 given by the p-nitrophenol buffer method 
(SHOEMAKER et al. 1961). This line, observed pH 
values in N NH,Ac as a function of the values 
in nitrophenol buffer (equation: x = 5.30 + 
0.20), is parallel with the corresponding re-
aression line found for the mineral soils of the 
present material (x = 5.39 + 0.20y). 

The difference between the two Iines is on the 
average 4.5 meq H+ per 100 g soil, which means 

3 	 5 	6 

-PH n I/ roph e no/ buffe r 

Fig 10. Correlation between the method of SHOEMAKER 
et al. and soil pH. 

Kuva 10. SHOEMAKERill ym. menetelmän ja maan p Hut 
välinen korrelaatio. 

Regressions found: 
Saadut regressiot: 
Mineral soils; y = 3.98 + 0.46 x 
Kivennäismaat; 

(r = 0.58 + 8.47***; d.f. 142) 
Organic soils; y -= 0.32 + 1.01 x 
Eloperäiset maat; 

(r = 0.85, t 	11.14***; d.f. 49) 
Ali soils; 	y = 0.74 + 1.03 x 
Kaikki maat; 

(r = 0.82, t= 19.96***; d.f. 192) 

that SHOEMAKER et al. (1961), as a result of their 
experiments, recommended about 4.5 tons of 
CaCO3/ha more for soils relatively rich in 
extractable aluminium than the value found in 
the present study to be equivalent to exchanged 
hydrogen by the modified Nammonium acetate 
method in the mineral soils tested. 

When the N ammonium acetate method is 
compared with the soil-testing method and the 
acid ammonium acetate (pH 4.65) extradtable 
calcium is calculated by means of weight by 
volume as meq Ca per 100 g soil, the plot shows 
an indefinite distribution (Fig. 5). Treating the 
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Table 2. Correlation of the different methods as compared with the incubation test 
Taulukko 2. Menetelmien korrelaatiot muhituskokeeseen verrattuina 

Standard deviation 
(CaCC.0 tons/ha) 

Standardipoikkrama 

S.D. = 

Parameters of the regression equation 
(y = a bx): 

Regrersicyblölön parametril 

Correlation 
coefficient 

Korrelaatiakerrain Methods 
Ilfendelmä: 

Soti, TEsTING method - Viljavtarsanalyysimenete/mä 
coarse soils -karkeat maat 	  (n - 14) 
clay soils - savimaat 	  (n = 18) 
org. soils -eloperäiret maat 	  (n - 23) 
ali soils -kaikki maat 	  (n = 55) 

Method of SHOEMAKER et al. - menetelmä 
coarse soils -karkeat maat 	  (n =-. 14) 
clay soils - savimaat 	  (n = 18) 
ali soils -kaikki maat 	  (n = 32) 

NNH4Ac method - menetelmä 
coarse soils -karkeat maat 	  (n = 14) 
clay soils - savimaat 	  (i = 18) 
org. soils - eloperäiset maat 	  (n = 23) 
ali soils - kaikki maat 	  (n = 55) 

6.22 
2.58 

10.32 
5.85 

3.66 
2.36 
3.00 

2.14 
1.46 
4.91 
2.68 

	

3.70 	0.099 

	

4.21 	0.447 

	

7.28 	0.129 

	

5.26 	0.210 

	

4.59 	0.656 

	

2.71 	0.841 

	

4.00 	0.704 

	

1.54 	0.706 

	

1.03 	0.874 

	

2.53 	0.650 

	

1.99 	0.694 

0.438 
0.667** 
0.330 
0.506*** 

0.871*** 
0.817*** 
0.844*** 

0.980*** 
0.907*** 
0.913*** 
0.935*** 

organic soils on a weight basis does not reveal 
any relation between the extractable calcium 
and exchangeable hydrogen. A far better 
relation is obtained when calcium is calcu-
lated on a volume basis (Fig. 6). Calcium 
alone gives a poor indication of the neutrali-
zation required if no other soil characteristics 
are known. 

The correlation between the amounts of cal-
cium and the soil pH of 1:1 (soil: water, by 
volume) suspension is shown in Figs. 7 and 8. 
A better relation can obviously be found in the 
latter figure where calcium is again calculated 
on a soil volume basis. 

The fact that soil testing should be based on 
soil volume when soils of different and consid-
erable organic matter content are concerned is 
here again clearly brought out. The soil volume 
thus offers a practical unit for ali soils; even the 
peat soils do not need to be handled as a separate 
group for soil-testing purposes. 

The plots of the N ammonium acetate method 
against soil pH in a 1:1 water suspension are 
shown in Fig. 9. The organic soils are taken 
separately from the mineral soils, showing lower 
pH values with the buffer solution and giving  

the left regression: y = 4.82 1- 0.29 x. The re-
gression y = 5.90 + 0.14 x was calculated for 
mineral soils. It should be noted that the soils 
on the right-hand side of the line, which have 
pH values around 5 or even less, are coarse soils 
with a vety low buffer capacity. A straight 
regression line, y = 4.85 + 0.33 x, would rep-
resent ali soils of the present material togeth-
er. 

The pH values in the buffer solutions used by 
SHOEMAKER et al. are compared with the pH 
values of soil-water suspensions in Fig. 10. The 
mineral soils differ clearly from the organic soils, 
as the regressions (y = 3.98-0.46 x and y = 
0.32-1.01 x) show. 

The incubation test with a soil sample can be 
considered the most thorough laboratory deter-
mination, comparable with a practical liming 
trial. The results of simple incubation tests with 
55 soil samples are shown in Table 1. The N 
ammonium acetate method was taken as a basis 
and the lime additions were equivalent to the 
amounts of exchangeable hydrogen found 
(column j). The deviation of the pH values of 
the limed samples (column 1) from the pH 6.5 
wanted thus indicates the unrealiability of the 
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modified N ammonium acetate method. The 
apparent lime requirement to obtain pH 6.5 
was estimated by means of the linear 'relation 
between the unfreated and limed pH values 
(column m). 

Correlations between the different methods 
and the incubation test are shown in Table 2. 
It has to be mentioned that one is not justified 
in comparing :the soil-testing method as such 
with the'bufFer methods. The soil-testing method 
based on the soil type, soil pH and amount of 
calcium extractable with acid ammonium acetate 
generally iecommends only careful liming and 
its objective is to raise the soil pH to just over 
6 in an acid soil (VuoRINEN and KURKI 1955). 
Thus-  placing the methods side by side, as in 
Table 2, does not do justice to the soil-testing 
method. It has been done here, however, in 
order to emphasize the weaknesses. 

Conclus ions 

The estimation of the lime requirement by the 
soil-testing method is, on the whole, reliable. 
The accordance with the apparent actual lime 
requirement found by the incubation test is 
relatively good in mineral soils and especially 
good with the clay soils of the material. In a few 
cases,_however, the recommendations are unsuit-
able and these few cases spoil the statistical 
figures. This kind of unreliability is more or 
less unknown with the buffer methods, although 
in some cases the weakly buffered method of 
SHOEMAKER ei aL shows a similar uncertainty for 
some reas on. 

The weakness of the soil-testing method 
depends on the poor correlation between the 
reaction of the soil and amount of extractable 
calcium, as well as between the amounts of 
exchangeable hydrogen and extractable calcium. 
The correlations are noticeably better when 
calcium is calculated on a soil volume basis, 
as reco'gnized and used in the soil-testing 
method. 

The two buffer methods are similar in char-
acter. A pronounted correlation exists between 

Fig 11. Regression Iines of the different methods (ali 
soils, except just mineral soils with the method of 

SHOEMAKER et aL) 
Kuva 11. Eri menetelmien regressiosuorat (kaikki maat 
paitsi vain kivennäismaat SHOEMAKERill .ym. menetelmällä) 

the modified N ammonium acetate method and 
the incubation test. The correlation between the 
method of SHOEMAKER et al. and the incubation 
test is clearly less significant regarding the soils 
of the material. 

The lime requirement of the gyttja soils of 
the material was estimated unexpectedly well 
by ali the methods tried. Organic matter seems 
to be the most disturbing factor in ali the met-
hods and the trouble is intensified in the esti-
mation of the lime requirement of many organic 
soils of the material. 

Ali the methods underestimate the real lime 
requirement in most cases. The best accordance 
is found with the mineral soils low in organic 
matter. The mineral soils of the material gener-
ally represent a low lime requirement, too. In the 
light of the comparison made in the present study, 
an increase in the rate of liming recomniended 
in connection with soil testing is justified (KuRicr 
et aL 1965). 

There is no reason to reject the present soil-
testing method when rapid lime requirement 
estimations have to be carried out. The N 

ammonium acetate »buffer» method, however, 
offers a simple, more accurate way to estimate 
the real need of liming. 
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Summary 

The present method for estimating lime re-
quirement in connection with soil testing and 
two so-called rapid buffer methods, the weakly 
buffered p-nitrophenol method of SHOEMAKER 
et al. (1961) and the modified N ammonium 
acetate method of BROWN (1943) have been 
compared with simple incubation tests of liming, 
at the standard pH 6.5. 

The soil-testing method shows relatively good 
accordance with the real lime requirement in 
spite of the fact that the method is based in the 
interpretation of soil type, soil pH and the acid 
ammonium acetate extractable calcium content 
of the soil, as indications of the liming required. 
The rapid buffer methods are greatly superior. 
Particularly the N ammonium acetate method 
(modified to pH 6.5) shows highly significant 
correlations with the incubation test. The results 
of 55 soils gave the standard deviations 5.85 and 
2.68 tons of CaCO3/ha and correlation coef-
ficients 0.506*** and 0.9 3 5*** for the soil-
testing method and N ammonium acetate meth-
od, respectively. 

The fact that lime requirement can be rapidly 
estimated by determination of calcium, extract-
able with the »universal» acid ammonium acet-
ate extractant (pH 4.65) strongly supports the 
use of the present method. The superiority of 
the ammonium acetate »buffer» method deserves 
note and would be of use, especially in critical 
cases when the lime requirement has to be more 
accurately estimated. In the case of the organic 
soils the weakly buffered method of SHOEMAKER 
et al. is apparently out of the question. 

The modified N ammonium acetate method, 
in which the exchanged acidity to be neutralized 
is corrected to the standard pH 6.5 and to soil 
volume, is presented. 
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SELOSTUS 

Maan kalkitustarpeen määrittämisestä 

OSMO MÄKITIE 

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila 

Tutkimuksessa on käsitelty maan kalkintarpeen mää-
rittämistä viljavuustutkimuksen ja ns. puskurimenetelmien 
avulla sekä suoritettu niiden vertailu yksinkertaisiin 
muhituskokeisiin nähden. 

Viljavuustutkimuksen osana käytössä oleva kalkin-
tarpeen määritystapa perustuu maalajin, maan pH:n ja 
0.5 N happameen ammoniumasetaattiliuokseen uuttuvan 
kalsiumin mukaan suoritettavaan mam kalkintarpeen 
arvioimiseen. Likimääräinen arvioiminen on täten mah-
dollista ravinteiden, kaliumin ja fosforin uuton yhteydessä 
viljavuusanalyysissa. Kalkituksella neutraloitavan maan 
kokonaishappamuuden erillinen määrittäminen tekisi taas 
viljavuusanalyysin nykyisestään melkoisesti monimutkai-
semmaksi. 

Maan vaihtuvan kalsiumin määrä ei tunnetusti ole 
kalkintarpeen mitta, elleivät muut, maan kationien vaihto-
kapasiteettiin ja sen emäskyllästysasteeseen vaikuttavat 
tekijät ole samoja. Kalsiumin ja maan pH:n välinen korre-
laatio on sen vuoksi heikko milloin maat ovat erilaisia 
(kuvat 7-8), samoin kalsiumin ja vaihtuvan vedyn väli-
nen (kuvat 5-6). 

Ns. nopeita puskurimenetelmiä käytetään yleisesti 
varsinaiseen kalkintarpeen määritykseen. Neutraloinnin 
tarve on tietyllä puskuriliuoksella arvioitavissa maasta  

vaihdetun vedyn määrän suhteen, ja korrelaatio myös 
maan hydrolyyttiseen happamuuteen eli maan näennäiseen 
pH:hon on ilmeisen selvä (kuvat 9-10). 

Kaksi tällaista pikamenetelmää oli tutkimuksessa 
mukana, nimittäin heikosti puskuroitu p-nitrofenoli-
menetelmä (SHOEMAKER ym. 1961) ja tätä tutkimusta 
varten mukailtu N ammoniumasetaattimenetelmä (alku-
per. BROWN 1943). Molemmat menetelmät osoittautuivat 
pääpiirtein samanlaisiksi luonteeltaan (kuva 4). 

Muhituskokeen (kalkitseminen pH 6.5:een) perusteella 
osoittautuivat puskurimenetelmät 55 maanäytettä käsit-
täneen aineiston mukaan selvästi paremmiksi. Varsinkin 
N ammoniumasetaattimenetelmän korrelaattiokertoimet 
osoittivat erittäin suurta merkitsevyyttä kaikissa maa-
lajiryhmissä (taulukot 1-2). 

Viljavuusanalyysi osoittautui täten epävarmemmaksi, 
osittain tosin virheellisesti, sillä kalkintarpeen tulkinta on 
ollut varovaista ja vain pyrkinyt meikäläisten suhteellisen 
happamien maiden pH:n yleiseen kohottamiseen pH 
6:een (VUORINEN ja KURKI 1955). On ilmeistä, että käsillä 
olevan aineiston perusteella kalkitusohjeissa voitaisiin 
kuitenkin multaville kivennäismaille ja eloperäisille maille 
suositella yleisesti suurempia kalkkimääriä (kuva 11). 
Niin ikään on perusteltua kiinnittää entistä enemmän 
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huomiota maan multavuusasteeseen. Viljavuusanalyysien 
uudessa tulkintaohjeessa onkin jo tehty muutoksia tähän 
suuntaan (KURKI ym. 1965). 

Viljavuusanalyysin tulkintaa kalkintarpeesta on pidet-
tävä varsin onnistuneena, etenkin kun viljavuustutki-
muksessa on oivallettu käyttää maan tilavuusyksikköä 
perustana. Tämä ilmenee erityisesti turVemaista tämänkin 
tutkimuksen aineistossa. Aineiston savimaiden kohdalla 
menetelmä osoittautui varmaksi, ja aineiston liejusavis-
sakin kalkintarve on tullut hyvin arvioidiksi. Kalkin-
tarpeen arvioimiselle nykyisen viljavuusanalyysin avulla 
on luonteenomaista kuitenkin tietty epävarmuus eräissä 
aineiston maalajeissa, joiden tulokset näin ollen ovat 
pilanneet tilastolliset arvot (taulukko 1, esim. näytteet 
1, 2, 41). 

Mitään syytä ei ole kuitenkaan luopua nykyisestä mene-
telmästä yleisessä viljavuustutkimuksessa. Tutkimuksessa 
esitetty mukailtu N ammoniumasetaattimenetelmä on 
huomionarvoinen pikainen määritystapa varsinkin eri-
koistapauksia varten, joissa kalkitustarve on tarpeellista 
määrittää tarkemmin. Tämän ns. N NH4Ac-puskuri-
menetelmän perusteita on tarkasteltu lähemmin tutkimuk-
sen yhteydessä (kuvat 1-2) ja se menetelmä. osoittautui 
olosuhteissamme sopivarnmaksi kuin p-nitrofenolin käyt-
töön perustuvaksi mukailtu toinen vertailtu puskuri-
menetelmä (SHOEMAKER ym. 1961). PeriaatteeltaarLsaman-
tapainen puskurimenetelmä on kalkituskokeitten maa-
näyteaineistossa jo aikaisemmin osoittautunut käyttö-
kelpoiseksi kalkintarpeen arvioimisessa (SALONEN 1952). 
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ANNALES AGRICULTURAE FENNIAE, VOL. 4:253-255 (1965) 

Seria AGROGEOLOGIA, -CHIMICA ET -PHYSICA N. 19 
Sarja MAAPERÄ, LANNOITUS JA MUOKKAUS n:o 19 

DER: EINFLUSS VON SCHWEFELDUNGUNG AUF DEN 
SCHWEFELGEHALT VON KLEE UND TIMOTHEE 

HILKKA TÄHTINEN 
Zentrale fiir Landwirtschaftliche Forschung, .A.bteilung fiir Agrikulturchemie und -physik, Tikkurila, Finnland 

Eingegangen.,am 7. 9. 1965. 

Bei den im Auftrage der Zentrale fiir Land-
wirtschaftliche Forschung in den Jahren 1959-
63 durchgefährten Feldversuchen bei Anwen-
dung von Volldiingemitteln, mit und ohne 
Schwefel, ergaben sich im allgemeinen keine 
nennenswerte Einfliisse von Schwefel auf die 
Ertragshöhe. Möglicherweise beruhte dies auf 
dem Schwefelgehalt der Diingung, die in frii-
heren Jahren verwendet wurde. Dagegen ergab 
sich in der Qualität des Ertrages bei Verabreich-
ung von Gips ein signifikanter Einfiuss, denn 
der Schwefel- und Kalkgehalt stieg an, während 
dieser an Magnesium abnahm. Im Gehalt der 
anderen Pflanzennährstoffe äusserten sich die 
eingetretenen Veränderungen jedoch nicht in 
statischtisch gesicherten Unterschieden (SALO-
NEN et al. 1965). 

Die Versuche wurden mit dem Mischdiinger 
Yn, bestehend aus Montansalpeter, Super-
phosphat und Kalisalz durchgefährt und mit 
dem Mischdiinger Yd aus schwefelfreiem Di-
ammonphosphat und Kalisalz verglichen. Aus-
serdem war ein Versuchsglied Ydk vorhanden, 
welches zur Yd-Diingung als Ergänzung Gips 
erhielt, so dass die gegebene Schwefeldiingung 
bei den Yn- und Ydk-Versuchsgliedern die 
gleiche war. Zuziiglich war ein ungediingtes 
Versuchsglied im Versuch vorhanden. 

Die Diingung wurde in zwei verschieden 
hohen Gaben verabreicht, wobei die kleinste 

Diingermenge (1) aus 25 kg N, 65 kg P205  
und 50 kg K20 pro ha bestand. Die gegebene 
Schwefelmenge betrug im Versuch mit Yn 
37-41 kg und mit Ydk 40-43 kg pro ha. 
Die höchste Diingungsstufe (2) bestand in der 
doppelt verabreichten Menge. Eine genauere 
Beschreibung der im Versuch angewandten 
Diingung ist in der obenerwähnten Veröffent-
lichung enthalten (S. 156-158). 

Im Folgenden seien die dich im Gesamt-
schwefelgehalt ergebenden Unterschiede des 
Klee- und Timotheegrases im gleichen Ver-
suchsmaterial näher undersucht. Als Versuchs-
material dienten 15 Versuchserträge, jeder 7 Ver-
suchsgliedem enthaltend, deren sortierte Klee-
und Timotheeproben zur Bestimmung des 
Schwefelgehaltes zur Verfiigung standen. 

Die Ernte erfolgte im allgemeinen zur Bliite 
des Timothees und im Anfangsstadium der 
Bliite des Klees. Die durchschnittlichen Schwe-
felgehaltszahlen der Proben sind in Tabelle 1 
angefiihrt. 

Der Schwefelgehalt des Klees war deutlich 
höher als der des Timothees (vgl. JOHANSSON 
1959). Er nahm sowohl beim Klee als auch 
beim Timothee mit verabreichter schwefelhalti-
ger Diingung bemerkenswert zu. Auf den 
unterschiedlichen Schwefelgehalt der Pflanzen-
arten war durch die Schwefeldtingung anch 
ein sehr signifikanter Einfluss festzustellen, der 
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Tabell 1. Der Einfluss der Diingung auf den Schwefel-
gehalt von Klee und Timothee (15 Versuche) 

Taulukko 1. Lannoituksen vaikutus apilan ja timotein rikki-
pitoisuuteen (15 koetta) 

Diingungsstufe 1 
Lannoitemäärä 1 

Schwefel in mg/g 
Trockensubstanz 

S mg/g kuiva-ainetta 

Dtingerart 
Lannoitelaji 

Yn 
(mit S) 

Yd 
(ohne S) 

Ydk 
(mit S) 

Klee -Apua 	  1.95 1.75 1. 93 
Timothee - Timotei 	 1.26 1.1s 1.20 

Unterschied - Erotus 	 0.69 0.60 0.73 

Diingungsstufe 2 
Lannoitemäärä 2 

Klee -Apda 	  1.93 1.66 1.96 
Timothee - Timotei 	 1.24 1.13 1.26 

Unterschied - Erotus 	 0.69 0.53 0.70 

Schwefelgehalt des Klees stieg mit der in dem 
Diinger enthaltenen Schwefelmenge mehr als 
der des Timothees an. Demgegeniiber war durch 
die Höhe der Diingermenge kein. Einfluss auf 
den Schwefelgehalt festzustellen. Der durch-
schnittliche Schwefelgehalt der ungedtingten 
Versuchsglieder (bei Klee 1.76, bei Timothee 
1.21) wich nicht bemerkenswert von denen der 
schwefelfreien Diingung Yd ab. 

