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MESOPOLOBUS GRAMINUM (HARDH) (HYM., PTEROMALIDAE),
ITS POPULATION DYNAMICS AND INFLUENCE ON
JAVESELLA PELLUCIDA (F.)

MIKKO RAATIKAINEN

Agricultural Research Centre, Department of Pest Investigation,
Tikkurila, Finland

Mesopolobus graminum, its bionomics and eco-
nomic significance have been discussed in several
earlier publications (e.g. HArpm 1950, 1953; von
RoseN 1956, 1958, 1960, 1961 a and b, 1962;
GrauaMm 1957; Nuorteva 1959, 1962, p. 10;
RAATIKAINEN 1961, 1962, 1967, p. 52—53). How-
ever, some of the results obtained in Finland are
difficult to interpret, as the species has been mis-
taken for othets. This study is part of a far-
reaching investigation into the population dy-
namics of the impottant virus vector Javesella
pellucida (F.) (Hom., Delphacidae).

Region and methods of investigation

The field work was carried out in the years
1956—064 in the communes of Sulva, Mustasaari,
Laihia, Vihikyrd, Isokyrs and Ylistaro, situated
near the city of Vaasa in western Finland. The
region of investigation, experimental methods
and material have been described earlier (RAATI-
KAINEN 1967). Additional material was collected
in the same years in the surroundings of the cities
Rauma and Pori, in western Finland. Observa-
tions on the distribution of the species were made
during excursions extending from the southern
patts of the country up to the Arctic Circle.

Distribution

M. graminum has been found in England, Den-
mark, Sweden and Finland (i.a. HArpr 1950,
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1953; GramAM 1957; von Rosen 1961 a and b).
According to von Rosex (1960, p. 28) and the
material investigated by the present author, the
species has been found in the following Finnish
communes (the name of the collector, if other
than the present author, is given in parentheses):

V: Kalanti, Mynimiki, Lohja, — U: Helsinki
(Forsius), — EK: Vehkalahti. — St: Rauma
rural commune, Mellili, Huittinen, Harjavalta,
Noormarkku, Parkano. — EH: Forssa, Kuhmoi-
nen. — EP: Lapviirtti, Karijoki, Jalasjirvi,
Ilmajoki, Sulva, Mustasaari, Laihia, Vihikyrd,
Isokyrd, Ylistaro (Hardh), Oravainen. — PH:
Laukaa. — PK: Liperi (O. Heikinheimo). — Kn:
Kajaani tural commune (O. Heikinheimo).

The species is not rate in Finland, but at least
in cereal fields it seems to occur more rarely than
Mesopolobus aequus (Walk.) and is less abundant
(cf. RAATIKAINEN 1967). In Sweden, its occut-
rence appears to be similar (von Rosen 1956,
pp. 60—65; 1961 a).

Life cycle

In Finland, M. graminum usually has one gen-
eration per yeat. It hibernates at the larval stage.
In spring cereal fields in 1958—64, however,
about 10 9, of the specimens, on the average,
pupated and emerged as adults during the latter
patt of the summer (Fig. 1). There seems to be
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Fig. 1. Life cycle of M. graminum in the Vaasa region, 1956—1964. The solid
line denotes the known and the broken line the probable occurrence of the
stages. The thin line denotes the occurrence of the incomplete second
generation.

some variation between the years. In the warmest
summer, 1960, 13 out of the 23 specimens in-
vestigated emerged as adults the same year. In
1964, when the tempetature was about average,
2 out of 27 specimens emerged, but in the coolest
summer, 1962, none of the 10 specimens under
study emerged as adults the same year. According
to HArpH (1953), the progeny of the autumn
generation hibernate at the prepupal stage.

