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SOME COEFFICIENTS OF HERITABILITY IN HORSES

MIKKO VARO

Agricultural Reseatch Centre, Department of Animal Breeding, Tikkurila, Finland.

"In horsebreeding, 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 yeat, the programme of
Finrﬁsﬁ horse breeding has been changed. Along
with the studbook of draught horses, instead of
the former studbook of general hotses, 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
increase interest particularly in improving the
draught horse. The material investigated con-
sists of 5996 mates 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 cotrelation of paternal half-sibs, calculated
by wvariance analysis. The effect of variance
between sires has been calculdted separately.in
different age classes within both year classes and
districts. The horses were divided into four-
yeat classes according to whether theit 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 tegistered. :
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Fig. 1. The boundaries of the studbook districts.
Kuva 1. Kantakirjapitrien rajal.
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Table 1. The averages of the fout-year-old
 Tanlikko 1. Nelivuotiaiden tammojen

Ageclass d d d d d
Characteristic Tki-lk 1952—5 1 P u P s P v P v P
Ouminaisuns . .
1799 759 150 184 65 223 137
Pulling power, in kilos ¥) — Vetovoima kg ......... 437.4 | 425.8 | 421.0 | 425.0 | 436.0 | 429.9 | 421.0

Pulling powet pet cent 2) — Vetovoima % .........
Steps — Porrasiukes ... ..o
Pace speed — Kdyntiaika ..............cvvvivuen.
Trotting speed — Juoksunaika ..........c...o.o...

Draught points — Vetopisteer .. ......cooivviinn.
Pace points — Kéynsipisteet ................ R
Trotting points — Juoksupisteer ..................
Style of gait — Liikkeet ......... e e
Temperament — Luonne ..oooovvviiiii i

ey
oW~ Ul WD =

Performance points3) — Koepisteer ...............
Type judging points — Tyypit . ..oovieiinnninnn.
Body shape — Ranko ........cociiiiiiiniiiians
Feet— Jalat ... oo
Hoofs — Kaviot ........coooiviiiiiiiiiiiiiinn,

= e e
0 b WN =

Points together 5) — Pisteet yhteensd ..............
Height of withers — Sdkakorkens o...............
Height of the rump — Lautaskorkens . ...... RN
Body length — Vartalon pitwus ...................

B = b b
QWIS

Circumference of chest — Rinnan ympérys ..........
Depth of chest — Rinnan sypyys ..o
Width of shoulders — Ryntdin leveys ..............
Front width of hips — Lantasen etuleveys ..........
Back width of hips — Lautasen takaleveys..........

N NN
W=

NN
(5,0

Circumference of front knee — Polven ympirys ... ..
Citrcumference of front cannon — Efusddren ympdrys
Bredth of front cannon — Etusdiren leveys ........
Citcumference of hind cannon — Takasdiren ympérys
Bredth of hind cannon — Takasddren leveys .. ... ...

LN NN
[=RN-- TN e

31 Weight estimation — Painon arvio ................
32 Fattness — Lihavunsaste o.....ccooviveinnnnnon.

1) maximum draught

2) wo »  per cent of liveweight
%) 64 7+8-49+10

1) 12 4-13 414 4+ 15

5) 11 4+ 16

Conformation judging points 4) — Rakennepisteet . .. |-

76.7 75.4 | T40 | T76.4| 79.4| 74.3 75.3.
7.8 7.6 7.3 | 1.7 8.2 7.5 7.5
8.17 8.22 8.28 8.34  8.05 8.24 8.03
2.28 2.28 2,25 2,29 2.28 2.32| 2,24

7.4 7.3 7.2 7.3 7.7 7.1 7.3
3.9 3.8 3.6 3.4 4.2 3.7 4.3
3.1 3.0 3.2 3.0 3.1 2.7 3.3
2.4 2.3 2.2 2.2 . 2.4 2.4 2.3
4,5 4.4 4.4 4.4 4.4 4.2 4,5
21.3 20.7 20.7 20.3 21.8 20.1 21.6
4.8 4.7 4.6 4.5 4.5 4.7 4.9
5.8 5.6 5.9 5.5 5.3 5.5 5.7
3.5 3.5 3.5 3.4 3.5 3.4 3.9
29| 28 2.7 3.0 2.7 2.6 3.0
17.0 16.5 16.6 16.5 | -16.0 16.2 | - 17.4

38.3| 37.2| 373 36.7| 37.8| 36.3| 39,0

157.7 | 157.6 | 157.0 | 155.8 | 157.7 | 159.5 | 157.8
157.8-| 157.8 | 157.1 | 156.2 | 157.7 | 159.6 | 157.9
168.4 | 167.5 | 167.7 | 166.8 | 167.9 | 169.0 | 167.5
188.7 | 188.1 | 189.2 | 187.5 | 185.8 | 188.9. | 187.7

77.3 774 | 77.2| 765 | 76.2| 78.2| 76.5
45.8 45.6'| 45.9 | 45.6 | 45.2 | - 45.3 | 46.1
58.5 58.3 58.4 | 57.6 58.4 | - 58.3 |- 58.8
55.2 54.8 55.1 54.6 | = 54.7 54.8 54.9

33.4 33.3 33.3 33.0 33.3 33.1 33.8
20.3 20.3 20.5 20.1 20.2 20.4 20.5
7.5 7.5 7.6 7.5 7.3 7.5 - T:s
22.6| 22.6 | 230! 225 22.4| 225| 226
8.7 8.7 8.8" 8.8 - 8.6 8.7 871

569.7 | 564.6 | 570.6 | 557.1 | 550.1 | 573.1 5608
4.3 4.2 44| "F4] 41 4.0 4.3

Step = ‘A pulling stretch of 50 m. On the ﬁrst step is the puliing rés’istancé 25 % of the live"weight; on the second

The matetial has been divided into 4-yeat-
classes in order to eliminate from the heritability
estimates the distu_r:b."iﬁg influence of any devel-
opment which may possibly have taken place
during the eight years concetned. The material
has further been divided into districts in order
to avoid errors due to the different conditions
in different distriets and possible differences in
estimation by the studbook specialists.
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Strictly speaking, the material- is slightly
selected, because only ‘the mares that have been
entered in the studbook -have been fincluded.
Because the grounds for tejection in -studbook
tests may have been quite ‘different, it has not

been possible to direct culling very effectively -

to any particular characteristic. The number of
rejected mares is quite small, only c. 15 per cent,
so that culling cannot very much influence the

mares by the 4-year classes and districts (d)
keskiarvot viosiluokitiain ja piireittiin

19569 Ig ng mg Ivg vg 1960—3 I: ng I v Vg
521 ! 60 60 164 183 54 519 39 82 104 214 80
440.3 | - 425.2 4451 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:| 779

7.9 7.6 7.9 8.2 7.5 | 8.2 8.1 7.3 8.2 | - 8.2 7.9 -85
8.13 8.17 8.25 8.10 814 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 2.28 232 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
- 40 |- 3.9 3.6 4.1 3,9 | 4.4 4.0 3.8 3.4 41 [ 4o |- 44
3.2, 3.8 2:8 3.2 2.8 3.8 3.0 3.0 2.7 3.2 2.8 |- 3.6
24| 23 2.4 2.4 | 25 2.6 2.6 2.3 2.4 2.5 |- 27| < 2.6
45 1 4 4.4 4.6 4.5 4.7 4.6 4.4 4.6 4.6 46| 49
21.6°| 22,0 | 20.5 22,0 21.0 | -23.2 217 | 207 | 207 | 221 | 21.5°| 23.4
© 4.8 4.9 4.9 4.6 4.9 5.2 5.0 4.9 4.9 48 | 51| 5.4
5.8:1- - 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 | 37 3.6 3.7 3.6 3.4 3.7 - 3.8
2.8: 2.9 - 3.0 2.7 | 28| - 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.¢ 38.5 38.8 39.6 | 423
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 | 169.0 | 166.7 .| 168.8 | 169.9 | -167.3
188:6 | 188.2 190.9 187.8 188.9 188.2 189.6 191.2 | 189.0 188.8 | 190.4 188.3
77.2° 77.1 76.6 77.2 71.17 76.6 77.8 77.9 |, 76.1 717.9. 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 -33.3 336 | 336 33:2 33.6 33.7 | 33.4
20.2 | 20.3 20.3 | 20.4 20.1 | 202 |-. 203 | 20.4 | 202 | 203 | 20.3 20.3
7.4 7.4 7.5 7.4 {: T4 | 73| . 75| 75 75| 73| 75 |- T4
22.5 22.9- 22.7 22.6 223 7223 22.6 22.9 226 | 2251 226 22.2
‘8.6 8.7 8.8 8.6 8.6 8.5 87 |. 88 | 87 86| 87| '8¢
£
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 40 4.2 |. 4.4

30 %, on the third 35 % as.o.

hetitability estimates. By including only stud-
book mares in the investigation the advantage
lias been gamed that ‘the heritability of each
characteristic has been estimated w1th1n the same
seriés of anirals. R

The averages of the age-classes and districts
have been compiled in Tables 1—4. They show
that age classes differ very shghtly from each
other, the older mares mostly being inferior to

4.3 4.8 4.6 41 4.1.| i 4.4

the young ones as régards the1r measutements
and pomts Only the results of pulling,. walkmg
and trotting tests form a clear excéption in
which the performance of thie older horses has
proved superior. Width of shoulders is the only
meéasufement that increases as the horse grows
older. The generally smaller measurements’ of
the older age-classes can probably be explained
by the fact that the best and most rapidly devel-
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Table 2. The averages of the five-year-old
Tanlukko 2, Viisivuotiaiden tammajen

Chatacteristic
Ominaisuns

d

Ageclass d d d d
- I s m v v
Tka-lk 19525 p p P P P

1989 1010, 225 272 59 194 260

Pulling powet, in kilos 1) — Vetoroima: BE v,
. Pulling power per cent?) — Vetovoima % ' ........
Steps — Porrasiuktt o ... oouiiiniin i, [
Pace speed — Kayntiaika ... ... e,
Trotting speed — Juoksuaika ....................

Draught points — Vefopisteet ... .......ooovve....
Pace points — Kéyntipisteet .. ... e
Trotting points — Juoksupisteet ..................
Style of gait — Litkkee? ........ccccvvvviunnn...
Temperament — Luonng. .. .. ... P

-
OV W1 WUl

Petformance points 3) — Kogpistees . .. ... e
Type judging points — Tyypit .......... U
Body shape — Runko ................. U
Feet — Jalat ......... e e e
Hoofs — Kavio? ............... N e

el el
Ul W

Conformation 1udgmg points 4) — Rakennepzrteet

Points together 5) — Pisteet yhteensid ..............
Height of withers — Sdkdkorkens .... ... e
Height of the tump — Lawutaskorkeus .............
Body length — Vartalon pituns .......... e

N = e
(=2 ~JeaEN )N

N
[y

Circumfetence of chest — Rinnan ympirys ..........
Depth of chest— Rinnan sypyys ..ooooov oo ..
Width of shoulders — Ryntain leveys .. .. ... P
Front width of hips — Lasutasen etuleveys .. ........
Back width of hips — Laﬂta:en ta/éa/eﬂey: ..........

NN NN
U SRR

3]
[

Circumference of front knee — Po/ven _ympar_yx .....
Citcumference of front cannon — Erusdéren ympirys
Bredth of front cannon — Efusidren leveys. .... . ...
Circumference of hind ¢annon — Takasdiren ympirys
Bredth of hind cannon — Takasidren leveys .. .. .. ..

W NN N
‘DO W~

31 Weight estimation — Paingn arvio ......... e

32 Fattness — Libavnssaste.. ;..o i s ereennn P

1—5) See Table 1 — Katso taulukosta 1

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 obyviously Eeer_l
selected into the groups of older candidates.

The changes from one 4-yearclass to another
have been very slight in all age-classes; relatively
speaking, the measurements have changed little,
Whe_réa_s considerable progtess can be seen in
performa-nce and in points of build. TableTS,
however, shows that differences between. year-
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455.4 | 447.3 | 444.2 | 450.9 | 461.8 | 440.4 | 447.7
799 | 789 | 77.5| 99| 83| 768 | 79.5

7.4 7.2 6.9 7.4 8.0 7.0 7.4
8,14 8.18 8.18 8.32 8.11 8.27 8.00
2.26 2.26 2.24 2.29 2.26 2.30 2.23
7.1 7.0 6.8 7.1 7.6 6.8 7.2
4,0 3.9 3.8 3.5 4.1 3.6 4.4
2.9 2.9 3.0 2.7 3.0 2.6 3.1
2.3 2.2 2.1 2.1 2.4 2.3 2.3
4,5 4.4 4.5 4.3 4.4 4.3 4.5

20.8 20.4 | 202 19.7f 21.5| 19.7] 21.s
4.7 4.6 4.6 4.5 4.3 4,7 4.8
5.7 5.6 5.9 5.5 5.2 5.5 5.5
3.5 3.4 3.4 3.2 3.4 3.4 3.7
2.8 2.8

2.7 2.9 28 25 29

16.8 16.4 16.7 16.1 15.8 16.1 16.9
37.6 | 36.8| 36.9| 359 37.3| 358 38.4
157.4 | 157.1 | 156.8 | 155.9 | 158.8 | 158.8 | 156.9
157.6 | 157.3 | 157.0 | 156.3 | 158.7 | 159.0 | 157.0
168.0 | 167.4 | 167.9 | 167.0 | 168.2 | 167.7 | 167.1

188.7 | 188.4 | 189.7 | 188.3 | 185.8 | 188.6 | 187.6
772 77.1| 77.2| 76.9| 76.5| 78.0| 76.4
461 | 45.9| 46.3| 455 | 46,17 45.3 | 46.3
58.4 | 58.1| 58.4 | 57.5| 58.6| 57.9| 58.7
55.1 | 54.9 | 553 | 54.6| 551 | 54.5| 54.9

33.1 33.1 33,3 328 33.2| 329 | 33.3
20.2 20.3 ] 20.5 ] 20.0{ 20.2| 20.2] 20.3
7.4 7.5 . 7.6 1.5 7.3 7.5 7.4
22,5 22.6 | 23.1| 22.3| 225 223 225
8.6 8.7 8.8 8.7 8.6- 8.6 8.6

568.8 | 564.6 | 575,2 | 562.9 | 551.5 | 566.9 | 558.6
L4242 4.3 4.4 4.1 4.0 4.3

classes have not generally been significant. They
have been motre 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
measurements of the oldest age-class.

HQW are we to interpret the fact that the
improvement in certain measurements has been
greatest in the oldestage-class. In chest citcumfer-
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

mates by the 4-year classes and districts (d)
keskiarvot vuosilnokittain ja piireittiiin

d d d d d 1d nd o d v ¢d
1956—9 Ip ey oy Vo Vp 1960—3 P P P » P
620 6 86 165 187 115 39 | 371 61 110 58 %

460.1 | 439.1 456.4 468.8 449.5 480.0
80,3 79.3 80.2 80.8 78,1 | 84.1

7.5 7.2 7.6 7.6 7.0 8.0
8.10 8.10 8.28 8.07| ~ 8.14 7.51
2,26 2.21 2.32 2.24 2.31 2.18
7.2 7.0 7.2 7.3 6.9 7.6
4.1 4.1 3.6 4,1 4.0 4.6
2.9 31 2.6 3.0 2.6 3.5
2.4 2.2 [+ 2.3 2.4 2.5 2.4
4.5 4.6 4.3 4,5 4.4 4.8
21.2 21.2 20.2 21.4 20.4 22,9
4.8 4,7 4.7 4.5 4.8 5.2
‘5.8 6.1 5.9 5.5 5.9 6.1
3.5 3.5 3.3 3.4 3.5 3.7
2.9 3.0 3.1 2.6 2.7 3.1
17.0 17.4 16.9 16.1 16.9 18.1

38.1 38.6 37.0 37.4 '37.3 41,0
157.9 156.0 156.6 158.8 158.6 | 157.5
157.8 | 156:1 | 156.7 | 158.6 | 158.6 | 157.3
168.6 166.9 166.8 |- 169.8 169.0 168.6

188.9 187.1 189.7 189.1 | 189.4 188.5
C77.4 77.0 76.7 77.5 78.0 77.1
46.2 46.1 46.4 46.1 45.8 +47.0

58.5 57.9 57.5 .59.1 58.4 59.0 .

55.3 54.8 55.0 553 | 555 55.7

33.2 | 329 | 329 | ‘334 | -33.0 | 33.5
20.2 | 202 | 202 | 203 20.0 | 20.3

7.4 7.4 7.5 7.3 7.3 | - 7.4
-22.4 22.8 22.5 22.6 2241 22.4
8.6 8.7 8.7 8.6 8.4 8.6

5727 | 555.1 | 570.0 | 577.6 | 576.2 | 571.7
4.2 4,4 4.4 4.1 4.2 4.3

the first year-class of the oldest age-class con-
tains a relative abundance of hotses whose
development was distutbed by the defective
feeding -of the war years and the crisis that
immediately followed the war. Thus the greater
differefices between year-classes (than within
other age-classes) would be due not-to greatet
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-

469.7 | -455.0 | 460.0 | 472.2 | 4718 | 477.5
81.8 79.5 80.4 81.8 81.3 84.0

7.7 7.1 7.5 7.6 7.6 8.2
8.08 8.17 8.38 8.07 8.05 7.49
2,25 2.24 2.31 2.25 2.32 2,17
7.4 6.8 7.2 7.4 7.3 7.7
41 | 3.9 | 3.3 4.1 4,2 4.6
3.0 3.0 2.6 3.1 2.6 3.6
2.4 2.2 2.3 2.4 260 25
4.6 4.5 4,4 4.6 4.4 ‘4.8
21.5 20.4 19.9 21.4 21.1 23.1
4.9 4.8 T4 | 4.7 4.9 5.2
6.0 6.1 5.9 - 5.8 6.0 6.2
3.6 3.6 3.6 |- 3.4 3.5 3.8
3.0 3.0 3.2 2.7 2.9 3.2

17.s 17.6 17.6 16.7 17.3°.1 * 18.5
38.9 38.0 37.5 38.1 38.4 | 416
157.¢6 156.4 156.6 158.7 158:3: | : 157.1
157.8 156:5 156.7 158.8 | 158.5 1 7157.2
168.4 | 167.9 168.3 169.1 169.1 167.5

189.2 | 189.6 | 189.5 | 189.6 | 190.1 187.8
77.4 7.2 76.6 77.8 78.3 76.9
46.3 47.1 46.4 46.1 45.8 47.3
58.8 58.1 58.6 59.0 58.3 59.3
55.4 55.3 55.6 54.5 55.7 56.2

33.2 | 327 33.1 33.5 33.3 33.1
20.2 20.1 20.3 20.4 20.2 20.1

7.4 | 7.4 7.5 7.4 | 1.5 7.4
22.5 [  22.4 22.7 22.7 22.6 22,1
8.6 8.6 8.8, 8.7 8.6 8.5

573.8 574.3 575.5 | 579.0 | 581.4 561.4
4.2 4.7 4.4 4.0 4.1 4.3

ences betweeni districts can be seen, even from
Tables 1—4, to be considerable; and now it can
be seen that they have generally been highly
significant in all 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 significarit than the differences in hered-
itary traits. It is certain, too that the breeders’
attitude is one of the factors that produces
< most

territotial ~ variation, its - influence - is
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Table 3. The averages of the six-year-old
Tanlukko 3. Kunsivaotiaiden tammojen

Characteristic
Ominaisuns

.| Ageclass

d d d di

' a
- 1 I m v v
ks | 970 P P p P p

937 589 122 | 140 54 | 55 0| 28

< Pulling power, in kilos Y) — Vetovoima, kg

1« Pulling powet, in kilos ) — Vetovoima kg .........

2 Pulling power. per cent ?) — Vetoﬂomza b ’

3 Steps — Porrasluku ..... ... i

4 Pace spe_ed Kayntiaika :ooooviiieiiiiiiiiiin...

5, Trotting speed — Juoksuaika ....................

6. Dzaught points — Vezopisteet .. ... e P

7 Pace points — Kdyntipisteet ...... .. e R

8 Trotting points — Juoksupisteet ............ e

9 Style of gait — Lijkkeet ........covvveennnnn... :
10 Temperament — Lauonne .....covvevneeviannnn. ..
11 Performance points 3) — Koepisteer ...............
12 Type judging points —. T ypit ... e
13 Body shape — Ranko . ..vvveiiiiiinennenainans
14 Feet—Jalat ........cociiiviiiiiiivi ..
15‘Hoofs——I\amat.._.....- ........ i
16..- Conformation judging points %) — Rakennepisteet . ..
17 Points together 5) — Pisteet yhteensii .......... .
18 Height of withers — Sgkdkorkens ................
19 Height of the ramp — Lautaskorkens .............
20, Bod}’r length — Vartalon pituus «......... e
21 Circumference of chest — Rinnan jmpm:y: ...........
22" Depth of chest — Rinnan syoyps . ....... PR ..
23 Width of shoulders — Rynsidn leveys ..............
24 Front width of hips — Lantasen ptuleveys .. ........ .
25 Back width of hips — Lautasen taka/eve_y.r ..........
26 Circumference of front knee — Po/ﬂen ymparys, ... ..
27 Citcumference of front cannon - Etusidren- ympérys
28 . Bredth of front cannon — Etusddren leveys'.........
29 . Circumfetence of hind cannon — Takasddiren ympérys
30 Bredth of hind cannon — Takasddren leveys ... . ... .

31 . Weight estimation — Pamon armb .......... R
32 Fattness — Libavausaste. ... ........ R

1—5) See Table 1 — Katso taulukosta 7

strongly felt when the- breeding objective -is
being modified. Particularly the interest shown
in sulky:racing and the intetest in improving
the performance of the draught-horse as a puller
vaty from district to district, It is-also quite
natural:the 1nd1v1dual views of the local stud-
book specialists when judging and appraising
horses play a considerable role, especially as
regards the differences of measutements that are
the results of visual estimation.