Als besonders stark erwies sich auch der 
durch die unterschiedlichen Versuchsverhält-
nisse hervorgerufene Einfluss. Dennoch konnte 
bei diesem geringen Material nicht festgestellt 
werden, welche Bedeutung die Bodenart oder 
der im Boden enthaltene Schwefel auf dem 
Einfluss der Schwefelangung hat. 

Ausserdem wurde das Verhältnis zwischen 
dem Gesamtstickstoff und Gesamtschwefel der 
Pflanzenproben bestimmt, welches in Unter- 

Tabell 2. Gesamtstickstoff und Gesamtschwefelgehalt sowie das -Verhältnis von Klee und Timothee (13 Versuche) 

Taulukko 2. Apilan ja timotein kokonaistyppi- ja kokonaisrikkipitoisuus sekä 	-suhde (13 koetta) 

Dtings- 
stufe 

'annatte- 
määrä 

Diingerart 
Lannoitelaji 

- 
Yn 

(mit S) 
Yd 

(ohne S) 
Ydk 

(mit 5) 

Klee -Apua: 

N mg/g Trockensubstanz - kuiva-ainetta 	 0 24.6 
1 25.1 24.3 25.0 
2 25. 6 25.1 24.3 

S 	mg/g Trockensubstanz - kuiva-ainetta 	 0 1.80 
1 2.00 1.76 1.97 
2 1. 98 1.68 1.98 

N 
-,-Verhältnis - suhde 	  0 13.9 J 1 12.8 14.1 12. 9 

2 13.2 15.3 12.5 

Timothee - Timotei: 

N mg/g Trockensubstanz -kuiva-aineita 	 0 10.7
1 

 
11.0 11.6 11.0 

2 11.3 11. 2 10.9 

S 	mg/g Trockensubstanz - kuiva-ainetta 	 0 1. 22 
1 1.27 1.06 1.23 
2 1. 26 1.15 1.28 

N -s -Verhältnis - suhde 	  0 9.0 
1 8.6 9. 9 8.9 
2 8.9 9.8 8.5 
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suchungen als einfaches Mass gebraucht werden 
ist, um festzustellen, ob die Pflanzen im Vergleich 
zur Höhe der Stickstoffdiingung genfigend 
Schwefel erhalten (0 DELIEN 1963). Die voll-
ständigen Zahlenreihen konnten aus 13 Ver-
suchserträgen ermittelt werden, deren Durch-
schnittswerte in Tabelle 2 angefiihrt sind. 

In der varianzanalytischen Verrechnung der 
Ergebnisse ergab sich zwischen Klee und 

Timothee im N:S -Verhältnis ein besonders 
deutlicher Unterschied. Es wurde aber auch 
durch die Beschaffenheit der Diingung und 
deren Schwefelgehalt stark beeinflusst, ohne von 
der Pflanzenart abhängig zu sein. Die Verhält-
niszahlen zwischen den verschiedenen Ver-
suchsgliedern waren jedoch normal, und kein 
Schwefelmangel konnte im Versuchsboden fest-
gestellt werden. 
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Rikkilannoituksen vaikutuksesta apilan ja timotein rikkipitoisuuteen 

HILKKA TÄHTINEN 
Maatalouden tutkimuskeskus, Maanviljelyskemian ja -fysiikan laitos, Tikkurila 

Kenttäkokeista (15 koesatoa) saatujen lajiteltujen timo-
tei.- ja apilanäytteiden perusteella voitiin todeta apilan 
rikkipitoisuuden olevan korkeamman kuin timotein. 
Lannoitteen sisältämä rikki lisäsi kasvien rikkipitoisuutta, 
apilalla enemmän kuin timoteilla, vaikka maassa ilmeisesti  

ei ollut rikin puutetta. Kokonaistypen ja kokonaisrikin 
suhde oli apilalla korkeampi kuin timoteilla. Kasvilajista 
riippumatta rikkiä saaneilla koejäsenillä ko. suhdeluku 
oli alempi kuin rikittömillä. 
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In Finland herbicides began to be used on 
field crops in the years 1948-50. At first, the 
method developed slowly, and at the end of the 
1950's only about 80 000-100 000 hectares were 
annually treated. In the 1960's, however, the use 
of herbicides began to increase rapidly. In 1965 
the area of fields treated exceeded 450 000 hec-
tares, of which spring cereals comprised 425 000. 
This amount represents about 40 % of the total 
area under spring cereals in Finland. 

MCPA has been virtually the only com-
pound used in spring cereals. It is effective 
against most of the broad-leaf weeds occurring 
in this country. The chemical is easy to use, 
cheap, relatively safe to cereal crops, and rapidly 
dissipates in the soil as well as in plant tissues. 
During the 1950's the average yield increases as 
a result of MCPA -were roughly 300 kg/ha or 
15 % for oats, 200 kg/ha or 10 % for barley and 
230 kg/ha or 12 % for wheat (MARJANEN 1962). 

At present (1965), the most important MCPA 
products available in Finland are the following: 
Agro-Hormo (Koge/Kasvinsuojelu), Hedonal 
(Bayer/Berner), Herbotal (Agro-Kemi/Farmos), 
Hormonal (Schering/Fincos), Hormotex (Gull-
viks), .Hormox (Österr. Stickst./Nieminen), 
Hormotubo (Rikkihappo), P-46 Plus (Finsons/ 

Nieminen) and W-30 (Äänekoski/Rikkihappo). 
Most of these contain MCPA as the sodium salt; 
Hormotuho however has the potassium salt and 
P-46 Plus a mixture of potassium and sodium 
salts. .Agro-Hormo, in addition, also offers two 
products containing mixtures of potassium, so-
dium and amine salts. 

Broad-leaf weeds resistant to MCPA make up 
about 20 % of the total weeds in spring cereäls 
in Finland (MuxuLA et al. 1963). Even as earlv 
as the 1950's the proportion of resistant sliecies 
was seen to be increasing on fields where MCPA 
had been used for several successive years. More- 
over, in certain areas the original weed popula-
tion was composed chiefly of broad-leaf species 
resistant to MCPA. Under such conditions, it 
is obvious that MCPA does not offer a satis-
factory solution. Instead, there is an evident need 
for new herbicides, which either singly or to- 
gether with MCPA would control those spe-
cies resistant to MCPA. The first such herbicides 
introduced in Finland were 2,3,6-TBA and 
mecoprop. Their properties, as well as those of 
MCPA, are given in Table 1. 

The compound 2,3,6-TBA will be referred to 
in this paper as simply TBA. It is a translocat-
able foliar herbicide, but more active and less 
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Table 1. Herbicides used in the trials 

Common or abbreviatcd 
name Chemical name . 	 Formula 

Acute oral LD,, 
mg/kg 

MCPA 

. 

4-chloro-2-methylphen- 
oxyacetic acid 

0 • CH2  • COOH 
1- 
/ \—CH 

il 	3  
/ 

Cl 

700 

rnecoprop 2-(4-chloro-2-methyl- 
phenoxy)propionic acid 

CH, : 
I 

0 • CH • COOH 
I 

()—C1-1, • 

\/ 
I 

Cl 

650 	' 

2,3,6-TBA 2,3,6-trichlorobenzoic acid COOH 
I 

C1—( \—C1 
il 

700-1 500 . 

selective than MCPA. In soil and in plant tissues 
it is more persistent than MCPA (DEWEY 1960, 
Grower 1963, ANDERSSON 1964). In 1957-58 
preliminary trials with TBA were carried out by 
the Department of Plant Husbandry at Tikkurila 
using the commercial product Pesco 1 8-1 5, de-
veloped by Fisons Pest Control Ltd. in England 
(PFEIFFER 1958). This product contains the so-
dium salts of MCPA and TBA in the weight 
ratio 4:1. In these trials Pesco was found to be 
more effective against many MCPA-resistant spe-
cies than MCPA alone. On the basis of these 
results the product was officially approved by 
the Finnish Plant Protection Institute in 1959. 
The use of this herbicide has, however, been 
limited to winter wheat. 

In Sweden Pesco was put on the market at 
the same time as in Finland (WALTHER 1959). 
In Norway the product was approved in 1961 
(VmmE 1961c) and in Denmark in 1963 for the  

control of Pobigonum species (Tidsskr. Planteavl 
1963, THORUP 1964). 

Mec opr op resembles MCPA in its mode 
of action, being a translocatable foliar herbicide. 
It consists of two groups of isomers, of which 
the d-isomers are active and the /-isomers inac-
tive. Since equal amounts of both isomers are 
formed during the manufacture of the com-
pound, mecoprop must consequently be used 
in amounts twice as large as those of MCPA. 
The herbicidal properties of mecoprop were 
discovered in 1956-58 in England by Boots & 

(LusH and LEAFE 1956, LusH 1957, LusH 
et al. 1958). In Finland, preliminary trials carried 
out by the Department of Plant Husbandry 
showed that mecoprop had the same effect on 
most broad-leaf weeds as MCPA, while on some 
it provided better control. In 1960/61 the Plant 
Protection Institute gave official approval to 
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certain commercial products containing the po-
tassium salt of mecoprop. At present (1965), the 
following products are available in Finland: Eri-
kois-Hedonal (Bayer/Berner), Herbotal PP (Boots/ 
Farmos), Hormo Cornox (Gullviks), Hormonit 
MP-58 (Schering/Fincos) and Mepro (Rikki- 

happo). The area of spring cereals treated with 
mecoprop has been only a few thousand hectares 
annually. In Sweden, Denmark and Norway 
mecoprop was introduced at about the same 
time as in Finland (WALTHER 1959, ViDmE 1961a, 
1961b, Tidsskr. Planteavl 1960). 

Metho ds 

In order that a more complete picture could 
he obtained on the utility of MCPA, TBA and 
mecoprop in controlling weeds in spring cereals, 
the senior author prepared a 3-year program to 
be conducted at various locations throughout the 
country. The program comprised three trial 
series which are listed below with their respective 
treatments: 

Series A. Experiment stations: 
Untreated 

MCPA, sodium 	  1.0 kg/ha 
MCPA/TBA (4: 1), sodium 	 1.0 » 
mecoprop, potassium 	  2.0 » 

Series B. Local trials (private fartns): 
Untreated 

MCPA, sodium 	  1.0 kg/ha 
MCPA, potassium 	  1.0 	» 
mecoprop, 	» 

	

 	2.0 » 
3.0 » 

Series C. Department of Plant Husbandry: 
Untreated 

MCPA, sodium 	 0, 1/2, 1, 1 1/2  and 2 kg/ha 
MCPA/TBA (4: 1), 

sodium 	  
mecoprop, potassium . 

0, 
0, 

1/2, 1, 
1, 2, 

1 1/2  and 2 
3 	and 4 

A total of 91 trials were carried out, of which 
39 were located at experiment stations (series A), 
43 on private farms (series B) and 9 at the De-
partment of Plant Husbandry (series C). The 
geographical distribution of the trials is seen in 
Fig. 1. Since the trial methods were similar at 
the stations and at the Department of Plant 
Husbandry, the treatments of the 9 trials in 
series C were partly included also in series A. 

Hence, the total number of the trials in the latter 
series became 48. 

The varieties grown at the Department of 
Plant Husbandry were Pendek oats, Pirkka barley 
and Diamant spring wheat. At the stations and 
on the farms various varieties were used. The 
total of the trials on oats was 33 (32 harvested), 
on barley 19 and on spring wheat 39. 

The fields on the private farms (series B) were 
not selectively chosen and can thus he regarded 
as random samples. However, the yield level of 
oats and barley was higher in series B than the 
average for the entire country. At the stations 
(series A) and especially at the Department of 
Plant Husbandry (series C) the yield level of each 

66 66 
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Fig. 1. Location of field trials. Series A = experiment 
stations, B = private farms, C = Department of Plant 
Husbandry. The figure within the symbols denotes the 

number of trials. 
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cereal was considerably higher than the average 
for the country, as can be seen from the following 
figures: 

Mean grain yields 	1961-63, 	kg/ha 
spring 

oats 	batley 	wheat 

Average for the country 	 1 730 1 670 	1 670 
» series A 	 2 410 2 660 	1 625 
» series B 	 3 445 2 810 	2 435 
» series C 	 4 330 4 510 	2 900 

The degree of weed infestation was not deter-
mined at private farms (series B). On the fields 
of the experiment stations and of the Department 
of Plant Husbandry the amount of weeds is 
usually lower than the average for the entire 
country. In order to minimize this difference, the 
most weedy fields were selected for the trials in 
series A and C. As a result, an average of 609 
weed plants per square meter was obtained. This 
is a somewhat higher number than the average for 
the country (484) in 1961-63 (cf. MUKULA et al. 
1963). 

As could be expected, the composition of the 
weed population varied in the different trials. 
The most important dicotyledonous species were 
well represented, although their proportions 
were not similar to the average for the country, 
as can be seen from the following figures: 

Number of plants per sq.in in 1961-63 
average for 	averagcs for Species the country 	series A and C.  

Galeopsis spp. 	  76 85 
Spergula arvensis 	  66 48 
Stellaria media 	  60 150 
Viola arvensis 	  48 35 
Chenopodiunz album 	  42 45 
Cruciferae 	  28 14 
Pob,gonum spp. 	  19 79 
Sonchus arvensis 	  6 17 
Tripleurospermum marit. v. inod. 	. 	 5 18 
Galium vaillantii 	  2 23 
Others 	  132 95 

Total 484 609 

The weather conditions in 1961-63 at the 
Department of Plant Husbandry (Tikkurila) and 
at some of the stations were as follows: 

Location 

Temp. May-Sept., 

Mean 
1921-1950 

Deviations 

1961 1962 

Tikkurila 	 
Mietoinen 	 
Anjala 	 
Pälkäne 	 
Peipohja 	 
Mikkeli 	 
Laukaa 	 
Maaninka 	 

13.0 
13. 4 
13.2 
13.0 
12.6 
12.7 
12.1 
12.5 

0.3 
-0.3 

0. 0 
0.1 
0.2 

-o.1 
0.2 
0. 1 

-1.5 
-2.0 
-1.9 
-1.9 
-1.5 
-2.0 
-1.7 
-1.9 

In trial series A and B the plot size was 20-
30 m1, in series C 12 m2. There were 4 replicates 
in the former two series, while in the latter series 
the number of replicates was 10 for the untreated 
and 2 for each of the treatments. 

In series A and C the herbicide treatments 
were performed when the crop plants were at 
the 4-6-leaf stage. At this time the earliest 
annual broad-leaf weeds had 2-4 true leaves. 
In trial series B the treatments were carried out 
somewhat later, with the cereals being at the 
early tillering stage and the main broad-leaf 
weeds having 4-6 true leaves. The treatments 

Precip. May-Sept., mm 

Mean 
1921-1950 

Deviations 

1963 1961 1962 1963 

1.7 317 -9 115 -45 
1.0 285 177 44 -6 
1.2 310 -39 207 -45 
1.1 305 63 27 -78 
1. 2 290 117 42 29 
0.8 315 55 78 -73 

-1.0 332 -2 4 -39 
0.7 307 19 21 39 

consisted of knapsack spraying using 500 litres 
of water per hectare. 

At the Department of Plant Husbandry and 
at the experiment stations the herbicidal effect 
of the compounds was determined by counting 
the weeds both before treatment and 4-7-5 weeks 
afterwards. The number of each weed species 
was determined on a 	m2  area in each plot. In 
addition, at harvest time, a weed sample from a 
1 m2  area in each plot was taken and its air-dry 
weight determined. The mean values of amounts 
of weeds listed in the tables represent arithmetic 
means. 
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In ali the trials the grain yield was determined 
and calculated for 15 % moisture content. At the 
Department of Plant Husbandry and at the sta-
tions, determinations were also made of the straw 
yield, 1000-grain weight and hectolitre weight. 
In addition, visual observations were made on 
injuries caused by the herbicides as well as their 
effect on lodging and ripening of the cereals. The  

mean values for the grain yields in the tables are 
weighted means. 

The statistical significance of the trials was 
studied by conventional analyses of variance and 
the differences of treatments by TUKEY-HART-

LEY'S test at the level of P = 95 %. In the 
rate of application trials (series C) the response 
curves were studied by second-degree regression 
(SNEDECOR 1956). 

Effect on weeds 

The relative effect of each treatment on the 
number of the most abundant weed species at 
the experiment stations (series A) are presented 
in Table 2. The counts of the different species 
indicated that the order of susceptibility of broad-
leaf weeds to MCPA — from most to least sus-
ceptible — was as follows: Cruciferous species 
( Raphanus, Etysimum, Capsella and Thlaspi), Che-
nopodium, Fumaria, Ranunculus, Galeopsis, M. yoso-
tis, Spergula, TMpleurospermum, Stellaria, Viola, 
Lapsana, Potygonum, Lamium and Galium. Because 
of the early time of the treatments, MCPA as 
well as the other herbicides caused tillering in 
Sonchus, and thus the count of its shoots does 
not give a true picture of the actual effect. 

Against most species the mixture MCPA/TBA 
gave a better control than MCPA alone. Only 

Galeopsis, M. yosotis and Spergula showed slightly 
higher numbers of surviving plants with MCPA/ 
TBA than with MCPA alone. In the cases of 
Cruciferous species, Fumaria, Tripleurospermum, 
S tellaria, Viola and Galium, the differences were 
statistically significant. 

Mecoprop provided a much better control of 
Stellaria, Lapsana and Galium than the other her-
bicides tested. It was slightly better than MCPA 
against Cruciferous species, Chenopodium, Tri-
pleurosperniuni and Pobigonum, but less effective 
than MCPA against Fumaria, Galeopsis, Myosotis 
and Spergula. Furthermore, in one trial, mecoprop 
increased the number of Lamium. Apparently 
destruction of the susceptible species left more 
room for Lamium to emerge. Mecoprop was 
nearly as ineffective against Sonchus as MCPA 
and MCPA/TBA, but gave a slightly lower 

Table 2. Effect of herbicides on the number of the most abundant weed species at experiment stations (series A) 

No. of trials Specics 
(according to susceptibility to MCPA) 

Untreatcd MCPA MCPA/TBA rnecoprop Significance 
(F-yalucs) 

No./sq.m Rcl. ‘aMes, untreated .-- 100 Untreated 
— treated 

Between 
treatments 

9 Cruciferae 	  63 13 8 8 *** 
18 Chenopodium albunz 	 99 20 12 16 *** 
2 Fumaria officinalis 	 20 27 10 34 *** *** 
2 Ranunculus spp 	 40 32 31 32 *** 

17 Galeopsis spp. 	 199 34 48 63 *** 
2 M. yosotis arvensis 	 25 42 65 55 *** 

10 Spergula arvensis 	 192 70 79 74 *** 
5 Tripleur. marit. v. in. 	 144 70 51 56 ** 

25 Stellaria media 	 240 72 45 16 *** 
15 Viola arvensis 	  56 83 60 82 *** *** 
4 Lapsana communis 	 52 87 64 29 *** *** 

11 Po!ygonum spp. 	 288 87 71 68 *** 
3 Lamium spp 	  83 100 100 138 
4 Can= vaillantii 	 229 101 50 6 *** *** 
5 Sonchus arvensis 	 135 132 118 92 
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Table 3. Effect of herbicides on the number of weeds in 40 trials at experiment stations (series A) 

• 

Location and year of trials 
Untreated MCPA 	1 MCPAITBA 	1 mecoprop 

No.,sq.m Rel. values, untreated = 100 

jomala (60°N)  	1961 .*) 25 24 17 

Tikkurila (60°N)  	1961 316 41 16 62 

0  	1962 224 41 39 80 

»  	1963 177 46 56 10 

Hyrylä (60°N)  	1961 276 16 5 6 

Mietoinen (60°N)  	1961 673 102 70 54 

»  	1962 464 100 53 54 

»  	1962 611 63 65 68 

»  	1962 140 62 31 45 

»  	1963 , 114 54 55 47 

»  	1963 569 88 88 30 

1)  	1963 263 54 35 44 

Anjala (61°N)  	1961 311 34 22 53 

»  	1962 984 17 26 18 

»  	1963 1 708 46 47 57 

Leteensuo (61°N)  	1961 818 25 28 34 

Pälkäne (61°N)  	1961 900 15 14 7 

»  	1962 655 72 68 40 

»  	1963 614 65 60 41 

Peipohja (61°N)  	1961 440 49 45 64 

»  	1962 629 89 66 46 

»  	1963 410 58 57 41 

Mikkeli (62°N)  	1961 

	

 	1962 
632 
122 

42 
65 

26 
35 

62 
19 

»  	1963 254 46 49 35 

Tohmajärvi (62°N)  	1961 208 37 37 44 

»  	1962 336 73 70 99 

Laukaa (62°N)  	1961 299 44 26 33 

»  	1962 267 46 44 35.  
39.  »  	1963 252 57 50 

Ylistaro (63°N)  	1962 630 24 15 60 

»  	1963 1 149 91 63 110 

Maaninka (63°N)  	1961 624 64 13 48 

»  	1962 104 67 39 36 

»  	1963 229 50 43 40 

Toholampi (64°N)  	1963 780 26 24 43 

»  	1963 852 37 40 46 

Pelso (65°N)  	1962 3 488 84 59 26 

Ruukki (65°N)  	1962 1 124 78 74 76 

»  	1963 1 092 81 78 81 

609 	 54 45 46 

*) Oiina1 counting data are lost. 

number of surviving plants. Except for Cheno-
podium, Myosotis and Spergida, the above differ- 
ences' were statistically significant. 