M. graminum eggs were found in cavities of
spring cereal stems between August 1 and 23.
Possibly some were laid even earlier. The first
larvae were observed on August 4 and the last
on May 22. In spring, pupation began in cereal
stubble in May. In an insectary in 1960, the
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Fig. 2, Emetgence of M. graminum adults, measured by
the numbers found in the glass tubes of the rearing
: boxes, in 1960.
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average date of pupation for 10 male and 4 female
specimens was May 18. At a temperature of 414
—15°C the average duration of the pupal period
was 17 days for the males and 18 days for the
females. In another experiment in the same year,
26 adult males and 21 females emerged (Fig. 2).
The average date of emergence was June 4 for
the males and June 8 for the females. The males
emerged earlier than the females (2 = 71.22%%%
d.f. = 6). The reason for this may be the fact
that the duration of the pupal period is shorter
for males than for females. This has been found
to be the case with e.g. the pteromalid Panszenon
oxylus (Walk.) (RAATIRAINEN 1967). The 30 spec-
imens of M. graminam investigated in 1960
emerged 5 days earlier, on the average, than the
400 P. oxylus specimens included in the same
trial (y2 = 37.02*** d.f. = 5). Emetgence was
most active just before midday.

Of the larvae collected in the field in spring,
a total of 142 specimens emerged as adults in
the years 1959—65. Of these, 75 (53 9,) were
males. In the same years 14 adults (7 males) of
the autumn generation emerged from the mate-
rial collected in the field.

The adults moved in the vegetation by walk-
ing. At a temperature of +20°C their walking
speed was 4—11 mm/sec. Sometimes they would
fly for distances of a few centimetres. But they
migrated for over 100 metres, and probably for
even mote than a kilomette, from theit sites of
emergence to cereal fields. Migration was inves-
tigated by means of netting apparatuses. Both
sexes migrated and migration seemed to be most
active in June and the eatly part of July (Fig. 3).
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Fig. 3. Migration of M. graminum in 1960—1964, according to specimens
caught with netting apparatuses.

Food and reproduction

M. graminum has been encountered in galls on
many graminaceous plants, in stem cavities of
.graminaceous plants, and in galls on oak leaves
(e.g. Hirpr 1950, 1953; Gramam 1957; von
Rosen 1958, 1960, 1961 a and b, 1962; Raarr-
KAINEN 1961, 1962, 1967, p. 53). It has been
claimed to be a facultative phytophage (HARDH
1953) but this has not been verified (e.g. Nuor-
1EVA 1959; vonN RosSEN 1960; RAATIRAINEN 1961,
1962). M. graminam is a primary and secondary
parasite that feeds on immature stages of many
Hymenoptera, such as Tetramesa species and del-
phacid egg-predatory pteromalids (e.g. GRAHAM
1957; von Rosen 1958, 1960, 1961 b; RAATIKAI-
NEN 1961, 1962, 1967). M. graminum itself has
not been observed to feed on delphacid eggs,
although it has been encountered in stem cavities
containing no other animal food except del-
phacid eggs (e.g. RaarikAmNeN 1962, 1967, p.
53).

In the cereal fields of the region under inves-
tigation, the food of M. graminum usually con-
sisted of larvae of pteromalids feeding on del-
phacid eggs present in the cavities of cereal
stems. It was not possible to determine the spe-
cies of the host larvae; presumably they included
both Panstenon oxylus (Walk.) and Mesopolobus
aegnus (Walk.). In 1958—64, P. oxylus made up
about 13 9, of the larvae found in the oat fields
and 24 9% of those found in the spring wheat
fields; the rest were larvae of M. aequns (see RAA-
TIKAINEN 1967, p. 78). M. graminum quite often
parasitized pupae of M. aeguus. Once it was en-
countered parasitizing a P. oxylus pupa.

M. graminum was found in stem cavities of
spring. wheat, oats, barley and winter rye. In

general, the immature stages occupied internodes
with thin walls, as is seen from the following

tabulation:

Thickness of wall, mm Total

0.2 0.3 0.4 0.5 no.
Oats ........... 25 9 5 4 43
Spring wheat ... 3 5 3 0 11
Batley .......... 2 0 1 1 4

In oats and spring wheat the immature stages
of M. graminum were located at a somewhat
higher level than those of P. oxylus, M. aequus
and the delphacids (Fig. 4; RAATIKAINEN 1967,
pp- 44, 45, 67 and 76). In barley they were found
at a height of 11—30 cm, in winter rye at 21—
60 cm. The ovipositor of the smallest M. gra-
minum females was short and could not extend
into the prey if the latter was hiding in cavities
of the stems with the thickest walls. This, and
probably some other factors too, prevented them

cm
100
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I 40.