As a whole, the differences between sires
ate also very significant. The most uncertain
results are those in the class of six-year-old
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453.8 | 446.0 | 447.0 | 442.1 | 444.3 | 433.0 |.451.6

79.8 79.0 77.9 79.3 81.8 75.8 | 79.6

7.4 7.2 7.0 7.3 7.6 6.6 7.3

8.12 8.15|  8.22| 8.32| 8.12| 8.25 7.59
2,24 2,26  2.23] 2,30 2.20] 2.29] - 2,24
7.1 70| 69| 70| 73| 65| 71

4,0 3.9 3.7 3.5 4.0 3.7 - 4.4

3.0 2.9 3.1 2.6 3.3 2.7 3.0

2.3 2.2 2.1 2.1 2.3 2.3 2.3

4.5 4.4 4.5 4.4 4.5 4.2 4.5

21.0 20.5 20.3 19.6 21.5 19.3 21.3

4.8 4.7 4.7 4.6 4.4 4.6 4.8

5.7 5.6 5.9 5.6 5.2 5.4 5.6

3.5 3.5 3.5 3.3 3.4 3.2 3.7

2.8 2.7 2.7 2.8 2.7 2.4 2.8

16.8 | 16.5| 16.8| 16.2| 158 | 157 17.0
377 | 37.0| 37.2| 359| 37.2| 351 382
157.2 | 157.0 | 156.5 | 155.3 | 157.8 | 159.0 | 157.6
157.2 | 157.1 | 156.5 | 155.7 | 158.0 | 159.3 | 157.5
167.7 | 167.3 | 167.6 | 166.5 | 167.0 | 168.7 | 167.5

188.8 | 188.6 | 189.9 | 188.0 | 185.3 | 188.5 | 189.0
77| 76,9 | 771 | 76.6| 76.0 | 783 76.9
46,4 | 46.2 | 46.4| 45.6 | 46.0 | 45.1| 46.9
582 | 58.0| 581 | 57.i| 58.3| 57.7| 58.6
55,0 | 54.8 | 55.1| 54,4 | 549 | 54,4 | 550

331 33.0 33.0 32.6 32.9 32.9 ] 33.2
:20.2 20.3| 20.4| 20.0| 20.2| 20.2| 20.4
7.4 7.4 7.5 7.5 7.3 7.4 7.4
22.5 22.5 22.9 | 22.3 22.3 22,3 | 22.6
8.6 8.7 8.7 87| 85 8.7 8.7

568.1 | 565.7 | 575.5 558.4 544.3 | 572.3 | 568.5
4,2 4.3 4.4 4.4 40, 38| 42

hotses, where the total material as well as the
progeny pef father has been least. Obviously
none of the 32 traitsthat 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 develop all the characteristics investi-
gated, including performance capacity. Pulling
power is one of the traits that are most difficult
to estimate, but probably not all the possibilities
for improved measuring methods have yet been
explored.

mares by the 4-year classes and districts (d)
keskiarvot vnosiluokittain ja piireittiin

d d d d d d
1956—9 Ig Hg m;‘ Ivg ve 1960—3 g uf | m3 vy Ve
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 : 81.8
7.6 7.5 7.1 8.1 6.8 8.2 7.7 7.6 7.3 7.6 7.6 841
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 2.27:4 2,19
7.3 7.3 6.8 7.6 6.7 7.7 7.4 7.3 6.9 7.3 S T4 [ e
4.1 4,4 4.0 441 3.8 4.6 4.2 3.7 4.1 4.2 3.8 . .4'6
3.1 3.6 3.1 13,0 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.
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.?
5.8 5.9 6.1 5.4 6.0 6.1 6.0 6.4 6.2 5.7 5.9 1 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
157.6 156.3 156.5 157.5 159.0 157.6
157.4 156.1 156.4 157.3 158.8 157.4
168.2 166.5 167.5 168.2 170.0 167.8

188.6 186.3 190.2 187.6 190.2 188.2
77.2 |  T77.1 76.8 77.1 | - 78.2 77.1
46.3 45.3 46.6 45.6 46.6 . 46.9
58.2 57.9 57.7 58.2 58.4 58.6
55.0, 54,7 | . 55.1 54.5 55.5 55.4

33.1 33.2 33.2 32.9 33.2 33.3
20.3 20.3 20.2 20.5 20.0 20.3

7.4, 7.4 7.5 7.3 7.3 7.4
22.5 22.7 22.6 22.6 22.2 22.4
8.6 8.7 8.8 8.6 8.5 8.6

569.0 547.7 576.9 562.3 585.7 565.3
4.2 4.2 4,6 3.9 4.3 4.2

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 be reached if
the differences between year-classes and districts
could be eliminated.

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

39.5 38.9 38.9 38.4 38.2 - 41.5.
157.7 156.0 156.4 | 158.8 158.1 157.4
157.6 155.9 156.¢6 158.9 157.8 157.3
168.2 | 168.2 167.4 168.4 1-169.6 |- 167.6°

190.0 | 190.4 | 193.2 | 189.0 | 191.1 | 188.3
77.8 | 77.6 | 776 | 782 | 783 [ 714
47.1 | 47.6 | 47.5 | 46.5 | 45.4 | 482
58.9 | 58.9 | 59.8 | 585 | 581 | 59.2
55.6 | 56.1 | 55.9 | 544 | 558 | 56.5.

33.3 3341 33.1 33.5 33.1 33.2
20.2 20.5 20.1 20.3 20.0 20.0

7.4 7.6 7.5 7.3 | 7.4 7.4
22.5 22.9 22.5 22.5 22.3 22.3
8.6 8.7 8.7 8.6 8.4 8.6

577.9 580.4 596.6”| 577.8 | 590.6 | :564.5

4.3 4.6 4.6 4.2 | 43 ‘4.2

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 age. On the other hand, the
heritabilities of draught points, citcumference of
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Table 4. The averages of the at least seven-yeat-old
Tasulnkko 4. Vihintidin seitsemdnvuotiaiden fammojen

d d

Ageclass d d d

Characteristic T | 1952—s | I3 ng mg | v ve
Omiinzisnus ’

; 121 | a0 [ s 81 31 4 213

Pulling powet, in kilos 1) — Teforoina kg
Pulling power per .cent 2) — Vetorsima %, .........
Steps — Porrasluke . ... .o .
‘Pace speed — Kayatiagika . ......................
‘Trotting ‘speed — Juoksuaika ....................

Draught points — Vetopisteer .............. A
“Pace ipoints — Kayntipisteer .. .........ccovuvvnn.
Trotting points — Juoksupisteet ..................
Style of gait — Litkkeet ........................
Terperament — Lauonne’

= .
OV OISR G BN

Performance points 3) — Koepisteer

‘Body shape ‘— Rusnko
Feet — Jalaz

i Y gy
U R W=

Points together 5) — Pisteer yhieensii
Height of withers — Sakdkorkens ................
Height of the rump — Lautaskorkens
Body length — Varialon pituus

DY = =
COW-IN

Circumference of chest — Rinnan ympirys
Depth of chest — Rinnan sywyys ... oo ...
Width of shoulders — Rynsiin leveys ..............
Front width of hips — Lantasen etuleveys

Back width of hips — Lantasen takaleveys

NN NN
nbH AN~

Citcumference of front knee — Polven ympirys . .. ..
Circumference of front cannon — Efusdiren ympérys
Bredth of front cannon — Etusdiren leveys ........
Circumference of hind cannon — Takasdiren yrmpirys
Btedth of hind cannon — Takasidren leveys

LN NN N
(= X0 N Y

31 Weight estimation — Painon arvio
32 Fattness — Libavunsaste

1—5) See Table 1 — Katso taulnkosta 1

cannon-and feet get weaker as the horse grows
older. The change in the heritability of the feet
points evidently has an influence on all 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, . - S

- In many cases the changes in hetitability
desctibed above seem to be quite undetstandable:
Thus the cutvilinear changes can be understood;
because the variable stages of development of
the horses that are still growing lower the hérit-
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Type judging points — Tyypéf . .vvvvvvennniin .

Conformation judging points %) — Rakenncpisteet . .. '

464.5 | 449.3 | 445.8 | 452.2 | 463.3 | 443.6 | 448:1
80.9 80.1 78.4 79.8 80.9 78.0 [ .80.9

7.6 7.4 7.1 7.3 7.5 7.0 7.5
8.07 8.10 8.22 8.26 8.09 8.23( -8.00
2.23 2.24 2.24 2.28 2.19 2.27 2.23
7.3 7.1 6.9 7.0 7.2 6.9 7.2
4.1 4.0 3.7 3.6 4.1 3.8 4.3
S 31 3.0 3.0 2.7 3.3 2.9 3.2
2.2 C 2.1 2,0 2.1 2.1 2.1 2.2
4.5 4.4 4.4 4,4 4.5 4.2 | 4.5
21,3 20.8 20.0 19.8 21.3 20.0 |- 21.4
4.9 4.7 4,6 ‘4.7 4.6 4.7 4.7
5.8 5.5 5.7 ‘5.6 5.6 5.5 5.5
3.5 3.4 3.4 3.3 3.2 3.3 3.6
2.8 2.7 2.7 2.8 2.7 2.5 2.8

17.0 16.3 16.4 16.3 16.1 16.1 16.5
383 37.1 36.4 36.0 37.4 | 36.1| 37.8
157.3 | 157.1 | 157.1 | 156.1 | 159.4 | 158.3 | 156.8
157.1 | 157.0 | 157.0 | 156.4 | 159.0 | 158.3 | 156.7
168.2 | 167.3 | 167.5 | 167.6 | 170.0 | 167.8 | 166.5

189.1 | 188.1 | 189.0 | 188.8 | 188.4 | 189.0 | 187.4
77.3 76.8 71.3 76.7 77.3 78.1 76.4
46.7 46.3 | 46.3 | 46.0 | 47.5 | 455 | .46.4
58.1 57.9 | 57.9 57.0 | 59.3| 58.0| 58.0
55.0 54.6 54.9 54.7 55.7 54,5 54.3

33,1 32.9 33.1 32.8 | 33.s 32.6 33.0
20.3 20.2 20.5 20.1 20.5 20.0 20.2
7.4 7.4 7.5 7.5 7.4 7.4 .. 7.3
22.6 22.5 23.1 22.5 22.7 22,2 22.4
8.6 8.6 8.7 8.8 8.6 8.6 . 8¢

571.9 | 562.8 | 569.6 | 568.9 | 573.5 569.5 555.8
4.0 4,1 3.9 4,2 4.2 40| 4.0

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

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

: d d d

6t d a r d d. d d nd m v v
19569 Tp Hy | Wy Wy Vo 1960—3 I Tpesl P p
619 - 72 89 103 91 264 232 21 24 43 4 101

470.2. 458.0 453.3 474.8 457.5 481.9
81.3 79.8 |.. 80.0 82,8 79.3- | 7 82.2

7.7 7.3 7.5 7.8 7.3 8.1
8.06 8.14 .8.28| - 8.07 8.19 7.53
2.23 2,22 2.26 2,20 2.31 2.20
7.4 7.3 7.1 7.6 7.1 7.6
4.2 |. 4.0 3.6 . 41 3.9 4.5 .
3.2 3.2 3.0 « 3.3 2.6 | 3.4
2.2 2.1 2.1 2.3 2.1 2.3
4.5 4.6 4.4 © 4.6 43 | 456
21.5 21.1 20.3 21.8 20.1 22,5
4.9 4.7 4.7 4.7 4,8 5.2
5.9 6.0 5.8 5.7 5.8 6.0
3.5 3.4 3.2 3.3 3.4 3.7
2.8 2.6 2.8 2.6 2.6 3.0
17.1 16.7 16.5 16.3 16.6 17.9

38.6 37.8 36.7 38,1 36.7 | 40.4
157.3 157.6 156.3 157.7 158.0 157.2
157.2 157.6 156.4 | 157.¢ 158.0 157.0
168.3 168.6 166.5 169.4 168.6 168.3

189.3 189.2 189.3 188.8 189.5 189.5
77.4 77.7 76.3 71.3 77.8 77.5
46.8 46.7 46.5 46.6 45.8 | -« 47.3
58.1 57.7 57.0 58.5 58.0 58.5
55.1 54.9 54.6 54.7 55.2 55,5

33.2 33.3 32,9 | 33.3 33.0 33,2
20.4 20.5 .20.1 1 20.9 20.2 20.3

7.4 7.5 7.4 7.3 7.4 7.4
22.6 23.2 22.5 22.7 22.4 22.6
8.6 8.8 8.7 - 8.6 8.6 8.6

573.8 574.4 567.5 574.3 577.6 574.4
4.0 4.0 4.2 3.8 3.9 3.9

The above consideration shows that the he-
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 charactet-
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 ptove that the develop-
mental trends perceived wete 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

2 10294—65

476.9 | 468.3 | 470:9 | 479.5 | 470.4 | 481.s

81.2 79.7 | » 81.3 82.0 -|: ~79.5 [. 81.8
7.7 7.3 7.6 | . 7.7 7.3 8.0
8.02 8.05 8.34|" .7.59( - - 8.01 7.54
2.24 2.26 2,32 2,20 2.31| - 2.21
7.4 7.2 7.3 7.5 7.2 7.5

- 4.3 4,1 3.3 4.3 4.4 4.5
3.1 3.1 2.5 3.4 2.7 3.3
2.3 2.0 2.2 2.4 2.5 2.4
4.6 4,5 4.2 4.6 4.5 4.8

21.8° 21.0 195 | .22.1 |- 212 | 225
5.1 . 5.0 24,9 4.8 | - 5.1 | 5.2
6.2 62 | 6.0 6.0 |- 6.2 6.3
3.6 3.7 3.3 3.1 3.6-| . 3.8
2.9 3.2 3.1 2.7 2.9 3.0

17.8 18.0 17.3 16.6 17.8 18.3

39.5 39.0 36.8 38.7 .39.0 40,9 .
157.5 | 156.6 | 156.1 | 159.2 | 157.8 157.1
157.3 156.4 156.0 159.2 157.8 156.7
169.4 169.8 169.0 169.6 170.1 169.0

190.2 191.0 190.2 190.5 191.3 189.4
77.8 77.8 76.8 78.4 78.6 71.5
47.4 47.5 47.2 47.1 46.4 47.9
58.5 57.7 58.3 58.5 58.3 58.9
55.7 55.7 55.7 54.6 55.7 56.2

33.4 33.4 33.2 33.5 33.3 33.4
20.3- 20.5 20.2 20.4 20.1 20.4

7.4 1.5 7.5 7.4 7.4 7.4
22,6 23.1 22.7 22.7 22.7 22.5
8.7 8.8 8.7? - 8.6 8.7 8.6

583.3 589.7 582.§’ 585.6 | 592.5 577.3
4,0 4.5 4.4 3.8 3.8 4.0

averages of all calculated estimates. In spite
of this, it can be calculated that the averages of
all 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
ot 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 osuns tammojen

variance of mares in different age classes
kokonaismunntelussa eri ikilnokissa

. The share of yearclasses % The share of districts 9 The shate of sites 9,
Characteristic Vuosiluokkien osuus " DPiirien osuns Lsien osuns
Ominaisuns
4 5 6 CT— 4: 5 6 7— 4 5 6 7—

1 Pulling power, in kilos ) — Vesovoima kg .. ... .. .. 5,71%% 3.16% 4,9 1%% 4,90%% 1. 46%* 2.3 5%k 1.18 1, 78%* 5,30%* 7.5 7%%% 5,94% 7.15%%

2 Pulling power pet cent 2) — Vetovoima % ......... 1.73 1.21 1,12 0.11 4, 11%%% 4.29%%* 5.0 1%k% 0.88 4, 42%* 3.22% 5.71% 0.75

3 Steps — Porrasiuks . ...t 2.58 0.98 3.12 1.47 4, 93%%% "G, 8 1Rk 8.3 3%%k 4, 43%%% 6. 8 0%k 2. 62%% 2.75 5.58%%

4 Pace speed — Kaynticgika ...........ccouvnnunn... ) 0.15 —0.63 —0.34 — 1.91 8.s4kkk | 14 1g%Ex 14, 3 7k 13, g4k 11,7 3%%% 19, 7 1kk* 10, 25%%% "B, 90%*

5 Trotting speed — Juoksunaika .................... — 1.20 —1,82 0.01 — 109 10,57%%% | 0 5k 6. 18%** 5.7 7F¥% 8. 84%%% 9,95%%* 11, 66%*%* 13, 14%%%

6 Draught points — Vefopisteet . .oo.oovvvnin ... 2.42 0.72 1.35 - 2.2 3, 513k P g g3k 6. 5 0%%% 2.7 6%%* 4 43k 3, 63%k% 3.63% 2,93%%

7 Pace points — Kayntipisteer ... ..oovviirrinen.... — 0.59 —0.86 —1.28 — 1,44 B.otkEk | 1 13, 35%kx 13, g2kokk 12,7 5%+ 11, 2k 11, 56%%* 12, 67%%* 3.93%

8 Trotting ‘points — Juoksupisteetr .................. — 1.46 —1.44 0.23 — 0.97 10,1 7kk% - 8. 4 gHk "6 6 4Kk 6. 2. 5%%% ' 8. 4 1%k 9, 1 gk 9, 7 4%%% 11, 4%k

9 Style of gait — Liikkeet ....... e 5.94%* 3.38% 4,33%% 1.63 3, 2 3%k '3, 2 o%Ek 1.01 2,02%% 10, 48%%% 10. 2 Pk 9,7 5%%% 10, 45%%%
10 Tempetrament — Luonne ........cccovieeennnnnn. 4,03%* 0.81 3.12% 0.59 1, 9 2%k Vg, gk 2.19% 3, 9 okkx 2.59 6. 15%%% 8. 43%%% 6. 56%%
11 Performance points %) — Koepisteer ............... 3.61 1.42 4,37 0.59 9.62%kk | | 13 g1kkk 12, 92%%* 14,9 5%k - 9.56%** 9,5 4%k 8, 43kkok 9, 2%k
12 Type judging points — Tyypzt ................... 7.98% 3.18 2.56 6.59% 9, gigskokk | 8.0zwkk 9, o 7kRk 7.1 4%%% 5. g gk 4.90%% 2.40 4.93%%
13 Body shape — Runko .........uvviiininnnennn.. 10.59% 5.10% 2.98 11.48%%% T8, 07k 4 g gkkk 7.3 gk 1. 54%% "6 2 2HHK 6. 07R*® 2.%50 4.78%
14 Feet—Jalat ................. P — 0.60 —0.25 —1.68 — 1.90 9, 5%k "7 gk 11, 11%%% 13, 59%%*% 10, 4 g*%* 6. 64%¥* 4,91% 1.81
15 Hoofs — Kaviot .. ........ e e 2.36 —0.41 —0.10 0.55 10, 6e*** 11, 59%%x 7.5 1%%% 7.4 8%%% 9, g Tk¥x 9,9 9%*% 11, 32%%* 7.01%%
16 Conformation judging points %) — Rakennepisteet . .. 10.47* 5.02 2,60 8.18% 12.13%%% © g, 3p%kk 12, o gk 10, 23%%% 7.1 2%k 6.3 9%%% 5, 90% 2.74 -
17 Points together 5) — DPisteet yhteensd .............. 9.95% 5.35 6.81 6.70 10, 0 43Kk 15, 0 5%k 15,1 1%%% 18, 24%%* 8.0 1kk* 7.5 4%%% 6.75%% 5.56%%
18 Height of withers — Sdkdkorkens ................ — 2.56 —0.41 —0.98 — 0.60 12.13%%% | 7 gekkx 8.06HF* 0.7 7HEE 6.2 HRx 8.4 4%%% 6.63%% 4.26%
19 Height of the rump ~— Lautaskorkens ............. — 2.39 —0.97 —1.40 — 0.71 11, 01%%* 7,31k 7. 40%%% 2.8 Kk " 6. 6 2%k 8, 59%%% 5. g 4% 5.05%
20 Body length — Vartalon pituns . ..o oo oo ... 0.22 1.55 0.69 2.68% 4.3 6%%k PRBELL 1.26 2,01%% 5. 34%% G, 9 7Kk 5.34% 4,42%
21 Citcumference of chest — Rmnan_ympary.r .......... 0.88 —0.01 —0.16 1.94%% PR EEE C1.70%% 3, 60 — 0.31 8.1 1%%% 10, 24%%% 9, g akdk - 4,33%
22 Depth of chest — Rinnan sypyys ..o . 0., ... o — 0.22 —0.55 1.29 2.07 9.41%x* | | 5 5zkEk 3, 41%% 3, ¢ THKk 6. 8 2%k 7.7 gHokx 8. 9 1%k 4.15%
23, Width of shoulders — Ryntiin leveys ..........:... 1.08 0.74 0.49 2.54 G.3%%x | 1 4 74k 0, 1 %%k 4, 1:17%%% 8. 5 0%k 7. 44%KK 8. 9 5*k*k 0,9 5k
24 Front width of hips — Lautasen etuleveys .......... 1.30% 1.05 1.43 0.19 4,478%% | | 6 go¥Hk 6,564k 5,72%%* 7.68%%kx 10, 6 5%%* 0.00 11, 19%%%
25 Backiwidth of hips — Lautasen tz‘z,éaleﬂeﬂ .......... 4,51 1.66 1.57 4,33% 6. 01%%% C 3 g7REE 5.20% 3, 29%%% 7.1 4%%% 8. 05%%* 2.30 8.5 4%k%%
26 C1rcumference of front knee — Polveri ympirys ... .. 0.80 . —0.58 0.30 2.02%% 3, 21%k% © 3.g5dkk 1.83% 0.12 6.0 5%%*% 5.93%k*% 3.40 9,53%%%
27 Circumference of front cannon — Efusidren ympirys — 0.21 —0.82 —0.86 .— 0.05 2, 92%%% 4.4 1FF% 3.50%%% 0.62 7.8 4Kk 6.06%F* | — 1,19 — 3.60
28 Bredth of front cannon — Etusidren leveys .. ...... 2.06 1.24 0.68 — 0.57 4, 9k o, 3 grRk 3, 27k% 3. 90%k*k% 6.5 9%%* 8. 22%%* 5.34% 7.45%%%
29 Clrcumfetence of hind cannon —; Takasdiren ympirys — 0.90 —1.61 —1.12 — 0.69 6. 24k 10 go¥dk 5, 5 kK% 5.1 pXk* 6.2 7H%* 5.83%%* 2.49 11, 84%%%
30 Bredth of hind cannon — Taka.raaren leveys . ... .. 1.04 ' 0.65 0.08 — 0.94 3,76k L 3gkRE 2.05% 3.5 0%k 6.7 4%k 7.25%%% 5.42% 8.3 1%%*
31 Weight estimation — Painon drvio ................ 0.98 0.62 0.06 2.56%% D, 45%%k%" 1. 46%* 2,80%* — 0.09 7.58%%* 9, 4Kk 7.02%% 4.03%
32 :Fattness — Libavuusaste ........c0.oueeeusueennn.. — 1.98 —0.88 —1.06 — 0.36 9, 6 4% 3, 7 2%%k 5, 3 kkok 1.79% 6.4 1%k 0.00 2,97 7., 2.4%%%

Statistical significance (F) is denoted by stats as follows:

Tilastollinen merkitsevyys (F) ilmaistu tibdilli senraavasti:

P < 0.001 **k; P < 0,01 *¥; P < 0.05 *

1—5) See Table 1 — Katso tanlukosta 1 -
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- of
if

The highest heritabilities (0.40 <), according
the averages, have been gained for the speed
trotting- and pacing and the style of gait,
the pace points are disregarded: It is only

natural that- classification by . points, which is
rougher than that by trotting and pace records,

ha

s lowered- the heritabilities to some extent.