The effect of different herbicides on the total 
number of weeds at the experiment stations 
(series A) is presented in Table 3. The effectivity 
of the products and their relative superiority 
varied considerably in the different trials. Evi-
dentiy this was due to differences in the weed 
population as well as partly to the different 
conditions or different gro-wth stages at the time 
of treatment. On an average, MCPA/TBA and  

mecoprop were as good as, or slightly better 
than, MCPA. 

The effect of different rates of treatment on 
the total numbers of weeds in series C is pre-
sented graphically in Fig. 2. The MCPA/TBA 
mixture at all rates was superior to the other 
herbicides. As for MCPA and mecoprop, the 
data for these two compounds were in some 
cases contradictory. Increasing the rates of the 
herbicides up to 1 kg/ha resulted in a more 
tapid increase in their effectivity than above 
this amount. Concerning mecoprop, the rates 

261 



100 

80 

a.) 

T5 60  

.r

mecoprop 

VICPA 

20 

0 	1/2  
Rate of 

1 	1 1/2 	2 
application, kg/ha 

Fig. 2. Effect of rate of application on the number of 
weeds in 9 trials at the Department of Plant Husbandry 
(series C). Mean of untreated 	186/sq.m. The rate 
of mecoprop refers to the active isomers or d-mecoprop. 

refer to the active isomers, or d-mecoprop; the 
actual amount of technical mecoprop is twice 
as much. 

The effect of different herbicides on the air-
dry weight of weeds in series A is shown in 
Table 4. These data show the final results of the 
treatments. The effectivity of ali the herbicides 
proved much better than could have been 
expected on the basis of the weed counts made 
6-8 weeks earlier. Also in this case, there were 
considerable variations in the extent of control 
and the order of superiority of the different 
herbicides, a result evidently due to the same 
reasons as previously mentioned. The over-all 
result was somewhat surprising in that MCPA/ 
TBA was not more effective than MCPA alone; 
on the other hand, mecoprop gave a consid-
erably better control than the other compouds 
tested. 

The effect of different rates on the air-dry 
weight of weeds in series C is graphically pre-
sented in Fig. 3. These results were similar to 
those obtained in series A and showed that the 

Table 4. Effect of herbicides on the air-dry weight of weeds in 28 trials at experiment stations (series A) 

Location and year of trials Untreated 	1 	MCPA 1 	MCPA/TBA 	1 	mecoprop 

g/sq.m 	1 	 Rel. values, untreated --- 100 

Tikkurila  	1961 117 15 10 2  	1962 97 66 83 25 »  	1962 11 9 16 9 »  	1963 82 36 97 26 »  	1963 87 13 27 17 Mietoinen  	1962 204 74 16 8 »  	1962 627 33 13 26 »  	1962 195 31 15 15 »  	1963 284 29 12 12 »  	1963 316 74 41 31 »  	1963 97 32 14 7 Anjala  	1962 198 18 16 5 »  	1963 109 16 46 42 Pälkäne  	1962 79 71 43 52 »  	1963 207 26 29 25 . Peipohja  	1962 118 64 68 42 »  	1963 
Mikkeli  	1962 

132 63 65 27 
180 48 67 16 »  	1963 131 14 20 5 Tohmajärvi  	1962 52 19 42 40 Laukaa  	1962 22 47 20 27 »  	1963 42 24 17 24 Ylistaro  	1962 200 26 18 23 »  	1963 210 110 126 90 Toholampi  	1963 300 20 18 32 »  	1963 795 9 12 11 Pelso  	1962 256 50 54 18 Ruukki  	1963 203 57 56 59 

Mean 	  I 191 39 	38 	26 
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Fig. 3. Effect of rate of application on the air-dry weight 
of weeds in 9 trials at the Department of Plant Hus-

bandry (series C). Mean of untreated = 72 gisq.m. 

final control was better than could have been 
expected from the weed counts made earlier. 
Furthermore, mecoprop gave a better control 
than the other compounds at ali rates but the 
smallest. It thus appears that under the conditions 
in Finland mecoprop provides better control of 
weeds in spring cereals than MCPA or MCPA/ 
TBA. However, since its effect is slow-acting, 
its superiority does not become evident until 
later in the summer In both series A and C the 
two compounds MCPA and MCPA/TBA 
appeared to be approximately of equal value. 
A comparison of the different rates used shows 
the fact that even the smallest amounts of her-
bicides, corresponding to only 1/2  kg/ha active 
ingredients, gave a rather good control of weeds. 
In other words, the curve showing the weight of 
weeds in response to varying rates of herbicides 
(Fig. 3) is steeper than that for the number of 
weeds (Fig. 2). Increasing the rates above 1/2  
kg/ha thus resulted only in a relatively small 
improvement in final effectivity of the herbicides. 

Effect on 

The average effect of the different herbicides 
on the grain yields of oats, barley and spring 
wheat in series A and B is presented in Tables 5 
and 6. In series A the average yield increase of 
oats caused by MCPA was 11 % or 322 kg/ha.  

grain yields 

MCPA/TBA and mecoprop gave slightly higher 
yields, the increases being 14 and 15 %. 
However, the differences between the three 
herbicides were not statistically significant. For 
barley the increase in yield as a result of MCPA 

Table 5 Avera e grain yields in 47 trials at experiment stations (series A) 

No. of trials Crop 

— 	— 

Treatment 
Grain yield 

kg/ha 	increase rel. 

16 Oats Untreated 	  
MCPA  	1 kg/ha 

3 031 
3 353 

— 
322 

100 
111 

MCPA/TBA  	1 	» 3 480 449 115 
mecoprop  	2 	» 3 445 414 114 

9 Barley Untreated 	  
MCPA  	1 kg/ha 

2 803 
3 078 

— 
275 

100 
110 

MCPA/TBA  	1 	» 2 905 102 104 

mecoprop  	2 	» 3 019 216 108 

22 Spring Untreated 	  2 434 — 100 

wheat MCPA  	1 kg/ha 2 567 133 105 

MCPA/TBA  	1 	» 2 301 —133 95 

mecoprop  	2 	» 2 645 211 109 

F-values Oats: Untreated-treated 21. 44***, between treatments < 1 
Barley: 	» 	5.47*, 	 » 	 1.42 

Wheat: 	» 	1.05, 	 » 	13.68*** 

6 10294-65 
	 263 



Table 6. Average grain yields in 43 trials at private farms series B 

No. of trials Crop Treatmcnt 

, 

Grain yield 

kg/ha increase rel. 

16 Oats Untreated 	  2 414 — 100 MCPA, sodium  	1 kg/ha 2 669 255 111 » 	, potassium  	1 	» 2 708 294 112 mecoprop, potassium  	2 	» 2 695 281 112 » 	»  	3 	» 2 698 284 112 
10 Barley Untreated 	  2 662 — 100 MCPA, sodium  	1 kg/ha 2 823 161 106 » 	, potassium  	1 	» 2 796 134 105 

mecoprop, potassium  	2 	» 2 813 151 106 » 	»  	3 	» 2 818 156 106 
17 Spring Untreated 	  1 625 100 wheat MCPA, sodium  	1 kg/ha 1 919 294 118 » 	, potassium  	2 	» 1 975 350 121 

mecoprop, potassium  	2 	» 2 007 382 123 » 	»  	3 	» 2 009 384 124 
F-values 	Oats: Untreated-treated 16. 29***, between treatments <1 

Barley: >1 5.76*, » <1 
Wheat: » 84.34*** » 1.49, MCPA-mecoprop 3. 8 1* 

treatment was 10 % (275 kg/ha), while mecoprop 
gave 8 % and MCPA/TBA 4 %. The first two 
differed significantly from the untreated. In 
spring wheat MCPA increased the yield 5 % 
(133 kg/ha) and mecoprop 9 % whereas MCPA/ 
TBA decreased the yield 5 %. All these diffe-
rences were statistically significant. 

In series B the results for oats and barley were 
similar to those in series A. Ali the herbicides 
gave yield increases for oats of 11-12 % (255— 

294 kg/ha) and for barley 5-6 % (134-161 
kg/ha). However, the differences between the 
herbicides were not significant. In the case of 
wheat, the yield increases in series B were 
remarkably large, amounting to 18-24 % or 
294-384 kg/ha. Mecoprop was, as in series A, 
significantly superior to MCPA on wheat. 

Comparison of the average yield increases in 
the two trial series (Table 5 and 6) reveals 
substantial differences only in the case of wheat. 

Table 7. The effect of herbicides on grain yield at different levels of weed infestation in series A 

Crop and degrce of weed infestation 
nolsq.m No. of tria!s MCPA 

kg/ha 

Oats: 
—250 	  4 332 9 

251-500 	  5 214 6 
501-750 	  3 316 9 

—750 	  4 474 31 

Barley: 
—500 	  5 124 3 

501— 4 463 30 

Spring wheat: 
— 250 	 4 194 8 

251— 500 	 6 107 4 
501— 7501) 	 (7) (167) (6) 

—1 000 	 2 123 8 

Yield increase or decrease 

MCPAi TBA mecoprop mean 

kg/ha kg/ha 1 	% kg/ha 

594 16 378 10 435 12 
326 9 363 10 301 9 
441 13 368 11 375 11 
460 30 500 33 478 31 

8 115 3 82 2 
218 14 343 22 342 22 

— 78 —3 139 6 85 3 
— 35 —1 191 8 88 4 

(5) (0) (281) (12) (151) (6) 
80 5 267 18 157 11 

1) Two trials where MCPA/TBA caused extreme yield decreases of 32-58 % are omitted in this class. 
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Table 8. The effect of herbicides on grain yield at different yield levels in series A 

Crop and yield level 
kg/ha 

No. of trials 

Yield increase or decrease 

MCPA MCPA/TBA mecoprop mean 

kg/ha 	% kg/ha % kg/ha % kgfha % 

Oats: 
—1 000 	 2 359 51 277 40 483 69 373 53 

1 010-2 000 	 1 1 258 76 944 57 1 086 66 1 096 67 
12 

2 010-3 000 	 5 217 9 386 15 285 11 296 
15 

3 010-4 000 	 3 511 15 624 18 443 13 526 
8 

4 010-5 000 	 4 241 6 546 13 489 11 325 
0 

5 010-6 000 	 1 —106 — 2 0 0 159 3 17 

Barley: 
—1 000 	 2 536 55 424 43 472 48 477 49 

1 010-2 000 	 1 597 31 — 135 — 7 308 16 257 13 

2010-3 000 	 3 —103 — 4 — 81 — 3 —76 — 3 —87 — 3 
13 

3 010-4 000 	 1 780 20 234 6 468 12 493 
8 

4010-5 000 	 1 139 3 370 8 554 12 354 
1 — 

5010-6 000 	 1 201 4 — 151 — 3 —100 — 2 —51 

Spring wheat: .10 5 
—2 000 	 6 86 5 — 28 — 2 173 77 

2 010-3 000 1) 	 (11) (190) (8) (-57) (-9) (276) (11). (74) (7) 
6 

3 010-4 000 	 2 266 8 181 5 189 5 212 
3 — 

4010-5 000 	 1 — 41 — 1 — 285 — 7 — 81 — 2 -136 

1) See footnote in Table 7. 

The untreated plots also showed wide diver-
gences in wheat yields: series A yielded 2 430 
kg/ha and B only 1 650 kg/ha. There is reason 
to believe that weeds are more noxious and 
competitive in low-yielding stands, and conse-
quently herbicidal treatment causes greater 
yield increases in such stands, as occurred in the 
case of wheat in series B. 

A more detailed study of this aspect is 
provided by the data in Tables 7, 8 and 9. Table 7 
shows a high positive correlation between the 
number of weeds and the yield increase in series 
A. In other words, the greater the number of 
weeds, the larger the yield increase caused by the 
herbicides. At the lowest weed levels the yield 
increase was quite small or did not exist at ali. In 

Table 9. The effect of herbicides on grain yield at different yield levels in series B 

Crop and yield level 
kg/ha 

No 	of trials 

Yield increase or decrease 

MCPA mecoprop mcan 

kg/ha % kg/ha % kg/ha % 

Oats: 
—2000 	 3 344 26 269 20 307 23 

2 010-3 000 	 10 . 	356 15 438 18 397 17 

3 010-4 000 	 2 —35 — 1 —97 — 3 — 66 — 2 

4010-5 000 	 1 —130 — 3 —460 — 11 —295 — 7 

Barley: 22 
1 010-2 000 	 9 313 20 373 24 343 

4 
2 010-3 000 	 6 108 4 197 7 103 

3 
3 010-4000 	 1 320 10 —115 — 4 102 
4 010-5 000 	 1 —115 — 3 —275 — 6 —195 — 4 

, 
Spring wheat: 

—1 000 	 2 258 55 370 79 314 67 
23 

1 010-2 000 	 12 342 21 391 24 367 
13 

2 010-3 000 	 3 282 11 359 15 321 
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Table 10. Effect of rate of application (X) on the grain yields (Y) in 9 trials at the Department of Plant Husbandry 
(series C). Yields of untreated oats 4 330 kg, barley 4 510 kg,wheat 2 900 k alhal 

Crop Treatment Equation 

,-- 	J 

Y max. 
% 

X optim. 
kg/ha 

Oats MCPA Y ,--- 33.46X-13.43X2  +20.19 1.25 ;Pendek) MCPA/TBA Y = 39.80X-18.00X2  +22.00 1.11 d-mecoprop 	  Y = 32.32X-12.86X2  +20.84 1.25 
Barley MCPA Y = 15.40X- 6.00X2 + 9.88 1.28 (Pirkka) MCPA/TBA Y = 9.88X- 5.14X2  + 4.75 0.96 d-mecoprop 	  Y = 13.34X- 4.57X2  + 9.73 1.46 
3pring wheat MCPA Y = 	7.91X- 4.86X2  + 3.22 0.97 (Diamant) MCPA/TBA Y = 4.34X- 4.57X2  + 	1.03 0.47 d-mecoprop 	  Y = 	8.03X- 1.71X2  (+ 9.43) (2.35) 

the case of wheat, MCPA/TBA caused appre-
ciable yield decrease at the lowest weed levels of 
this series. Unfortunately no weed counts were 
made in series B. 

Tables 8 and 9 show a negative although not 
very close correlation between yield level and 
yield increase in both trial series A and B, i.e. 
the lower the yield level, the larger the yield 
increase caused by the herbicides. At the highest 
levels there were only minimal increases or quite 
often decreases in yield. 

Despite the somewhat diverging data for 
wheat in series B, it appears - assuming that 
the yields of the different cereals are similar and 
reasonable high - that the herbicides in question 
give the largest yield increases for oats and the 
smallest for wheat. This is also substantiated by 
the results obtained in series C, in which many 
different rates were tested. These trials, the results 
of which are given in Table 10 and Figs. 4, 5 
and 6, reveal important data on the response of 
weedy cereal stands to herbicides. 

The theoretical maximum increase in the yield 
of Pendek oats - computed by means of second 
degree regression - was 20-22 % in the rate 
of treatment trials in series C. There was no 
significant difference between the different 
herbicides, although the response curve for 
MCPA/TBA is slightly steeper than the others. 
The optimum rate of MCPA/TBA was 1.11 
kg/ha, or slightly less than that for MCPA and 
d-mecoprop, 1.25 kg/ha (i.e. 2.5 kg technical 
mecoprop). 

The response curves for Pirkka barley were 
less steep than those for oats. The theoretical 
maximum yield increase was just under 10 % for 
MCPA and mecoprop and only 4.75 % for 
MCPA/TBA. This fact agrees well with the 
results of trial series A and indicates that MCPA/ 
TBA is more toxic to barley than MCPA alone 
or mecoprop. The optimum rates of MCPA and 
d-mecoprop were about the same, 1.28-1.46 
kg/ha, while that of MCPA/TBA was much 
smaller, only 0.96 kg/ha. 

The curves showing the increase in the yield 
of Diamant wheat in response to different 
herbicide rates were especially interesting. MCPA 
caused an increase in yield at the most about 
3 %, and the optimum amount of the herbicide 
was only 0.97 kg/ha. This seems to indicate that 
MCPA may be more toxic to wheat than to the 
other cereals. Consequently, with the exception 
of low-yielding stands where the effect of weeds 
is unusually great (series B), MCPA may not 
be able to provide more than a small increase in 
the yield of wheat. 

MCPA/TBA proved to be even more toxic to 
Diamant wheat than MCPA alone. The theo-
retical maximum yield increase resulting from 
this mixture was only 1 % .at an optimum rate 
of 0.47 kg/ha. Higher rates than 1 kg/ha caused 
considerable decreases in yield. These data agree 
with those in series A, where 1 kg/ha of MCPA/ 
TBA resulted in an average decline in yield of 
5 %. Both these trial series thus show that 
MCPA/TBA is too toxic to spring wheat to 
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Fig. 4. Effect of rate of application on the grain yield 
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Fig. 5. Effect of rate of application on the grain yield 
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provide appreciable yield increases. Instead, 
considerable yield reductions are quite probable. 

Mecoprop had a better effect on Diamant 
wheat than the other herbicides, giving a theo-
retical maximum yield increase of about 9.5 %. 
The theoretical optimum rate of d-mecoprop 
was 2.35 kg/ha, corresponding to 4.70 kg/ha  

technical mecoprop, an amount which exceeded 
those used in these trials. It is obvious from these 
results and the data from series A and B that 
mecoprop is less toxic to wheat than the other 
two herbicides, and consequently its use will 
lead to greater yield increases than MCPA or 
MCPA/TBA. 

Additional observations 

The effect of different herbicide rates on the 
1 000-grain weight in trial series C is shown in 
Table 11. It can be seen that in general the 
effect on the 1 000-grain weight was similar to 
that on the grain yield but smaller. The largest 
increase in Pendek oats and Pirkka barley was 
1.3-1.4 g, or not quite 4 %, while in Diamant 
wheat it was only 0.3 g, or about 1 %. The only 
reductions in 1 000-grain weight occurred in 
wheat; the greatest such reduction was 0.8 g 
(nearly 3 %), produced by the largest rates of 
MCPA and MCPA/TBA. 

The effect of different rates on the hectolitre 
weight in trial series C is presented in Table 12. 
The changes occurring in this property closely 
resembled those in 1 000-grain weight but were 
still smaller. The maximum increases in hectolitre 
weight as a result of herbicide treatment were 
0.5 kg (1 %) for Pendek oats, 1.2 kg (2 %) for 

Pirkka barley and 0.2 kg (0.3 %) for Diamant 
wheat. The maximum decreases were corre-
spondingly 0.6 kg (1 %), 0.2 kg (0.3 %) and 
0.8 kg (1 %) for the three cereals. 

The effect of different rates on the straw yield 
(Table 13) also showed positive correlation with 
the changes in the grain yield, although some 
noteworthy exceptions occurred. The maximum 
straw yield increases for oats were only 10-
12 %, or about one-half the maximum increases in 
grain. yield. For barley and wheat the situation 
was somewhat different. MCPA caused increases 
in straw yield which were proportional to those 
in grain yield. On the other hand, MCPA/TBA 
produced relatively higher increases and 
mecoprop relatively lower increases than could 
he expected on the basis of their effect on the 
grain yield. 

Table 11. Effect of rate of application on 1 000 grain Table 12. Effect of rate of application on grain hl-weight 
weight in 9 trials at the Department of Plant Husbandry 	in 9 trials at the Department of Plant Husbandrv 

(series C) 	 (series 

Treatment Oats Barley Spring 
wheat Treatment Oats Bariey Spring 

wheat 

Untreated 	 35.2 39.7 32. 7 Untreated 	 47.9 62.1 77. 2 

MCPA 	 0.5 kg/ha 35.5 40. 7 32.6 MCPA 	 0.5 kg/ha 48.3 62.0 76.6 
1.0 	» 35.6 41.0 33.0 1.0 	» 48.3 62.1 76.5 
1.5 	» 35.6 40.6 32.1 1. 5 	» 48.3 62.2 76.6 
2.0 	» 35.5 40.5 31.9 2.0 	» 47.8 62.4 76.4 

MCPA/TBA 0.5 kg/ha 35.3 40.1 33.0 MCPA/TBA 0.5 kg/ha 47.8 62.0 77.0 
1.0 35.5 40. 9 32. 9 1.0 	» 47.9 63.3 76.9 
1.5 36.s 40. 9 32.0 1.5 	» 47.6 63.0 76.s 
2.0 35.4 41.1 31.9 2.0 	» 47.7 62.7 76.4 

mecoprop 	 1.0 kg/ha 35.8 40.5 33.0 mecoprop 	 1.0 kg/ha 48.1 69.5 77.4 
2.0 	» 35.7 39.8 32.8 2.0 	» 48.4 62.4 77.3 
3.0 	» 35.2 39.8 32. 6 3.0 	» 48.3 62.2 77.2 
4.0 35.1 39.8 328 4.0 	» 47.3 61.9 76.8 
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Treatment Spring 
wheat Oats Barley 

  

Untreated 	  

kg/ha 

4 880 j  4 900 	5 660, 

Table 13. Effect of rate of application on straw yield in 9 
trials at the Department of Plant Husbandry 

(series C) 

Relative valu s 

MCPA 	 0.5 kg/ha 	102 	100 	102 
1.0 » 107 103 105 
1.5 » 	111 108 108 
2.0 » 109 102 	95 

MCPA/TBA 	0.5 kg/ha 	104 	105 ' 	98 
1.0 » 111 103 109 
1.5 » 112 104 110 
2.0 » 109 106 103 

mecoprop 	 1.0 kg/ha 	101 	100 	99 
2.0 » 112 103 	99 
3.0 » 111 	99 106 
4.0 » 103 	96 105 

Scorch injuries to the crop plants as well as 
length of straw, lodging, deformed heads and 
ripening were estimated by visual observations. 