.20.
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Fig. 4. Height above the ground of

upper end of internodes inhabited by

M. graminum in 1958—1963. Numbers

of inhabited interniodes scored: oats 75
and spring wheat 73.
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Fig. 5. Regressions of length of fore-wing of M. graminum on num-
ber of delphacid eggs destroyed by its hosts M. aeguus and P. oxylus.
Males: y = 42.46 + 71.45 log x, females ¥ = 89.60 + 59.89 log x.

from depositing eggs in the thick-walled cavities
of the lowermost internodes of the plants.

The fore-wing length of male and female, used
as an index of body size, bore a significant posi-
tive correlation (P < 0.05) with the amount of
delphacid food available to the host animals in
the internodes. A still more significant correla-
tion (P < 0.01) was found to exist between the
fore-wing length and the number of delphacid
eggs consumed by the host (Fig. 5).

It has been shown eatlier (RAATIRAINEN 1967)
that the body size of both P. oxylus and M. aeguns
is positively correlated with the number of del-
phacid eggs present in the internode; in the pres-
ent study it was established that their body size
was also positively correlated with the size of
M. graminum. Thus the size of the primary hosts
of M. graminum as well as that of M. graminum
itself are both determined by the number of eggs
of the socondary hosts of M. graminum in the
internodes.

The distribution of the immature stages of
M. graminum among internodes with different
food contents was investigated in fields of spring
wheat and oats in 1962—64. The results (Table 1)
show that the hosts (P. oxylus and M. aeqnus)
usually inhabited internodes where abundant
food was available. The immature stages of M.
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graminum seemed to prefer internodes with the
highest possible food contents.

In spring cereals, M. graminam appeats to
oviposit in the thin-walled upper internodes of
the plants, where abundant delphacid eggs are
available and large-sized larvae and pupae of M.

_aeqnus and P. oxylus are produced. Such inter-

nodes probably also give rise to large-sized M.
graminym specimens with good viability and pre-

Table 1. Relationship between the numberts of available

delphacid eggs and pteromalids (P. oxylus + M. aequus)

and M. graminum in spring wheat and oats, 1962-—1964.
*** = P < 0.001.

No. of in-

No. of ternodes Internodes in- Internodes
delphacid con- habited by P. oxylus inhabited by
cggs per taining and M. aequus M. graminum
internode delphacid

©88s No. | % of B | No.|%ofC| 9%
A B C D E B of B
Spring wheat
1—20 ..} 333 182 | 55 10| 6 3
21—40 .. 405 285 | 70 24| 8 6
41—60 ..} 129 101 | 78 - 1212 9
61—330 .| 144 127 | 88 13110 9
. 19,39+ 3.69
Oats

1—20 756 241 1} 32 6| 3 1
21—40 434 272 | 63 6| 2 1
41—60 185 140 | 76 2|11 1
61—330 234 191 | 82 91 5 4
2o 126.54%+x 3.95




sumably a higher fecundity than that of the small-
sized individuals.

Fluctuations in abundance

One to three M. graminum eggs were found
per internode on the surface of a pteromalid.
However, not mote than one fully grown larva
per internode was ever found. Presumably the
larvae did not die of lack of food but killed each
other.

In one internode, the larva usually found suf-

ficient food in a single pteromalid larva or pupa.
Other species were never seen destroying imma-
ture stages of M. graminum in the internodes.
Dead larvae were encountered at times, but the
cause of death remained obscure. On emergence,
the adult bored a hole in the wall of the stem
and escaped. Yet several times M. graminum
adults were found which had only succeeded in
making a very small hole or none at all and,
incapable of leaving the stem, had died inside.