The estimation of the style of gait is-obviously
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2

the easiest of thé visual estimations, because in
all 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 vilue for heritability.
Rather high coefficients have further been gained
fotr 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 all. Evidently
the progeny of different sires have different

abilities to maintain their condition. As was
ascertained eatlier, -pulling powet. is also one of
the characteristics that are most -difficult to

estimate, especially when measured 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. Periyiymisasteet*)

Age in veats Averages
Tki vuosia Keskiarvot
Characteristic
Ominaisuns . Maxi-
4 5 6 7 Weighed mum

Punnitin \ prokcimi

1 Pulling power, in kilos*) — Vetovoima kg ... [0.214-0.08(0.30--0.08] 0.244-0.11] 0.294-0.10] 0.26 0.28
2 Pulling power per cent 2) — Vetovoima % .. [0.184-0,07(0.134-0.07 0.2340.11] 0.0310.08/ 0.14 0.14
3 Steps — Porrasinktt .............i.iiieinn. 0.2740.08/0.104-0.07| 0.1124-0.10] 0.2240.10[ 0.18 0.20
4 Pace speed — Kéyntinopens ................ 0.4740.10{0.5140.09| 0.414£0.13] 0.244-0.10] 0.41 0.48
5 Trotting speed — Juoksunopeus ............ 0.354£0.09/0.404-0.09| 0.4740.13| 0.5340.12 0.43 0.46
6 Draught points — Vetopisteet .............. 7 10.1840.070.1540,07) 0.1540.10] 0.1240.09/ 10.15 0.16
7 Pace points — Kdayntipisteet ............... 0.4440.09/0.464+0.09) 0.514+0.14] 0.16£0.09 0.40 0.45
8 Trotting points — Juoksupisteet ............ 0.3430.09/0.374-0.08] 0.39+0.13] 0.464-0.11| -0.39 0.41
9 Style of gait — Litkkeer .................. 0.424-0.090.4140.09 0.394-0.13| 0.4240.11] 0.41 0.44
10 Tempetament — Luonte .................. 0.10+0.070.25-0.08/ 0.3440.12} 0.26-4-0.10] 0.23 0.23
11 Performance points 3) — Koepisteet ......... 0.3840.09]0.384-0.08) 0.344-0.12| 0.374-0.11] 0.37 0.44
12 Type judging points — Tyypit ............. 0.2440.080.204-0.07| 0.104-0.10 0.204-0.09] 0.19 0.23
13 Body shape — Runko .................... 0.254-0.08{0,244-0.08| 0.104-0.10] 0.194+0.09] 0.20 0.25
14 Feet— Jalat ................ .0 ........ 0.424-0.09(0.274-0.08] 0.204-0,11] 0.0740.08/ " 0.25 0.28
15 Hoofs —Kaviot ...........c.ccvvviiiun.. 0-39:t9-09 0.404£0.09] 0.454-0.13] 0.284-0.10/ i0.38 0.43
16 Conformation judging points %) — Rakennepist. |0.2840.08/0.26-4-0.08| 0.2140.11| 0.114-0.09/ 0.22 0.28
17 Points together 5) — Pisicet yhteensd ........ 0.3240.08(0.304-0.08 0.2740.12| 0.224-0.10 0.28 0.36
18 Height of withers — Sdkakorkens .......... 0.25+0.08/0.34--0.08] 0.274-0.12| 0.174-0.09 0.26 0.29
19 Height of the rump — Lantaskorkens ... .. .. 0.264+0.08/0.344-0.08 0.2340,11] 0.204-0.09] 0.27 0.29
20 Body length — Vartalon pituus ............. 0.21:|:(|).08 0.284+0.08 0.2140.11] 0.1840.09] "0.23 0.24

i ;

21 Circumference of chest — Rinnan ympdrys ... 0.3240.080.414-0.09 0.38-10.13 0.17--0.09 ‘0.32 0.34
22 Depth of chest — Rinnan sypyys ... .iv.n.. 0.2740.08/0.3140.08| 0.364-0.12| 0.1740.09| 0.27 0.29
23 Width of shoulders — Rymtdin leveys ... .. .. 0.344-0.09(0.304-0.08| 0.361-0.12] 0.404-0.11| 0.34 0.37
24 Front width of hips — Lantasen etuleveys .. .. |0.314-0.08[0.434-0.09] 0.002-0.09 0.454-0.11] ,0.33° 0.35
25 Back width of hips — Lartasen takaleveys ... |0.2940.08/0.32+0.08] 0.094-0.10 0.344-0.11| ' 0.28 0.30
26 Circumference of front knee — Polven ympirys [0.2440.08/0.241-0.08] 0.144-0.10 0.38£0.11| ' 0.26 0.27
27 Circumference of front cannon — Efus. ymp. [0.3140.08/0.244-0.08—0.05+0.08 —0.144-0.07; 0.13 0.14
28 Bredht of front cannon — Efusééren leveys ... |0.264-0.08/0.334-0.08| 0.21--0.11 0.3010.10] :0.28 0.30
29 Circumference of hind cannon — Takas. ymp. (0.254-0.08[0.23+0.07) 0.10+0.10] 0.471-0.12| 0.26 0.29
30 Bredht of hind cannon -—— Takasédren leveys |0.271-0.080.294-0.08 0.2240.11{ 0.334-0.10 ' 0,28 0.29
31 Weight estimation — Painonarvio ........... 0.304-0.08/0.384-0.08 0.28-4-0.12] 0.162-0.09] 0.29 0.30
32 Fatness — Lihavausaste .. .......cccvuunn.. 0.2640.08/0.0040.06] 0.t240.10] 0.294-0.10 0.16 0.17

*) The average errors are calculated by the approximate method of Robertson (1959)

*) Keskivirheet on laskettu Robertsonin (1959) likimidriisen menetelmin mukaan

1—5) See Table 1 — Katso tanlukosta 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
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for pulling powet 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
coefficients 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,
in which attention has also been paid to the



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 measutement 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 hotses,
as conpared with 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 vaties
widely independently of weight and size. Thus
Isu1zAxT ef al. (1961) have ascertained that in a
petformance test all 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 4 0.036, there is a negative correlation:
r = —0.097 4 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 4 0.03 in all and r = —0.26
-+ 0.04 in the horses that have been entered in
the studbook, by PravocrENsk1r and ProTras-
zEwskl (1954): r = —0.2 4 0.03, by H=ssse
(1957) and by Varo and VAmNIKAINEN (1958):
r =—0.161 4 0.029. In the last-mentioned
investigation the cotrelation between weight
and pulling power in kilos was r = 0.394
-- 0.025.

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

decteases 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-
irily 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 appatently 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 soutce of power because of their versatil-
ity, economy and eminent capacity to co-opetrate
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 calculated
by VamxikamNen 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 included

correlations

in the correlation coefficients.
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Table 7. Coeflicients of heritability calculated earlier in Finland
Tanlukko 7. Suomessa aikaisemmin arvioituja periytymisasteita

Characteristic
Ominaisuus

Vainikainen (1946) Lonka (1946)

The basis of estimation
Arvion peruste

Tsite-son Tdam-son Tsire-son
Tisi-poika Temi-poika Lisi-poika
Trotting speed — Juoksunopens .............ccoov.u.. 0.40 0.60 0.62
Pace speed — Kayntinopens .. ...............cccuuen.. 0.38 0.24 0.30
Conformation judging points — Rakenne .............. 0.36 0.28
Feet—Jalat . ... ..o, 0.22 0.28
Weight — Paino ... .o iui i 0.20
Pulling power per cent — Vetovoima, % .............. 0.1471) 0.201) 0.142)
Pulling power, in kilos — Vetovoima, kg ............. 0.02

1) Calculated by draught points — Vetopisteisti arvioituna
%) Calculated by steps — Porraslwuista arvioituna

Heritability seems to be clearer in dam- son
correlations than in sire- son correlations, as is
suggested by the results obtained by Vami-
KAINEN. The high correlation found by Lonka
between the weights of dams and sons: r = 0.33
4- 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 VANIkAINEN (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 very little infor-
mation about investigations made in other
cantries on heritability. There ate a couple of
statements about trotting speed. Artz (1961) has
calculated the heritability of the trotting speed of

thoroughbred hotses to be 0.243 by the dam-
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 OrsaG and Torm’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 5996 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 hete were not sufficient to give
significant results in this respect.
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SELOSTUS

Hevosen eriiden ominaisuuksien periytyvyydesti

Mikko VARrRO

Maatalouden tutkimuskeskus, Kotieldinjalostuslaitos, Tikkurila.

Yhteensd 5 996 neli-, viisi-, kuusi- ja vdhintdin seitse-
minvuotiasta tammaa kisittdvilld aineistolla arvioitiin
erdiden ominaisuuksien periytymisasteet. Atrvio perustui
isin puoleiseen puolisisarkorrelaatioon, joka laskettiin
piirien ja vuosiluokkien sisilld erikseen eri ikiluokista.
Tulokset on esitetty taulukossa 6. On mahdollista,
etti eri ominaisuuksien petiytyvyyden arvioimiseen
suotuisin ajankohta sattuu eri ikikausille, joskaan nyt
kiytetty tutkimusaineisto ei riittdnyt antamaan tdssd
suhteessa merkitsevid tuloksia. Taulukosta 5 voidaan
havaita, etti vuosiluokkien viliset erot eivit yleensi
olleet tilastollisesti merkitsevid. Tatrkastellun ajanjakson
kuluessa tapahtunut kehitys oli niin ollen yksildiden
kokonaismuunteluun verrattuna vihdistd. Piirien viliset
erot olivat sen sijaan suurempia ja yleensd erittdin mer-
kitsevid. Kun ottaa huomioon, etti sukupolvikierto on

hevosella hidas, tarkasteltu ajanjakso suhteellisen lyhyt
ja kehitys. eri ikdluokkien aineistoissa ajallisesti ja alueelli-
sesti osittain epidjohdonmukaista, on niin -vuosiluokkien
kuin piitienkin vilisid eroja pidettdvi lihinni olosuhteiden
muutoksista johtuvina. Eroja aiheuttavina ympiaristoteki-
jdind voidaan arvella olleen — luonnonolosuhteiden eroa-
vuuksien ohella — mm. sellaiset inhimillisten tekijoiden
aiheuttamat erot kuin arvostelua suorittavien henkildiden
eti piirteisiin kohdistama erilainen arvostus ja hevosten
omistajien eri piirteiden kehittimiseen tuntema mielen-
kiinto.

Isienviliset erot ovat yleensi olleet erittiin merkitsevid,
mikd osoittaa, kuten periytymisasteet taulukossa 6, ettd
jalostusvalinnalle on olemassa hyvit edellytykset kaikkien
tarkasteltujen ominaisuuksien kehittdmiseksi.
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ON DETERMINATION OF LIME REQUIREMENT OF SOILS

OSMO MAKITIE

Agricultural Research Centre, Department of Soil Science, Tikkurila, Finland

Estimation of lime requirement forms an
important part of soil testing in Finland, where

almost all the soils are rather acid. The current.

method of soil testing, which has been increas-
ingly used over the last fifteen yeats 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 MAixrrie 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 (VuormneN 1953; VuoriNeN and
Kurkr 1955).

A fair correlation has been found between
the total exchangeable calcium extracted with
N ammonium acetate at pH 7 or with the IV
ammonium chloride method formerly used
(TuoriLA ef al. 1939), and the value obtained
with acid ammonium acetate at pH 4.65 (Vuo-
RINEN and MAxrrie 1951, 1955). After a single
shaking for one hour, such as is used for soil
testing, not all the exchangeable calcium is
extracted nor is all the calcium in the fraction
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extracted all exchangeable. Moreover, the frac-
tions are not always comparable where soils of
different origin and especially of varying organic
matter content are concerned (MAkrTiE 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. PuustyArvi 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, Puroxkoskr 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



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 e# al.
(1939) and with the liming experiments.

Testing the lime 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. ScrorIELD (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 ¢ /.
(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-
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lation, especially in cases where WOODRUFF’s
method and MEHLICH’s triethanolamine titration
method had failed (SmoEMAKRER ef 4/, 1961,

"MenLica 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 Apams and Ewans (1962),
where p-nitrophenol and bortic acid are used,
is a modification that should also be mentioned.

Brown (1943) presented a simple method
based on IN 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 all 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. TERAsvuorr 1959, TUCKER
1960). A correction to a standard pH should
therefore be included.

In the case of BrownN’s method the equi-
librium pH values are cotrected 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 all soils is constant. No practical
error will be made, however, by generalization
of the slopes of the neutralization curves,
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0 10 20 30
meg H¥neutralized with NaOH

1
40 50 .60 70

Fig. 1. Neutralization curves of some soils compared with the pH-values by
the /V ammonium acetate method (o) and with corrected (to pH 6.5)
values of exchangeable hydrogen ( ®). Curve « represents the titra-
tion curve of IV ammonium acetate.

Kuva 1. Muutamien  maiden nentralointikiyrit’ verrattuina IN ammoninmasetaatti
menetelman pH Iuknibin (0 ) ja vaihtuvan vedyn pH G.5:een korjattnihin
arvoibin ( ®). Kéiyri a esittid N ammoniumasetaatin titrauskayrii.

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

Taking into account that ovetliming is liable
to occur with coarse minetal 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
very difficult to test for exact lime requirement.
An average cotrection can be made and it
works with all except raw peat soils, where the
lime requirement will still tend to be under-
estimated with all 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 otigin. 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 ¢) representing the correction to pH 6.5.

. Cutve b is obtained with the slope 0.1 pH unit per 2

meq H+ and cutve ¢ with the slope 0.1 pH unit per 1

) meq H+. . .

Kura 2. N ammoniumasetaatin (pH 7.0) titranskdyrd

etikkabapolla titrattuna (kiyri a) ja pitoisunskdyrds (b ja

¢) pH 6.5:¢en korjattuina. Kiyrd b on saatn Fkulmakertoi-

mella 0.1 pH yksikkis 2 meky. I+ kobti ja kidyrd ¢ kul-
makertoimella 0.1 pH yksikkis 1 mekv. FH* kobti.

mentioned group 24 Carex and 12 Sphagnum
peat soils were included. A few non-arable soils
were also tested in order to have all 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. S

The acid
extractable .
according to the soil-testing method and deter-
mined by flame photometry (VUORINEN and
Mixrrie 1951, 1955). The ‘weight per volume
was taken by the so-called tapping cylinder
method used. for cotrecting 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, MCcLEAN & Pratr’s method
was carried out with the buffer solution con-

ammonium acetate

calcium was extracted

" H*meg per1og soil (Hirareq)

Fig. 3. Titration curve of p-nitrophenol buffer solution

titrated with acetic acid (curve @) and working curve

for lime recommendations (curve b) according to
SHOEMAKER e¢f al. (1961).

Ruva 3. p-Nitrofenolin puskurilinoksen titrauskiyri etik-

. kabapolla titrattuna (kiyri a) ja pitoisunskdyré kalkitus-

objecksi (kiyrd b) SuOEMAKERin ym. (1961) mukaan.

taining 1:8 g.p-nitrophenol, 2.5 ml triethanola-
tmine, 3.0 g K,CtO,, 2 g (CH,COO),Ca: and
53.1 g CaCl,-2 H,O 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 equilibtium
pH values were converted to liming recommen-
dations for pH 6.5 according to the curve pre-
sented in Fig. 3 (SHOEMAKER éf a/., 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. 2.0
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 BrownN’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 (Browx
1943).

Sufficient accuracy was obtained when the
equilibrium stage of the suspension was reached
and the pH can be 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 cutve (2) is cotrected
to a working curve (4) which gives directly the
amount of exchangeable hydrogen to be neutral-
ized to the standard pH 6.5. The slope of the
general 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 (¢) with the slope of 0.1 pH
unit per 1 meq H.

Incubation tests were carried out 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 petiod was 75 days. The
PH measurements were carried out on air-dried
soil, as in all 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.
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Results and discussion

Some of the results are tabulated in Table 1,
where values obtained with the four different
methods of estimating lime requirement can be
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
(¢) the calcium figures are given in tons per
hectate and corrected to exchangeable calcium,
which is the former way of reporting the results
(VuorINEN and MAkrrie 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 CaCOj tons/
ha is given in column (f).

The results of the nitrophenol buffer method
ate listed in column (g), where the equilibration
pH values indicate the amount of exchangeable
hydrogen. Column (%) shows the recommen-
dation of liming (SHOEMAKER ef 4l., 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 (7) and (/)
The values of exchangeable hydrogen atre 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 (&).

The results of the incubation test are listed in
column (/), where the pH values found indicate
the result of liming. The untreated soil is limed
in ordet to neutralize the exchangeable hydrogen
to pH 6.5 as estimated by the N ammonium
acetate method (column 7). Two samples (Nos.
1 and 20), which did not show any lime 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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the two buffer methods. The dotted line represents the two lime requirement scales.
plots are referred to in the text. ® — mineral soils, 0 = otganic soils.

Kuva 4. Kabden puskurimenetelmin vertailu. Katkoviiva edustaa molempia kalkitustarveasteikkoja. Numeroidut pisieet
on mainittu tekstissi, ® = kivenndismaat, o = eloperdiset maat.

Regressions found: Mineral soils;

Saadut regressiot: Kivenndiismaat:

y=—11.67 +2.72 x

(t=0.73 t = 12.817FFF; d.f. 142)

Organic soils;

y = —11.02 4 2.58 x

Eloperiiset maat:

(t

y=

All soils;

Kaikki maat:

0.77, t = 8.40%F¥; d.f. 49)
—13.12 4+ 2,94 x

“(r = 0.82, t = 19.97¥%F; 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):.

PH Nitrophenol buffer — _1312 + 2.94 PH N NH,Ac.

The regression y = —11.67 4 2.72 x was
found for the mineral soils and the equation
y = —11.02 + 2.58 x for the organic soils, re-
spectively.

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) appeat to have a greater lime
requirement with the N ammonium acetate
method than with the method of SHOEMAKER
¢¢ al. The last-meéntioned method shows high
lime requirement values with coarse _mineral
soils compared with leaching with NV ammonium
acetate, which can also be observed in Fig. 4,
where coarse mineral soils deviate upwards from
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Fig. 9 Correlatxon betwccn N NH4Ac method and
soil pH.

I\um 9 N ammoninmasetaattimenetelmin ja maan pH:mn

. vilinen korrelaatio.
Regressions found:
Saadut regressios:
Mineral ‘soils; ¥ = 5.90 4 0.14 x
Kivenndismaat:

(£ = 0.66, t = 10. 536, df, 142)

Otganic, soils; y = 4. 82 -|- 0. 29 x
Eloperdiiset  maat; :
(r=0.81,t=09. 71*** df 49)

All soils; y=4.84 4 0.33 x

Kaikki. maat; . .
T (r = 0.83, £ =20.47F%%; df, 192)

the regression line. The dotted line is the inter-
ptetation line between the amount of hydrogen
exchanged by N ammonium acetate at 4.65 and
the lime requirement recommendation to obtain
pH 6.5 given by the p-nitrophenol buffer method
(SHOEMAKER ef a/. 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 paralle]l with the corresponding re-
gression line found for the mineral soils of the
present material (x = 5.39 + 0.20).

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

’D'L/{IQO (susp. 1:1)

o
|

]
8

P ev/ira,bheno/ buffer

. Flg 10. Cortelation between the method of SHOEMAKER
et al. and soil pH.