MCPA/TBA was the only herbicide which 
caused scorch injuries, and these occurred only 
in wheat and barley. The maximum damage, 
estimated as the proportion of brown leaf arca 
in the total leaf area, was about 5 % in wheat 
and 2 % in barley. Such scorch injury first 
appeared about three days after treatment and 
remained visible for about one week. 

The straw length of wheat was found to be 
shortened about 5 cm by MCPA/TBA when 
the rate was 1 kg/ha or higher. In such stands  

there was less lodging than in normal stands. 
This compound also slightly decreased the 
amount of lodging in barley and oats. Although 
the improvement in lodging resistance produced 
by MCPA/TBA was small, this effect can be 
considered as an advantage, especially in Finland, 
where the straw of cereals tends to be longer and 
weaker than in more southern countries. 

Contrary to MCPA/TBA, mecoprop apparently 
had a slight stalk-weakening influence which 
was most pronounced in wheat and least in oats. 
In one of the wheat trials at the Satakunta 
Experiment Station, all the mecoprop-treated 
plots were badly lodged, while the other plots 
were completely erect. 

Deformed heads produced by the herbicides 
were quite common in wheat, rare in barley and 
absent in oats. The deformed heads were like 
those described in the literature (e.g. PEDERSEN 
et aL 1948, ÄBER G et aL 1948, ANDERSEN and 
JENSEN 1950, PETERSEN 1959), being branched, 
curved, or with their tips unemerged from the 
sheath. Characteristic of wheat was also the 
outward spreading position of the spikelets, 
giving the head a more or less rough appearance. 
The deformations caused by MCPA were gene-
rally the most severe and those by mecoprop 
the mildest. 

In trial series C the highest herbicide rates 
tended to delay ripening of the cereals, mecoprop 
having the strongest influence. Of the different 
cereals, wheat was the most sensitive and oats 
the least sensitive. 

Discussion 

The experimental material of the present study 
was quite extensive, comprising a total of 91 
trials. The geographical distribution of the trials 
covers the entire area in Finland where cereals 
are grown. Furthermore, the trials were con-
ducted in three different years, so that the effect 
of chance weather conditions on the ' mean 
results was reduced. 

The trials of series A and C were situated on 
fields of several experiment stations and of the 

Department of Plant Husbandry which were in 
better condition than normal fields. Conse-
quently the average yield level in these trials 
was higher than the average for the country. 
Also in series B, at private farms, the average 
yield level of oats and barley was higher than the 
average for the country. However, the yield 
level varied widely in ali the trials. This is an 
advantage, and gives an opportunity to obtain 
information on the effect of herbicides at different 
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yield levels. Similarly, the degree of weed in-
festation as well as the composition of weed 
populations varied widely, thus giving an op-
portunity to study the effect of herbicides at 
different weed levels and against different weed 
species. 

The main shortcomings in this investiga-
tion can probably be considered the lack of 
variety comparisons and different times of treat-
ment. In series A and B ali the cereal varieties 
commonly grown in the country were included. 
However, without special variety trials it is too 
difficult to establish how far the different varie-
ties show different responses. The times of treat-
ment in ali the trial series were early, although in 
series B slightly later than in the other two. 
Hence, the results obtained are valid only for 
early spraying. However, such is the usual 
practice in Finland as well as in Scandinavia. 
Early spraying is carried out because it provides 
the best control against annual weeds. It is known 
that the response of cereals varies according to 
the time of treatment. The effect of spraying 
time is especially great when MCPA/TBA is 
used (GRANSTRÖM and MATTSON 1964). In the 
case of MCPA alone, significant differences have 
also been found (e.g. ANDERSEN and HERMANSEN 
1950, H.A OSAN D 1954, PETERSEN 1959). However, 
under Finnish conditions the effect of time 
of MCPA treatment has been relatively small 
(MAR JANEN 1962). 

In comparing the herbicidal 
ef tects of the three compounds tested with 
previous reports in the literature, it can be 
stated that the effect of MCPA was generally to 
be expected. Only in the case of Funiaria and 
Myosotis did it provide relatively better control 
than mentioned by previous investigators 
(cf. SCHMIDT 1954, PETERSEN 1960, ViDmE 
1961 a, 1961 b, MUKULA 1962, 1964, B REITEN-
STEIN 1963, GRANSTRÖM and AAMISEP 1965, 
WOODFORD and EVANS 1965). 

To some degree the results for MCPA/TBA 
also corresponded to expectations, i.e. this prod-
uct controlled most broad-leaf weeds better than 
MCPA (cf. PFEIFFER 1958). However, it was 
not quite as effective in controlling Po(ygonum as  

had been expected. Furthermore, TBA did not 
improve the effect of MCPA against Galeopsis 
and Spergu/a, which are two of the most import-
ant annual weeds in Finland (cf. MUKULA et al. 
1963). Neither did MCPA/TBA give better 
control against Myosotis, Ranunculus or Lamium 
than MCPA alone. Therefore, the superiority 
of MCPA/TBA ovet MCPA seems rather 
insignificant. 

The effect of mecoprop was quite similar to 
that mentioned in the literature. This was espec-
ially clear in its excellent control of Stellaria 
and Galium (LusH, LEAFE and MAYES 1958). 
Similarly, its control of Lap sana was to be 
expected, although this had previously been 
reported only in Sweden and Finland (MUKULA 
1962 and 1964, GRANSTRÖM 1964, GRANSTRÖM 
and AAMISEP 1965). The superiority of meco-
prop ovet MCPA in controlling Cruciferous 
species, Chenopodium (cf. VI DME 1961 a) and 
Trz:p/eurospermum (e.g. LUSH, LEAFE and MAYES 
1958, KÖYLIJÄRVI 1962, GRANSTRÖM and MATT-
SON 1964) was also generally recognized. On the 
other hand, the better control of Poblgonum given 
by mecoprop in comparison with MCPA con-
tradicted with previous studies in Finland 
MUKULA and PIRTTILÄ 1959, MUKULA 1964), 
although agreeing with English investigations 
(WoonFoRD and EVANS 1965). Evidently the 
exact response of the individual Pobigonum 
species in Finland to herbicides is a subject 
requiring more detailed study. 

The fact that mecoprop gave a poorer control 
of Galeopsis than MCPA had been previously 
reported in Norway (VmmE 1961 a), but in the 
present trials the difference was greater than 
expected. Mecoprop's relatively poorer control 
of Myosotis had been previously established in 
Norway (ibid.) and Sweden (GRANSTRÖM and 
AAMISEP 1965), but it was not statistically signi-
ficant in the present study. The weak effect of 
mecoprop against Fumaria was a new observa-
tion and contradicted with reports in the litera-
ture. The increase in numbers of Lamium as a 
result of mecoprop treatment can be attributed 
to destruction of other species which conse-
quently left space for the emergence of Lamium. 
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The fact that the final herbicidal effectivity of 
mecoprop was still better than what could have 
been expected on the basis of the above observa-
tions was evidently due to the slow action of 
this compound. 

Although both MCPA/TBA and mecoprop 
provided a control which on the average was 
better than that of MCPA, it must be kept in 
rnind that their effect on broad-leaf weeds was 
far from complete, some species even remain-
ing fully unchecked. Therefore over a long 
period of time, large-scale replacement of MCPA 
by MCPA/TBA or mecoprop would not lead 
to the desired results, i.e. to a decrease in the 
degree of weed infestation but instead to a 
change in the weed population. In certain cases 
MCPA/TBA or mecoprop may provide a tem-
porary solution, but from the standpoint of 
spring cereal production as a whole, new her-
bicides are needed which would control a broader 
spectrum of dicotyledonous weeds. 

In considering the effect of 
the three herbicides on cereal 
yields as compared with data from previous 
investigations, both similar and diverging results 
were obtained. The higher yield increase of oats 
than of barley and spring wheat were to be 
expected (cf. e.g. GRANSTRÖM 1956, VIDME 1959, 
MARJANEN 1962). Similarly, the greater toxicity 
to wheat of MCPA/TBA than MCPA had 
earlier been observed in England (EVANS and 
HOLROYD 1962), Scandinavia (e.g. PETERSEN 

1960, VIDME 1961 C, AAMISEP and GRANSTRÖM 

1964, THORUP 1964) and Finland (KöyLIJÄRvi 
1962), but the lower mean yields of the treated 
plots than the untreated ones were not expected. 
The unsatisfactory influence of MCPA/TBA on 
barley yields was previously known at least in 

weden (AAmrsEr and GRANSTRÖM 1964), but 
the difference between this mixture and MCPA 
in the present trials was greater than had been 
anticipated. The better effect of mecoprop than 
MCPA on wheat had previously been observed 
only in Finland (KöYLIJÄRvi 1962), although its 
superiority to MCPA/TBA for wheat treatment 
was known also in other countries. 

The positive correlation between weed level 
and yield increase caused by the herbicides is 
quite understandable (GRANSTRÖM 1962) and 
agrees well with the results obtained e.g. in Den-
mark (PETERSEN 1960). Similarly, the negative 
correlation between yield level and yield increase 
agrees well with the results obtained in Sweden 
(GRANSTRÖM and MATTSON 1964). This phenom-
enon seems to be typical of weedy cereal stands. 
Apparently the well-known opposite phenom-
enon that healthy cereal plants themselves are 
less injured by herbicides than cereals in poor 
condition (SUOMELA and PAATELA 1962) is less 
dominating and thus is not necessarily evident 
in weedy cereal stands. 

Although there are many other factors besides 
the monetary value of the ex-
pected yield increase which have a 
bearing on the profitability of herbicide treat-
ment of cereals, it is enlightening to compare the 
suitability of various herbicides from this stand-
point, taking into consideration the costs of 
treatment. The following table gives the average 
treatment costs of the three products in Finland 
during the years 1961-63 as well as the average 
profit obtained from the yield increases in trial 
series A (wheat calculated as bread grain). 

Cost, Finnmarks: 

MCPA 
1 kg/ha 

MCPA/TBA 
1 kg/ha 

mecoprop 
2 kg/ha 

herbicide 	  11 32 32 
treatment 	  7 7 7 
total 	  18 39 39 

Value of yield increase, 
Finnmarks: 

oats 	  96 134 124 
barley 	  94 34 72 
spring wheat 	 66 —66 105 

Net profit Finnmarks: 

oats 	  79 95 85 
barley 	  77 —5 33 
spring wheat 	 49 —105 66 

Finnmark = L-2 s. or $ —:30. 
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For oats, ali the treatments were very profit-
able. MCPA/TBA gave the largest net profit and 
MCPA the smallest, but the differences between 
them were negligible. 

For barley the best result was obtained by 
using MCPA, although the beneficial effect was 
not as great as for oats. The net profit with 
mecoprop was less than half that with MCPA, 
while MCPA/TBA caused a definite net loss. 

Wheat responded least to herbicidal treatment. 
Mecoprop was most economic, while MCPA/ 
TBA caused a particularly large loss. 

On the basis of the above comparisons, it 
would seem justifiable to replace MCPA by 
MCPA/TBA or mecoprop on oats and by meco-
prop on wheat. However, in evaluating these 
results it should be remembered that the fields  

in trial series A and C were not representative 
of the whole country. As stated on p. 259, the 
most important weed species were well repre-
sented and the number of weeds only slightly 
exceeded the normal. The average cereal yields, 
however, were higher than normal. Under such 
conditions the yield increases which can be 
expected from herbicide treatment are smaller 
than usual (cf. p. 265). 

Considering the aspect of safety, it can finallv 
be stated that ali three herbicides are relatively 
harmless to the operator and moreover they do 
not, as far as is known, leave residues in grain. 
MCPA and mecoprop are rapidly decomposed, 
while TBA residues in straw and soil are more 
persistent, thus constituting a potential hazard 
especially in straw (ANDERSSON 1964). 

Summary 

In the years 1961-63 a study consisting of 
91 field trials was carried out jointly by the 
Department of Plant Husbandry, experiment 
stations and the Bureau of Local Experiments 
on the use of MCPA, MCPA plus 2,3,6-TBA 
(4: 1) and mecoprop for weed control in spring 
cereals. The results obtained were as follows: 

The order of susceptibility to MCPA of the 
broad-leaf weeds occurring in the trials was: 
Cruciferous species ( Raphanus,Eisysimum,Capsella 
and Tklaspi), Chenopodium, Fumaria, Ranunculus, 
Galeopsis, M. yosotis, Spergula, Tri:pleurospermum, 
Stellaria, Viola, Lapsana, PolYgonum, Lamium and 
Galium. MCPA at 1 kg/ha caused an average 
decrease in total numbers of broad-leaf weeds 
to 54 % of the control; the corresponding air-
dry weight of weeds was decreased to 38 %. 

MCPA/TBA at a rate of 1 kg/ha was more 
effective than MCPA alone against most of the 
weeds except Ranunculus, Galeopsis, Mysotis, 
Spergula, Lamium and Sonchus. MCPA/TBA 
1 kg/ha reduced the numbers of weeds to 45 % 
of the control and the air-dry weight to 35 %. 

Mecoprop, also, at 2 kg/ha was more effec-
tive against most weed species than MCPA at  

1 kg/ha. It was particularly effective in control-
ling Stellaria, Lapsana and Galium. It was poorer 
than MCPA against Fumaria and Galeopsis. The 
number of Lamium increased slightly after meco-
prop treatment. The average total number of 
weeds was depressed to 46 % and their weight 
to 26%. 

At the experiment stations the three herbi-
cides produced increases in grain yield of oats 
amounting to 11-15 % (322-414 kg/ha). On 
private farms, MCPA and mecoprop resulted in 
oat yield increases averaging 11-12 % (255-
294 kg/ha). At the Department of Plant Hus-
bandry, the theoretical optimum rates of the her-
bicides on Pendek oats were: MCPA 1.25 kg/ha, 
MCPA/TBA 1.11 kg/ha and mecoprop 2.50 
kg/ha (= 1.25 kg active isomers). 

The yields of barley at the experiment sta-
tions were increased as follows: by MCPA 10 % 
(275 kg/ha), by MCPA/TBA 4 % (102 kg/ha) 
and by mecoprop 8 % (216 kg/ha). On private 
farms the increases were: MCPA 5-6 % (134-
161 kg/ha) and mecoprop 6 % (151-156 kg/ha). 
At the Department of Plant Husbandry the 
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theoretical optimum rates on Pirkka barley 
were: MCPA 1.28 kg/ha, MCPA/TBA 0.96 

kg/ha and mecoprop 2.92 kg/ha (= 1.46 kg 
active isomers). 

The wheat yields at the experiment sta-
tions were increased as follows: by MCPA 5 % 
(133 kg/ha) and by mecoprop 9 % (211 kg/ha). 
MCPA/TBA caused a reduction of 5 % (133 
kg/ha). On private farms the average wheat 
yield increases resulting from MCPA were 
18-21 % (294-350 kg/ha) and from meco-
prop 23-24 % (382-384 kg/ha). At the Depart-
ment of Flant Husbandry the theoretical opti-
mum rates on Diamant wheat were: MCPA 
0.97 kg/ha, MCPA/TBA 0.47 kg/ha and 
mecoprop 4.70 kg/ha (= 2.35 kg active 
isomers). 

On ali the cereals, the yield increase caused 
by herbicides was positively correlated with the 
degree of weed infestation. 

On ali the cereals the yield increase caused 
by herbicides was negatively correlated with the 
yield level. Apparently this phenomenon is 
typical of weedy cereal stands and dominates the 
fact that healthy cereal plants themselves are less 
injured by herbicides than cereals in poor 
condition. 

The effect of ali three herbicides on the 
1000-grain weight, hectolitre weight and straw 
yield was positively correlated with grain yields. 
MCPA/TBA caused scorch injuries to wheat (at 
most 3 %) and barley (at most 1 %), produced 
about a 5-cm shortening of wheat stems, and 
had a slight lodging-preventative effect in ali 
the cereals. Mecoprop, on the contrary, tended 
to increase lodging. Ali the herbicides were 
responsible for a slight delay in ripening of the 
cereals. Furthermore, they caused considerable 
spike deformation in wheat and also a slight 
amount in barley. 

On the basis of the yield increases ob-
tained in these trials as well as comparisons of 
prices of the herbicides, it would seem justi-
fiable to replace MCPA by MCPA/TBA or 
mecoprop for use on oats and by mecoprop for 
use on wheat. However, in view of the fact that 
MCPA/TBA and mecoprop on the average 
provide only a slightly better weed control than 
MCPA and do not eradicate ali species of broad-
leaf weeds, the replacement of MCPA by these 
new products should be considered with reserva-
tion. Attempts should instead be made to find 
new herbicides with a wider range of control for 
use on spring cereals. 
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SELOSTUS 

MCPA:n, MCPA:n ja 2,3,6-TBA:n sekä mekoproopin käyttö rikkaruohojen 
torjuntaan kevätviljoissa 

JAAKKO MUKULA 

Maatalouden tutkimuskeskus 
Kasvinviljelylaitos 

Tikkurila 

Herbisidejä ryhdyttiin Suomessa käyttämään peltovilje-
'yksillä vuosina 1948-50. Menetelmä yleistyi aluksi suh- 
teellisen hitaasti ja vielä 1950-luvun lopulla oli herbisi-
deillä vuosittain käsitelty peltoala vain 70 000-100 000 
ha. Vasta 1961 aloitetun ns. valtakunnallisen rikkaruoho-
sodan puitteissa tapahtui tällä alalla voimakas läpimurto 
(MulcuLA 1962). Herbisidien käyttö lisääntyi tällöin enti-
sestään yli kaksinkertaiseksi. Vuonna 1965 käsitelty pelto-
ala oli jo 450 000 ha, josta kevätviljoja 425 000 ha. Tämä 
vastasi noin 40 % kevätviljan viljelyalasta Suomessa. 

Miltei yksinomaisena torjunta-aineena on kevätviljoissa 
käytetty MCPA:ta. Tämä valmiste tehoaakin hyvin 
useimpiin maassamme yleisiin 2-sirkkaisiin rikkaruohoi-
hin. Lisäksi se on ruiskutteena helppokäyttöinen, hinnal-
taan halpa, viljoille suhteellisen vaaraton ja hajaantuu 
sekä maassa että kasvisolukossa melko nopeasti. MCPA:lla 
1950-luvulla saadut keskimääräiset sadonlisäykset ovat 
olleet kauralla noin 300 kg/ha, ohralla 200 kg ja vehnällä 
230 kg/ha (MARJANEN 1962). 

MCPA:ta kestävien 2-sirkkaisten rikkaruohojen määrä 
on kevätviljoissamme ollut keskimäärin 20 % rikkaruoho-
jen kokonaismäärästä (Mmem.,A et al. 1963). Kestävien 
lajien määrän todettiin kuitenkin jo 1950-luvulla alkaneen 
huolestuttavasti lisääntyä sellaisilla peltolohkoilla, joilla 
tätä valmistetta oli käytetty useana vuonna peräkkäin. 
Lisäksi oli rikkaruohokasvuston eräissä tapauksissa jo 
alunperin todettu koostuvan pääasiallisesti MCPA:ta 
kestävistä 2-sirkkaisista lajeista. On selvää, ettei MCPA:n 
käyttö tällaisissa olosuhteissa vastaa tarkoitustaan. Ongel-
man ratkaisemiseksi ryhdyttiin Suomessa, kuten muissa-
kin maissa, etsimään uusia herbisidejä, jotka yksinään tai 
MCPA:n kanssa seoksina tuhoaisivat sellaiset 2-sirkkaiset 
lajit, joihin MCPA yksinään ei tehoa. Ensimmäiset täl-

Olaiset herbisidit olivat 2,3,6-TBA, josta seuraavassa käy-
tetään lyhennystä TBA sekä mekoprooppi. Näitä val-
misteita koskevat teknilliset tiedot on esitetty taulukossa 
1 s. 257. 