By the time of the cereal harvest, part of the
autumn generation had already escaped from the
stems. However, the majority still remained in
the internodes at the pupal and larval stages.
Possibly more than 90 %, of the specimens were
in the larval stage. Now that the length of the
cereal stubble after different harvesting methods
(RAATIKAINEN 1966) and the location of A.
graminum larvae at different levels were known,
it was possible to calculate the percentages of the
spring generation specimens remaining in the
stubble. With old harvesting methods, scythe
and mower, only 9—14 %, of the larvae were left
in the stubble, while with modern methods, self-
binder and combine, 20—53 9, remained (Table
2). Since the larvae of M. graminum were located

Table 2. Proportion of larvae of M. graminum remaining
in stubble cut by different methods.

. % -of larvae in stubble
Mecthod of cutting
Oats Spring wheat
Mowet .ooovvvnnnininnnn, 9 14
Scythe ...l 11 —
Binder .................. 20 39
Combine ................ 36 53

at higher levels in the stems than those of P.
oxylus, a considerably larger proportion of them
remained in the threshing litter and succumbed
during or after the threshing process (see Raa-
TIKAINEN 1967, p. 70).

During the winter season the larvae present
in the stubble alternately froze and thawed. Ac-
cording to HArpm (1953, p. 84), such repeated
freezing is fatal to M. graminum. In spring nu-
merous dead larvae were always found in the
cereal stubble; it is very likely that among them
were some M. graminam.

Abundance in various crops.
Immature stages of M. graminum were scarce in
grass stems in hay fields, more numerous in
winter rye than in grasses, and most numerous
in spring cereals. Their average density was
higher in spring wheat than in oats (Tables 1
and 3).

Fluctuations in abundance in
1958 —64. The abundance of the immature
stages of M. graminum was investigated yeatly in
20 oat fields and 17—20 spring wheat fields. The
material has been described in detail in an earlier
publication (RaaTigANEN 1967, pp. 16, 53 and

Table 3. Abundance of M. graminum and its hosts in spring

wheat and oats in different years. Every year 100 cereal

plants from each field were examined during the period
July 28—Sept. 19.

No. ofin- Internodes inhabited by
ternodes

No. of con- M. graminnm

Year fields taining | pteto- M. -
delphacid| malids aequus % of Interno-
eggs No. l|des containing
pteromalids
Spring
wheat
1958 18 249 149 6

1959 17 | "623 415 53 1

5 3.4

0 2.4
1960 17 204 126 65 9 7.1
1961| 20 309 168 96 5 3.0
1962 20 378 209 71 6 2.9
1963 20 245 159 14 1 0.6
1964 20 531 343 76 24 7.0

Qats

1958; 20 522 168 3 0 0.0
1959 20 736 345 13 16 4.6
1960; 20 211 93 24 7 7.5
1961 20 369 156 84 1 0.6
1962 20 536 213 52 3 1.4
1963) 20 589 291 17 5 1.7
1964 20 526 271 14 5 1.8
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72). The results (Table 3) show that the numbers
of M. graminum per plant, per internode con-
taining delphacid eggs (food of hosts) and per
internode containing pteromalids wete evidently
greatest in the summers of 1959, 1960 and 1964.
It is likely that the abundance of M. graminam
was affected chiefly by the number of its hosts
(M. aequns and P. oxylus) and in the second place
by the hosts’ food supply (number of intetnodes
with delphacid eggs). These were both plentiful
in the summer of 1959, which resulted in great
numbers of immature stages of M. graminym.
“Although more larvae than usual may have suc-
cumbed during the winter of 1959—60, the num-
ber of adults still remained high the following
summer (see Fig. 3), and since the hosts were
then no longer numerous and their food supply
scanty, the number of M. graminum larvae was
especially large as calculated per internode in-
habited by pteromalids. Even the following
winter the mortality of M. graminum larvae
seemed to be higher than usual, so the number
of specimens remained low until 1964, when
immature stages of M. graminum were again
found in spring wheat in unusuvally large num-
bers.