Kuﬂa 70. SHOEMAKERIn ym. menetelméin ja maan pH 1
. vilinen korrelaatio. i

Regressions found:

Saadut regressiot: -

. Mineral soils; y = 3.98 + 0.46 x°

" Kivenndismaaly
(t = 0.58 + 8.47***; d.f. 142)

Ox;garuc soils; y = 0.32 -|— 1.01.x

Eloperdiset maat;
(r__o 85, t = 11.14%¥¥%; d.f. 49)

All soils; y=0.74 4 1.03 x

Kaikki maat; » :
(¢ = 0.82, t = 19,96¥%*; d.f. 192)

that SHOEMAKER ef a/. (1961), as a result of their
experiments, recommended about 4.5 tons of
CaCO,/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 N ammonium 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) extractable

calcium is calculated by means of Weig}';lt 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
Tanlukko 2.  Menetelmien korrelaatior mubituskokeeseen verrattuina

Parameters of the regression equation Correlation
Standard deviation (y= . coefficient
Y =a+ bx): g
Mecthods (CaCOS. to'ns/ ha) Regressiophtilen parametrit Korrelaatiokerroin
Menetelmiit Standardipoikkeama
S.D.=4/X A%
a b r

Soir TESTING method — Viljavuusanalyysimenetelmi

coatse soils — karkeat maat .............. (o= 14) 6.22 3.70 0.099 0.438

clay soils — savimaar .................... (n = 18) 2.58 4.21 0.447 0.667%%

org. soils — eloperdiset maat .............. (n = 23) 10.32 7.28 0.129 0.330

all soils — kaikki maat .................. (n = 55) 5.85 5.26 0.210 0.506%**
Method of SHOEMAKER et al. — menetelmi

coarse soils — karkeat maat .............. (n=14) 3.66 4.59 0.656 0.87 1¥%*

clay soils —savimaar .................. .. n=18) - 2.36 2.71 0.841 0. 81 7%*%

all soils — kaikki maat ................ .. (n = 32) 3.00 4.00 0.704 0.844%%*
NNH,Ac method — menetelmi

coatse soils — karkeat maat .............. (n=14) 2.14 1.54 0.706 0.980%**

clay soils — savimaar .................... (0 = 18) 1.46 1.03 0.874 0.907%*x

org. soils — eloperdiset maat .............. (n = 23) 4.91 2.53 0.650 0.913%%%

all soils — kaikki maat . ................ (n = 55) 2.68 1.99 0.694 0.935%%x

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 thé neutrali-
zation requited 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 all soils; even the
peat soils do not need to be handled as a separate
group for soil-testing purposes.

The plots of the NV 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
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the left regression: y = 4.82 + 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 very low buffer capacity. A straight
regression line, y = 4.85 + 0.33 x, would rep-
resent all soils of the present material togeth-
o | e

The pH values in the buffer solutions used by
SHOEMAKER ¢/ al. ate 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 NV
ammonium acetate method was taken as a basis
and the lime additions were equivalent to the
hydrogen found
(column 7). The deviation of the pH values of
the limed samples (column /) from the pH 6.5
wanted thus indicates the unrealiability of the

amounts of exchangeable



modified N ammonium acetate method. The
apparent lime requirement to obtain pH 6.5
was estimated by means of the linear relation
between the untreated and limed pH wvalues
(column ).

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 fecommends only cateful liming and
its objective is to raise the soil pH to just over
6 in an acid soil (Vuormen and Kurkr 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.

Conclusions

The estimation of the lime requirement by the
soil-testing method is, on the whole, reliable.
The accordance with the appatrent 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 ia‘nd 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 ¢f al. shows a similar uncertainty for
some teason. - ' . :

The weakness- of the soil-testing method
depends on the poor correlation between the
reaction of the soil and amount of extractable
calci}i}n,. as well as between the amounts of
exchéngeable hydrogen and extractable calcium.
The correlations are noticeably better when
calcium - is” calculated on a soil volume basis,
as recognized and used in the soil-testing
metho;d.' _

The two buffer methods are similar in chat-
acter. A pronounted correlation exists between
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Fig 11. Regressién lines of the different methods (all
soils, except just mineral soils with- the method of
. SHOEMAKER ¢/ al.)

Kuva 11.- Eri menctelmien regressiosnorat (kaikki maat
paitsi vain kivenndismaat SHOEMAKERIn yur. menetelmilli)

the modified IV ammonium acetate method and
the incubation test. The correlatiori between the
method of SHOEMAKER ¢# @/. 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 all the methods tried. Organic matter seems
to be the most disturbing factor in all the met-
hods and the trouble is intensified in the esti-
mation of the lime requirement of many organic
soils of the material. )

All thé methods underestimate the
requirement in most cases. The best accordance
is found with the mineral soils low in organic
matter. The mineral soils of the material gener-
allsr_ represent a low lime requirement, too. In the
light of the comparison made in the present study,
an increase in the rate of liming recommeénded
in connection with soil testing is justiﬁéd_(KURKI
ot al. 1965). s '

Thete.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.

real lime
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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 CaCO,/ha and correlation coef-
ficients 0.506%%* and 0.935%%* for the soil-
testing method and NV 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 IV ammonium acetate method,
in which the exchanged acidity to be neutralized
is cotrected to the standard pH 6.5 and to soil
volume, is presented.
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SELOSTUS

Maan kalkitustarpeen méirittimisestd

Osmo0 MAKITIE

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila

Tutkimuksessa on kisitelty maan kalkintarpeen méi-
rittimisti viljavuustutkimuksen ja ns. puskurimenetelmien
avulla sekd suotitettu niiden vertailu yksinkertaisiin
mubhituskokeisiin nahden.

Viljavaustutkimuksen osana kiytossi oleva kalkin-
tarpeen mddritystapa perustuu maalajin, maan pHin ja
0.5 IV happameen ammoniumasetaattilivokseen uuttuvan
kalsiumin mukaan suoritettavaan maen kalkintarpeen
atvioimiseen. Likimiiriinen arvioiminen on titen mah-
dollista ravinteiden, kaliumin ja fosforin nuton yhteydessi
viljavuusanalyysissa. Kalkituksella neutraloitavan maan
kokonaishappamuuden erillinen méirittiminen tekisi taas
viljavuusanalyysin nykyisestdin melkoisesti monimutkai-
semmaksi.

Maan vaihtuvan kalsiumin miird ei tunnetusti ole
kalkintarpeen mitta, elleivit muut, maan kationien vaihto-
kapasiteettiin ja sen emiskyllistysasteeseen vaikuttavat
tekijit ole samoja. Kalsiumin ja maan pH:n vilinen kotre-
laatio on sen vuoksi heikko milloin maat ovat erilaisia
(kuvat 7—S8), samoin kalsiumin ja vaihtuvan vedyn vili-
nen (kuvat 5—06).

Ns. nopeita puskurimenetelmid kiytetddn yleisesti
vatrsinaiseen kalkintarpeen miiritykseen. Neutraloinnin
tarve on tietylli puskurilivoksella arvioitavissa maasta

vaihdetun vedyn miirin suhteen, ja korrelaatio myds
maan hydrolyyttiseen happamuuteen eli maan nienniiseen
pH:hon on ilmeisen selvd (kuvat 9—10).

Kaksi tillaista pikamenetelmid oli tutkimuksessa
mukana, nimittiin heikosti puskuroitu p-nitrofenoli-
menetelmi (SHOEMAKER ym. 1961) ja titd tutkimusta
varten mukailtu N ammoniumasetaattimenetelmi (alku-
per. Brown 1943). Molemmat menetelmit osoittautuivat
padpiirtein samanlaisiksi luonteeltaan (kuva 4).

Mubhituskokeen (kalkitseminen pH 6.5:een) perusteella
osoittautuivat puskurimenetelmit 55 maandytettd kisit-
tineen aineiston mukaan selvisti paremmiksi, Varsinkin
N ammoniumasetaattimenetelmin korrelaattiokertoimet
osoittivat erittiin suurta merkitsevyyttd kaikissa maa-
lajiryhmissd (taulukot 1—2).

Viljavuusanalyysi osoittautui titen epivarmemmaksi,
osittain tosin virheellisesti, silli kalkintarpeen tulkinta on
ollut varovaista ja vain pyrkinyt meikildisten suhteellisen
happamien maiden pHin yleiseen kohottamiseen pH
6:een (VUORINEN ja KURkI 1955). On ilmeistd, ettd kisilld
olevan aineiston perusteella kalkitusohjeissa voitaisiin
kuitenkin multaville kivenniismaille ja eloperiisille maille
suositella yleisesti suurempia kalkkimidrid (kuva 11).
Niin ikdin on petusteltua kiinnittdd entistd enemmin
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huomiota maan multavuusasteeseen. Viljavuusanalyysien
uudessa tulkintaohjeessa onkin jo tehty muutoksia tihin
suuntaan (Kurk1 ym. 1965).

Viljavuusanalyysin tulkintaa kalkintarpeesta on pidet-
tivi varsin onnistuneena, etenkin kun viljavuustutki-
muksessa on oivallettu kiyttdd maan tilavuusyksikkéi
perustana. Tami ilmenee erityisesti turvemaista timinkin
tutkimuksen aineistossa. Aineiston savimaiden kohdalla
menetelmi osoittautui varmaksi, ja aineiston liejusavis-
sakin kalkintarve on tullut hyvin arvioiduksi. Kalkin-
tarpeen arvioimiselle nykyisen viljavuusanalyysin avulla
on luonteenomaista kuitenkin tietty epivarmuus eriissi
aineiston maalajeissa, joiden tulokset niin ollen ovat
pilanneet tilastolliset arvot (taulukko 1, esim. niytteet
1, 2, 41).
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Mitiin syyti ei ole kuitenkaan luopua nykyisesti mene-
telmésti yleisessd viljavuustutkimukséssa. Tutkimuksessa
esitetty mukailtu IV ammoniumasetaattimenetelmi on
huomionarvoinen pikainen miiritystapa varsinkin eri-
koistapauksia vatten, joissa kalkitustarve on tarpeellista
midrittdd tarkemmin. Timin ns, N NHAc-puskuri-
menetelmin perusteita on tarkasteltu lihemmin tutkimuk-
sen yhteydessd (kuvat 1-—2) ja se menetelmi. osoittautui
olosuhteissamme sopivammaksi kuin p-nitrofenolin kiyt-
t66n perustuvaksi mukailtu toinen vertailtu puskuri-
menetelmi (SHOEMAKER ym. 1961). Periaatteeltaan.saman-
tapainen puskurimenetelmi on kalkituskokeitten maa-
niyteaineistossa jo aikaisemmin osoittautunut kiytts-
kelpoiseksi kalkintarpeen arvioimisessa (SALONEN 1952).
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DER EINFLUSS VON SCHWEFELDUNGUNG AUF DEN
SCHWEFELGEHALT VON KLEE UND TIMOTHEE

HILKKA TAHTINEN '
Zentrale fir Landwirtschaftliche Forschung, Abteilung fir Agrikulturchemie und -physik, Tikkurila, Finnland

Bei den-im Auftrage der Zentrale fiir Land-
wirtschaftliche Forschung in den Jahren 1959—
63 durchgefithrten Feldversuchen bei Anwen-
dung von Volldiingemitteln, mit und ohne
Schwefel, ergaben sich im allgemeinen keine

nennenswerte Einfliisse von Schwefel auf die-
Ertragshohe. Mbglicherweise beruhte dies auf

dem Schwefelgehalt der Diingung, die in frii-
heren Jahren verwendet wurde. Dagegen ergab
sich in-der Qualitit des Ertrages bei Verabreich-
ung von Gips ein signifikanter Einfluss, denn
der Schwefel- und Kélkgehalt stieg an, wihrend
dieser an Magnesium abnahm. Im Gehalt der
anderen Pflanzennihrstoffe dusserten sich die
eingetretenen Verinderungen jedoch nicht in
statischtisch gesicherten Unterschieden (Saro-
NEN ¢ al. 1965).

Die Versuche wurden mit dem Mlschdunget
Yn, bestehend aus Montansalpeter, Super-
phosphat und Kalisalz durchgefithrt und mit
dem- Mischdiinger Yd aus schwefelfreiem Di-
ammonphosphat und Kalisalz verglichen. Aus-
serdem war ein Versuchsglied Ydk vorhanden,
welches zur Yd-Diingung als Erginzung 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

Eingegangen am 7. 9. 1965,

Diingetmenge (1) aus 25 kg N, 65 kg P;O;
und 50 kg K,O pro ha bestand. Die gegebene
Schwefelmenge betrug im Versuch mit Yn
37—41 kg und mit Ydk 40—43 kg pro ba.
Die hochste Diingungsstufe (2) bestand in der
doppelt verabreichten Menge. Eine genauere
Beschreibung der im Versuch angewandten
Diingung ist in der -obenerwihnten Verdffent-
lichung enthalten (S. 156—158).

Im Folgenden seien die dich im Gesamt-
schwefelgehalt ergebenden Unterschiede des

Klee- und Timotheegrases im gleichen Vet-

suchsmaterial niher undersucht. Als Versuchs-
material dienten 15 Versuchsertrige, jeder 7 Ver-
suchsgliedetn 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 detr Proben sind in Tabelle 1

angefithrt.

Der Schwefelgehalt des Klees war deutlich
hoher als der des Timothees (vgl. JomanssoN
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 Schwefeldiingung auch
ein sehr signifikanter Einfluss festzustellen, der

253



Tabell 1. Der Einfluss der Diingung auf den Schwefel-
gehalt von Klee und Timothee (15 Versuche)
Tanlukko 1. Lannoituksen vaikutus apilan ja timotein rikki-
Dpitoisunteen (15 koetia)

Schwefel in mg/g
Trockensubstanz
Rikkii S mgfg kuiva-ainetia
Diingerart
Lannoitelaji
a Yd Ydk
(mit 8) | (ohne S) | (mit S)
Diingungsstufe 1
Lannoiteméird 1
Klee —Apila ............. 1.95 1.75 1.93
Timothee — Timwote; ....... 1.26 1.15 1.20
Unterschied — Erotus .. .... 0.69 0.60 0.73
Diingungsstufe 2
Lannoitemiird 2
Klee —Apila ............. 1.93 | 1.66 1.96
Timothee — Timotei ....... 1.24 1.13 1.26
Untetschied — 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 Hohe der Diingermenge kein Einfluss auf
den Schwefelgehalt festzustellen. Der durch-
schnittliche Schwefelgehalt der ungediingten
Versuchsglieder (bei Klee 1.76, bei Timothee
1.21) wich nicht bemerkenswert von denen der
schwefelfreien Diingung Yd ab.

Als besonders statk erwies sich auch der
durch die unterschiedlichen Versuchsverhilt-
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 Schwefeldiingung hat.

Ausserdem wurde das Verhiltnis zwischen

‘dem Gesamtstickstoff und Gesamtschwefel der

Pflanzenproben bestimmt, welches in Unter-

N
Tabell 2. Gesamtstickstoff und Gesamtschwefelgehalt sowie das 3 ~Verhiltnis von Klee und Timothee (13 Versuche)

Tanlukko 2. Apilan ja timotein kokonaistyppi- ja kokonaisrikkipitoisuns sehd N -subde (13 koetta)

S
Diings- Diingerart
stufe Lannoitelaji
Lannoite- Yn Yd Ydk
madrd - (mit S) (ohne S) (mit S)
Klee — Apila:
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 -
3 -Verhiltnis —subde ................. P 0 13.9
1 12.8 14.1 12.9
2 13.2 15.3 12.5
Timothee — Timotei:
N mg/g Trockensubstanz — Auiva-ainetta .......... 0 10.7
., 1 11.0 11.6 11.0
2 i1.3 11.2 10.9
S mg/g Trockensubstanz — Awiva-ainetta .......... 0 1.22 .
1 1.27 1 1.23
2 1.26 1.15 1.28
N e
< -Verhdltnis —subde ........ ... . ... ... 0 9.0
S 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 Hohe der Stickstoffdiingung geniigend
Schwefel erhalten (@pELien 1963). Die voll-
stindigen Zahlenreihen konnten aus 13 Ver-
suchsertrigen ermittelt werden, ‘deren Durch-
schnittswerte in Tabelle 2 angefithrt sind.

In der varianzanalytischen Verrechnung der
Ergebnisse ergab sich zwischen Klee und

Timothee im N:S -Verhiltnis ein besonders
deutlicher Unterschied. Es wurde aber auch
durch die Beschaffenheit der Diingung und
deren Schwefelgehalt stark beeinflusst, ohne von
der Pflanzenart abhingig zu sein. Die Verhilt-
niszahlen zwischen den verschiedenen Ver-
suchsgliedern waren jedoch normal, und kein
Schwefelmangel konnte im Versuchsboden fest-
gestellt werden.
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SELOSTUS

Rikkilannoituksen vaikutuksesta apilan ja timotein rikkipitoisuuteen

Hirxxa TAHTINEN

Maatalouden tutkimuskeskus, Maanviljelyskemian ja -fysiikan laitos, Tikkurila

Kenttikokeista (15 koesatoa) saatujen lajiteltujen timo-
tei- ja apilandytteiden perusteella voitiin todeta apilan
rikkipitoisuuden olevan korkeamman kuin timotein.
Lannoitteen sisiltima rikki lisisi kasvien rikkipitoisuutta,
apilalla enemmin kuin timoteilla, vaikka maassa ilmeisesti

5 10294—65

ei ollut rikin puutetta. Kokonaistypen ja kokonaisrikin
suhde oli apilalla korkeampi kuin timoteilla. Kasvilajista
riippumatta rikkii saaneilla koejésenilld ko. suhdeluku
oli alempi kuin rikittémilla.
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COMPARATIVE STUDIES WITH THREFE HERBICIDES, MCPA,
MCPA PLUS 2,3,6-TBA, AND MECOPROP FOR WEED
CONTROL IN SPRING CEREALS

JAAKKO MUKULA

Agricultural Research Centre, Department of
Plant Husbandry, Tikkurila, Finland

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 spriﬁg cereals comprised 425 000.

This amount represents about 40 9, 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 9% for oats, 200 kg/ha or 10 9, for barley and
230 kg/ha or 12 9, for wheat (MARJANEN 1962).

At present (1965), the most important MCPA
products available in Finland are the following:
Agro-Hormo  (Koge/Kasvinsuojelu),  Hedonal
(Bayer/Betner), Herbotal (Agro-Kemi/Farmos),
Hormonal (Schering/Fincos), Hormotex (Gull-
viks),  Hormox  (Osterr. Stickst./Nieminen),
Hormotubo (Rikkihappo), P-46 Plus (Finsons/
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Nieminen) and W-30 (Ainekoski/Rikkihappo).
Most of these contain MCPA as the sodium salt;
Hormotubo however has the potassium salt and
P-46 Plys a mixture of potassium and sodium
salts. Agro- Formo, in addition, also offers two
products containing mixtures of potassium, so-
dium and amine salts. o

Broad-leaf weeds resistant to MCPA, make up
about 20 9, of the total weeds in spriﬁg cereals
in Finland (MukuLa ef a/. 1963). Even as early
as the 1950’s the proportion of resistant species
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



“Table 1. Herbicides used in the trials

Common ;); r:(l:b;:evi:atcd Chemical name Formula - ’ Acute; ZT}?gLD“
MCPA 4-chloro-2-methylphen- O - CH, - COOH 700
oxyacetic acid . | )
<\“—CH3
\ /
Cl
|
mecoptrop 2-(4-chloro-2-methyl- . (IZH,,V : . : 650
henox onic acid
phenoxy)propionic acic O CH COOH'
o
|
Cl
2,3,6-TBA. 2,3,6-trichlor9beqzdic acid COOH 700—1 500 .
c1-{ N_a
—Cl

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 commetcial product Pesco 18-15, de-
veloped by Fisons Pest Control Ltd. in England
(PrErFFER 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
(VipmEe 1961c) and in Denmark in 1963 for the

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

Mecoprop resembles MCPA in its mode
of action, being a translocatable foliar herbicide.
Tt 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 &
Co. (Lusu and. LEAFE 1956, Lusx 1957, Lusu

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 commetcial products containing the po-
tassium salt of mecoprop. At present (1965), the
following products are available in Finland: Eri-
kois- Hedonal (Bayet|Betner), 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 19614,
1961b, Tidsskr. Planteavl 1960).

Methods

In order that a more complete picture could
be 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, sodivm .........ccovuun.. .. 1.0 kg/ha
MCPA/TBA (4:1), sodium ......... 1.0 »
mecoprop, potassium ............... 2.0 »
Series B. Local trials (private farms):
Untreated
MCPA, sodium .................... 1.0 kg/ha
MCPA, potassium ................. 1.0 »
mecoprop, D 2.0 »

» O 3.0 »

Series C. Department of Plant Husbandry:

Untreated
MCPA, sodium ........ 0,35, 1,1, and 2 kg/ha
MCPA/TBA (4:1),

sodium ............. 0,%,,1,1%,and2 »
mecoprop, potassium ... 0, 1,2,3 and4 »

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.
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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 be regarded
as random samples. However, the yield level of
oats and batley 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 L \————68

FIELD TRIALS:
[ series A

O series 8
[E series C

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.



cereal was considerably higher than the average
for the country, as can be seen from the following

figures:
Mean grain yields 1961—63, kgtha
spring
oats barley wheat
Average for the conntry .... 1730 1670 1670
» » series A ...... 2410 2 660 1625
» » series B ...... 3 445 2810 2435
» » series C ...... 4330 4510 2900

The degree of weed infestation was not detes-
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 2 somewhat higher number than the average for
the country (484) in 1961—63 (cf. MURULA ¢/ 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.m in 1961—63

Species e ey sores & and C.