TBA on sisävaikutteinen lehtiherbisidi kuten MCPA, 
mutta vaikuttaa melko voimakkaasti myös maasta käsin 
ja on sekä maassa että kasvisolukossa huomattavasti 
MCPA:ta pysyvämpi. Sitä käytetään yleisesti MCPA:n 
kanssa seoksena (4 : 1). Mekoprooppi muistuttaa vai-
kutustavaltaan MCPA:ta, mutta koostuu useammista 
isomeereistä, joista vain 50 % on tehoavia. 

JAAKKO KÖYLIJÄRVI 

Maatalouden tutkimuskeskus 
Lounais-Suomen koeasema 

Mietoinen 

Kasvinviljelyslaitoksella 1950-luvun lopulla suoritettu-
jen alustavien kokeiden perusteella oli Kasvinsuojelu-
laitos myöntänyt myyntiluvan eräälle MCPA:n ja TBA:n 
seosta sisältävälle valmisteelle sekä useille mekoprooppi-
valmisteille 1959-61. Jatkotutkimuksia varten suorittivat 
Kasvinviljelylaitos, koeasemat ja Paikalliskoetoimisto 
1961-63 yhteensä 91 kenttäkoetta kyseisten kolmen val-
misteen käyttökelpoisuuden selvittämiseksi kevätvilja-
maiden rikkaruohontorjunta-aineina. 

Kokeissa esiintyneiden 2-sirkkaisten rikkaruohojen 
herkkyysjärjestys MCPA:lle herkimmästä lukien oli 
seuraava: ristikukkaiset (Raphanus, Erysimwn, Capsella 
ja Thlaspi), Chenopodium, Fumaria, Ranunculus, Galeopsis, 
Myosotis, Spergula, Tripleurospermum, Stellaria, Viola, 
Lapsana, Po!ygonum, Lamium ja Galium. Kaksisirkkaisten 
rikkaruohojen kokonaislukumäärä väheni 1 kg/ha 
vastaavalla MCPA-käsittelyllä käsittelemättömään ver- 
rattuna keskimäärin 53 %:iin. Kaksisirkkaisten rikka- 
ruohojen ilmakuiva paino väheni tällä käsittelyllä 38%:iin. 

MCPA/TBA-seos tehosi sitä 1 kg/ha käytettäessä 
useimpiin kaksisirkkaisiin rikkaruohoihin hiukan parem- 
min kuin vastaava määrä pelkkää MCPA:ta. Poikkeuksena 
olivat Ranunculus, Galeopsis, M_yosotis, Spergula ja Lamium. 
Kaksisirkkaisten rikkaruohojen kokonaislukumäärä 
väheni MCPA/TBA käsittelyllä käsittelemättömään 
verrattuna 45 %:iin ja ilmakuiva paino 35 %:iin. 

Myös mekoprooppi tehosi sitä 2 kg/ha käytettäessä 
useihin lajeihin hiukan paremmin kuin 1 kg/ha MCPA:ta. 
Erityisen hyvä oli mekoproopin teho Stellariaan, Lapsa- 
naan ja Galiumiin. MCPA:ta heikommin se tehosi Fuma-
riaan. Lamiumin lukumäärään mekoprooppi vaikutti 
lievästi lisäävästi. Kaksisirkkaisten rikkaruohojen koko-
naismäärä väheni mekoprooppikäsittelyn vaikutuksesta 
46 %:iin ja ilmakuiva paino 26 %:iin. 

Kauran jyväsatoon MCPA ja MCPA/TBA sekä meko-
prooppi vaikuttivat lisäävästi koeasemien kokeissa keski- 
määrin 11-15 % eli 322-414 kg/ha. Paikalliskokeissa, 
joissa olivat mukana vain MCPA ja mekoprooppi, olivat 
kauran jyväsadon lisäykset keskimäärin 11-12 % eli 
255-294 kg/ha. Kasvinviljelylaitoksen käyttömäärä-
kokeissa saatiin eri herbisidien teoreettisiksi optimikäyttö-
määriksi Pendek-kauralla seuraavat annokset: MCPA 
1.25 kg, MCPA/TBA 1.11 kg ja mekoprooppi 2.50 kg/ha 
(= 1.25 kg tehoavia isomeerejä). 
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Ohran jyväsatoa eri käsittelyt lisäsivät koeasemien 
kokeissa keskimäärin seuraavasti: MCPA 10 % eli 275 kg, 
MCPA/TBA 4 % eli 102 kg ja mekoprooppi 8 % eli 
216 kg/ha. Paikalliskokeissa MCPA antoi sadonlisäystä 
5-6 % eli 134-161 kg ja mekoprooppi 6 % eli 151-156 
kg/ha. Kasvinviljelylaitoksen käyttömääräkokeissa saatiin 
eri herbisidien teoreettisiksi optimikäyttömääriksi Pirkka-
ohralla seuraavat annokset: MCPA 1.25 kg, MCPA/TBA 
0.96 kg ja mekoprooppi 2.94 kg/ha (= 1.46 kg tehoavia 
isomeerejä). 

Kevätvehnän jyväsatoa käsittelyt lisäsivät koeasemien 
kokeiSsa keskimäärin seuraavasti: MCPA 5 % eli 133 kg 
ja mekoprooppi.9 % eli 211 kg/ha. MCPA/TBA aiheutti 
vehnän jyväsadon alentumista 5 % eli 133 kg/ha. Paikal-
liskokeissa olivat MCPA:n antamat vehnän jyväsadon 
lisäykset keskimäärin 18-21 % eli 294-350 kg/ha ja 
mekoproopin antamat 23-24 % eli 382-384 kg/ha. 
Kasvinviljelylaitoksen käyttömääräkokeissa saatiin eri 
herbisidien teoreettisiksi optimikäyttömääriksi Timantti-
vehnällä seuraavat annokset: MCPA 0.97 kg, MCPA/ 
TBA 0.47 kg ja mekoprooppi 4.70 kg/ha (= 2.35 kg 
tehoavia isomeerejä). 

Kaikissa viljoissa todettiin positiivinen korrelaatio 
rikkaruohojen määrän ja herbisidien aiheuttaman jyvä-
sadon lisäyksen välillä. Viljojen satotason ja herbisidien 
aiheuttaman jyväsadon lisäyksen välillä todettiin negatiivi- 

nen korrelaatio. Tämä lienee tyypillinen rikkaruohoisille 
viljakasvustoille ja peittää päinvastaisen korrelaation, 
joka vallitsee rikkaruohottomissa olosuhteissa. 

Kaikki kokeillut herbisidit vaikuttivat viljojen 1 000 
jyvän painoon, hehtolitran painoon ja olkisatoon yleensä 
samansuuntaisesti kuin jyväsadon määrään, mutta paljon 
heikommin. Poikkeukset tästä säännöstä olivat melko 
vähäisiä. MCPA/TBA aiheutti lieviä polttovioituksia 
vehnässä ja ohrassa, lievää korren lyhenemistä vehnässä 
sekä lievää lakoutumisen estymistä kaikissa viljoissa. 
Mekoprooppi puolestaan edisti hiukan lakoutumista. 
Kaikki valmisteet viivästyttivät lievästi viljojen tuleen-
tumista. Lisäksi ne aiheuttivat yleisesti tähkien epämuo-
dostumista vehnässä ja hiukan myös ohrassa. 

Kokeissa saatujen sadonlisäysten sekä hintavertailujen 
perusteella näyttää siltä, että kauran suhteen MCPA:n 
korvaaminen MCPA/TBA:lla tai mekoproopilla olisi 
perusteltavissa, samoin vehnän suhteen MCPA:n korvaa-
minen mekoproopilla. Kun ottaa kuitenkin huomioon, 
että MCPA/TBA ja mekoprooppi tehoavat rikkaruohoi-
hin keskimäärin vain hiukan paremmin kuin MCPA 
eivätkä tuhoa kaikkia 2-sirkkaisia rikkaruoholajeja, on 
MCPA:n laajamittaiseen korvaamiseen niillä suhtaudut-
tava varauksin. Tutkimuksia teholtaan monipuolisempien 
herbisidien löytämiseksi kevätviljoille olisi näin ollen 
jatkettava. 
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The clay soils of Southern Finland have 
already been investigated earlier, particularly 
with respect to their general properties and 
chemical composition (e.g. AARNIO 1938, SAL-
MINEN 1935, 1939, VUORINEN 1939), as well as 
to their mineralogical composition (VÄYRYNEN 
1929, SOVERI 1950, 1956). Observations on the 
cation exchange capacity of Finnish clays and 
clay soils have also been reported in several 
connections (KIVINEN 1938, AARNIO 1942, 
TERÄSVUORI 1959, HEINONEN 1960, etc.). Data 
on the easily soluble cation fraction of clay soil 
profiles have likewise been published (PuRo-
KosRI 1959). 

The clay soils of the district of Middle Uusimaa 
are characteristically represented for the area of 
Kerava—Nickby; Soil map, recently published 
(VIERI 1964). The purpose of the present study 
is to throw more light on the nature of these 
clays and in particular on their cation exchange 
characteristics, these clay soils being agricul-
turally important in the southern coastal district 
of the country. 

A review in detail for the area has been made 
in connection with the Soil map report; Kerava— 

Nickly, as well as elsewhere (VIRKKALA 1959). 
The area forms a unit of six individual agro-
geological maps, each covering one hundred 
square kilometers. The moraine hills and culti-
vated clay soil plains are the two typical land-
scape forming factors. About 32 % of the 
whole area and 73 % of the arable land are 
classified as clay soils (Fig. 1). The region is 
located below the geologically named »higher 
Litorina coast» and it has therefore until lately 
been covered by the former Baltic Sea, The 
highest altitude is found in the northeastern 
corner of the area where the fields are lo-
cated at about 55-60 meters above the sea 
level. 

The clays of the region generally possess the 
characteristics of heavy glacial clay, with a 
considerably high content of less than 2 ,u par-
ticles. Silty and sandy clays are sometimes found 
where the borders of the plains are affected by 
coarser material. In the southern part, near the 
coast of the Gulf of Finland, the gyttja clays and 
gyttjas, on the other hand, dominate the river 
valley plains. 
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Fig. 1. Clay soils in the Kerava—Nickby area and the locations of the profiles under study. 
Kuva 1, Maaperäkarna: Keravan — Nickbyn savialueet ja näytepisteiden sijainti. 
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Sample material 

Ten clay soil profiles were taken for the present 
study. Six of them are typical heavy clays (pro-
files: Järvenpää-7, Kerava-3 and 6, Nickby-3 and 
21, and Pornainen-42), two of them represent 
lighter clays (Hangelby-10 and Pornainen-20), 
and two profiles rich enough in gyttja material 
to he classified as gyttja (muddy) clays (Nickby-
17 and Östersundom-34). Most of the sampling 
sites are located in the valley plains of the Sipoo 
River, one of the Kerava-River. The first gyttja  

clay site is near the Mäntsälä-River and the 
second is in the neighbourhood of the sea 
coast. 

The profile samples were collected according 
to the practice followed in soil survey work. 
Three samples were taken at each site: the topsoil, 
hardpan 1) and subsoil. 

1) The popular term bardpan is here used for the name 
of the subsurface layer located -below the topsoil (or 
plow-layer). 

Experimental 

ammonium acetate (pH adjusted to 7), and also 
by exchanging with N potassium chloride. The 
ammonium ions liberated were then analyzed by 
Kjeldahl-distillation. The rapid method of 
BROWN (1943) was used for estimating the »per-
manent» exchange capacity to near pH 2.7 
(depending on the pH of equilibrium in each 
case). 

Neutralization titration curves were obtained 
from soil suspension and also from acidified and 
washed samples. The neutralization (5 gr. of 
soil sample and 50 ml. water, titrated with 0.1 N 
sodium hydroxide solution) was carried out in 
100 ml. polyethylene jars and the fully equilibra-
ted pH readings were obtained after each amount 
of base was added. Observations were made 
every second day after the period of repeated 
shaking until the readings became constant. 

Ali the measurements were obtained by means 
of a Radiometer PHM 4c potentiometer with a 
glass electrode and open bridge saturated 
potassium chloride reference electrode. 

Additional determinations were carried out 
as follows: 

Analysis of particle size distribution by the »pipette 
method» with sodium hexametaphosphate as the 
dispersing agent. 
Organic matter content by sulphuric acid — chromic 
acid oxidation with moderate external heating 
(Organic matter = 1.73 x organic carbon). 
Silicate analysis of the samples was carried out 
gravimetrically, according to common procedure. 

Soil samples 

The soil samples were pre-treated by air-
drying, homogenizing and by being passed 
through a 2 mm sieve. The particle size distri-
bution analysis were carried out using nonsieved 
soil. The organic matter was decomposed with 
hydrogen peroxide. Similar decomposing of soil 
organic matter was used for separating the clay 
fraction. 

Exchange determinations 

Pre-washed (60 % ethanol/water) samples 
were used for leaching the exchangeable cations 
with N ammonium acetate (pH adjusted to 7.0). 
The leaching was carried out by both percolation 
(SCHOLLENBERGER et SIMON 1945) and centri-
fugation. Metallic cations were determined by 
flamephotometry (VumuNEN and MÄKITIE 1951, 
1955, JACKSON 1958). 

Exchangeable hydrogen was determined by 
BROWN'S (1943) method with N ammonium 
acetate. The equilibrium pH values were correc-
ted to pH 7.0 by means of the neutralization 
titration curves of each sample (MÄKITIE 1965). 

Exchangeable aluminium of N potassium 
chloride leachate was determined colorimetrically 
with aluminon (JACKSON 1958). 

Cation exchange capacity was determined in 
addition to the summation of the individual 
cations (CEC, Table 1), by leaching with N 
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Table 1. Characteristics of the profiles 

Particle size distribution (%) 
Kiventativfraktion raekoostumus (%) 

Location - Sijainti Soil type- Maalaji*) 
Depth 
cm 

Syvyys 
< 0.002 0.002- 

0.02 
0.02- 

0.2 
0.2- 

2.0 mm 

J7, 	Järvenpää AS, 	Heavy clay 	  0-20 73.7 23.4 1.8 1.5 
AS, 	» 

	

 	30-40 79.2 15.1 3.4 2.3 
AS, 	» 

	

 	80-100 70.1 24.9 4.8 0.2 

K 3, 	Kerava AS, 	Heavy clay 	  0-20 78.5 17.0 2.2 2.3 
AS 	» 

	

 	20-40 70.0 26.8 3.2 - 
AS, 	» 

	

 	40-60 76.3 23.1 0.6 
K6, 	Kerava AS, 	Heavy clay 	  0-20 50.4 32.6 12.1 4.9 

AS, 	» 

	

 	20-40 75.5 17.3 5.2 2.0 
AS, 	» 

	

 	40-60 84.8 13.6 1.6 - 
N3, 	Nickby AS, 	Heavy clay 	  0-20 53.8 31.4 10.7 4.1 

AS, 	» 

	

 	20-40 69.4 24.7 5.3 0.6 
AS, 	» 

	

 	40-50 77.6 19.8 2.2 0.4 

N21, 	Nickby AS, 	Heavy clay 	  0-20 76.4 20.0 2.5 1.1 
AS, 	» 

	

 	20-40 71.5 28.1 0.4 - 
AS, 	» 

	

 	40-60 72.0 25.0 3.0 - 

P  4 2, 	Pornainen AS, 	Heavy clay 	  0-20 49.6 31.1 8.1 11.2 
AS, 	» 

	

 	20-40 57.0 32.2 6.3 4.5 
AS, 	» 

	

 	40-60 76.5 20.7 2.8 - 
P 20, 	Pornainen HsS, 	Silty clay 	  0-20 54.6 33.4 10.8 1.2 

HsS, 	» 

	

 	20-40 55.1 36.4 7.6 0.9 
HsS, 	» 

	

 	40-50 43.0 42.6 12.6 1.8 

E-1 / 0, 	Hangelby HtS, 	Sandy clay 	  5-10 49.0 25.9 19.3 5.8 
HtS, 	» 

	

 	15-25 50.4 27.8 19.6 2.2 
HsS, 	Silty clay 	  35-45 57.2 29.5 13.3 

)34, 	Östersundom HtS, 	Sandy clay 	  0-20 49.9 21.1 27.3 1.7 
LjS, 	Gyttja clay 	  20-40 67.7 22.6 9.2 0.5 
LjS, 	» 

	

 	40-60 67.3 23.2 8.9 0.6 

\I i?, 	Nickby LjS, 	Gyttja clay 	  0-20 80.5 16.9 0.7 1.9 
LjS, 	» 

	

 	20-40 76.0 19.8 3.4 0.8 
LjS, 	» 

	

 	40-60 74.5 22.8 3.7 - 
*) without O.M. - huomioon ottamatta hamasta 

Results and discussion 

Taulukko 1. Profiilien ominaisuuksia 

Olot. 
% 

Otgaan:nen 
atnes 

pH 
susp. 

(1 ; 2.5) 
Eschangeable cations to pH 7; meq. per 100 g snil 

Vaihtuvat kationit pH 7:ssa 

»S» 
CEC 

Vaihto- 
kapasiteetti 

Base satut. 
% 

Entärkyllastyt-
aste H20 N 

KCI 1d+ Ca++ Mg++ K+ Na+ 

4.0 5.8 4.43 7.4 8.8 4.2 0.3 0.2 13.5 20.9 64.6 
0.6 5.6 4.86 6.5 14.3 4.8 0.6 0.2 19.9 26.4 75.4 
1.0 5.7 4.50 7.0 14.7 3.7 0.5 0.1 19.0 26.0 73.1 

14.1 5.1 3.98 21.7 13.9 3.7 0.5 0.2 18.3 40.0 45.8 
2.0 5.4 4.04 8.7 10.3 5.2 0.4 0.2 16.1 24.8 64.9 
1.8 5.7 4.49 7.3 11.9 6.1 0.8 0.6 19.4 26.7 72.7 

6.6 5.4 4.05 9.0 10.7 2.7 0.6 0.2 14.2 23.2 61.2 
1.9 5.2 4.38 11.3 10.4 4.0 0.8 0.3 15.5 26.8 57.8 
1.6 5.7 4.77 6.0 15.5 8.8 0.8 0.4 25.5 31.5 81.0 

4.0 5.0 3.89 14.4 5.0 2.5 0.4 0.1 7.9 22.3 35.4 
1.4 5.2 3.85 9.8 6.2 5.8 0.4 0.1 12.6 22.4 56.3 
1.4 5.3 3.98 9.5 7.5 6.0 0.5 0.2 14.2 23.7 59.9 

1 1. 5 5.5 4.30 20.6 12.5 4.3 0.3 0.1 17.2 37.8 45.5 
3.3 5.8 4.21 9.1 10.0 5.1 0.1 0.2 15.5 24.6 63.0 
2.1 5.9 4.39 7.7 10.6 5.4 0.3 0.4 16.7 24.4 68.4 

5.4 5.3 4.09 16.7 5.0 3.5 0.7 0.1 9.3 26.0 35.8 
1.9 5.5 3.99 11.2 4.5 4.2 0.3 0.2 9.2 20.4 45.1 
1.0 5.8 4.22 8.1 11.2 7.1 0.5 0.3 19.1 27.2 70.2 

9.9 5.1 3.94 23.8 5.0 2.8 0.5 0.1 8.5 32.3 26.3 
1.5 5.4 3.9 8 11.0 4.1 3.5 0.2 0.2 7.9 18.9 41.8 
0.7 6.0 4.46 5.6 8.1 5.2 0.1 0.3 13.7 19.3 71.0 

6.0 5.2 4.15 9.4 5.9 2.1 0.7 0.0 8.7 18.1 48.1 
4.6 5.1 4.03 9.9 4.7 4.7 0.6 0.0 10.0 19.9 50.3 
2.3 5.2 3.99 8.5 5.9 3.7 0.6 0.0 10.2 18.7 54.5 

7.1 5.5 4.38 10.2 11.3 3.0 0.5 0.3 15.1 25.3 59.7 
4.5 5.0 3.85 14.4 7.4 3.2 0.5 0.3 11.4 25.8 44.2 
4.1 4.7 3.57 20.1 2.5 3.6 0.8 0.5 ? 7.4 27.5 26.9 

15.1 5.1 3.96 28.9 10.6 4.3 0.5 0.4 15.8 44.7 35.3 
4.1 4.9 3.82 25.5 4.7 4.0 0.5 0.5 9.7 35.2 27.6 
2.2 4.9 3.81 14.4 5.0 4.4 0.6 0.5 10.5 24.9 42.2 

Acidity characteristics 

Soil profiles - Maaprofiilit 

The clay soils under study were relatively 
heavy. An average figure of 61.6 % represents 
the content of less than 2 Ii particles in the top-
soil samples, calculated on the mineral matter 
fraction basis. The corresponding value for the 
subsoil is 69.9 %. The clay percentages of the 
whole soil are 56.7 % and 68.7, respectively. 
Silt (2-20 ,u) is represented by an average of 
23.3-25.3 % throughout the profile layers 
(Table 1). 

The average content of organic matter in the 
soil samples is 8.4 % (from 4.0 % to 15.1 %) 
for the topsoil and 1.8 % (0.7 %-4.1 %) for 
the subsoils. 