During the period of investigation it became
evident that the abundance of M: graminum was

l D. H E. l A.
LINDBERGI|{TENUICORNIS| [GRACILIPES

[MAN HiJAVES‘E_LLA PELLUCIDA
[T T/

PANSTENON| [MESOPOLOBUS

OXYLUS AEQUUS

1T 1l

MESOPOLOBUS
GRAMINUM

Fig. 6. Some of the main factors affecting the fluctua-
tions in abundance of M. graminum.

104

primarily regulated by the number of its hosts
and secondarily by the amount of food available
to the hosts (mainly the numbetr of Javeselia
pellucida). 'The weather may have been the
strongest tertiary factor. The diagram in Fig. 6
shows some of the main factors affecting the
abundance of M. graminam, in part accotding to
RaarikaiNen (1967).

Influence of M. graminum on Javesella
pellucida

In cereal fields the larvae of the M. graminam
hosts, M. aequus and P. oxylus, fed almost exclu-
sively on delphacid eggs (von Rosex 1956, RAA-
TIKAINEN 1967). In the spring wheat and oat
fields investigated in 1958—64, more than 95 %,
of the delphacid eggs were those of J. pellucida
(RAATIKAINEN 1967, p. 122). In 1960 and 1961,
eggs of other delphacids, particularly Megade!-
Dhax sordidnlus (Stil), also occurred abundantly.

M. graminym usually oviposits on the larvae
or pupae of pteromalids feeding on delphacid
eggs. In the cereal straw samples investigated
between July 28 and September 2 in the years
1958—64, immature stages of M. graminum wete
encountered in 25 pteromalid pupae and 160
(87 9,) pteromalid larvae. In the material col-
lected in the field it was found that during their
larval petiod 338 delphacid egg-predatory pteto-
malids without enemies destroyed an average of
94.8 9%, of the delphacid eggs present in the
internodes. When parasitized by M. graminum,
such a larva (according to 79 observations)
destroyed 91.1 9, of the delphacid eggs in the
internode.

M. graminum affects the abundance of J. peliu-
¢ida and some other delphacids in two different
ways: by killing larvae of M. aeguus and P. oxylus
before they have ceased feeding and by reducing
the numbers of these pteromalids. Since M.
graminum occurred in the region of investigation
in 1958—64, 2—3 (0.2 9%,) more J. pellucida
nymphs hatched per square metre in oat and
spting wheat field, and furthermore M. graminum
killed about 3 9, of the larvae of the egg pre-
dators of J. pellucida in oats and about 4 9, of



them in spring wheat. This last-mentioned
decrease in the number of enemies may not
result in an increase in the numbers of J. pellucida
until the following year. Although M. graminum
thus increases the numbers of J. pellucida in two
different ways, its effect was nevertheless only
slight during the period of investigation, so
slight, in fact, that it was not worth consi-
dering any control measures against the species.
In fact, the numbers of some other delphacid
species, e.g. Stiroma bicarinata (H.—S.), Megadel-
phax sordidulus, Javesella obscurella (Boh.) and
' Dicranotropis hamata (Boh.) may have increased
to some extent, because M. graminum destroyed
P. oxylus and M. aequus.

Summary

Investigations on the bionomics of Mesopolobus
graminum in cereal and hay fields were carried out
in the years 1956—64, mainly in western Finland,
east of the city of Vaasa. It was found that at
least in southern and central Finland M. graminum
was not rare. The species was usually univoltine.
The males emerged as adults in May—June a
little earlier than the females. Both sexes migrated
to cereal fields in June—July.

In the cereal fields, the larvae of M. graminum
fed on pupae and evidently also larvae of Meso-
polobus aequus and Panstenon oxylus, both of which
are egg predators of Javesella pellucida. The length

of the fore-wing of an adult, used as an index of
body size, was positively correlated with the
number of delphacid eggs consumed by the host.

M. graminam deposited 1—3 eggs in each in-
ternode, but the number of fully grown larvae
was never found to be higher than one per in-
ternode. With the old methods of harvesting,
only 9—14 9, of the larvae remained in the
stubble, whereas with modern methods 20—53 9,
were left. Those remaining in the cut stems
usually succumbed during or after the threshing
process. Some adults were incapable of escaping
from the stem cavity.