Galeopsis SPP. « oo vune i 76 85
Spergula arvensis .o .. ... 66 48
Stellaria media ... .............. 60 150
Viola arvensis ........coovinns 48 35
Chenopodinm album . ............ 42 45
Cruciferag . ......cooovveinenens 28 14
DPolygonum SpP. «.vvveieiiann 19 79
Sonchus arvensis ... .. ... o0 6 17
Tripleurospermum marit. v. inod. .. 5 18
Galium vaillantii .. .. ............ 2 23
Others «.evvveviiiiinneennss 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:

Temp. May—Sept., °C Precip. May—Sept., mm
Location Mean Deviations Mean Deviations
1921—1950 1961 1962 1963 1921—1950 1961 1962 1963

Tikkurila .......... 13.0 0.3 —1.5 1.7 317 — 9 115 — 45
Mietoinen ......... 13.4 —0.3 —2.0 1.0 285 177 44 — 6
Anjala ............ 13.2 0.0 —1.9 1.2 310 — 39 207 — 45
Pilkdne ........... 13.0 0.1 —1.9 1.1 305 63 27 — 78
Peipohja .......... 12.6 0.2 —1.5 1.2 290 117 42 29
Mikkeli ........... 12.7 —0.1 —2.0 0.8 315 . 55 78 —73
Taukaa ............ 12.1 0.2 —1.7 —1.0 332 — 2 4 — 39
Maaninka ......... 12.5 0.1 —1.9 0.7 307 - 19 21 39

In trial series A and B the plot size was 20—
30 m?, in series C 12 m* There were 4 replicates
in the former two seties, 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—G6-leaf stage. At this time the eatliest
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

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—5 weeks
afterwards. The number of each weed species
was determined on a 14 m? area in each plot. In
addition, at harvest time, a weed sample from a
1 m? 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 all the trials the grain yield was determined
and calculated for 15 9, 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

Effect

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, Erysimam, Capsella and Thlaspi), Che-
nopodium, Fumaria, Ranunculus, Galeopsis, Myoso-
tis, Spergnla, T rzp/earo.rper}fzm, Stellaria, Viola,
Lapsana, Polygonnm, Laminm 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

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-HARrT-
LEY’s test at the level of P =959, In the
rate of application trials (series C) the response
curves were studied by second-degree regression
(SNEDECOR 1956).

on weeds

Galeopsis, Myosotis and Spergnla showed slightly
higher numbers of surviving plants with MCPA/
TBA than with MCPA alone. In the cases of
Cruciferous species, Fumaria, Tripleurospermum,
Stellaria, Viola and Galium, the differences were
statistically significant.

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

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

Untreated MCPA MCPA/TBA mecoprop Significance
No. of trials Species (E-values)
(according to susceptibility to MCPA) Untreated Between
No./sq.m Rcl. values, untreated = 100 — treated treatments
9 Cruciferae .. .............. 63 13 . 8 8 Fokok *
18 Chenopodium album .. .. .... 99 20 12 16 Fkok
2 Fumaria officinalis . ........ 20 27 10 34 Hokok *okk
2 Ranunculus spp. ........... 40 32 31 32 Fkok
17 Galeopsis Spp. vvvereenn.. 199 34 48 63 Hokok *
2 Mpyosotis arvensis .......... 25 42 65 55 Fkox
10 Spergula arvensis .......... 192 70 79 74 kK
5 Triplenr. marit. v. in. ..... 144 70 51 56 *k *
25 Stellaria media ............ 240 72 45 16 Fkk *%
15 Viola arvensis ..........:. .. 56 83 60 82 Fkk Hokike
4 Lapsana communis ... ....... 52 87 64 29 FRK Fokx
11 Polygonum spp. ........... 288 87 71 68 Fokk
3 - | Lamium spp. «o.c.ooov.... 83 100 100 138 * *
4 Galinm vaillantii .......... 229 101 50 6 *kx Aok
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)

Unttreated MCPA MCPAI/TBA I mecoprop
Location and year of trials
No.fsq.m Rel. values, untreated = 100
Jomala (60°N) .....covuiiiiinnns 1961 )| 25 24 17
Tikkurila (60°N) .. ....vvviiiiiin 1961 316 41 16 62
Y 1962 224 41 39 80
............................ 1963 177 46 56 10
Hyryla (B0°N) - veeeeeeeeeiieaaeees 1961 276 16 5 6
Mictoinen (60°N) . ...vvvrerneeennnnns 1961 673 102 70 54
D e s 1962 464 100 53 54
B e enaraa e 1962 611 63 65 68
S 1962 140 62 31 45
S T T T 1963 114 54 55 47
I 1963 569 88 88 30
S T 1963 263 54 35 44
Anjala(G1°N) . .ovviii s 1961 311 34 22 53
S T I 1962 984 17 26 18
............................... 1963 1708 46 47 57
Lcteensuo BIPN) v 1961 818 25 28 34
Pilkine (61ON) . vervneeerinreinnnns 1961 900 15 14 7
» ............................. 1962 655 72 68 40
............................. 1963 614 65 60 41
Pexpoh)a () I 1961 440 49 45 64
............................. 1962 629 89 66 46
............................. 1963 410 58 57 41
Nhkkeh (62°N) ....................... 1961 632 42 26 62
ST 1962 122 65 35 19
............................. 1963 254 46 49 35
Tohma)arvx (FA) I 1961 208 37 37 44
S S 1962 336 73 -70 99
Taukaa (62°N) «.ovvvinrevineernnnanns 1961 299 44 26 33
S N 1962 267 46 44 35
.............................. 1963 252 57 50 39
Yhstaro (63°N) oo e 1962 630 24 15 60
............................. 1963 1149 91 63 110
VIaamnka (63°N) et 1961 624 64 13 48
S 1962 104 67 39 36
............................ 1963 229 50 43 40
Toholamp1 (64°N) .o 1963 780 26 24 43
T 1963 852 37 40 46
Pelso(65°N)...................... .... 1962 3488 84 59 26 -
Ruukki (65°N) o.ovvvvnin e 1962 1124 78 74 76
S R R 1963 1092 81 78 81
MEAT .+ + e e e ve et e 1 609 54 45 46

*) Otiginal counting data ate lost.

number of surviving plants. Except for Cheno-
podidm, Myosotis and Spergula, 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-
dently this was due to differences in the weed
population as well as partly to the different
conditions or different growth 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
hetbicides. As for MCPA and mecoprop, the
data for these two compounds were in some
cases contradictory. Increasing the rates of the
hetbicides up to 1 kg/ha resulted in a more
rapid increase in their effectivity than above
this amount. Concerning mecoprop, the rates
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Fig. 2. Effect of rate of application on the numbet of
weeds in 9 trials at the Department of Plant Husbandry
(series C). Mean of untreated = 186/sq.m. The rate
of mecoprop tefers 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 all 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
tesult 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)

Untreated ’

MCPA/TBA |

MCPA mecoprop
Location and year of trials
g/sq.m , Rel. values, untreated = 100
Tikkurila ....... ... 1961 117 15 10 2
D e 1962 97 66 83 25
D e 1962 11 9 16 9
D, 1963 82 36 97 26
.2 1963 87 13 27 17
Mietoinen ........... ... oL, 1962 204 74 16 8
D 1962 627 33 13 26°
e 1962 195 31 15 15
D 1963 284 29 12 12
D e 1963 316 74 41 31
D 1963 97 32 14 7
Anjala ... o 1962 198 18 16 5
D e 1963 109 16 46 42
Pilkdne ................ ... .. ... ... 1962 79 71 43 52
2 1963 207 26 29 25
Peipohja ......... ... . .. ... L. 1962 118 64 68 42
D e . 1963 132 63 65 27
Mikkeli ... 1962 180 48 67 16
2 1963 131 14 20 5
Tohmajirvi ....... ... ... ... ... 1962 52 19 42 40
Lavkaa ............. ... ... .l 1962 22 47 20 27
Y e 1963 42 24 17 24
YHstaro ......ooiiiiiiii 1962 200 26 18 23
Y e e 1963 210 110 126 90
Toholampi ........................... 1963 300 20 18 32
D e e 1963 795 9 12 11
Pelso ..o 1962 256 50 54 18
Ruoukki ........... ... 1963 203 57 56 59
Mean ....oviiiii e 191 | 39 38 26



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 all 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% 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 15
kg/ha thus resulted only in a relatively small
improvement in final effectivity of the herbicides.
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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 g/sq.m.

Effect on grain yields

The average effect of the different herbicides
on the grain yields of oats, batley 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 9%, or 322 kg/ha.

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
batley the increase in yield as a result of MCPA

Table 5. Avcragé grain yields in 47 trials at experiment stations (series A)

Grain yvield
No. of trials Crop Treatment
kg/ha ‘ increase rel.
16 Qats Untreated ..ovvviiee it iaaaeen 3031 — 100
MCPA .o.ieie e 1 kgfha 3353 322 111
MCPAJTBA ................ 1 » 3480 449 115
MMECOPIOP «n v v vvvrmeceenonns 2 » 3445 414 114
9 Barley Untreated .. ...covvivrnnennnneeannnns 2803 — 100
MCPA ... 1 kg/ha 3078 275 110
MCPA/TBA .........coinen. 1 » 2905 102 104
IDECOPLOP «vvvnvevecernnns 2 » 3019 216 108
22 Spring Untreated .. ...ooviiriii e 2434 — 100
wheat MCPA ...t 1 kg/ha 2567 133 105
MCPAJTBA .. ... 1 » 2 301 —133 95
MECOPLOP e vvvvvrcrenrnnnns 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)

Grain vield
No. of trials Crop Treatment —_
kgsha increase rel,
16 Oats Untreated ............ccvviininn. ..., 2414 — 100
MCPA, sodium ............. 1 kg/ha 2669 255 111
» , potassium ........... 1 » 2708 294 112
mecoprop, potassium ........ 2 2695 281 112
» » o 3 » 2698 284 112
10 Batrley Untreated ............................ 2662 — 100
MCPA, sodium ............. 1 kg/ha 2823 161 106
» , potassium ........... 1 » 2796 134 105
mecoprop, potassium ........ 2 » 2813 151 106
» » . 3 » 2818 156 106
17 Spring Untreated ............cooviiiii.... 1625 — 100
wheat MCPA, sodium ............. 1 kg/ha 1919 294 118
» , potassium ........... 2 » 1975 350 121
mecoprop, potassium ........ 2 » 2007 382 123
» » o 3 » 2009 384 124

.F-values Oats: Untreated-treated 16.29%%¥ between treatments <1

Barley: »
Whe_at: »

5.76%, »
84, 34kx% »

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

In series B the results for oats and barley were
similar to those in series A. All the herbicides
gave yield increases for oats of 11—12 9, (255—

<1
1.49, MCPA-mecoprop 3.81%

294 kgfha) and for batley 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 9 or
294—384 kg/ha. Mecoprop was, as in series A,
significantly supetior 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

Yield increase or decrease
Crop and ngr:; /(;fl;lleed infestation No. of trials MCPA ) MCPA;TBA mecoprop mean
kgba | % | kg | % kg/ha % kg/ha %
Oats

—250 ...l 4 332 9 594 16 378 10 435 12
251—500 .............. 5 214 6 326 9 363 10 301 9
501—750 ...l 3 316 9 441 13 368 11 375 11

—750 ... 4 474 31 460 30 500 33 478 31

Batley

=500 .............. 5 124 3 8 0 115 3 82 2

501— Ll 4 463 30 218 14 343 22 342 22
Spring wheat:

— 250 ............ 4 194 8| —78 |— 3 139 6 85 3
251— 500 ............ 6 107 41 —35 |— 1 191 8 88 4
501— 750%) ........... ) (167) () (5) O @81 | (12)| 51 (6)

—1000 ............ 2 123 8 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

Yield increase or decrease
Crop ansg;'};:ld level No. of trials MCPA MCPA/TBA mecoprop mean
kg/ha % kg/ha % kg/ba % kgrba %
Oats:

—1000 ........... 2 359 51 277 40 483 69 373 53
1010—2000 ........... 1 1258 76 944 57 1086 66 1096 67
2010—3000 ........... 5 217 9 386 15 285 11 296 12
3010—4000 ........... 3 511 15 624 18 443 13 526 15
4010—5000 ........... 4 241 6 546 13 489 11 325 8
5010—6000 ........... 1 —106 |— 2 0 0 159 3 17 0

Batley:

—1000 ........... 2 536 55 424 43 472 48 477 49
1010—2000 ........... 1 597 31 — 135 |— 7 308 16 257 13
2010—3000 ........... 3 —103 |— 4 — 81 |— 3 — 76 |— 3 —87 |— 3
3010—4000 ........... 1 780 20 234 6 468 12 493 13
4010—5000 ........... 1 139 3 370 8 554 12 354 8
5010—6000 ........... 1 201 4 — 151 |— 3 —100 [— 2 —51 |— 1

Spring wheat: : .

—2000 ........... 6 86 5 — 28 |— 2 173 10 77 5
2:010—3 000Y) ......... (11) @0y | & | (=571 |9 ©76) | A1) an |
3010—4000 ........... 2 266 8 181 5 189 -5 212 6
4010—5000 ........... 1 — 41 |— 1 — 285 |— 7 — 81 |— 2 --136 |— 3

-

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 1650 kg/ha. There is reason
to believe that weeds are rhore 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 ox did not exist at all. In

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

Yield increase or decrease
Crop an}zjgﬁl;ld level No. of trials MCPA mecoprop mean
kg/ha % kglha % kg/ha %
Oats:

—2000 .,......... ) 344 26 269 20 307 23
2010—3000 ........... 10 356 15 438 18 397 17
3010—4000........... 2 — 35 — 1 — 97 — 3 — 66 — 2
4010—5000 ........... 1 —130 — 3 —460 — 11 —295 — 7

Barley:
1010—2000 ........... 2 313 20 373 24 343 22
2010—3000 ........... 6 108 4 197 7 103 4
3010—4000 ........... 1 320 10 —115 — 4 102 3
4010—5000 ........... 1 —115 — 3 —275 — 6 —195 — 4
Spring wheat: .

—1000 ........... 2 258 55 370 79 314 67
1010—2000 ........... 12 342 21 391 24 367 23
2010—3000 ........... 3 282 11 359 15 321 13
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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 4510 kg, wheat 2 900 kg/ha)

Crop Treatment Equation Y ;}:ax. ng?éim'

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 +4-20.384 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-mecoptop ................ Y = 13.34X— 4.57X2 + 9.73 1.4¢

Spring wheat MCPA Y = 7.91X— 4.,86X2 + 3.22 0.97
(Diamant) MCPA/TBA Y = 4.34X— 4.57X2 + 1.03 0.47
d-mecoptop ................ Y = 8.03X— 1.71X2 (4 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 9, 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).
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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 4.759% for
MCPA/TBA. This fact agrees well with the
results of trial series A and indicates that MCPA /
TBA is more toxic to batley 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 9, 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 seties 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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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 J-mecoprop
was 2.35 kgfha, 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 1000-grain weight occurred in
wheat; the greatest such reduction was 0.8 g
(nearly 3 9,), 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 9,) for

Table 11. Effect of rate of application on 1000 grain
weight in 9 trials at the Department of Plant Husbandry

Pirkka barley and 0.2 kg (0.3 9,) for Diamant
wheat. The maximum decreases were corre-
spondingly 0.6 kg (19%), 0.2 kg (0.3 9%) and
0.8 kg (1 9) 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—
129, 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
higher
mecoprop relatively lower increases than could
be expected on the basis of their effect on the

produced relatively increases and

grain yield.

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

(series C) (series C)

Treatment Qats Barley i?}::;tg Treatment Oats Barley 3’;;:?
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.¢ 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 kgfha| 47.8 62.0 77.0
1.0 » 35.5 40.9 32.9 1.0 » 47.9 63.3 76.9
1.5 » 36.5 40.9 32.0 “Lso» 47.6 63.0 76.8
2.0 » 35.4 41.1 31.9 20 » 47.7 62.7 76.4
mMecoprop ... .. 1.0 kg/ha| 35.8 40.5 33.0 mecoprdp ..... 1.0 kg/ha| 48.1 62.5 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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Table 13. Effect of rate of application on straw yield in 9
trials at the Department of Plant Husbandry

(seties C)
. Treatment Oats Barley Spring
wheat
kg/ba
Untreated .......oovvv... 4880 | 4900 | 5660
Relative values
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
MECOPLOP ..... 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 batley. The maximum damage,
estimated as the proportion of brown leaf area
in the total leaf area, was about 5 9, in wheat
and 29, in batley. 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 c¢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
wete 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, ABERG ¢# a4l. 1948, ANDERSEN and

JENsEN 1950, PeETERSEN 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 hetbicide 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 seties A and C were situated on
fields of several expetiment 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 batley was higher than the
average for the country. However, the yield
level varied widely in all 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 all the cereal varieties
commonly grown in the country were included.
However, without special vatiety trials it is too
difficult to establish how far the different varie-
ties show different responses. The times of treat-
ment in all 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 cetreals varies according to
the time of treatment. The effect of spraying
time is especially great when MCPA/TBA is
used (GranNsTRGM and Marttson 1964). In the
case of MCPA alone, significant differences have
also been found (e.g. ANDERSEN and HERMANSEN
1950, HaGsanp 1954, PErERSEN 1959). However,
under Finnish conditions the effect of time
of MCPA treatment has been relatively small
(MarJANEN 1962).

In comparing the herbicidal
ettects 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 Fumaria and
Myosozis did it provide relatively better control
than mentioned by previous investigators
(cf. Scmmipr 1954, PrTERSEN 1960, VIDME
1961 a, 1961 b, Mukura 1962, 1964, BREITEN-
sTEIN 1963, GransTROM and Aamrser 1965,
Wooprorp 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. Preirrer 1958). However, it was
not quite as effective in controlling Polygonun: as
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had been expected. Furthermore, TBA did not
improve the effect of MCPA against Galeopsis
and Spergula, which are two of the most import-
ant annual weeds in Finland (cf. Mukura ef 4/
1963). Neither did MCPA/TBA give better
control against Myosotis, Ranunculus or Laminm
than MCPA alone. Therefore, the superiority
of MCPA/TBA over MCPA
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 (Lusu, LEArE and Mayes 1958).
Similarly, its control of Lapsana was to be
expected, although this had previously been
reported only in Sweden and Finland (Mukura
1962 and 1964, GransTROM 1964, GRANSTROM
and Aamrser 1965). The supetiority of meco-
prop over MCPA in controlling Cruciferous
species, Chenopodium (cf. Vipme 1961a) and
Triplenrospermam (e.g. Lusu, LEAFE and MAYES
1958, K6vLijArv 1962, GRANSTROM and MATT-
soN 1964) was also generally recognized. On the

seems rather

other hand, the better control of Polygonum given
by mecoprop in comparison with MCPA con-
tradicted with previous studies in Finland
Muxura and Prrrrivi 1959, Mukura 1964),
although agreeing with English investigations
(Wooprorp and Evans 1965). Evidently the
exact response of the individual Polygonum
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 (VipMme 1961 a), but in the
present trials the difference was greater than
expected. Mecoprop’s relatively poorer control
of Mpyosotis had been previously established in
Norway (ibid.) and Sweden (GransTrROM 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.



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
mind that their effect on broad-leaf weeds was
far from complete, some species even remain-
ing fully unchecked. Therefore over a long
petiod 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 het-
bicides are needed which would control a broader
spectrum of dicotyledonous weeds.

In considering the effect of
the three hetbicides on cereal
yields as compared with data from previous

investigations, both similar and diverging results .

wete obtained. The higher yield increase of oats
than of batley and spring wheat were to be
expected (cf. e.g. GRANSTROM 1956, VIDME 1959,
MARJANEN 1962). Similarly, the greater toxicity
to wheat of MCPA/TBA than MCPA had
carlier been observed in England (Evans and
Hoiroyp 1962), Scandinavia (e.g. PETERSEN
1960, VipME 1961 ¢, Aamiser and GRANSTROM
1964, Tuorur 1964) and Finland (K&yLijArvi
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
Sweden (Aamrser and GRANSTROM 1964), but
the difference between this mixtute 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 (K&yrLijirvr 1962), although its
supetiority to. MCPA/TBA for wheat treatment
was known also in other countries.
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The positive correlation between weed level
and yield increase caused by the herbicides is
quite undetstandable (GransTROM 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
(GraNsTROM 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 PaArera 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 avetage
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).

MCPA MCPA/TBA mecoptop
1 kgtha 1 kgfha 2 kgfha

Cost, Finnmarks: 1)

herbicide .......... il 11 32 32
treatment ...........00n. 7 7 7
total ... .. 18 39 39

Value of yield increase,

Finnmarks:

OALS & vevnniam i ennnns 96 134 124
batley ...l 94 34 72
spring wheat ............. 66 —66 105

Net profit Finnmarks:

OBS .+ overenarenanenenne .79 95 85
batley ............ il 77 —5 33
spring wheat ............. 49 —105 66

1) Finnmark = £—2 s. or § —:30.
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For oats, all 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 tesult 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 finally
be stated that all 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:

1. The order of susceptibility to MCPA of the
broad-leaf weeds occurring in the trials was:
Cruciferous species (Raphanas, Erysimun, Capsella
and Thlaspi), Chenopodinm, Fumaria, Ranunculus,
Galeopsis, Myosotis, Spergula, Triplenrospermum,
Stellaria, Viola, Lapsana, Polygonum, Laminm and
Galinm. MCPA at 1 kg/ha caused an average
decrease in total numbers of broad-leaf weeds
to 54 9, of the control; the corresponding air-
dry weight of weeds was decreased to 38 %,.

2. MCPA/TBA at a rate of 1 kg/ha was more
effective than MCPA alone against most of the
weeds except Ranunculus, Galeopsis, Myosotis,
Spergula, Laminm and  Sonchus. MCPA|TBA
1 kg/ha reduced the numbers of weeds to 45 9,
of the control and the air-dry weight to 35 9.

3. Mecoprop, also, at 2 kg/ha was more effec-
tive against most weed species than MCPA at
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1 kg/ha. It was particularly effective in control-
ling Stellaria, Lapsana and Galinm. 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 %,.

4. At the experiment stations the three herbi-
cides produced increases in grain yield of oats
amounting to 11—15 9, (322—414 kg/ha). On
private farms, MCPA and mecoprop resulted in
oat yield increases averaging 11—12 9 (255-—
294 kgfha). At the Department of Plant Hus-
bandry, the theoretical optimum rates of the het-
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).