The profiles according to their general 
exchange characteristics, are grouped into »rich» 
and »poor» clays. Although this kind of classi-
fication is somewhat arbitrary it has proved to 
be appropriate. These differences are also re-
flected in other analytical data. 

The clay soil profiles under study represent 
the typical acid soils of the area. A less acid 
reaction is generally found in the subsoil in 
comparison to the reaction in the surface, except 
in the gyttja soil profiles, where the reverse 
order is characteristic. 

The pH values in water suspension (1:2.5 per 
volume) are in correlation with the base satu-
ration and to some extent with the actual amount 
of exchangeable hydrogen, amount of which in  

that pH can be estimated from the exchange 
acidity figures (Table 2). The former relation 
is also shown in Fig. 2. The low values of 
pHHp indicate the occurrence of exchange-
able aluminium too. However, the content of 
aluminium in exchangeable form plus total 
exchangeable hydrogen can better be corre-
lated with the corresponding pHN KG  values 
(Fig. 3). 
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Table 2. Exchange characteristics of the clay profiles 
Taulukko 2. Saviprofillien kationinvaibto-orninaisuuksia 

CEC in organic 
fraction of soil 
meq per 100 g 

Org.fraktion vaihto-
kap.mekv.1100 g 

CEC in clay 
meq per 100 g 
Sapen vaibtokap. 

mekv.1100 

Exchange acidity 
meq per 100 g soil 

Vaibtobappamtaa 
mekv.1100 g maata 

CEC in soil 
meq per 100 g 

Maan vaihiokapasi-
teetti mekv.1100 ,g 

On clay 
fraction 
of soil 
Savi-

fraktiossa 

On clay 
matarial, 
< 2 p 
Savessa 
<2 no 

»Perma- Addi- 
nent» 	tional 

at pH 2.7 »pH-de-
»Vakio» pendent» 

pH 	to pH 7 
2.7:ssä pHrsta 

riippuvai-
nen lisä 
pH 7:ssä 

(d) 	(e) 

In org.. 
fraction 
Org.frak-

liossa 

On humus 
Humuk-

sessa 

Exchangeable 
Vaihtuva 

Addi-
tional 

acidity to 
pH 7 
Lisä-

happa-
muus 

pH hrsä 

(c) 

Depth 
cm 

Al+++ H+ 

(i) (f) (8) (h) (0) (b) 

7 . 8 
11.3 
10.5 

11.0 
13.7 
14. 2 

5. s 
1 . 8 
2. 7 

133 
300 
270 

13.5 
23.2 
22.0 

18. 3 
29. 3 

0-20 
30-40 
80-100 

1. 3 
1. 6 
5. 8 

4. 9 
4. 6 
0.7 

1. 2 
0. 3 
0.5 

J-7 	AS, Heavy clay 	 

31. 4 

132 
240 
294 

16.8 0-20 
20-40 
40-60 

10.4 11.8 
10.6 
11.4 

23. 6 
14.1 
14. 9 

18. 6 21.4 
28. 4 
27.5 

3. 6 
2. 2 
1 . 2 

7. 7 K-3 AS, Heavy clay 	 
4.8 19. 9 

21.0 
3. 4 3.1 

5. 3 5. 5 0.6 

154 
263 
356 

2.3 
1.8 
1 . 1 

1.4 
7 . 8 
4. 6 

11.4 
10.5 
13.2 

11.0 
14.9 
16.8 

10.2 12.2 24.2 
27.0 
28.7 

0-20 
20-40 
40-60 

5. 3 
1.7 
0. 3 

K-6 AS, Heavy clay 
5.0 20. 4 
5. 7 24. 3 

4. 4 14.5 
13.0 
12.8 

10.8 
5.0 
6.1 

270 
357 
436 

1 1. 4 
16. 6 

21.2 
23.9 
21.8 

0-20 
20-40 
40-50 

4. 3 5. 7 7.7 
8. 6 

10. 2 

N-3 AS, Heavy clay 	 
0 5. 4 1.2 3.2 

3.13 16.9 4. 4 2.1 

160 
297 
405 

15.1 
5. 3 
4. ' 

15.2 
11.9 
13.1 

23.0 
11.3 
13.3 

18.4 
9.8 
8.5 

19. 8 
13. 4 
17. 9 

25.9 
18. 7 
24. 9 

0-20 
20-40 
40-60 

2.0 
1. 2 
0.7 

3. 5 
2. 6 
2.3 

N-21 AS, Heavy clay 

215 
432 
470 

14.0 
14.2 

28. 2 
24.9 
28.1 

0-20 
20-40 
40-60 

4.7 
4.0 
3.0 

8. 2 9.0 
8.0 

12. 8 

16. 6 11.6 3. 8 
3. 4 
1 . 3 

P-42 AS, Heavy clay 
3. 8 14. 4 8. 2 

21. 5 3.8 13. 4 4.7 

6.7 
1 . 4 
1. 9 

11. 4 
7. 3 

11. 4 

21. 3 215 
263 
457 

13.1 
13. 6 

24.0 
24. 7 
34.4 

0-20 
20-40 
40-50 

7.1 
4. 8 
1. 1 

10. 0 23.0 
11.3 
6. 6 

P-20 HsS, Silty clay 
4. 8 5.0 

3. 2 14. 8 2. 6 

9.1 11.2 
11.2 
10.3 

1 0. 7 
8. 4 
5.0 

178 
183 
217 

9.6 
10.6 
13.0 

19.6 
21.0 
22. 7 

5-10 
15-25 
35-45 

2.0 
3. 6 
3.0 

3.2 
4. 3 
4.0 

4. 2 
2.0 
1. 5 

H-10 HtS, Sandy clay 	 

HsS, Silty clay 	 

Ö-34 HtS, Sandy clay 
LjS, Gyttja clay 	 

7 . 8 
7. 7 

189 
238 
312 

11.6 
13.5 
14. 4 

1.2 
4.1 
8.5 

7 . 6 
1. 4 
2. 2 

9.0 
8. 9 
6.9 

16.0 
15.3 
20.3 

13. 4 
10. 7 
12.8 

23. 2 
19. 9 

0-20 
20-40 
40-60 

1.4 
8. 9 

21. 4 9.4 

6. 9 8. 8 13. 2 14.7 
10.3 
9.6 

29. 6 196 
385 
405 

17. 4 
20.2 

21. 6 
26. 6 
29.1 

N-17 LjS, Gyttja clay 	 0-20 
20-40 
40-60 

32.3 
25.7 
21.0 

15.8 7.6 
7 .1 

8. 6 9.3 
6.3 1.0 8. 9 21.7 

of otal 
exch. acidity 

kokonair- 
happamuudesta 

46.9 
34.2 
29.7 

of total CEC 
koko vaihto-
kapasitedista 

Averages 
Keskiarrot 

Averages of the profiles - Profiilien 
keskiarvol: 

Topsoils -pintamaat 
Hardpans - jankot 
Subsofis -pohjamaat 
Ali 	- kaikki 

	

61.9 	15.0 

	

59.8 	7.5 

	

56.4 	6.3 

13.9 
16. 6 
1 8. 8 

24.7 
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Fig. 2. Relationship between pHH,o values 
and percentage base saturation. 

Kuva 2. pHHzo arvot emäskyllöstysasteen funk- 
tiona. 

= topsoil —pintamaa, 
hardpan — jankko, 

o = subsoil — pohjamaa. 

0 	5 	10 	15 	20 
il ,̀-iv114" rnev per toog soi/ 

Fig. 3. Relationship between pHN KCI values 
and exchange acidity of the soil. 

Kuva 3. pHN KC1 arvot vaihtohappamuuden funk- 
tiona. 

Fig. 4. Titration curves of some clays. 
Kuva 4. Eräiden savien litran! käyrät. 

Curves — Käyrät: 
No 1 -= J — 7/2 Heavy clay — Allosavi 
No 2 = K — 6/2 
No 3 = N — 3/2 
No 4 = N — 21/2 
No 5 = P — 42/2 
No 6 = P — 20/2 Silty clay — Hiesusavi 
No 7 = 1-1 — 10/2 Sandy clay — Hietasavi 
No 8 = Ö — 34/2 Gyttja clay — Liejusavi 

Fig. 5. Titration curves for two topsoils rich 
in organic matter and the curves for their 
mineral (m) and organic (o) fractions, 

respectively. 
Kuva 5. Kahden runsasmultaisen pintamaan tit-
rauskäyrät ja vastaavasti niiden kivennäis ( m ) — 

ja eloperäisten ( o ) fraktioiden käyrät 

Samples — Näytteet: 
N — 17/1 = Gyttja clay — Liejusavi 
N — 21/1 = Heavy clay = Aitosavi 
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4 
»Rich» clays 
»Hyvät» savet 

J 7,K 3,K 6,N „ 

»Poor» clays 
»Heikot» savet 

0,N 3,P 20,P42  

Gyttja clays 
Liejusavet 

N17,C1 34 

4 

2 

topsoil -pintamaa 	 
hardpan - jankko 	 
subsoil -pobjamaa 	 

topsoil - pintamaa 	 
hardpan - jankko 	 
subsoil -pobjamaa 	 

topsoil - pintamaa 	 
hardpan -jankko 	 
subsoil -pobjamaa 	 

Profile groups 
Profiili ryhmät 

Table 3. Average data for the clay profile groups 

Distribution of soil materia' 
Maa-ainekse lprorentuaalinen jakautuminen pH (snsp. 1 : 2.5) 

Clay 

Savi 

Organic 
matter 

Org. aines 

Less reactive 
remainder 

Heikosti 
reagoiva ja:inn5s 

H,0 N KCI 

63.9 9.1 27.0 5.4 4. 2 
72.7 2.0 25.3 5.5 4. 3 
74.6 1.6 23.8 5.8 4.5 

48.7 6.3 45.0 5.2 4.0 
56.7 2. 4 40.9 5.3 4.0 
62.7 1 . 4 35.9 5. 6 4.1 

58.3 11.1 30. 6 5. 3 4.1 
68.9 4.3 26.8 4.9 3.8 
68.8 3.2 28.0 4.8 3. i 

Taulukko 3. Keskiarvotulokset samprofiiliryhmisul 

meq per 
100 g soil 

Exchange acidity 
to p11 7 
meq per 

100 g soil 
Vaiblobappamuus 

pH 7:J.2 

»ase saturation 
Emäskyllistisaste 

% 

Exchangeable cations at pH 7 
Vaihteen/en katicnien prountreaallnen jakautuminen 

pH 7:ssi 
»S» 

value meq per 
100 g soil 
»S» arvo 

CEC 
to pFI 7 
meri per 

100 g soil 
Vaintokapasiteetti 

pH 7:ssa 

Ca 

% 

Mg 

% 

Alkalies 
Alkaalit 

% 

4.1 
1 . 6 
0.5 

4.3 
3.8 
3.5 

4.2 
8.3 
8.3 

14.7 
8. 9 
7.0 

16.1 
10.5 
7. 9 

19. 6 
20. 0 
1 7. 3 

54. 3 
65.3 
73.8 

36.4 
48. 4 
63.9 

47. 5 
35. 9 
34.6 

72.3 
66. 9 
64.4 

60. 9 
49. 3 
57.1 

71. 0 
56.7 
40.7 

23.8 
28. 8 
30. 6 

31. 6 
45.8 
38.5 

23.5 
34.7 
45.3 

3. 9 
4. 3 
5. 0 

7.5 
4.9 
4.4 

5.5 
8.6 

14. 0 

15.s 
16.8 
20. 2 

8.6 
9. 9 

14.3 

15.5 
1 0. 6 
9.0 

30.6 
25.7 
27. 2 

24.7 
20. 4 
22.2 

35.0 
30.5 
26.2 

The difference between pHll20  and pHiv Ka is 
relatively constant, the average being 1.2-1.3 
pH units throughout the profiles. 

The exchangeable acidity to pH 7 represents 
the total acidity of the soil. It can be divided 
into exchangeable hydrogen displaced by N salt 
solution of a strong acid (potassium chloride), 
aluminium exchanged in corresponding condi-
tions, and into so-called additional, pH-dependent 
acidity to a standard pH (pH 7), as shown in 
Table 2. In the clay soils of the material under 
study, the pH-dependent acidity is mainly due 
to organic matter. It is caused by the weakly 
dissociable (carboxyl and strongly acidic hydro-
xyl) groups of the organic matter. The dissoci-
ation and hydrolysis of the compounds in the 
mineral fraction are the main cause of the rest 
of total acidity. The pH-dependent acidity is 

Calcium forms the main part of exchangeable 
metallic cations (Table 1). The molar ratio of 
Ca:Mg varies, but is commonly near three to one 
in the topsoils generally limed and in the subsoils 
it is often near one. The alkalies are bound in 
the exchange complex only in a minority, as 
shown in the mean values of cation percentages 
in Table 3. 
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therefore in a clear relation to the organic matter 
content. 

The average from the acidity data are presented 
in Table 3, showing the relationship between the 
apparent acidity and exchangeable acidity. The 
»better» clay soils are less acid and naturally 
contain less exchangeable aluminium. The two 
gyttja clay profiles differ clearly from the other 
clays. 

The neutralization titration of clay suspension 
with a strong base gives an estimation of the 
exchange acidity, as demonstrated in the curves 
of some of the samples in Fig. 4. The neutral-
izable share of acidity in the organic matter, 
which is dominant in topsoil samples is clearly 
shown in Fig. 5, in which some of the titration 
curves of the organic and mineral fraction have 
been separately illustrated. 

The sum of metallic cations varies within the 
limits of 7.9 to 18.3 milliequivalents per 100 g 
of soil in topsoils and of 7.4-25.5 in subsoils. 
The amount of exchangeable metallic cations 
increases with the increasing depth of the soil 
layers, except with the gyttja clays in which the 
topsoil contains relatively more calcium (Tables 
1 and 3). The mean values for topsoils, hardpans  

and subsoils are 12.9, 12.8 and 15.6 milliequiva-
lents metallic cations per 100 g soil, respectively. 

The mean values of cation exchange capacity 
to pH 7 in different layers of increasing depth 
are 29.1, 24.5 and 25.0 milliequivalents per 100 g 
soil. The percentage base saturation is in the 
topsoils of the »rich» clays on the average 54.3 
while in the »poor» clays it is regularly less, 
the mean value being 36.4. The base saturation 
increases with increasing depth, except in the 
case of the gyttja clays. 

Some of the results of a closer study on the 
character of the exchange capacity in these 
clays are shown in Table 2. 

The cation exchange capacity to pH 7 is here 
considered to be formed from so-called »perma-
nent» exchange capacity at a lower pH and also 
from additional »pH-dependent» exchange capa-
city to the neutral reaction. On the average 
40 % of the whole capacity is due to the perma-
nent charges at pH 2.7 (as here determined by 
BROWN'S method), while 60 % of it depends on 
the reaction up to the standard pH 7 (Table 2, 
columns d-e). The values of the »permanent» 
exchange capacity vary from 6.9 to 15.2 milli-
equivalents per 100 g soil and depend on the 
amount of clay material present. The mean value 
is 10.3 milliequivalents per 100 g soil at pH 2.7. 
The relationship with the sum of the exchange-
able aluminium and alkaline earths is shown in 

Fig. 6. The regression equation y = 3.72 + 
0.40 x; r = 0.66*** represents this relationship. 
The »pH-dependent» exchange capacity depends 
greatly on the amount of organic matter in the 
soil. The relationship.  with the cation exchange 
capacity in the organic fraction in shown in.Fig. 
8, and can be expressed by the regression 
equation, y = 5.53 + 1.06 x; = 0.83***. For 
the topsoils only, a better correlation is found 
when the equation, y = 2.64 + 1.04 x; r = 
0.96*** is used. 

The total cation exchange capacity to pH 7 
due the organic matter, in the soil is on the aver-
age higher than that due to the clay material 
in the topsoils (Table 2, columns f and h). In 
subsoils, however, the clay fraction represents 
75 % of the whole capacity of the soil. 

A mean value of 184 milliequivalents per 100 g 
humus was found in topsoils where more organic 
matter was present. This figure is somewhat 
lower than the value reported by HEINONEN 
(1960). 

The results of the cation exchange capacity 
determinations in the clay material of the soils 
are listed in the last columns of Table 2. The clay 
fraction, less than 2 microns, contains 13.9 
milliequivalent cations per 100 g of soil in the 
topsoils. The average amount generally increases 
with the depth and is 18.8 milliequivalents in 
the subsoils, where more clay is present. When 

285 

Exchangeable cations 



_77 j  
42 	/ /jo(d3  2,11 	f 

cYnj.7  
1 /  r 

I 	P / 
	7 I 

7  

1,5o1 
I 	' 	I 

15 	 20 	 25 
Excho'n geotle A/#"-i-Co###IVg.'" 

Fig. 6. Relationship between the »permanent CEC» 
and the sum of exchangeable aluminium, calcium 
and magnesium in milliequivalents per 100 g soi!. 
Kuva 6. Maan »pysyvä vaiblokapasiteetti» vaihtuvan alu- 
miinin, kalsiumin ja mag,nesiumin summan funktiona 

milliekvivalenteissa 100 g:ssa maata. 
= topsoil -pintamaa, 
= hardpan - jankko, 

0 = subsoil - pohjamaa. 
Regression found, y = 3.72 + 0.40 x; r = 0.66*** 

10 	15 	20 
CEC /T? cloy fraction 

Fig. 7. Relationship between the so-called pH-
dependent CEC and the total CEC in clay fraction 
in milliequivalents per 100 g clay. (Regression: y = 

-5.29 + 0.70 x; r 	0. 8 4***). 
Kuva 7. Niinsanottu pH:sta riippuvainen vaihtokapasi-
teetti kokonaisvaihtokapasileetin funktiona, milliekvivalen-

kissa 100 g:ssa savea. 

f0 25 

the values are calculated according to the clay 
rnaterial itself a mean value of 24.7 is found 
(from 18.3 to 34.4), and this indicates the nature 
of the clay minerals (Table 2, column i). Assum-
ing that the »permanent» exchange capacity of 
the soil is caused by the clay fraction only, the 
»pH-dependent» exchange capacity to pH 7 in 
the clay can he obtained (Table 2; value h - value 
d). This additional exchange capacity is in rela-
tionship to the whole capacity in the clay fraction 
in accordance with the regression equation, 
y = 5.29 + 0.70 x; r = 0.84*** (Fig. 7). 

In order to discover the relationship between 
the exchange properties and the quality of the 
clay material and the clay minerals present, 
chemical and mineralogical determinations of 
some separated clay fractions of the hardpan 
samples were carried out (Table 4). 

The data shows that ali these clays are mainly 
of the same composition of mica and related 
clay minerals, as has earlier been reported 
(SovERI 1950, 1956). The molar rations between 
silica and aluminium as well as silica and ses-
quioxides indicate the existence of three-sheet 
layer minerals. That illitic minerals are appar- 

ently present, is also confirmed by the high ratio 
between potassium and sodium (Gium 1953). 

The X-ray diffraction analysis verifies the 
existence of mica and feldspar as main compo- 

0 	10 
	 zo 	30 

CEC M organic /2-c:railon 

Fig. 8. Relationship between the pH-dependent 
CEC in soil and total CEC in organic fraction. 
Kuva 8. pH:sta riippuvainen vaihtokapasiteetti saven 

orgaanisen fraktion vaihtokapasiteetin funktiona. 
Regressions found, ali samples ( kaikki näytteet) 
y = 5.53 + 1.06 x; r = 0.83*** 
and topsoils ( • = pintamaat) 
y = 2.64 + 1.04 x; r = 0.96***. 

286 



Table 4. Chemical and mineralogical data for some clays 
Taulukko 4. Eräiden savien kemiallisia ja mineralogisia analyysituloksia 

Percentage composition in clay 
Prosensuaalinen kokoomus :ovessa 

Molar ratios 
Moolisubteet 

Mineralogical composition 
Minerologinen kokoomus 

Depth « 
No cm lay type -o. ,9, ' 	- ',' 

. 
12. 	,::- ' " 	, ; -.• 

sy,:yys  Savilaji 
Si O, A1202  Fe,02  K20 Na,0 Si021 SiO 21 K,01 Alaa,  

.L; 	:.....' : 13, 	ki . 	,..: 
d -.- 

B 	..Q 
,,,, 	, 
› 4-* 

-,, 	, 
a :•< 

Na- K- 

J-7 30-40 AS 52.80 20.17 12.51 3.39 1.66 4.44 3.18 1.33 ++(w) ++ -I- + 
K-6 20-40 AS 52.30 17.05 15.37 4.58 1.64 5.21 3.31 1.88 ++(w) + + -1-± 
N-21 20-40 AS 55.92 20.66 9,30 1.97 1.07 4.59 3.57 1.24 + + (w) + ++ 

N-3 20-40 AS 49.94 21.09 13.23 4.45 1,39 4.01 2.87 2.14 ±-1- + + ++ + 
P-42 20-40 AS 52.16 19.38 12.70 4.30 2.13 4.57 3.21 1.35 ++1- + -I- + -I- -F 

20-40 P-20 HsS 47.40 21.44 17.16 1,04 0.29 3.76 2.49 2.20 ++ (‘Thr 
H-10 15-25 HtS 53.58 20.64 11.80 3.10 0.98 4.42 3.23 2.06 +++ + +-I- ++ 

Ö-34 20-40 LjS 54.16 23.02 11.80 0.04 0.45 3.00 3.00 1.43 -1-1- -I- 	-I- + + + 

(Av.) - ( Keskim.) 

nents. Neither were any clear kaolinitic nor 
montmorillonitic reflections observable. Chlo-
rites were present in many samples and quartz 
is naturally also included in the clay fraction. 