The abundance of M. graminum was affected

_primarily by the number of its hosts, M. aequus

and P. oxylus, secondarily by the amount of food
available to the hosts, and tertiarily by weather
factors. Many other factors also affected the
abundance of M. graminum. .

About 87 9%, of the immature stages of M.
graminum were encountered on the larvae of the
hosts; the rest were found on pupae. When M.
graminym parasitized the larvae, these were unable
to consume all the food they might otherwise
have eaten, and as a result the number of J.
pelincida nymphs hatching in the oat and spring
wheat fields were probably 2—3 (0.2 9;,) motre
pet square metre. Furthermore, M. graminum
killed about 3 9, of the larvae of J. pellucida egg
predators in oats and about 4 %, of them in
spring wheat.

REFERENCES

GraHaM, M. W. R. de V. 1957. A revision of the Walker
types of Preromalidae (Hym., Chalcidoidea). Part 3
(including descriptions of new species). Ent. Mon.
Mag. 93: 217—236.

Hairon, H. J. E. 1950. Amblymerus graminum n. sp. (Fym.,
Chalcididae) 2 pteromalid living in the wheat stem.
Ann. Ent. Fenn. 16: 84—388.

— 1953, Kevitvehnin kahutdhkiisyydesti seki sen syistd
Suomessa. Summary: On the shrivelheads of spring
wheat and their causes in Finland. Publ. Finn. State
Agric. Res. Board 140: 1—52.

NuorTEVA, P. 1959, Viljakaskastuhojen luonteesta. Luon-
non Tutkija 63: 11—18,

— 1962. Studies on the causes of the phytopathogenicity
of Calligypona pellusida (F.) (Hom., Araeopidae). Ann.
Zool. Soc. »Vanamo» 23, 4: 1—58.

RAATIKAINEN, M. 1961. On the contribution of Meso-
polobus graminum (Hardh) (Fym., Pteromalidae) to the
shrivelheads of spring wheat. Ann. Ent. Fenn. 27:
204—209.

— 1962, Hymenoptera species occurring in stems of
spring wheat and the damage caused by them to
wheat crops in Finland. Ann. Agric. Fenn. 1: 217—
225.

— 1967. Bionomics, enemies and population dynamics

105



of Javesella pellucida (F.) (Fom., Delphacidae). 1bid. 6,
suppl. 2: 1—149.

Rosen, H. von 1956. Untetsuchungen iiber drei auf
Getreide vorkommende Erzwespen und iiber die
Bedeutung, die zwei von ihnen als Vertilger von
Wiesenzirpeneiern haben. Kungl, Lantbr.hégsk. Ann.
23: 1—72.

— 1958. Zur Kenntnis der europiischen Arten des
Pteromaliden-Genus Mesopolobus Westwood 1833
(Hym., Chale.). Opusc. Ent. 23: 203—240.

— 1960. Zur Kenntnis des Pteromaliden-Genus Meso-

polobus Westwood 1833 (Hym., Chale) V1. Ibid. 25:
16—29. ‘

— 1961 a. Zur Kenntnis des Pteromaliden-Genus Meso-
polobus Westwood 1833 (Hym., Chale) VII. Ent.
Tidskr. 82: 1—48.

— 1961 b. Zur Kenntnis des Pteromaliden-Genus Meso-
polobus Westwood, 1833 (Hym., Chale.) VIII. Ent.
Medd. 31: 116—122.

— 1962. Zur Kenntnis des Pteromaliden-Genus Meso-
polobus Westwood 1833 (Fym., Chale.) IX. Kungl.
Lantbr.hogsk, Ann. 28: 141—148,

SELOSTUS

Mesopolobus graminum -pistidisen runsaudenvaihtelusta ja vaikutuksesta

viljakaskaaseen

Mikko RAATIKAINEN

Maataloudun tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Timi tyd liittyy haitallisen viruksensiirtijin viljakas-
kaan torjunnan selvittimiseen. Kenttityét tehtiin v. 1956
—1964 Vaasan itdpuolella olevissa pitdjissi, joissa vilja-
kaskasta oli runsaasti ja se aiheutti huomattavia sadon-
menetyksii.