5. The yields of barley at the experiment sta-
tions were increased as follows: by MCPA 10 9,
(275 kg/ha), by MCPA/TBA 49, (102 kg/ha)
and by mecoprop 8 9, (216 kgfha). 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



theoretical optimum rates on Pirkka barley
were: MCPA 1.28 kg/ha, MCPA/TBA 0.96
kg/ha and mecoprop 2.92 kgfha (= 1.46 kg
active isomers).

6. 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 59 (133
kg/ha). On private farms the average wheat
yield increases resulting from MCPA were
18—21 9, (294—350 kg/ha) and from - meco-
prop 23—24 9, (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).

7. On all the cereals, the yield increase caused
by herbicides was positively correlated with the
degtree of weed infestation.

8. On all the cereals the yield increase caused
by herbicides was negatively correlated with the
yield level. Appatrently 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 poot
condition.
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new products should be considered with reserva-
tion. Attempts should instead be made to find
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SELOSTUS

MCPA:n, MCPA:n ja'2,3,6-’I‘BA:n seki mekoproopin kiytté rikkaruohojen
torjuntaan kevitviljoissa

Jaaxgo MUKULA

‘Maatalouden tutkimuskeskus
Kasvinviljelylaitos
Tikkurila

Herbisideji ryhdyttiin Suomessa kiyttiméin peltovilje-
lyksills vuosina 1948-—50. Menetelm yleistyi aluksi suh-
teellisen hitaasti ja vield 1950-luvun lopulla oli herbisi-
deilld vuosittain kisitelty peltoala vain 70 000—100 000
ha. Vasta 1961 aloitetun ns. valtakunnallisen rikkaruoho-
sodan puitteissa tapahtui tilli alalla voimakas lipimurto
(Muxura 1962). Herbisidien kiyttd lisdéntyi tilloin enti-
sestidn yli kaksinkertaiseksi. Vuonna 1965 kisitelty pelto-
ala oli jo 450 000 ha, josta kevitviljoja 425 000 ha. Timi
vastasi noin 40 %, kevitviljan viljelyalasta Suomessa.

Miltei yksinomaisena torjunta-aineena on kevitviljoissa
kiytetty MCPA:ta. Timi valmiste tehoaakin hyvin
useimpiin maassamme yleisiin 2-sirkkaisiin rikkaruohoi-

hin. Lisaksi se on ruiskutteena helppokiyttdinen, hinnal-’

taan halpa, viljoille subteellisen vaaraton ja hajaantuu
sekd maassa ettd kasvisolukossa melko nopeasti. MCPA:lla
1950-luvulla saadut keskimiirdiset sadonlisiykset ovat
olleet kauralla noin 300 kg/ha, ohralla 200 kg ja vehnilld
230 kgfha (MARJANEN 1962).

MCPA:ta kestivien 2-sirkkaisten rikkaruohojen mdiri
on kevitviljoissamme ollut keskimirin 20 %, rikkaruoho-
jen kokonaismadristdi (Mukura ef al. 1963). Kestivien
lajien madrin todettiin kuitenkin jo 1950-luvulla alkaneen
huolestuttavasti lisadntyi sellaisilla peltolohkoilla, joilla
titd valmistetta oli kiytetty useana vuonna perikkiin.
Lisiksi oli trikkaruohokasvuston erdissi tapauksissa jo
alunperig todettu koostuvan pidasiallisesti MCPA:ta
kestivistd 2-sirkkaisista lajeista. On selvid, ettei MCPA:n
kiyttd tillaisissa olosuhteissa vastaa tarkoitustaan. Ongel-
man ratkaisemiseksi ryhdyttiin Suomessa, kuten muissa-
kin maissa, etsimain uusia herbisideji, jotka yksindin tai
MCPA:n kanssa seoksina tuhoaisivat sellaiset 2-sirkkaiset
lajit, joihin MCPA yksinidn ei tehoa. Ensimmiiset til-
®aiset herbisidit olivat 2,3,6-TBA, josta seuraavassa kiy-
tetddin lyhennystd TBA seki mekoprooppi. Naiitd val-
misteita koskevat teknilliset tiedot on esitetty taulukossa
1 s. 257.

TBA on sisivaikutteinen lehtiherbisidi kuten MCPA,
mutta vaikuttaa melko voimakkaasti myos maasta kisin
ja on seki maassa etti kasvisolukossa huomattavasti
MCPA:ta pysyvimpi. Sitd kiytetidn yleisesti MCPA:n
kanssa seoksena (4:1). Mekoprooppi muistuttaa vai-
kutustavaltaan MCPA:ta, mutta koostuu useammista
isomeereistd, joista vain 50 9, on tehoavia.

Jaagko KOYLIJARVI

Maatalouden tutkimuskeskus
Lounais-Suomen koeasema
Mietoinen

Kasvinviljelyslaitoksella 1950-luvun lopulla suoritettu-
jen alustavien kokeiden perusteella oli Kasvinsuojelu-
laitos mydntinyt myyatiluvan erddlle MCPA:mn ja TBAn
seosta sisiltiville valmisteelle sekd useille mekoprooppi-
valmisteille 1959—61. Jatkotutkimuksia varten suorittivat
Kasvinviljelylaitos, koeasemat ja Paikalliskoetoimisto
1961—63 yhteensi 91 kenttikoetta kyseisten kolmen val-
misteen kiyttokelpoisuuden selvittimiseksi kevitvilja-
maiden rikkaruohontorjunta-aineina.

Kokeissa esiintyneiden 2-sirkkaisten rikkaruohojen
herkkyysjirjestys MCPA:lle herkimmiastd lukien oli
seuraava: ristikukkaiset (Raphanus, Erysimum, Capsella
ja Thlaspi), Chenopodinm, Fumaria, Ranunculus, Galeopsis,
Myosotis, Spergula, Triplenrospermum, Stellaria, Viola,
Lapsana, Polygonum, Laminm ja Galium. Kaksisirkkaisten
rikkaruohojen  kokonaislukumidri viheni 1 kg/ha
vastaavalla MCPA-kisittelylld kisittelemidttdémidn ver-
rattuna keskimiirin 53 %:iin. Kaksisirkkaisten rikka-
ruohojen ilmakuiva paino vaheni tilli kisittelylld 38%:iin.

MCPA/TBA-seos tehosi sitdi 1 kgfha kiytettiessd
useimpiin kaksisirkkaisiin rikkaruohoihin hiukan parem-
min kuin vastaava méird pelkkii MCPA:ta. Poikkeuksena
olivat Ranunculus, Galeopsis, Myosotis, Spergula ja Lamiun.
Kaksisirkkaisten  rikkaruohojen  kokonaislukuméiri
viheni MCPA/TBA kisittelylli kisitteleméttdmiin
verrattuna 45 %:iin ja ilmakuiva paino 35 %:iin.

Myés mekoprooppi tehosi sitd 2 kg/ha kiytettdessd
useihin lajeihin hiukan paremmin kuin 1 kg/ha MCPA:ta.
Erityisen hyvi oli mekoproopin teho Stellariaan, Lapsa-
naan ja Galinmiin, MCPA:ta heikommin se tehosi Fuma-
riaan. Laminmin lukumiiriin mekoprooppi vaikutti
lievisti lisadvasti. Kaksisirkkaisten rikkaruohojen koko-
naismaird viheni mekoprooppikisittelyn vaikutuksesta
46 %:iin ja ilmakuiva paino 26 %:iin.

Kauran jyvisatoon MCPA ja MCPA/TBA sekd meko-
prooppi vaikuttivat lisidvasti koeasemien kokeissa keski-
miairin 11—15 % eli 322—414 kg/ha, Paikalliskokeissa,
joissa olivat mukana vain MCPA ja mekoprooppi, olivat
kauran jyvisadon lisiykset keskimddrin 11—12 % eli
255—294 kg/ha. Kasvinviljelylaitoksen kiyttomadri-
kokeissa saatiin eri herbisidien teoreettisiksi optimikiytts-
miiriksi Pendek-kauralla seuraavat annokset: MCPA
1.25 kg, MCPA/TBA 1.11 kg ja mekoprooppi 2.50 kg/ha
(= 1.25 kg tehoavia isomeerejd).
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Ohran jyvisatoa eri kisittelyt lisisivit koeasemien
kokeissa keskimairin seuraavasti: MCPA 10 % eli 275 kg,
MCPA/TBA 4 9% eli 102 kg ja mekoprooppi 8 % eli
216 kg/ha. Paikalliskokeissa MCPA antoi sadonlisiysti
5—6 % eli 134—161 kg ja mekoprooppi 6 % eli 151—156
kg/ha. Kasvinviljelylaitoksen kiyttomairikokeissa saatiin
eri herbisidien teoreettisiksi optimikayttdmaariksi Pirkka-
ohralla seuraavat annokset: MCPA 1.28 kg, MCPA/TBA
0.96 kg ja mekoprooppi 2.94 kg/ha (= 1.46 kg tehoavia
isomeereji).

Kevitvehnin jyvisatoa kisittelyt lisisivit koeasemien
kokeissa keskimiirin seuraavastii MCPA 5 % eli 133 kg
ja mekoprooppi 9 % eli 211 kgfha. MCPA/TBA aiheutti
vehnin jyvidsadon alentumista 5 %, eli 133 kg/ha. Paikal-
liskokeissa olivat MCPA:n antamat vehnin jyvisadon
lisdykset keskimiirin 18—21 % eli 294—350 kg/ha ja
mekoproopin antamat 23—24 % eli 382—384 kg/ha.
Kasvinviljelylaitoksen kiyttémidrikokeissa saatiin eri
herbisidien teoreettisiksi optimikiyttomadriksi Timantti-
vehnilli seuraavat annokset: MCPA 0.97 kg, MCPA/
TBA 0.47 kg ja mekoprooppi 4.70 kg/ha (= 2.35 kg
tehoavia isomeereji).

~Kaikissa viljoissa todettiin positiivinen kotrelaatio
rikkaruohojen midrin ja herbisidien aiheuttaman jyvi-
sadon lisiyksen vililld. Viljojen satotason ja herbisidien
atheuttaman jyvisadon lisiyksen vililli todettiin negatiivi-
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nen korrelaatio. T4mj lienee tyypillinen rikkaruohoisille
viljakasvustoille ja peittdd piinvastaisen korrelaation,
joka wallitsee rikkaruohottomissa olosuhteissa.

Kaikki kokeillut herbisidit vaikuttivat viljojen 1 000
jyvin painoon, hehtolitran painoon ja olkisatoon yleensi
samansuuntaisesti kuin jyvisadon miiriin, mutta paljon
heikommin., Poikkeukset tisti sdinndstd olivat melko
vihiisid, MCPA/TBA aiheutti lievii polttovioituksia
vehnissd ja ohrassa, lievid korren lyhenemistd vehnissi
sekd lievdd lakoutumisen estymisti kaikissa viljoissa.
Mekoprooppi puolestaan edisti hinkan lakoutumista.
Kaikki valmisteet viivistyttivit lievisti viljojen tuleen-
tumista. Lisiksi ne aiheuttivat yleisesti tihkien epimuo-
dostumista vehnissi ja hiukan my6s ohrassa.

Kokeissa saatujen sadonlisiysten seki hintavertailujen
perusteella niyttid silti, ettd kauran suhteen MCPA:n
korvaaminen MCPA/TBA:lla tai mekoproopilla olisi
perusteltavissa, samoin vehnin suhteen MCPA:n korvaa-
minen mekoproopilla. Kun ottaa kuitenkin huomioon,
etti MCPA/TBA ja mekoprooppi tehoavat rikkaruohoi-
hin keskimiérin vain hiukan paremmin kuin MCPA
eivitkd tuhoa kaikkia 2-sirkkaisia rikkaruoholajeja, on
MCPA:n laajamittaiseen korvaamiseen niilli suhtaudut-
tava varauksin. Tutkimuksia teholtaan monipuolisempien
herbisidien 16ytimiseksi kevitviljoille olisi ndin ollen
jatkettava.
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The clay soils of Southern Finland have
already been investigated eatlier, pérticularly
with respect to their. general properties and
chemical composition (e.g. AArRNIO 1938, SAL-
MINEN 1935, 1939, Vuorinen 1939), as well as
to theit mineralogical composition (VAYRYNEN
1929, Soverr 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,
TerAsvuor: 1959, HrmoneN 1960, e#.). Data
on the easily soluble cation fraction of clay soil
profiles have likewise been published (Puro-
koskr 1959).

The clay soils of the district of Middle Uusimaa
are characteristically represented for the area of
Kerava— Nickby; Soil map, recently published
(Virr1 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—
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Nickby, as well as elsewhere (Virkrara 1959).
The area forms a unit of six individual agro-
geological maps, each covering one hundred
squate kilometers. The moraine hills and culti-
vated clay soil plains are the two typical land-
scape’ forming factors. About 32 9, of the
whole area and 73 9% 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. , o

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 ate sometimes found
where the borders of the plains are affected by
coarser material. In the southern patt, 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 arca and the locations of the profiles under study.
Kurva 1. Maaperéikartta: Keravan Nickbyn savialueet ja ndytepisteiden sijainti.



Sample material

Ten clay soil profiles were taken for the present
study. Six of them are-typical heavy clays (pro-
files: Jéirvenpéiﬁﬂ, Kerava-3 and 6, Nickby-3 and
21, and Pornainen-42), two of them reptesent
lighter clays (Hangelby-10 and Pornainen-20),
and two profiles rich enough in gyttja material
to be classified as gyttja (muddy) clays (Nickby-
17 and Ostersundom-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 Mintsili-River and the
second is in the neighbourhood of the sea
coast. v

The profile samples wete 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 /Jardﬁan is here used for the name
' of the subsurface layer located-below the topsoil (or
plow-layer). .

Experimental

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 catried 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 catried out by both percolation
(SCHOLLENBERGER et SiMoN 1945) and centri-
fugation. Metallic cations were determined by
flamephotometry (VuorINEN and MAkrTIE 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 (MAKTTIE 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 IV

8 10294—66

ammonium acetate (pH adjusted to 7), and also
by exchanging with NV 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 IV
sodium hydroxide solution) was catried out in
100 ml. polyethylene jats 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.

All the measurements were obtained by means

~of a Radiorﬁeter 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
dispetsing agent.

Organic matter content by sulphuric acid — chromic
acid oxidation with moderate external heating
(Otganic matter = 1.73 x organic carbon).

Silicate analysis of the samples was carried out
gravimetrically, according to common procedure.
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Table 1. Characteristics of the profiles

Soil profiles — Maaprofiilis Particle size distribution (%)
Kivenniisfrakticn raekoostumus (%)
Depth
Location — Sijainti Soil type — Maalzji*) cm < 0.002 0'3%22— ngz—- 2%2;,1
Synpys ’ ' ’

Jas Jarvenpii AS, Heavy clay .............. 0—20 73.7 23.4 1.8 1.5
AS, P e 30—40 79.2 15.1 3.4 2.3

AS, » e 80—100 70.1 24.9 4.8 0.2

K, Kerava AS, Heavyclay .............. 0—20 78.5 17.0 2.2 2.3
AS, P e 20—40 70.0 26.8 3.2 —

AS, » e 40—60 76.3 23.1 0.6 —

Kq Kerava AS, Heavy clay ............ ] 0—20 50.4 32.6 12.1 4.9
AS, T 20—40 75.5 17.3 5.2 2.0

AS, M e 40—60 84.8 13.6 1.6 —

Nj, Nickby AS, Heavyclay .............. 0—20 53.8 31.4 10.7 4.1
AS, P e 20—40 69.4 24.7 5.3 0.6

AS, P e 40—50 77.6 19.8 2.2 0.4

N,,, Nickby AS, Heavyclay .............. 0—20 76.4 20.0 2.5 1.1
AS, D e 20—40 71.5 28.1 0.4 —

AS, B e 40—60 72.0 25.0 3.0 —

P45 Potnainen AS, Heavyclay .............. 0—20 49.6 31.1 8.1 11.2
AS, » e 20—40 57.0 32.2 6.3 4.5

AS, B e 40—60 76.5 20.7 2.8 —

P,y, Pornainen HsS, Silty clay .............. 0—20 54.6 33.4 10.8 1.2
HsS, P e 20—40 55.1 36.4 7.6 0.9

HssS, D e 40—50 43.0 42.6 12,6 1.8

H,;, Hangelby HtS, Sandy clay .............. 5—10 49.0 25.9 19.3 5.8
: HtS, D AP 15—25 50.4 27.8 19.6 2.2

HsS, Silty clay .............. 35—45 57.2 29.5 13.3 —

Og4, Ostersundom | HtS, Sandy clay .............. 0—20 49.9 21.1 27.3 1.7
LjS, Gyttjaclay .............. 20—40 67.7 22.6 9.2 0.5

Ljs, P e 40—60 67.3 23.2 8.9 0.6

N;,, Nickby LiS, Gyttja clay .............. 0—20 80.5 16.9 0.7 1.9
Ljs, P 20—40 76.0 19.8 3.4 0.8

L;jS, D N 40—60 74.5 22.8 3.7 —

*Y without O.M. — huomiocon ottamatta humusta

Results and discussion

The clay soils under study were relatively
heavy. An average figure of 61.6 9%, represents
the content of less than 2 y patticles 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 9, and 68.7, respectively.
Silt (2—20 ) is represented by an average of
23.3—25.3 %, throughout the profile layers
(Table 1).
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The average content of organic matter in the
soil samples is 8.4 9, (from 4.0 %, to 15.1 %)
for the topsoil and 1.8 9%, (0.7 %—4.1 %) for
the subsoils.

The profiles according to their general
exchange characteristics, are grouped into »rich»
and »spoor» 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.

Taulukko 1. Profiilien onminaisunksia

pH Exchangeable cations to pH 7; meq. per 100 g soil -

O‘;M. (ls uszps) Vaibtuvat katicnit pH 7:5s CEC Base ‘;atut.
Y% ) »S» Vaibto- o
Or;ga_anmm N kapasiteetti Emiskyllistys-

ainies H,0 KCl HY Cat¥ Mgt X+ Nat aste
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.s 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

11.5 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 3.98 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

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 sutface, except
in the gyttja soil profiles, where the reverse
order is characteristic.

The pH values in water sﬁspension (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
pHyo 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 pHy e values
(Fig. 3).
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Table 2. Exchange characteristics of the clay profiles

Tanlukko 2. Saviprofiilien kationinvaiblo-ominaisunksia

J-7 AS, Heavyclay ........
,y
K-3 AS, Heavyclay ........
,

K-6 AS, Heavy clay
y
N-3 AS, Heavyclay ........
y
N-21 AS, Heavy clay ........
L
P-42 AS, Heavyclay ........
o
P-20 HsS, Silty clay ........
y
H-10 HtS, Sandy clay ........
HsS, Siliy clay ool
O-34 HeS, Sandy clay ......
LjS, Gyttja clay ........
D 2
N-17 LjS, Gyttja clay ........-

b 2

Averages of the profiles — Profiilien
keskiarvol: )

Topsoils — pintamaat
Hardpans — jankot
Subsoils — pokjamaat
All — kaikki
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Exchange acidity CECin soil | Gocin OfBR0C | CHC i clay
meq per 100 g soil meq per 100 g meq per 100 g meq per 100 g
Vaihtoh 1 Maan vaibtokapasi- ; ; RY vaibiokap.
m.e,éa;. ; 1(57)%%222 fe;ﬂ"’ r;u;ui/ 101(77 Z Ogi’;’;f;f? ;’ggji;_ a;::év./ 1’0’3 gp
Exchangeable Addi- | »Perma- | Addi- | In org. |In humus| In clay | In clay
Depth Vaibtava tional nent» tional | fraction | zy,,..e_ | fraction | matarial,
cm acidity tofat pH 2.7| »pH-de- Org.frak-|  sessa of soil | <2 p
Syayys Al+++ H+ PH 7 | wUakioy | PERAEOtY |~ yipces Savi- | Savessa
Lisa- pH to pH 7 Sfraktiossa| <2 pn
bappa- | 2.7:si | pH:sta
muns riippnvai-
PH 7:si nen lisi
PH 7:issi
@ - © (CY (e ® 9] (h) ©}
0—20 1.2 1.3 4.9 7.8 | 11.0 5.3 133 | 13.5 18.3
30—40 0.3 1.6 4.6 | 11,3 | 13.7 1.8 | 300 | 23.2 29.3
80—100 0.5 5.8 0.7 | 10.5 | 14.2 2.7 270 | 22.0 31.4
0—20 7.7 3.6 | 10.4 | 11.8 | 23.6 | 18.6 132 | 16.8 21.4
20—40 3.1 2.2 3.4 | 10.6 | 14.1 4.8 240 | 19.9 28.4
40—60 0.6 1.2 5.5 | 11.4 | 14.9 5.3 | 294 | 210 27.5
0—20 5.3 2.3 1.4} 11.4 | 11.0 | 10.2 | 154 | 12.2 24.2
20—40 1.7 1.8 7.8 | 10.5 | 14.9 5.0 | 263 | 20.4 27.0
40—60 0.3 1.1 4.6 | 13.2 | 16.8 5.7 356 | 24.3 28.7
0—20 4.3 5.7 4.4 7.7 14.5 | 10.8 270 | 11.4 21.2
20—40 3.2 5.4 1.2 8.6 | 13.0 5.0 | 357 | 16.s 23.9
40—50 3.0 4.4 2.1 | 10.2 | 12.8 6.1 | 436 | 16.9 21.8
0—20 2.0 3.5} 15.1 | 15.2 | 23,0 | 18.4 160 | 19.8 25.9
20—40 1.2 2.6 53| 11.9 | 11.3 9.8 | 297 | 13.4 18.7
40—60 | 0.7 2.3 4.7 | 13.1| 13.3 8.5 | 405 17.9 24.9
0—20 3.8 4.7 8.2 9.0 | 16.6 | 11.¢6 215 | 14.0 28.2
20—40 3.4 4.0 3.8 8.0 | 14.4 8.2 | 432 | 14.2 24.9
40—60 1.3 3.0 3.8 | 12.8 | 13.4 4.7 470 | 21,5 28.1
0—20 7.1 | 10.0 6.7 11.4 | 23.0 | 21.3 215 | 131 24.0
20—40 4.8 4.8 1.4 7.3 | 11.3 50| 263! 13.6 24.7
40—50 1.1 2.6 1.9 | 11.4 6.6 3.2 457 | 14.8 34.4
5—10 2.0 3.2 4.2 9.17 11.2} 10.7 178 9.6 | 196
15—25 3.6 4.3 2.0 7.8 | 11.2 8.4 183 | 10.s 21.0
35—45 3.0 4.0 1.5 7.7 | 10.3 5.0 | 217 | 13.0 22.7
0—20 1.4 7.6 9.0 | 16.0{ 13.4 | 189 | 11.¢ 23.2
20—40 8.9 1 1.4 8.9 | 153 | 10.7 238 | 13.5 19.9
40—60 9.4 8 2.2 6.9 | 20.3 | 12.8 | 312 | 14.4 21.4
0—20 6.9 8.8 | 13.2 | 14.7 | 32.3 | 29.6 196 | 17.4 21.6
20—40 7.6 8.6 9.3 | 10.3 | 25.7 | 15.8 | 385 | 20.2 26.6
40—60 7.1 6.3 1.0 9.6 1 21.0 8.9 | 405 | 21.7 29.1
of total of total CEC Averages
exch. acidity koko vaibio- Keskiarvot
kokonais- kapasiteetisia
happamnudesta %
%
46.9 61.9  15.0 13.9
34.2 59.8 7.5 16.6
29.7 56.4 6.3 18.8
24.7
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Fig. 4. Titration curves of some clays.
Kuva 4. Erdiden savien titrauskiyrdt.
Curves — Kiyrit:

No 1 = J— 7/2 Heavy clay — Ajtosari

No 2 =K — 6/2 » »
No 3 =N— 3/2 » »
No 4 =N —21/2 » »
No 5 = P —42/2 » »
No 6 =

No 7 =

No 8 = O — 34/2 Gyttja clay — Liejusavi

10 20 .
NoOH rmegq per 1004 o/l

|
10 20 30 40 50
Na OH megq per 100g 50i/

Fig. 5. Titration curves for two topsoils rich
in organic matter and the curves for their
mineral (m) and otganic (o) fractions,
respectively.
Kuva 5. Kabden ransasmultaisen pintamaan tit-
rauskayrit ja vastaavasti niiden kivenndis (m) —
Ja eloperdisten (o) frakticiden kdyrat

Samples — Niytteet:

P
P —20/2 Silty clay — Hiesusavi N — 17/1 = Gyttja clay — Liejusavi
H— 10/2 Sandy clay — Hietasavi N — 21/1 = Heavy clay = Aitosavi
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Table 3. Average data for the clay profile groups

D.istributiou of s?'i] nfatctl'ﬂl ) pH (susp. 1:2.5)
M. ksen pr k
Profile groups ) .
Profiili rybmit Clay Organic | Less reactive
o, “’?,;:“ o H,0 N Kl
Savi Org. aines Heikasti
reagoiva jiinnis
»Rich» clays topsoil — pintamaa .. .. ... 63.9 9.1 27.0 5.4 4.2
» Hyvity savet 4 bardpan — jankko ....... 72.7 2.0 25.3 5.5 4.3
J K Ke Ny, subsoil — pobjamaa . .. ... 74.6 1.6 23.8 5.8 4.5
»Poor» clays topsoil — pintamaa .. .. ... 48.7 6.3 45.0 5.2 4.0
» Heikoty savet 4 hardpan — jankko ....... 56.7 2.4 40.9 5.3 4.0
H; 0NgP,ePys subsoil — pobjemaa . .. ... 62.7 1.4 35.9 5.6 4.1
Gyttja clays topsoil — pintamaa .. .. ... 58.3 11.1 30.6 5.3 4.1
Ligjusavet 2 hardpan — jankko ....... 68.9 4.3 26.8 4.9 3.8
N, 4,054 subsoil — pobjamaa . .. ... 68.8 3.2 28.0 4.8 3.7

The difference between pHy o and pHy gq 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 IV 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

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 otrganic 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.

Exchangeable cations

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 ome. 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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The sum of metallic cations vaties 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

Taulukko 3. Keskiarvotulokset saviprofiiliryhmissd

Exchangeable cations at pH 7
Exchange acidity | Base saturation Vil . P;} 7:553 Fier jake CEC
Al :xolepH :Z Bmiskylisiysaste value x;)::; per ::LegI.é;
meq per 100qusoil Ca Mg Alkalies 100 g soil 100 g soil
100 g soil Vaibtobappamuns Alkaalit »S» arve Vaibtokapasitectti
pH 7usi PH 753
% % % %

4.1 14.7 54.3 72.3 23.8 3.9 15.8 30.6
1.6 8.9 65.3 66.9 28.8 4.3 16.8 25.17
0.5 7.0 73.8 64.4 30.6 5.0 20.2 27.2
4.3 16.1 36.4 60.9 31.¢ 7.5 8.6 24,7
3.8 10.5 48.4 49.3 45.8 4.9 9.9 20.4
3.5 7.9 63.9 57.1 38.5 4.4 14.3 22.2
4.2 19.6 47.5 71.0 23.5 5.5 15.5 35.0
8.3 20.0 35.9 56.7 34,7 8.6 10.6 30.5
8.3 17.3 34.6 40.7 45.3 14.0 9.0 26.2

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 9, of the whole capacity is due to the perma-
nent charges at pH 2.7 (as here determined by
Brown’s method), while 60 9, 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 4 1.06 x; = 0.83%**, For
the topsoils only, a better correlation is found
when the equation, y =2.64 + 1.04%; t =
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 whetre more organic
matter was present. This figure is somewhat
lower than the value reported by HEmONEN
(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
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Fig. 6. Relationship between the »permanent CEC»
and the sum of exchangeable aluminium, calcium
and magnesium in milliequivalents per 100 g soil.

Kuva 6. Maan »pysyvi vaibtokapasiteettin vaibtuvan alu-
miinin, Ralsiumin ja magnesinmin  summan funktiona
milliekvivalenteissa 100 gissa maata.

® = topsoil — pintamaa,

® = hardpan — jankko,

o = subsoil — pobjamaa.

Regression found, y = 3.72 - 0.40 x; r = 0.66%%*

the values are calculated according to the clay
material 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 be 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,

= 5.29 + 0.70 x; £ = 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 all these clays are mainly
of the same composition of mica and related
clay minerals, as has earlier been reported
(Soverr 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-
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CEC /n clay fraciion

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 =
—35.29 + 0.70 x; r = 0.84%F%),

Kuva 7. Niinsanottn pH:sta riippuvainen vaihtokapasi-
teelti kokonaisvaibtokapasiteetin funktiona millickvivalen-
teissa 100 g:ssa savea.

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

The X-ray diffraction analysis verifies the
existence of mica and feldspar as main compo-
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Fig. 8. Relationship between the pH-dependent

CEC in soil and total CEC in organic fraction.

Kuva 8. pH:sta riippuvainen vaibtokapasiteetti saven
orgaanisen fraktion vaihlokapasiteetin funktiona.

Regressions found, all samples (kaikki niytteet)
y = 5.53 -} 1.06 x; r = 0.83%%¥

and topsoils ( @ = pintamaat)

y =2.64 - 1.04 x; r = 0,96%%¥,



Table 4. Chemical and mineralogical data for some clays’
Tanlukko 4. Erdiden savien kemiallisia ja mineralogisia analyysituloksia

Percentage composition in clay Molar ratios Mineralogical composition
Prosentnaalinen kokoomus savessa Moolisubteet Mineraloginen kokoomus
No Dsglth Clay type . §. g o :g § .
Sy» Savileji sio | sio | K0 s | S5 |£8|83|8%
Symis si0, | A4O, | Fe0 | KO | NaO | Mgy el Al S5 | B $155)¢ *§ i3
>N
Na- K-
J-7 30—40 AS | 52.80( 20.17| 12.51] 3.39| 1.66| 4.44| 3.18| 1.33 |4+ +(w)++ + 1+
K-6 120—40| AS | 52.30| 17.05| 15.37| 4.58| 1.64| 5.21| 3.31| 1.88 ++ W+ +H| ++
N-21 |20—40| AS | 55.92| 20.66| 9.30{ 1.97]| 1.07| 4.59| 3.57| 1.24|4++ (w)|+ + +
N-3  [|20—40| AS | 49.94| 21.09| 13.23| 4.45| 1.39| 4.01| 2.87| 2.14 |4+ + +|++ +
P-42 |20—40| AS | 52.16| 19.38| 12.70| 4.30| 2.13| 4.57| 3.21| 1.35{4+-+4 |+ +| + + +
P-20 [20—40| HsS | 47.40| 21.44] 17.16| 1.04| 0.29] 3.76| 2.49 | 2.20 |4+ (W)
H-10 [15—25| HtS | 53.58| 20.64| 11.80| 3.10| 0.98] 4.42| 3.23| 2.06|++-+ |+ + -+ + +
O-34 |20—40| LjS | 54.16| 23.02| 11.80| 0.94] 0.45] 3.99| 3.00 1,43 |4++ + 4| + + +
© (437) (3.11) (L.70)

(Av.) — (Keskim.)

nents. Neither were any clear kaolinitic nor
montmorillonitic reflections obsetrvable. 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

(w) = weathered
rapantunit

»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. i

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 sum 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

9 10294—66

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
srich» 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
difftaction analysis.

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

JoJ. Hyyppid. '
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SELOSTUS !

Keski-Uusimaan savimaiden kationinvaihto-ominaisuuksista

Osm0 MAkrTIE ja KALEVI VIRRI

Maatalouden tutkimuskeskus, ngantutkimuslaito§, Tikkurila

“Tutkimuksessa on kisitelty Keravan—Nickbyn agro-
geologlsen ‘maaperikartoitusalueen savien ominsisuuksia
erityisesti niiden vaihtuvien kationien osalta. Aineistona
on ollut 10 alueelta koottua saviprofiilia.”

Alueen tunnusomaisina savina ovat aitosavet, jotka
rannikolla vaihtuvat liejuisiksi ja liejusaviksi. Aineiston
keskimadriinen saviprosentti on 61.6—69.9 pintamaasta
pohjamaahan _siirryttiessd.

Kisitellyt sayimaat ovat suhteellisen happamla ja niiden
emiskyllistysaste pH 7:ssd on keskimidrin 45.8 — 52.6 —
62.0 % (pinta — jankko — pohjamaa). Selvi vuorosuhde
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on olemassa maan reaktion ja cmiiskyll:'istysastecn vililld,
samoin kuin maan elektrolyytti- pHin ja valhtohappa—
muuden vilill4.

Kalsium ja magnesium muodostavat tunnetusti péii-
osan vaihtuvien emisten miirissi. Niiden keskeinen suhde
on 3:1 pintamaissa ja-lihestyy suhdetta 1:1 profiilien poh-
jemnaissa, Vaihtuvien emisten summa on suhteellisen
pieni, keskimiirin 12.9 —12.8 — 15.6 (pinta — jankko
— pohjamaa) milliekvivalenttia 100 g:ssa maata.

Vaihtokapasiteetin kokonaisarvot pH 7:ssi ovat keski-
midrin - 29.1 — 24,5 — 25,0 (pinta — jankko — pohja-



maa) millickvivalenttia 100 g:ssa maata. Vaihtokapasiteetti
riippun (pH T7:ssd) selvisti orgaanisen aineksen midristd
maassa. Sen sijaan saveksen kationinvaihtokapasiteetin
atvot ovat sineiston puitteissa tasaisia, keskimadrin 24.7
milliekvivalenttia 100 g:ssa savifraktiota (koko aineisto
18.3—34.4). Rontgendiffraktioanalyysi osoitti saveksen
yleisesti koostuneen kiille- ja maasélpidmineraaleista, miki
on tunnusomaista meikiliisille saville.

10 10294—6€5

Aineiston savimaat voidaan ominaisuuksiensa mukaan
jakaa »hyviin» ja »heikkoihiny. Ensinmainittu ryhma
edustaa emiskyllistysasteeltaan ja vaihtokapasiteetiltaan
suurempia lukuarvoja osoittavia savimaita, joissa toisaalta
otgaanisen aineksen midri ja savimineraalien rapautu-
neisuus ovat osaltaan mydtivaikuttamassa. Selvdd ryhmi-
erottelua on kuitenkin vaikea suorittaa, ja liejusavissa
ominaisuudet ovat niin ikdin poikkeavia.
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Setia. AGROGEOLOGIA, -CHIMICA ET -PHYSICA N. 21
Sarja MAAPERA, LANNOITUS JA MUOKKAUS n:o 21

OUTOKUMMUN KAIVOKSEN YMPARISTON HIVENAINE-
PITOISUUKSISTA

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

ESKO LAKANEN

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila

Outokummun kupatikaivos kuuluu edelleen
Euroopan suurimpiin. Malmi sisiltdd luonnolli-
sesti muitakin raskasmetalleja (Fe, Mn, Zn, Ni,
Co jne.). Jaikauden sirottelemia malmilohkareita
on l6ydetty runsaasti kaivosalueen lihiympiris-
tostd. Mannerjddtikon litkkumissuunnan mukai-
sesti vedet virtaavat kaivosalueelta kaakkoon
vieden mukanaan kaivostoiminnasta periisin ole-
via jdtevesii.

Seuraavassa tarkastellaan alueen maaperin,

Saapunut 13. 11, 1965

kasvien ja vesien hivenainepitoisuuksia. Tamin-
kaltainen hivenainetutkimus on aiheellinen py-
rittdessd selvittimiin jiteveden mahdollisia hait--
tavaikutuksia alueen maaperiin ja kasvillisuu-
teen, joiden kautta haitta kohdistuu myés elii-
miin ja ihmisiin. Tutkimus antaa my6s yleiskuvan
alueen hivenainepitoisuuksista, joihin alueen kal-
lioperilld on ilmeinen vaikutus. Yleiskuva on
hy&dyksi tutkittaessa maaperin hivenainepitoi-
suuksia muualla Suomessa. -

Aineisto ja sen analysointi

Tutkittu alue esitetddn kuvassa 1, josta myos
ilmenee pintavesien kulku. Pintavesien niytteen-
ottopaikat on numeroitu 1—6. Jiljempini tau-
lukoiduissa analyysituloksissa ovat niytteet G
21601—49 vililtd kaivos — Sysmijirven suu ja
niytteet G 21650—56 tistd alaspiin.

Tutkimuksen laajuuden ja monitahoisuuden
takia jouduttiin niytteiden otto ja analysointi
suotittamaan heinikuun 1964 ja maaliskuun
1965 wvilisend aikana. Samasta syysti ei jokai-
sesta niytepisteestd voitu suorittaa kaikkia seu-
raavassa esitettyjd analyyseja. Maan viljavuusana-
lyysi suoritettiin Suomessa kiytdssd olevan me-
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netelmin mukaisesti (VUORINEN ja MAKITIE
1955). Hivenaineiden helppoliukoinen fraktio
midritettiin spektraalianalyyttisesti samaa uutto-
nestettd(0.5 N CH;COOH, 0.5 N CH,COONH,,
pH 4.65) kiyttien (Laxanen 1963). Helppo-
liukoiset sulfaatit saostettiin BaSO,:na samasta
uutteesta. Em. spektraalianalyysia sovellettiin
my8s vesien hivenainepitoisuuksien mairittimi-
seen. Vesien Ca- ja K-mifritykset suoritettiin
liekkifotometrisesti sekd Mg-miiritykset komp-
leksometrisesti titraten. Maan hivenaineiden
totaalimédirit mairitettiin spektraalianalyyttisesti

(Larpr ja MAKITIE 1954).
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. Kuva 1. Tutkittu alue,
Fig. 1. The inyestigated area.

Tulokset ja nii:deh tarkastelu

" Jateveden koostumns’

 Jitevedet sisiltivit malmille tyypillisis kom-
ponentteja. Vesien koostumukseen vaikuttavat
myds rikastusprosessissa kiytetyt lisdaineet, kiy-
tossd oleva rikastustekniikka ja ympiristotekijit.
Kaivoksen lihelli sijaitseva vanha jitekenttd
likaa voimakkaasti pohjavesid, jotka liikkuvat

syvilli hitaasti Sysmijirvei kohti. Kaivoksen
varsinaiset jitevedet juoksevat nykyisin rikasta-

mosta Jyrinlietukka-Jammen kautta Ruutun-
jokeen ja sen alapuolisiin vesistdihin. Veden
koostumus eri niytteenottopaikoissa ilmenée
taulukosta 1. Taipaleenjoen niytteen (G) koostu-

mukseen ei jitevedelld ole vaikutusta.

Taulukko 1. Jiteveden koostumus ja sen vaikutus pintaveden laatuun

Table 1. The composition of waste water and its effect on the quality of surface water RS

Paikka - mg/1

Plase ? S0, Ca Mg Fe Ma Za Ni Co Cu
1@ v 4.9 | 1800 590 80 80 3.4 2.8 | 0.35 | 0.17 | 0.08
2 (M) «oiiiiil 2.9 1900 640 55 50 5.3 4.0 0.60 0.44 0.35
30) e 43 | 1600 430 170 26 2:6 40 |- 060 | 0.15 | 0.10
4(C) cuiiiiias 4.4 420 120 34 1.2 1.3 2.0 0.20 | ~0.10 0.05
5{) .o 6.7 60 - 22 6 0.4 0.2 - 0.05 0.01 0.00z| 0.0t
6(c) i, " 7.6 16 -8 4 0.3| <0.05| <0.05| 0.004{<0.002] 0.01

a 27.11. 1964, 5.3. 1965

b 27. 11, 1964 .
c 3.—4.12. 1965
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Taulukko 2. Hivenaineiden totaalimidrit maassa

Table 2. Total amounts of trace elements in soil

Niyte | Maakiji*) T“‘;‘k“ ppm
Jample Soilope | 4g Co Cr Cu Ma Mo | Ni | P v Zn
G 21611 .......... KHt 83.2 8 110 26 630 8 50 | 26 100 44
8. » 91.8 7 98 9 490 5 36 19 120 23
20 ..ol » 87.3 | . 9 110 31 '620 5 44 21 83 31
26 ... » 94.9 10 110 71 .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 | 1400 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 ...l » 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 | 1100 4 36 15 70 23
9 » 65.4 8 63 31 340 6 33 22 47 23
15 ... » 66.2 16 110 56 | 1500 5 50 11 150 73
21 ... » 58.2 32 31 200 | 1000 23 40 25 76 110
22 ... » 74.6 13 39 38 880 17 23 21 91 43
28 ..l » 58.9 11 180 65 500 10 39 23 100 32
35 L.l » 56.8 9 79 200 290 5 68 15 120 36
39 L. » 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
G 21610 .......... LCt 43.0 17 44 130 | 1300 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 | 1200 34 13 25 76 48
Y » 7.5 2 25 49 67 4 9 8 25 12
29 Ll » 46.3 - 7 150 95 530 5 26 35 160 28
85273 .......... KHt | 95.5 18| 120 27 | 870 .5 66| 17 | 140 | - 38
85274 .......... HHk |- 96.3 8 42 10 240 5 22 14 58 25
*) KHt = Coarser finesand
HHt = Finer finesand
Hs = Silt
Jm = Lake mnd
Lj =Mw
Mm = Monld
LCt = Ligno Carex peat
- ] .
Pintavesien analyysit antavat selvin kuvan ; Viljavaustutkimns

jiteveden tyypillisten komponenttien kulkeutu-
misesta alapuolisiin vesistdihin. Pelkki laimen-
nusefekti on’ vallitseva. Rauta on poikkeus. Kun
vesi viipyy Sysmijirvessi, sen Fe-pitoisuus ale-
nee voimakkaasti saostumisen johdosta.
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Tutkitun alueen kivenndismaat ovat pésasial-
lisesti hietamoreenia ja sisiltivit paikoitellen
hiukan hiesua. Taulukoissa on kiytetty yksin-
kertaisia merkintsja KHt, HHt ja Hs. Eloperai-



Taulukko 3. Hivenaineiden helppoliukoiset madrit maassa
Table 3. Easily soluble amounts .of trace elements in soil

Nigte N;aalaii T;;‘;ﬂp mg;| maata — mgfl of soil
Sample Soil type*) Vol.

weight Co Fe | Cu Mn | Mo | Ni Pb v Za SO,

G 21611 .......... KHt 0.82 | 0.11 160 | 0.70 33 | 0.016| 0.64 | 0.51 —1 10.3 70
18 it » 0.98 | 0.14 75 | 1.10 11 | 0.005| 0.31 | 0.38 — 1.2 40

20 ...l » 0.94 | 0.12 211 0.60 19 | 0.003| 0.74 | 0.68 — 2.8 .60

26 0. » 1.20 |' 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
COB0 » 0.72 |. 0.18 | 120 | 0.60 23 | 0.009| 1.20 | 0.27 | 0.024| 1.4 190
5% .. » 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 | 11 —
55 ... » 0.72 | 0.17 72 0.78 14 | 0.o08| 1.10 | Q.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 e » 0.39 |, 0.73 250 | 0.67 53 | 0.035! 3.60 | 0.36 | 0.100 6.4 250

48 ..l Lj 0.66 | 0.18 | 150 | 0.s5| 27 | 0.017| 1.40 | 0.46 | 0.052| 1.0 —

G 2160]Q .......... - Mm 0.50 | 0.05 50 | 0.42 26 —1 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 .ot » 0.70 |* 0.32 100 { 1.15 .32 | 0.006| 0.27 { 0.36 | 0.060 3.8 110

21 ..... I » 0.59 | 0.10 10 | 1.09 19 | 0.004| 0.57 | 1.15 [ 0.008| 13.2 —

22 o » 0.35 | 0.06 8 | 0.61 11 —| 0.18 | 0.65 — 2.4 —

28 e » 0.54 | 0.35 160 | 0.51 23 | 0.018! 0.49 | 0.67 | 0.039 5.9 60

35 .o » 0.48 | 0.17 77 | 0.84 13 | 0.008| 1.20 | 0.53 | 0.011 0.8 80

39 el » 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 ...l » 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 | 0.28 357 0.037| 0.21.| 0.52 | 0.210| 4,4 200

27 .. » 0.26 | 0.07 . 38| 0.19 7 1 0.004| 0.14 ] 0.37 | 0.036| 0.7 60

29 ool » 0.39 | 0.10 160 | 0.53 | . 19 | 0.014| 0.22 | -0.85 | 0.0%58 3.3 60
85273 .......... KHt 1.07 | 0.17 351 0.75 .17 —| 0.90| 0.60 | — 1.2 120 -
85274 .......... KHk 1.10 | 0.06 5| 0.43 |, 13 — 1t 0.30 | 0.61 ['0.009 7.2 —

*) For soil type abbreviations see Table 2.

sid maita edustavat Mm, LCt ja Jm. Alue on
mirkiid, osittain veden vaivaamaa.
Viljavuusanalyysien (ei taulukoitu) mukaan
ravinnepitoisuudet ovat harvoja poikkeuksia
lukuun ottamatta niin alhaisia, etti ne jvﬁﬁvﬁt
alle koko Suomen keskiatvojen (Kurkr 1963).
Kalin ja fosforin puute on aivan ilmeisti. Alueen
alhaisimmat pH-arvot saatiin maista, joita ei ole
kalkittu lainkaan tai on kalkittu vain vihin.