No clear relationship between the composition 
and exchange characteristics was found. The 

(4.37) (3.11) (1.70) , 

' 	(W) = weathered 
rapautunut 

»rich» clays do contain more weathered mica 
and feldspars and the cation exchange capacity 
is higher in these samples as well. The capacity 
values, from 18.7 to 29.3 are in accordance 
with the apparent mixtures of minerals men-
tioned, where illitic types are dominant. 

Summary 

The cation exchange characteristics of some 
clay soil samples of the Soil map; Kerava-Nickby 
area in Southern Finland have been studied. 
These clay soils are generally heavy clays which 
are acid and on an average only half base-
saturated. Less acid stage is, however, found 
with increasing depth. 

A clear relationship between the soil reaction 
and base saturation, as well as with the exchange-
able hydrogen, was found. 

The exchangeable metallic cations are com-
posed mainly of calcium and magnesium and the 
ratio between them approaches one to one with 
increasing depth. The suon of metallic cations in 
the exchange complex increases with increasing 
depth as well. 

The cation exchange capacity to pH 7 depends 
on the amount of organic matter present. Mean  

values for the whole capacity are 29.1 milli-
equivalents per 100 grammes for topsoils and 
25.0 for subsoils. 

A classification of the sample material into 
»rich» and »poor» clays shows that the former 
ones are less acid and that they contain more 
clay fraction and organic matter as well as more 
exchangeable metallic cations. 

The »better» clay samples contain in their 
mineral fraction relatively more weathered mica 
and feldspars, this having been proved by X-ray 
diffraction analysis. 

Acknowledgement - The X-ray diffraction ana-
lyses were kindly carried out at the laboratory 
of the Geological Survey of Finland by Mr. 

J. J. FlyypPä. 
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SELOSTUS 

Keski-Uusimaan savimaiden kationinvaihto-ominaisuuksista 

Osmo MÄKITIE ja KALEVI VIRAT 

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila 

-Tutkimuksessa on käsitelty Keravan-Nickbyn agro-
geologisen maaperäkartoitusalueen savien ominaisuuksia 
erityisesti niiden vaihtuvien kationien osalta. Aineistona 
on ollut 10 alueelta koottua saviprofiili. 

Alueen tunnusomaisina savina ovat aitosavet, jotka 
rannikolla vaihtuvat liejuisiksi ja liejusaviksi. Aineiston 
keskimääräinen saviprosentti on 61.6-69.9 pintamaasta 
pohja= ahan siirryttäessä. 

Käsitellyt Sayirnaat ovat suhteellisen happamiå ja niiden 
emäskyllästysaste pH 7:ssä on keskimäärin 45.8 - 52.6 - 
62.0 % (pinta - jankko - pohjamaa). Selvä vuorosuhde  

on olemassa maan reaktion ja emäskyllästysasteen välillä, 
samoin kuin maan elektrolyytti- pH:n ja vaihtghappa-
muuden välillä. 

Kalsium ja magnesium muodostavat tunnetusti pää-
öSan vaihtuvien emäSten määrissä. Niiden keskeinen suhde 
on 3:1 pintamaissa ja fähestyy suhdetta 1:1 profiilien poh-
ja maissa. Vaihtuvien emästen summa on suhteellisen 
pieni, keskimäärin 12.9 - 12.8 - 15.6 (pinta - jankko 
- pohjamaa) milliekvivalenttia 100 g:ssa maata. 

Vaihtokapasiteetin kokonaisarvot pH 7:ssä ovat keski-
Määrin 29.1 - 24.5 - 25.0 (pinta - jankko pohja- 
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maa) milliekvivalenttia 100 g:ssa maata. Vaihtokapasiteetti 
riippuu (pH 7:ssä) selvästi orgaanisen aineksen määrästä 
maassa. Sen sijaan saveksen kationinvaihtokapasiteetin 
arvot ovat aineiston puitteissa tasaisia, keskimäärin 24.7 
milliekvivalenttia 100 g:ssa savifraktiota (koko aineisto 
18.3-34.4). Röntgendiffraktioanalyysi osoitti saveksen 
yleisesti koostuneen kiille- ja maasälpämineraaleista, mikä 
on tunnusomaista meikäläisille saville. 

Aineiston savimaat' voidaan ominaisuuksiensa mukaan 
jakaa »hyviin» ja »heikkoihin». Ensinmainittu ryhmä 
edustaa emäskyllästysasteeltaan ja vaihtokapasiteetiltaan 
suurempia lukuarvoja osoittavia savimaita, joissa toisaalta 
orgaanisen aineksen määrä ja savimineraalien rapautu-
neisuus ovat osaltaan myötävaikuttamassa. Selvää ryhmä-
erottelua on kuitenkin vaikea suorittaa, ja liejusavissa 
ominaisuudet ovat niin ikään poikkeavia. 
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ANNALES AGRICULTURAE FENNIAE, VOL. 4: 290-298 (1965) 

Seria AGROGEOLOGIA, -CHIMICA ET -PHYSICA N. 21 
Sarja MAAPERÄ, LANNOITUS JA MUOKKAUS n:o 21 

OUTOKUMMUN KAIVOKSEN YMPÄRISTÖN HIVENAINE- 
PITOISUUKSISTA 

Summary: Trace element levels in the vicinity of Outokumpu copper mine 

ESKO LAKANEN 
Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila 

Saapunut 13. 11. 1965 

Outokummun kuparikaivos kuuluu edelleen 
Euroopan suurimpiin. Malmi sisältää luonnolli-
sesti muitakin raskasmetalleja (Fe, Mn, Zn, Ni, 
Co jne.). Jääkauden sirottelemia malmilohkareita 
on löydetty runsaasti kaivosalueen lähiympäris-
töstä. Mannerjäätikön liikkumissuunnan mukai-
sesti vedet virtaavat kaivosalueelta kaakkoon 
vieden mukanaan kaivostoiminnasta peräisin ole-
via jätevesiä. 

Seuraavassa tarkastellaan alueen maaperän,  

kasvien ja vesien hivenainepitoisuuksia. Tämän-
kaltainen hivenainetutkimus on aiheellinen py-
rittäessä selvittämään jäteveden mahdollisia hait-
tavaikutuksia alueen maaperään ja kasvillisuu-
teen, joiden kautta haitta kohdistuu myös eläi-
miin ja ihmisiin. Tutkimus antaa myös yleiskuvan 
alueen hivenainepitoisuuksista, joihin alueen kal-
lioperällä on ilmeinen vaikutus. Yleiskuva on 
hyödyksi tutkittaessa maaperän hivenainepitoi-
suuksia muualla Suomessa. 

Aineisto ja sen analysointi 

Tutkittu alue esitetään kuvassa 1, josta myös 
ilmenee pintavesien kulku. Pintavesien näytteen-
ottopaikat on numeroitu 1-6. Jäljempänä tau-
lukoiduissa analyysituloksissa ovat näytteet G 
21601-49 väliltä kaivos — Sysmäjärven suu ja 
näytteet G 21650-56 tästä alaspäin. 

Tutkimuksen laajuuden ja monitahoisuuden 
takia jouduttiin näytteiden otto ja analysointi 
suorittamaan heinäkuun 1964 ja maaliskuun 
1965 välisenä aikana. Samasta syystä ei jokai-
sesta näytepisteestä voitu suorittaa kaikkia seu-
raavassa esitettyjä analyyseja. Maan viljavuusana-
lyysi suoritettiin Suomessa käytössä olevan me- 

netelmän mukaisesti (VUORINEN j a MÄKITIE 
1955). Hivenaineiden helppoliukoinen fraktio 
määritettiin spektraalianalyyttisesti samaa uutto-
nestettä(0.5 N CH,COOH, 0.5 N CH3COONH4, 
pH 4.65) käyttäen (LAKANEN 1963). Helppo-
liukoiset sulfaatit saostettiin BaSO4:na samasta 
uutteesta. Em. spektraalianalyysia sovellettiin 
myös vesien hivenainepitoisuuksien määrittämi-
seen. Vesien Ca- ja K-määritykset suoritettiin 
liekkifotometrisesti sekä Mg-määritykset komp-
leks ometrisesti titraten. Maan hivenaineiden 
totaalimäärät määritettiin spektraalianalyyttisesti 
(LAPPI ja MÄKITIE 1954). 
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, Kuva 1. Tutkittu alue. 
, Fig. T. The investigated area. 

Tulokset ja nirdeh tarkastelu 

Jäteveden koostumus 

. Jätevedet sisältävät malmille tyypillisiä kom-
ponentteja. Vesien koostumukseen vaikuttavat 
myös rikastusprosessissa käytetyt lisäaineet, käy-
tössä oleva rikastustekniikka ja ympäristötekijät. 
Kaivoksen lähellä sijaitseva vanha jätekenttä 
likaa voimakkaasti pohjavesiä, jotka liikkuvat  

syvällä hitaasti .  Sysmäjärveä kohti. Kaiyoksen 
varsinaiset jätevedet juoksevat nykyisin rikasta-
Mosta Jyrinliettikka-lammen kautta Ruutun-
jokeen ja sen alapuolisiin vesistöihin. Veden 
koostumus eri näytteenottopaikoisSa ilmenee 
taulukosta 1. Taipaleenjoen näytteen (6) koostu-
mukseen ei jätevedellä ole vaikutusta. 

Taulukko 1. Jäteveden koostumus ja sen vaikutus pintaveden laatuun 
Table 1. The composition of nmste water and its effect on the quality of surface water 

Paikka 
Place SOa  Ca Mg Fe 

1 (a) 	 
2 (b) 	 
3 (c) 	 
4 (c) 	 
5 (c) 	 
6 (c) 	 

a 27. 
b 27. 

11. 
11. 

1964, 
1964 

5. 3. 

4.9 
2.9 
4.3 
4.4 
6.7 
7 . 6 

1965 

1 800 
1 900 
1 600 

420 
60 
16 

590 
640 
430 
120 
22 
8 

80 
55 

170 
34 

6 
4 

80 
50 
26 
1. 2 
0.4 
0.3 

c 3.-4. 12. 1965 

Mn Zn Ni Co Cu 

3.4 2.8 0.35 0.17 0.08 
5. 3 4.0 0.60 0.44 0:35 
2.6 4.0 0.60 0.15 0.10 
1. 3 2.0 0.20 0,10 0.06 
0.2 0.05 0.01 0.002 0.01' 

< 0. o s <0.05 0.1304 <0.002 0.01 
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Taulukko 2. Hivenaineiden totaalimäätät maassa 
Table 2. Total amounts of trace elements in soil 

Näyte 
Sampie 

Mad aji*) 
Sai/ sipe 

u Thka 

% 
Asb 

PPm 

Co Cr Cu Mn Mo 	1 	Ni ' 	Pb V Zn 

G 21611 	 KHt 83.2 8 110 k 	26 630 8 50 26 100 44 18 	 » 91.8 7 98 9 490 5 36 19 120 23 20 	 » 87.3 9 110 31 620 5 44 21 83 31 26 	 » 94.9 10 110 7 , 410 5 55 14 84 29 30 	 » 94.1 10 110 8 630 5 53 17 130 33 
G 21617 	 HHt 79.7 26 80 29 1 400 11 48 12 130 150 50 	 » 87.2 13 140 16 690 5 60 18 120 31 53 	 » 79.4 15 210 28 790 5 77 11 150 37 

, 
G 21654 	 Hs 87.1 14 120 ' 14 710 5 40 15 150 43 55 	 » 87.9 13 150 25 600 6 63 15 140 39 
G 21601 	 Jm 45.8 7 43 90 850 6 37 8 71 23 36 	 » 46.8 19 65 200 760 11 120 11 100 60 48 	 Lj 45.8 8 18 34 390 3 47 3 24 23 
G 21602 	 Mm 49.7 8 88 36 1 100 4 36 15 70 23 9 	 » 65.4 8 63 31 340 6 33 22 47 23 15 » 66.2 16 110 56 1 500 5 50 11 150 73 21 » 58.2 32 31 200 1 000 23 40 25 76 110 22 » 74.6 13 39 38 880 17 23 21 91 43 28 » 58.9 11 180 65 500 10 39 23 100 32 35 	 ,» 56.8 9 79 200 290 5 68 15 120 36 39 	 » 50.4 13 62 66 720 5 73 14 82 36 40 » 70.9 8 54 44 460 - 38 14 67 32 49 	 » 33.0 2 37 56 74 4 19 9 42 9 56 	 » 57.1 8 82 23 560 5 31 18 97 20 
i.- 21610 	 LCt 43.0 17 44 130 1 300 5 35 36 71 74 12 	 » 24.9 5 66 17 470 4 39 8 50 17 13 	 » 21.3 4 40 17 180 2 12 6 130 33 24 	 » 21.3 6 18 110 1 200 34 13 25 76 48 27 	 » 7.5 2 25 49 67 4 9 8 25 12 29 	 » 46.3 7 150 95 530 5 26 35 160 28 

85273 	 KHt 95.5 18 120 27 870 66 17 140 38 85274 	 HHk 96.3 8 42 10 240 5 22 14 58 25 

*) KHt = Coarser finesand 
HHt = Finer finesand 
Hs = Si/t 
Jm --- Lake .mud 
Lj = Mud 
Mm -= Mould 
LCt = Lzkno Carex peat 

Pintavesien analyysit antavat selvän kuvan 
jäteveden tyypillisten komponenttien kulkeutu-
misesta alapuolisiin vesistöihin. Pelkkä laimen-
nusefekti on vallitseva. Rauta on poikkeus. Kun 
vesi viipyy Sysmäjärvessä, sen Fe-pitoisuus ale-
nee voimakkaasti saostumisen johdosta. 

Vifjapunstutkimus 

Tutkitun alueen kivennäismaat ovat pääasial-
lisesti hietamoreenia ja sisältävät paikoitellen 
hiukan hiesua. Taulukoissa on käytetty yksin-, 
kertaisia merkintöjä KHt, HHt ja Hs. Eloperäi- 
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Taulukko 3. Hivenaineiden helppoliukoiset määrät maassa 
Table 3. Easily soluble amounts of trace elements in soil 

Nayte 
Sample 

' 
Maalaji 

Soil lipel 

Tilav.p, 
ginil 
Vol. 
weigbt 

mgi l maata-mg/1 of soil 

Co Fe Cu MnMo Ni Pb v Zn SO, 

G 21611 	 KHt 0.82 0.11 160 0.70 33 0.016 0.64 0.51 - 10.3 70 
18 	 » 0.98 0.14 75 1.10 11 0.005 0.31 0.38 -- 1.2 40 
20 	 » 0.94 0.12 21 0.60 19 0.003 0.74 0.68 - 2.8 60 

26 	 » 1.20 I 	0.27 38 0.50 11 0.003 0.78 0.46 0.017 0.5 80 

30 	 » 0.97 0.13 85 0.55 13 0.007 0.90 0.27 0.009 0.7 50 

G 21617 	 HHt 0.88 0.31 140 0.47 24 0.014 0.90 0.24 - 4.2 110 
50 	 » 0.72 0.18 120 0.60 23 0.009 1.20 0.27 0.024 1.4 190 
53 	 » 0.56 0.25 220 0.28 27 0.017 1.30 0.20 0.032 1.2 - 

G 21654 	 Hs 0.61 0.22 150 0.37 20 0.014 1.40 0.24 - 1.1 - 

55 	 » 0.72 0.17 72 0.78 14 0.008 1.10 0.43 - 1.1 25 

G 21601 	 Jm 0.41 0.13 150 0.39 42 0.018 0.62 0.47 0.056 1.3 60 
36 	 » 0.39 , 	0.73 250 0.67 53 0.035 3.60 0.36 0.100 6.4 250 
48 	 Lj 0.66 0.18 150 0.55 27 0.017 1.40 0.46 0.052 1,0 - 

I 
G 21602 	 Mm 0.50 0.05 50 0.42 26 - 0.27 0.46 0.014 2.1 30 

9 	 » 0.56 0.27 86 0.19 30 0.010 0.30 0.38 - 2.4 120 
15 	 » 0.70 I 	0.32 100 1.15 32 0.006 0.27 0.36 0.060 3.8 110 
21 	 » 0.59 0.10 10 1.09 19 0,004 0.57 1.15 0.1308 13.2 - 
22 	 » 0.35 0.06 8 0.61 11 - 0.18 0.65 - 2.4 - 
28 	 » 0.54 0.35 160 0.51 23 0.018 0.49 0.67 0.039 5.9 60 
35 	 » 0.48 0.17 77 0.84 13 0,008 1.20 0.53 0.011 03 80 
39 	 » 0.45 0.45 240 0.57 65 0.029 1.80 0.38 0.074 4.1 260 
40 	 » 0.65 0.18 96 0.68 18 0.010 1.40 0.46 0.021 3.5 130 
49 	 » 0.44 0.10 42 0.63 4 0.005 0.66 1.00 0.051 0.7 - 
56 	 » 0.43 0.17 120 0.47 25 0.012 0.77 0.45 0.011 2,0 - 

G 21610 	 LCt 0.44 0.07 48 0.42 18 0,004 0.31 0.46 - 7.9 - 
12 	 » 0.37 0.11 140 0.15 36 0,014 0.49 0.36 0.028 0.6 180 
13' 	 » 0.25 0.20 150 0.28 17 0.013 0.38 0,45 0.160 3.3 60 
24 	 » 0.35 0.07 80 0.28 35 0.037 0.21 0.52 0.210 4.4 200 
27 	 » 0.26 0.07 1 	38 0.19 7 0.004 0.14 0.37 0.036 0.7 60 
29 	 » 0.39 0.10 160 0.53 19 0.014 0.22 0.85 0.058 3.3 60 

. 
85273 	 KHt 1.07 0.17 35 0.75 17 - 0.90 0.60 - 	I- 1.2 120 
85274 	 KHk 1.10 0.06 5 0.43 13 - 0.30 0.61 0.009 7.2 

*) For soil type abbreviations see Table 2. 

siä maita edustavat Mm, LCt ja Jm. Alue on 
märkää, osittain veden vaivaamaa. 

Viljavuusanalyysien (ei taulukoitu) mukaan 
ravinnepitoisuudet ovat harvoja poikkeuksia 
lukuun ottamatta niin alhaisia, että ne jäävät 
alle koko Suomen keskiarvojen (Kulua 1963). 
Kalin ja fosforin puute on aivan ilmeistä. Alueen 
alhaisimmat pH-arvot saatiin maista, joita ei ole 
kalkittu lainkaan tai on kalkittu vain vähän. 

Hivenaineiden totaalimäärät maassa 

Kallioperä, maaperän luonne ja maalaji kuvas-
tuvat hivenaineiden totaalimäärissä. Pitoisuudet  

luonnehtivat lähinnä näiden aineiden reservejä, 
sillä vain murto-osa totaalimääristä on kasveille 
välittömästi käyttökelpoisessa muodossa. Tähän 
vaikuttavat ennen kaikkea mineraalinen koostu-
mus ja orgaanisen aineksen määrä (SILLANPÄÄ 
1962). Totaalimäärät 0-20 cm:n kerroksessa esi-
tetään maalajeittain taulukossa 2. Kaksi viimeistä 
näytettä ovat vertailunäytteitä tutkitun alueen 
ulkopuolelta. 

Verrattaessa tuloksia muualta Suomesta saa-
tuihin (VUORINEN 1958) todetaan mm.: Karkeat 
kivennäismaat (KHt, HHt, Hs) edustavat niille 
tyypillisiä hivenainepitoisuuksia. Nikkelin taso 
(50-60 ppm) on keskimääräistä hiukan kor- 
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Taulukko 4. Hivenaineiden totaalimäärät maaprofiileissa 
Table 4. Tata/ ~onni: of trace elements in soi! profiles 

Näyte 
Sampie 

Maalaji 

Sali tYPe* ) 

Tuhka 

Aili 

Syvyys
%  cm 

Depth 

ppm 

Co Cr Cu 	1 	Mn Mo Ni Pb v Zn 

G 21610 	. . . . LCt 43.0 0-213 17 44 130 1 300 5 35 36 71 74 » 12.1 20--40 2 12 66 370 4 30 7 23 10 
» 13.8 40-60 2 14 100 240 4 25 5 44 11. 