M. graminum oli jokseenkin yleinen Eteli- ja Keski-
Suomen viljapelloilla. Se muni viljojen korsissa vilja-
kaskaan munia syovien Mesopolobus aequns ja todennikdi-
sesti myGs Panstenon oxylus -pistidisen toukkiin ja kote-
loihin, joita toukka kdytti ravinnokseen. Toukat jiivit
talvehtimaan korsiin., Viljaa viikatteella tai sirpilli kor-
jattaessa toukista jii sinkeen 9—14 9, ja itsesitojalla tai
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leikkuupuimurilla 'korjattaessa 20—53 9%,. M. graminumin
runsauden vuosivaihtelun niyttivit sidtelevin M. aequns
ja P. oxylus -pistidisten miirit, niiden isinnin viljakas-
kaan madrd ja sidtekijit.

M. graminum tappol isintinsi niin aikaisin, etteivit
nidmi ehtineet sy6di niin paljon kuin ne olisivat sy6neet.
Timién takia kaura- ja kevitvehnipelloissa kuoriutui kes-
kimédrin noin 2—3 viljakaskaan toukkaa nelidmetrii koh-
den eli noin 0.2 % enemmin. Lisiksi laji tappoi vilja-
kaskaan munapetojen toukista kaurassa noin 3 ja kevit-
vehnissd noin 4 9.
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Maamme pohjoisen aseman ja kotieldinvaltai-
sen maataloustuotannon johdosta on rehukas-
veilla viljelyssimme huomattava merkitys. Kun
kaura 1800-luvun lopulla saavutti valta-aseman
viljakasviemme joukossa, se on hyvin siilyttinyt
timin asemansa. Kauran suosio petustuu edel-
leenkin vaatimattomuuteen kasvualustan suhteen
sekd hyviin rehukasviarvoon kotieldinten truo-
kinnassa.

PErNU (1955) toteaa Suomen peltojen olevan
enimmikseen tavinne- ja kalkkik&yhid verrattui-
na esim. Keski- ja Eteli-Euroopan peltoihin.
Savimailla on puute typesti ja fosforista, suo-
mailla pisasiallisesti fosforista ja kalista sekd mo-
reeni-, hiekka- ja hietamailla tavallisesti kaikista
ravinteista.

Suomessa lannoitteiden kiyttoon liittyvid tut-
kimusta vaikeuttaa pinnanmuodostuksen ja maa-
lajien suuri vaihtelevuus, erilaiset ilmasto-olot
maan eri osissa ja viljeltivien kasvien runsaslu-
kuisuus. Sitdpaitsi on otettava huomioon myds
kehitys kasvinsuojelu- ja kasvunsiitdaineiden
alalla, jotka nekin tietylld tavalla vaikuttavat kiy-
tettdviin lannoitemdiriin.

Vuosina 1939—44 kiytyjen sotien seurauksena

Saapunut 4. 10. 1968

menetettiin alueluovutuksien yhteydessi 290 000
ha peltoa. Timi aiheutti voimakkaan raivaustar-
peen uuden pellon hankkimiseksi. Vuonna 1950
saavutettiinkin suurin sodan jilkeinen raivaus-
tulos eli 41 000 ha (PArikkd 1963). Edelld mai-
nitusta vuodesta 13htien uudisraivaustoiminta on-
kin sitten jatkuvasti vihentynyt, silli nykyisen
ylituotanto-ongelman aikakautena uudismaan
raivaamisen kannattavuus on kyseenalaista. Ti-
lanne on samankaltainen my&s muissa pohjois-
maissa.