Hivenaineiden totaalimidirit maassa

Kallioperi, maaperin luonne ja maalaji kuvas-
tuvat hivenaineiden totaalimidrissi. Pitoisuudet

luonnehtivat lihinni niiden aineiden reservej,
silli vain murto-osa totaalimiiristd on kasveille
vilittomisti kiyttokelpoisessa muodossa. T4hin
vaikuttavat ennen kaikkea mineraalinen koostu-
mus ja orgaanisen aineksen madrd (SiLLANPAA

1962). Totaalimiirit 0—20 cm:n kerroksessa esi-
tetidin maalajeittain taulukossa 2. Kaksi viimeistd
niytetti ovat vertailuniytteiti tutkitun alueen
ulkopuolelta. .

i Verrattaessa tuloksia muualta Suomesta saa-
tuihin (VUORIﬁEN 1958) todetaan mm.: Karkeat
kivenniismaat (KHt, HHt, Hs) edustavat niille
tyypillisid hivenainepitoisuuksia. Nikkelin taso
(50—60 ppm) on keskimddriistdi hiukan kot-
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Taulukko 4. Hivenaineiden totaalimairit maaprofiileissa
Table 4. Total amounts of trace elements in soil profiles

Niyte Maalaji Tl;};ka Sy;;yys ppm
Sample Soil type*) | _agp Depth Co Cr Cu | Mn Mo Ni Pb v Zn
G 21610 .. LCt 43.0 | 0—20 17 44 130 1300 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 i 40 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 1600 <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 10.0 |20—40 1 10 17 50 31 5 3 47 7
» 11.9 | 40—60 1 18 40 65 23 9 6 130 9
KHt 98.9 |70—80 6 59 3 570 — 15 20 130 22
G 21624 ....| LCt 21.3 0—20 6 18 110 1200 | 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 20 94 23

*Y For soil type abbreviations see table 2.

keampi, mutta viljellylle kerrokselle tiysin not-
maali (Swarme 1955).

Suurin osa eloperidisten maiden (Lj, Jm, Mm,
LCt) tuloksista edustaa suomalaisille viljelys-
maille tyypillisid hivenainepitoisuuksia. Joukossa
on kuitenkin muutamia selvisti muita korkeam-
pia pitoisuuksia, miki kuvastaa orgaanisen ainek-
sen kykyd sitoa ja pidittii hivenaineita, jotka
ovat vapautuneet rapautuneesta mineraaliainek-
sesta .tai ovat jiteveden tuomia. Lukuisissa
maissa suoritettujen analyysien mukaan maan
kuparipitoisuus vaihtelee vililli 2—100 ppm
(SWAINE 1955). Suomalaisten maiden Cu-pitoi-
suus on tavallisesti 10—35 ppm maalajista riip-
puen. -Outokummun alueella on maan kuparin
mifri titen selvisti normaalia suurempi. Vield
suurempien Cu-pitoisuuksien esiintyminen pai-
koin on todennikéisti. Eriiden niytteiden Cu-
miird on - puolestaan jopa keskimiiriisti pie-
nempi. Maan hivenaineiden totaalimiirille on
tyypillistd pitoisuuksien suuti vaihtelu.
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Eloperiisten maiden mangaanin, nikkelin ja
sinkin pitoisuudet ovat muun Suomen tasoa lie-
visti korkeammat. Malmi sisiltid myds niditi
hivenaineita. ' Maaperin geologinen alkuperi
saattaa vaikuttaa ' ratkaisevasti hivenainepitoi-
suuksiin (MrrcHELL 1964). Niytteet G 21621 —
24 sisdltivit normaalia enemmin molybdeenia,
joka ei ole malmille tai jitevedelle tyypillinen
komponentti. Niytteet ovat Partalanmien lihei-
syydestd, minki alueen kallioperin koostumus
nikyy muissakin analyysituloksissa.

Hivenaineiden helppolinkoiset midirit maassa

Helppoliukoinen fraktio luonnehtii- kasveille
kiyttokelpoisia hivenaineita paremmin kuin
totaalimdird. Pitoisuus kasvaa mm. totaalimdi-
rin, orgaanisen aineksen ja kosteuden lisiin-
tyessi. pH:n aleneminen lisid my6s liukoisuutta



Taulukko 5. Hivenaineiden helppoliukoiset miirit maaprofiileissa
Table 5. Easily soluble amounts of trace elements in soil profiles

Niyte Maalsji T‘gl/"x‘;'}p' Sy;ynys . mgy1 maata — mg[l of soil
Sample Soil type*) V?I. Depth P
weight SO, Ca Fe Mn | Za Ni | rb l Cu | Co I v l Mo
G 21610 .... | LCt 0.44| 0—20| 5.80 — 4300 48 18| 7.9| 0.31| 0.46| 0.42| 0.07| —| O0.004
» 0.24 [20—40| 5.80 60| 2727 16 9 0.5| 0.20{ 0.16| 0.23| 0.02] —| 0.004
» 0.22|40—60| 5.65 502200 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|1825| 140 36| 0.6| 0.49| 0.36| 0.15| 0.11]0.028 0.014
» 0.24|20—40| 4.50 —| 925 85 21| 0.5| 0.34| 0.15| 0.20{ 0.06/0.025 0.009
» 0.23 |40—60| 4.75 30| 925 85 35| 0.5| 0.26] 0.17| 0.14| 0.05/0.023] 0.010
» 0.30)60—80| 5.05 —11000| 100 50| 0.5] 0.23| 0.11] 0.13| 0.04/0.026| 0.014
G 21613 ... | LCt 0.25| 0—20| 4.55 60{1000| 150 17| 3.3| 0.38| 0.45| 0.28| 0.20]0.160] 0.013
» 0.26 |20—40| 4.25 70| 1200 66| - 26| 1.7| 0.30] 0.13| 0.14]| 0.14[0.300[ 0Q.007
» 0.29 |40—60| 4.55| 270| 1850 35 41| 0.5| 0.14| 0.10| 0.10| 0.05/0.880] 0.001
. » 0.27]60—80| 4.70| 930({2025| 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) —| 0.005
HHt | 1.30|20—40| 5.40| 140 501 120 5| 0.5 0.33| 0.38| 0.80| 0.06f —| 0.008
» 1.21 [40—60| 5.50 — 65| 120 5( 0.5| 0.30| 0.42{ 0.80| 0.08)f —| 0.010
» 1.18{60—80] 5.70| 180| 175 85 17| 0.5| 0.46| 0.34( 0.75| 0.20) —| 0.009
G 21622 ....| Mm 0.35| 0—20| 6.70 —19600 8 11| 2.4| 0.18} 0.65| 0.61| 0.06] —{<0.001
LCt 0.23,(20—40| 4.75| 1802325 51 4| 0.5| 0.08| 0.33| 0.29| 0.14/0.028 0.013
' » 0.26|40—60| 4.20(1 5202025 53 7| 0.5[ 0.13] 0.40| 0.22 0.22)0.300( 0.014
A KHt 1.5870—80| .4.25| 690| 350 160 1| 0.5] 0.20| 0.29| 0.28| 0.27]0.210 0.019
G 21624 ....| LCt '|" 0.35] 0—20| 5.00| 200(3450| 80| 35| 4.4| 0.21| 0.52] 0.28] 0.07/0.210| 0.037
- » 0.29120—40| 4.80| 230|1 675 50 11| 2.9| 0.23| 0.30| 0.18| 0.07/0.240[ 0.018
.» 0.44{40—60| 5.20] 540)11600| 15 13| 2.9| 0.25] 0.57|.0.17| 0.09(0.530] 0.016
KHt 1.18[70—80| 4.25|1270| 300| 130 3|<0.5| 0.46| 1.05| 0.84| 0.21J0.110]" 0.029

*) For soil type abbreviations see Table 2.

(poikkeuksena Mo) (SiLraNpAA 1962, MITCHELL
1964). ‘Tutkitun alueen normaalia korkeampi
kosteus yhdessi alhaisen pH:n ja korkean humus-
pitoisuuden kanssa lisdivit maassa olevien hiven-
aineiden kasveille kiyttokelpoisia mdérid.” Tau-
lukossa 3 esitetdin hivenaineiden helppoliukois-
ten. méirien ohella samalla uuttomenetelmalld
saadut SO, -pitoisuudet.

Keskimiiriiset pitoisuudet noudattavat samaa
suuntaa kuin totaalimiirit. Verrattaessa tuloksia
muualta Suomesta saatuihin (SiLLANPAA ja
LakaNEN 1966) todetaan helppoliukoista kupa-
tia olevan normaalia enemmin. My®s nikkeli ja
rauta edustavat keskiarvoja korkeampaa tasoa.
Yhksittiisissi tapauksissa eri hivenaineiden pitoi-
suudet vaihtelevat melkoisesti. Kohonneet mii-
rit ovat erdissi tapauksissa jiteveden aiheutta-
mia. Pintamaiden sulfaattipitoisuudet ovat alhai-
sia ]a vahiisid rannikkoseudun rikkipitoisiin mai-
hin verrattuina (PUROKOSKI 1959).

Maaprofiilien analyysit

Proﬁilitutkimuks\ella seurataan tavallisesti eri
aineiden huuhtoutumista pintakerroksista alas-
piin. Tutkimus selventdd vastaavasti eri kompo-
nenttien kulkeutumista alhaalta ylospdin ja ku-
vastaa tilléin, my6s likaantuneiden- pohjavesien
tunkeutumista ylempiin maakerroksiin. Kaivok-
sen vanhan jitekentin likaamaa pobjavettd.tih-
kuu paikoitellen aina viljeltyyn kerrokseen
saakka, Mukana kulkeutun myés jitevedelle
tyypillisia komponentteja, mihin vaikuttavat nii-
den aineiden konsentraatio, kemiallinen luonne
ja maalajin taipumus sitoa ja pidattdd nditd
aineita.

Profiilitutkimus suoritettiin vain muutamista
niytteenottokohdista. Hivenaineiden totaalimai-
rit esitetdfin taulukossa 4 ja helppoliukoiset
midrit (muilla madrityksilli tdiydennettyind) tau-
lukossa 5. Y
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Taulukko 6. Eri aineiden pitoisuuksia nurmiheiniin kuiva-aineessa
Table 6. The contents of some constituents in the dry matter of mixed herbage plants¥)

%
Vaihtelu Ka. |
Variation Mean
K ..o 0.84—3.03 1.78
Caovnvnnni. 0.27—1.30 0.62
P .. 0.10—0.30 0.23
Mg .............. 0.14—0.45 0.25.
S . 0.16—0.29 0.20

ppm

Vaihtelu Ka

Variaticn Mean
Mn............... 33—538 112
Fe ............... 41—230 64
Za ..o 21—109 39
Ca ool 6.1—13.5 8.8
Mo............... 0.2—5.3 1.3
Co vivvvvininiin, 0.04—1.20 0.17

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

Tuloksista nihdddn mm. ettdi G 21610 ja —12
ovat turveprofiileja, joissa kivenniisaineksen
pitoisuus kasvaa pintaa kohden. Pintakerroksen
hivenainepitoisuudet ovat tilldin korkeimmat.
G 21613:n liukoisessa fraktiossa SO, ja Ca
lisddntyvit alaspdin mentiessi, samoin vanadiini,
jonka pitoisuudet ovat normaalia korkeammat.
Muiden hivenaineiden pitoisuudet alenevat sy-
vyyden kasvaessa. G 21618:ssa kasvavat useim-
pien hivenaineiden totaalimiirit alaspiin men-
tiessd. Tdmid kuvastaa mineraaliaineksien muut-
tumista. G 21622 ja —24 ovat mielenkiintoisia
profiileja, joissa on sekd jiteveden etti lghi-
ympiristdn kallioperin vaikutusta. Jiteaineiden
likaamaa pobhjavettdi on noussut pintaan piin,
mikd nikyy kasvavista SO,- ja Fe-pitoisuuksista
alaspdin mentidessd. Liukoisen raudan miirdi
lisdd tosin aleneva pH. Niytteiden vanadiini- ja
erityisesti molybdeenipitoisuus ovat sangen kor-
keita. Tdami johtuu ilmeisesti liheisen Partalan-
mien kallioperin koostumuksesta.

Useammat ja syvemmille ulottuvat profiilitut-
kimukset antaisivat kuvan siitd, missi kohdin
tuntuu likaantuneen pohjaveden vaikutus ja
kuinka ldhelle pintaa vaikutus ylettyy.

Muita analyyseja

Tutkitulla alueella on vuosien kuluessa suori-
tettu runsaasti pohjavesien analyyseja seki perus-
kallioon tai pohjamoreeniin ulottuvista pohja-
vesiputkista saaduista niytteistd ettd kaivovesisti.
Heini—syyskuussa 1964 otettiin my8s maaniyt-
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teitd vastaavat pohjavesiniytteet n. 0.7—3 met-

' ristd, keskimidrin 1.5 metristi. Hivenainem#iri-

tykset suoritettiin Maantutkimuslaitoksella hel-
mikuussa 1965. Tuloksista mainittakoon: Fe <

- 0.1—17 mg/l, k.aa. 3 mg/l. Mn < 0.02—2 mg/l,
“ka, 0.3 mgfl. Zn < 0.05—0.30 mg/l, k.a. 0.1
"mgfl. Cu < 0.00—0.15 mg/l, k.a. 0.03 mg]l

Ni < 0.002—0.130 mg/l, k.a. 0.01. Co < 0.001
—0.024 mg]/l, keskimairin n. 0.001 mg/l. Pb ja
V keskimiirin <0.01 mg/l ja Mo < 0.005 mg/l.
Mybs erdiden kaivovesien hivenainepitoisuu-
det mddritettiin. Taipaleenjoen pohjoisrannan
kaivovedet sisilsivdt poikkeuksellisen runsaasti
maaperisti linenneita aineita. Oloissamme ainut-
laatuisia lienevit erddn 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.) Sysmijirven alueelta
Taipaleenjoelle mentiessd. Vastaavasti Ca/Mg-
suhde laskee keskimiirin 2.4:sti 1.4:44n, miki
selittynee maaperin luonteen muuttumisesta.
Kasvimateriaalin hivenainepitoisuudet tiyden-
tivit maasta suoritettujen hivenainemiiritysten
antamaa kuvaa ja ovat yksi kriteerio nautinta-
kelpoisuutta arvioitaessa. Valtion maatalous-
kemiallinen laboratorio on mdirittinyt pdi- ja
hivenravinnepitoisuudet nurmiheinisti samoilta
paikoilta, mistd maaniytteet ovat periisin. Asian-
omaisella luvalla esitetdin analyysitulosten keski-
arvot ja vaihtelurajat oheisessa taulukossa 6.
Botaaninen koostumus on kirjava (apila, timo-
tei, lauha, sara, nata, leinikki, voikukka jne.),
mikd osaltaan lisdd analyysitulosten vaihtelua ja
vaikeuttaa tason arviointia. Vertailu puhtaan



suomalaisen '
(LARANEN, julkaisemattomia tuloksia) osoittaa
mm. ;, ettd mangaanin pitoisuus on lievisti kot~

‘timotein hivenainepitoisuuksiin

keampl Yksi niyte (538 ppm) edustaa normaalia -

korkeampaa Mn-pitoisuutta. Raudan- keskiarvo
on alhalsempl Alueen- maaperatekl it (kosteus,
orgaaninen aines, alhainen pH ja redokspoten—
tiaali) suosivat mangaanin ottoa, joka saattaa
alentaa Fe-pitoisuntta. Sinkin keskiarvo on nor-
maali. Yksi niyte edustaa korkéampaa pitoisuutta.
Kuparin pitoisuus on keskiméiriistd korkeampi,

mikd on tiysin luonnollista.” Mo-pitoisuudet
ovat “muuten normaale]a pait51 Partalanmien
tienoon 5. ppm- taso, )oka on poxkkeukselhscn
korkea ja nostaa keskmrvoakm Koboltin taso
on korkeampi kuin timoteilla:’, Lo

Verrattaessa tuloksia’esitn? 'skotlantllalsen lal—
dunruohon’ h1vena1ncp1t01suuksun (MITCHELL
1963) todetaan, etti vain kuparin ja molybdeenin
pitoisuudet ovat: selvasn,qukea_mpm kuin Skot-
lannissa, missd tyypillisid pitoisuuksia ovat Cu
4.5 ja Mo 0.43 ppm.

VR

Tiivistelmd

Tutkimuksessa on tarkasteltu Outokummun
kaivoksen lihiympiristosti kaakkoon suuntau-
tuvan alueen hivenainepitoisuuksia maassa, kas-
veissa ja vesissi. Malmi on’lisdrnyt ympiriston
hivenainepitoisuuksia. Selvimmin se nikyy maa-
perin ja kasvimateriaalin muun Suomen tasoa
korkeampina Cu-pitoisuuksina. ‘Suuret paikal-
liset vaihtelut ovat tyypllhsm er1ty1sest1 maassa
olevan kuparin totaalimiirille.

Muutamien muidenkin hivenainéiden (Co,
\/In ‘Mo, Ni, V, Zn) pitoisuudet maassa, kas-
veissa tai vesissi ovat paikoin muun Suomen
tasoa korkeammat, mihin maa- ja kallioperin mi-
neraalikoostumuksen lisiksi - vaikuttavat erdissd
tapauksissa kaivoksen jitevedet. Tyypillisid kal-
lio-+ja maaperdsti aiheutuvia po1kkeukselh51a
h1vena1nep1t01suuk51a ovat mm. Partalanmien
tienoon korkeat Mo- ja V-pitoisuudet seki
Taipaleenjoen pohjoispuolelta todetut korkeat
Ni-.ym. pitoisuudet.

]ateveden vaikutus nihddin. selvasu kawos—
alueen lihiympiristén pinta- ja poh]aves1en ana-

lyysituloksista. Paikoin se ilmenee my&s maan

. helppoliukoisten ja kasvien hivenaineiden pitoi-

suuksien kohoamisena. Suoritettna laajempi
profiilitutkimus antaisi‘selvin kuvan siitd, missi
kohdin tuntuu likaantuneen poh]aveden va1ku-
tus ja kuinka lihelle pmtaa ‘vaikutus ylettyy

Maan hivenaineanalyysien perusteella ei vlcla
aykyddn kyetd. madrittimiin’ riittivin tarkasti
kaikkien kasveille kiyttokelpoisten hivenainei-
den ali- tai ylimaaria. ‘Kasvifateriaalin analy-
somt1 antaa tdstd kuvan va:smkm rehun kaytto— .
kelpmsuutta arvioitaessa. Tutkltun alueen kasvi-
materiaalin hlvenalnepltoxsuuksmn keskiarvoja
voidaan pitid normaaléina. Erdit yksittiiset ana-
lyysitulokset edustavat normaalia korkcampm
pitoisuuksia. Myrkylllsen korkeita p1t01suuk51a
ei todettu. . - : .

Tutkimukseen liittyvét analyysity6t Maan-
tutkimuslaitos on suorittanut Outokum pu
Oy:n tahan tarkoltukspen lah]ontamm maara~
rahoin. : g "
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SUMMARY

Trace element levels in the vicinity of Outokumpu copper mine

Esko LAKANEN

'Agricultuml 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
deterrminations ate also presented. The area under in-
vestigation is shown in Fig. 1.

Outokumpu is one of the biggest copper mines in
Europe. The ote also contains some other heavy metals
(Fe, Mn, Ni, Co, Zn). Numerous pieces of the ote 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 sutrface waters
flowing to the southeast.

The total amounts of trace elements in the surface
soils (0—20 cm) are presented in Table 2. Coatser 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 thé weathering of the minerals or brought by the
waste waters. This is seen from the results, there being a
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high trace element content in some samples. The level of
copper is clearly higher than normal. The othet trace
element values differ only slightly from the amounts
found elsewhere in Finland. Thete 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
CH;COOH, 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 very 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 hetbage
plants vary considerably (Table 6). Some samples have
a higher trace element content than normal.
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