G 21612 	.... LCT 24.9 0--20 5 66 17 470 4 39 8 50 17 
» 5.6 20-40 1 6 7 190 1 11 2 13 17 
» 5.7 40-60 1 6 7 200 1 11 2 11 10 
» 5.5 60-80 1 7 8 310 1 11 2 12 9 

G.21613 	. . . . LCt 21.3 0-20 4 140 17 180 2 12 6 130 33 » 8.5 20-40 2 30 17 130 2 9 9 100 69 » 9.4 40-60 1 40 28 160 4 9 2 100 8 » 11.8 60-80 3 50 34 190 6 17 2 100 16 

G 21618 	. . . . KHt 91.8 0-20 7 98 9 490 5 36 19 120 23 
HHt 93.8 20-40 15 95 10 1 600 <5 30 20 160 30 

» 96.1 40-60 17 110 21 900 <5 40 20 170 28 
» 97.5 60--80 13 150 25 940 8 51 24 180 29 

G 21622 .... Mm 74.6 0--20 13 39 38 880 17 23 21 91 43 
LCt 10.13 20--40 1 10 17 50 31 5 3 47 7 » 11.9 40-60 1 18 40 65 23 9 6 130 9 
ICJit 98.9 70--80 6 59 3 570 - 15 20 130 22 

; 21624 .... LCt 21.3 0-20 6 18 110 1 200 34 13 25 76 48 
» 24.6 20--40 2 16 64 170 41 17 6 190 47 
» 58.2 40-60 3 49 55 220 62 20 19 350 68 

KHt 99.2 70-80 - 31 6 420 <5 14 20 94 23 
*) For soil type abbreviations see table 2. 

keampi, mutta viljellylle kerrokselle täysin nor-
maali (Sws  AINE 1955). 

Suurin osa eloperäisten maiden (Lj, Jm, Mm, 
LCt) tuloksista edustaa suomalaisille viljelys-
maille tyypillisiä hivenainepitoisuuksia. Joukossa 
on kuitenkin muutamia selvästi muita korkeam-
pia pitoisuuksia, mikä kuvastaa orgaanisen ainek-
sen kykyä sitoa ja pidättää hivenaineita, jotka 
ovat vapautuneet rapautuneesta mineraaliainek-
sesta 'tai ovat jäteveden tuomia. Lukuisissa 
maissa suoritettujen analyysien mukaan maan 
kuparipitoisuus vaihtelee välillä 2-100 ppm 
(SwAINE 1955). Suomalaisten maiden Cu-pitoi-
suus on tavallisesti 10-35 ppm maalajista riip-
puen. Outokummun alueella on maan kuparin 
määrä täten selvästi normaalia suurempi. Vielä 
suurempien Cu-pitoisuuksien esiintyminen pai-
koin on todennäköistä. Eräiden näytteiden Cu-
määrä on puolestaan jopa keskimääräistä pie-
nempi. Maan hivenaineiden totaalimäärille on 
tyypillistä pitoisuuksien suuri vaihtelu. 

Eloperäisten maiden mangaanin, nikkelin ja 
sinkin pitoisuudet ovat muun Suomen tasoa lie-
västi korkeammat. Malmi sisältää myös näitä 
hivenaineita. Maaperän geologinen alkuperä 
saattaa vaikuttaa ratkaisevasti hivenainepitoi-
suuksiin (MITCHELL 1964). Näytteet G 21621-
24 sisältävät normaalia enemmän molybdeenia, 
joka ei ole malmille tai jätevedelle tyypillinen 
komponentti. Näytteet ovat Partalånmäen lähei-
syydestä, minkä alueen kallioperän koostumus 
näkyy muissakin analyysituloksissa. 

Hipenaineiden helppoliukoiset määrät maassa 

Helppoliukoinen fraktio luonnehtii kasveille 
käyttökelpoisia hivenaineita paremmin kuin 
totaalimäärä. Pitoisuus kasvaa mm. totaalimää-
rän, orgaanisen aineksen ja 'kosteuden lisään-
tyessä. pH:n aleneminen lisää myös liukoisuutta 
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Taulukko 5. Hivenaineiden helppoliukoiset määrät magprofiileissa 
Table 5. Easily soluble amounts of trace elements in soil profiles 

Nayte 
Sampie 

Maalaji 
Soi/ type*) 

Tilav.p. 
gin], 
Voi. 

weight 

syvyys  
ss.n  

Depeb 
pH 

mgil maata -ing11 af  sali 

SO, Ca Fe Mn Zn Ni Pb Cu Co V Mo 

G 21610 .... LCt 0.44 0-20 5.80 - 4 300 48 18 7.9 0.31 0.46 0.42 0.07 - 0.004 
» 0.24 20-40 5.80 60 2 727 16 9 0.5 0.20 0.16 0.23 0.02 - 0.004 
» 0.22 40-60 5.65 50 2 200 26 22 0.5 0.25 0.30 0.15 0.02 0.063 0.005 

G 21612 .... LCt 0.37 0-20 5.00 180 1 825 140 36 0.6 0.49 0.36 0.15 0.11 0.028 0.131-4 
» 0.24 20-40 4.50 - 925 85 21 0.5 0.34 0.15 0.20 0.06 0.025 0.006 
» 0.23 40-60 4.75 30 925 85 35 0.5 0.26 0.17 0.14 0.05 0.023 0.01c 
» 0.30 60-80 5.05 - 1 000 100 50 0.5 0.23 0.11 0.13 0.040.02Ö 0.014 

G 21613 .... LCt 0.25 0-20 4.55 60 1 000 150 17 3.3 0.38 0.45 0.28 0.20 0.160 0.012 
» 0.26 20-40 4.25 70 1 200 66 26 1.7 0.30 0.13 0.14 0.14 0.300 0.001 
» 0.29 40-60 4.55 270 1 850 35 41 0.5 0.14 0.10 0.10 0.05 0.880 0.001 
» 0.27 60-80 4.70 930 2 025 30 28 0.5 0.20 0.27 0.14 0.09 0.440 0,004 

G 21618 .... KHt 0.98 0-20 5.35 40 475 75 11 1.2 0.31 0.38 1.10 0.14 - 0.001 
HHt 1.30 20-40 5.40 140 50 120 5 0.5 0.33 0.38 0.80 0.06 - 0.130 

» 1.21 40-60 5.50 - 65 120 5 0.5 0.30 0.42 0.80 0.08 - 0.01( 
» 1.18 60-80 5.70 180 175 85 17 0.5 0.46 0.34 0.75 0.20 - 0.001 

G 21622 .... Mm 0.35 0-20 6.70 - 9 600 8 11 2.4 0.18 0.65 0.61 0.06 -<0.001 
LCt 0.23 20-40 4.75 180 2 325 51 4 0.5 0.08 0.33 0.29 0.14 0.028 0.012 

» 0.26 40-60 4:20 1 520 2 025 53 7 0.5 0.13 0.40 0.22 0.22 0.300 0.0i ,  
KHt 1.58 70-80 4.25 690 350 160 1 0.5 0.20 0.29 0.28 0.27 0.210 0.011 

G21624 .... 
, 
LCt ' 0.35 0-20 5.00 200 3 450 80 35 4.4 0.21 0.52 0.28 0.07 0.210 0.03 

» 0.29 20-40 4.80 230 1 675 50 11 2.9 0.23 0.30 0.18 0.07 0.240 0.011 
» 0.44 40-60 5.20 540 1 600 15 13 2.9 0.25 0.57 _0.17 0.090.530 0.01( 

KHt 1.18 70-80 4.25 1 270 300 130 3 <0.5 0.46 1.05 0.84 0.21 0.110 0.021 

*) For soil type abbrevialions tee Table 2. 

(poikkeuksena Mo) (SILLANPÄÄ 1962, MITCHELL 

1964). Tutkitun alueen normaalia korkeampi 
kosteus yhdessä alhaisen pH:ri ja korkean humus-
pitoisuuden kanssa lisäävät maassa olevien hiven-
aineiden kasveille käyttökelpoisia määriä. Tau-
lukossa 3 esitetään hivenaineiden helppoliukois-
ten määrien ohella samalla uuttomenetplmällä 

saadut SO, -pitoisuudet. 
Keskimääräiset pitoisuudet noudattavat samaa 

suuntaa kuin totaalimäärät. Verrattaessa tuloksia 
muualta Suomesta saatuihin (SILLANPÄÄ ja 
LAKANEN 1966) todetaan helppoliukoista kupa-
ria olevan normaalia enemmän. Myös nikkeli ja 
rauta edustavat keskiarvoja korkeampaa tasoa. 
Yksittäisissä tapauksissa eri hivenaineiden pitoi-
suudet vaihtelevat melkoisesti. Kohonneet mää-
rät ovat eräissä tapauksissa jäteveden aiheutta-
mia. Pintamaiden sulfaattipitoisuudet ovat alhai-
sia ja vähäisiä rannikkoseudun rikkipitoisiin mai-
hin verrattuina (PuRoxosxr 1959). 

Maaprofiilien anabysir 

Profiilitutkimuksella seurataan tavallisesti eri 
aineiden huuhtoutumista pintakerroksista alas-
päin. Tutkimus selventää vastaavasti eri kompo-
nenttien kulkeutumista alhaalta ylöspäin ja ku-
vastaa tällöin, myös likaantuneiden pohjavesien 
tunkeutumista ylempiin maakerroksiin. Kaiyok-
sen vanhan jätekentän likaamaa pohjavettä tih 
kuu paikoitellen aina viljeltyyn kerrokseen 
saakka. Mukana kulkeutuu myös jätevedelle 
tyypillisiä komponentteja, mihin vaikuttavat näi-
den aineiden konsentraatio, kemiallinen luonne 
ja maalajin taipumus sitoa ja pidättää näitä 
aineita. 

Profiilitutkimus suoritettiin vain muutamista 
näytteenottokohdista. Hivenaineiden totaalimää,, 
rät esitetään taulukossa 4 ja helppoliukoiset 
määrät (muilla määrityksillä täydennettyinä) tau-
lukossa 5. 
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Taulukko 6. Eri aineiden pitoisuuksia nurmiheinäin kuiva-aineessa 
Table 6. The contents of some constituents in the dry matter of mixed berbage plants*) 

PPm 

Vaihtelu 
Variation 

K.a. 
Mean 

Vaihtelu 
Variaticn 

K.a 
Mean 

K 	  0.84-3.03 1.78 Mn 	  33-538 112 
Ca 	  0.27-1.30 0.62 Fe 	  41-230 64 
P 	  0.10-0.30 0.23 Zn 	  21-109 39 
Mg 	  0.14-0.45 0.25 Cu 	  6.1-13.5 8.8 
S 	  0.16-0.29 0.20 MO 	  0.2-5.3 1.3 

CO 	  0.04-1.20 0.17 

*) The determinations are made by State Laboratou of 'Agricultural Chemistry, Helsinki. 

Tuloksista nähdään mm. että G 21610 ja —12 
ovat turveprofiileja, joissa kivennäisaineksen 
pitoisuus kasvaa pintaa kohden. Pintakerroksen 
hivenainepitoisuudet ovat tällöin korkeimtnat. 
G 21613:n liukoisessa fraktiossa SQ, ja Ca 
lisääntyvät alaspäin mentäessä, samoin vanadiini, 
jonka pitoisuudet ovat normaalia korkeammat. 
Muiden hivenaineiden pitoisuudet alenevat sy-
vyyden kasvaessa. G 21618:ssa kasvavat useim-
pien hivenaineiden totaalimäärät alaspäin men-
täessä. Tämä kuvastaa mineraaliaineksien muut-
tumista. G 21622 ja —24 ovat mielenkiintoisia 
profiileja, joissa on sekä jäteveden että lähi-
ympäristön kallioperän vaikutusta. Jäteaineiden 
likaamaa pohjavettä on noussut pintaan päin, 
mikä näkyy kasvavista SO4- ja Fe-pitoisuuksista 
alaspäin mentäessä. Liukoisen raudan määrää 
lisää tosin aleneva pH. Näytteiden vanadiini- ja 
erityisesti molybdeenipitoisuus ovat sangen kor-
keita. Tämä johtuu ilmeisesti läheisen Partalan-
mäen kallioperän koostumuksesta. 

Useammat ja syvemmälle ulottuvat proffilitut-
kimukset antaisivat kuvan siitä, missä kohdin 
tuntuu likaantuneen pohjaveden vaikutus ja 
kuinka lähelle pintaa vaikutus ylettyy. 

Muita ana(y_ysja 

Tutkitulla alueella on vuosien kuluessa suori-
tettu runsaasti pohjavesien analyyseja sekä perus-
kallioon tai pohjamoreeniin ulottuvista pohja-
vesiputkista saaduista näytteistä että kaivovesistä. 
Heinä—syyskuussa 1964 otettiin myös maanäyt- 

teitä vastaavat pohjavesinäytteet n. 0.7-3 met-
ristä, keskimäärin 1.5 metristä. Hivenainemääri-
tykset suoritettiin Maantutkimuslaitoksella hel-
mikuussa 1965. Tuloksista mainittakoon: Fe < 
0.1-17 mg/l, k.a. 3 mg/l. Mn < 0.02-2 mg/1, 
k.a. 0.3 mg/l. Zn < 0.05-0.30 mg/1, k.a. 0.1 
mg/l. Cu < 0.01-0.15 mg/1, k.a. 0.03 mg/l. 
Ni < 0.002-0.130 mg/l, k.a. 0.01. Co < 0.001 
—0.024 mg/1, keskimäärin n. 0.001 mg/l. Pb ja 
V keskimäärin <0.01 mg/1 ja Mo < 0.005 mg/l. 

Myös eräiden kaivovesien hivenainepitoisuu-
det määritettiin. Taipaleenjoen pohjoisrannan 
kaivovedet sisälsivät poikkeuksellisen runsaasti 
maaperästä liuenneita aineita. Oloissamme ainut-
laatuisia lienevät erään kaivon hivenainepitoi-
suudet: Fe 70-80, Mn, Zn, Ni 2-5, Co 0.2-0.5 
ja Cu 0.1-0.2 mg/l. Pohjavesien laatu huononee 
(kovuus, Fe-pitoisuus jne.) Sysmäjärven alueelta 
Taipaleenjoelle mentäessä. Vastaavasti Ca/Mg-
suhde laskee keskimäärin 2.4:stä 1.4:ään, mikä 
selittynee maaperän luonteen muuttumisesta. 

Kasvimateriaalin hivenainepitoisuudet täyden-
tävät maasta suoritettujen hivenainemääritysten 
antamaa kuvaa ja ovat yksi kriteerio nautinta-
kelpoisuutta arvioitaessa. Valtion maatalous-
kemiallinen laboratorio on määrittänyt pää- ja 
hivenravinnepitoisuudet nurmiheinästä samoilta 
paikoilta, mistä maanäytteet ovat peräisin. Asian-
omaisella luvalla esitetään analyysitulosten keski-
arvot ja vaihtelurajat oheisessa taulukossa 6. 

Botaaninen koostumus on kirjava (apila, timo-
tei, lauha, sara, nata, leinikki, voikukka jne.), 
mikä osaltaan lisää analyysitulosten vaihtelua ja 
vaikeuttaa tason arviointia. Vertailu puhtaan 
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suomalaisen ' titnotein: hivenainepitoiSuukSiin 
(LAKANEN, jUlkaisemattontia tuloksia) osoittaa 
mm,;-, että mangaanin pitoisuus on lievästi kor-
keampi., Yksi näyte (538 ppm) edustaa' normaalia 
korkeampaa Mn-pitoisuutta. Raudan, keskiarvo 
on alhaisempi. Alueen maaperätekijät (kosteus, 
cigaaninen aines, alhainen pH' ja redokspoten-
tiaali) suosivat mangaanin ottoa, joka saattaa 
alentaa Fe-pitoisuntta Sinkin keskiarvo 9n nor-
maali.Yksi näyte edustaa korkeampaa pitoisuutta. 
Kuparin pitoisuus on keskimääräistä korkeampi, 

mikä on täysin Inönnollista:.  Mo-pitoisuudet 
ovat muuten normaaleja, paitsi Partalanmäen 
tienoon 5 ppm taso joka, on poikkeuksellisen 
korkea ja nostaa keskiarvoakin. Koboltin taso 
on korkeampi kuin tii-noteilla, , 

Verrattaessa tuloksia • esirriP Skotlantilaisen lai-
dunruohon hivenain4dioiä1tkSiin (MITCHELL 

1963) todetaan, että vain kuparin ja molybdeenin 
pitoisuudet ovat selvästi korkeampia kuin Skot-
lannissa, misSä tyypillisiä pitoisuuksia ovat Cu 
4.5 ja Mo 0.43 ppm. 

Tiivisteltnä 

Tutkimuksessa on tarkasteltu Outokummun 
kaivoksen lähiympäristöstä kaakkoon suuntau-
tuvan alueen hivenainepitoisuuksia maassa, kas-
veissa ja vesissä. Malmi on"lisärinyt ymPäriStön 
hivenainepitoisuuksia. Selvimmin se näkyy maa-
perän ja kasvimateriaalin muun suomen 'tasoa 
korkeampina Cu-pitoisuuksinx. 'Suuret paikal-
liset vaihtelut ovat tyypillisiä erityisesti maassa 
olevan kuparin totaalimäärille. 

Muutamien muidenkin hivenaineiden (Co, 
Mo, Ni, V, Zn) pitoisuudet maassa, kas-

veisa tai vesissä ovat paikoin muun Suomen 
tasoa korkeammat, mihin maa- ja kallioperän mi-
neraalikoostumuksen lisäksi • vaikuttavat eräissä 
tapauksissa kaivoksen jätevedet. Tyypillisiä' kal-
lio- ja maaperästä aiheutuvia poikkeuksellisia 
hivenainepitoisuuksia ovat mm. Partalanmäen 
tienoon korkeat Mo- ja V-pitoisuudet sekä 
Taipaleenjoen pohjoispuolelta todetut korkeat 
Ni- ym. pitoisuudet. 

Jäteveden vaikutus nähdään. selvästi' kaivos-
alueen lähiympäristön pinta- ja pohjavesien ana- 

lyysituloksista. Paikoin se ilmenee myös maan 
helppoliukoisten ja kasvien hivenaineiden pitoi-
sutiksien kohoamisena. Suoritettua laajempi 
ptoliilitutkimus antaisi-selvän kuvan siitä, missä 
kohdin tuntuu likaantnneen pohjaveden vaiku- 
tus ja kuinka lähelle pintaa.vaikutis ylettyy._ , • 

Maan hivenaineanalyysien perusteella ei vielä 
nykyään kyetä määrittämään' riittävän tarkasti 
kaikkien kasveille käyttökelpoisten hivenainei-
den ali- tai ylimääriä. 'Kasviinateriaalin analy-
sointi antaa tästä kuvan, vatsinkin rehun käyttö .-
kelpoisuutta arvioitaessa. Tutkitun alueen Ikasvi-
materiaalin hivenainepitoisuuksien keskiarvoja 
voidaan pitää normaaleina. Eräät yksittäiset ana-
lyysitulokset edustavat normaalia korkeampia 
pitoisuuksia. Myrkyllisen korkeita pitoisunksia 
ei todettu. 

Tutkimukseen liittyvät analyysityöt Maan- 
tutkimuslaitos on suorittanut Out okumpu • 
Oy:n tähän -tarkoitukseen lahjoittamin Määrä:7  
rahoin. 
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SUMMARY 

Trace element levels in the vicinity of Outokumpu copper mine 

ESKO LA KANEN 
Agricultural Research Centre, Department of Soil Science, Tikkurila, Finland 

In this paper the amounts of trace elements in the soil, 
water and• vegetation in the vicinity of the copper mine 
at Outokumpu, Finland, are reported. Data of some other 
determinations are also presented. The arca under in-
vestigation is shown in Fig. 1. 

Outokumpu is one of the biggest copper mines in 
Europe. The ore also contains some other heavy metals 
(Fe, Mn, Ni, Co, Zn). Numerous pieces of the ore were 
scattered during the glacial period in the direction north-
west—southeast. The waste waters from the ore con-
centration plant are relatively rich in trace elements 
(Table 1). These waters mix with the surface waters 
flowing to the southeast. 

The total amounts of trace elements in the surface 
soils (0-20 cm) are presented in Table 2. Coarser finesand, 
finer finesand and silt exhibit the average trace element 
level of these soil types elsewhere in Finland. The amounts 
of nickel are slightly higher, however. The soil organic 
matter' has a great ability to fix trace elements liberated 
by the weathering of the minerals or brought by the 
waste waters. This is seen from the results, there being a  

high trace element content in some samples. The level of 
copper is clearly higher than normal. The other trace 
element values differ only slightly from the amounts 
found elsewhere in Finland. There are three samples 
from a restricted area, however, that have unusually high 
Mo contents. 

The readily soluble amounts of trace elements in the 
soil were extracted with acid ammonium acetate (0.5N 
CH3COOH, 0.5N CH,COONH,, pH 4.65). The results 
(Table 3) show the, same general tendency as the total 
amounts. The amounts of readily soluble sulphates 
remain vety low. 

Analytical data of a few soil profiles (Tables 4 and 5) 
provide information about the formation and develop-
ment of the soil. The influence of the contaminated 
ground waters on the readily soluble fraction of the soil 
constituents is distinct in some profiles. 

The amounts of trace elements in the mixed herbage 
plants vary considerably (Table 6). Some samples have 
a higher trace element content than norrnal. 
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