Timin tutkimuksen tarkoituksena on selvit-
td4 paikalliskokeina uudismailla kauras viljelyssi
saatuja tuloksia. Aineisto kisittdd vain ensimmadi-
sen viljelyvuoden sadot. Lannoituskoekaava on
ollut sellainen, etti siitd on ollut mahdollista las-
kea kunkin piiravinteen vaikutus erikseen. Peri-
aatteessahan ei yksityisen ravinteen vaikutusta
voida ilmaista tietylld luvulla, koska kasvit aina
tarvitsevat kaikkia ravinteita eikd niitd voida kot-
vata toisilla. Esitetyt luvut osoittavat kuitenkin
ko. ravinteen vaikutuksen kokeen olosuhteissa
kahden muun pidravinteen lisniollessa. Pidhuo-
mio kiinnitetidnkin siten fosforin, kalin ja typen
antamiin laskettuihin sadonlisiin:

Koeaineisto

v

Paikalliskokeina on v. 1947—61 suoritettu
206 uudisviljelykoetta. Kokeiden hoidosta ovat
huolehtineet maataloudelliset neuvontajirjestdt.

2 9783—70

Maalajeittain ryhmiteltyind kokeita oli seuraa-
vasti: turvemaat 109 koetta, savimaat 67 koetta
ja hietamaat 30 koetta.
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Yleislannoituskokeina on v. 1933—58 ollut
162 koetta, jotka on jirjestetty saman koekaavan
mukaan kuin varsinaiset uudisviljelykokeet. Maj-
nitut kokeet on myds perustettu selvisti uudis-
maahan tai sithen verrattavaan maahan, joten ne-
kin on voitu tdssi aineistossa kisitelld. Maalajeit-
tain ne jakaantuvat seuraavasti: turvemaat 124
koetta, savimaat 21 koetta ja hietamaat 17 koetta.

Turvemaiden osuus uudisviljelyraivauksessa
on huomattavan suuri, miki ilmenee tistikin
aineistosta. Prosentteina eri maalajien miaarit
ovat seuraavat: turvemaat 63 %, savimaat 24 9
ja hietamaat 13 9.

Edelld mainittujen kokeiden lannoitus on jir-
jestetty alla olevan koekaavan mukaan: a, b, c,
d ja e ovat erilaisen lannoituksen saaneita koe-

jasenid.
4 e 0
b ... PK
C i PN
d ..o KN
€ i PKN

Koetuutujen suuruus on ollut 50 m2, koejise-
nien lukumdird 5 ja kerranteita on ollut 4, Koe-
kentin pinta-ala on siten ollut 10 aaria.

Koekaavasta ilmenece, etti kokeessa on kiy-
tetty yhtd lannoittamatonta ruutua (0), eri lan-
noitteiden kaikkia parittaisia yhdistelmii (PK,
PN ja KN) seki tiyslannoitusta (PKN). Yksi-
tyisten ravinteiden vaikutukset (Py1, Kj1, ja Ni)
voidaan laskea parhaiten siten, etti tiyslannoi-
tuksella saadusta tuloksesta vihennetiin kulla:
kin parittaisella yhdistelmilld saatu tulos. Ero-
tus osoittaa ko. ravinteen vaikutuksen, joka tut-
kimuksessa on merkitty seuraavasti:

P; = PKN—KN
Ky = PKN—PN
N;; = PKN-—PK

Jos tilld tavoin laskettujen ravinteiden vaiku-
tusluvut lasketaan yhteen, ei niiden summa juuri
koskaan ole sama kuin tiyslannoituksen vaiku-
tus. Laskutapa antaa tuloksiin mukaan my®és ns.
yhdistelmivaikutuksen, jolloin
saattavat tulla huomattavasti suuremmiksi kuin

sadonlisiykset

lannoitteen todellinen satoa lisdivd vaikutus
PKN-yhdistelmissi. Keskimidriisiksi yhdistel-
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mivaikutuksiksi eri ravinteille on saatu (TENN-
BERG 1955):
N-lannoitteella n. 16 %

P- » n. 18 9%
K- » n. 20 %

TENNBERG (1939) on perusteellisesti tutkinut
ja selvittinyt edelli mainitun koekaavan mukais-
ten tulosten kisittelyd. Hin on myds esittinyt
laskutavan, jolla eri ravinteiden vaikutusluvut
saadaan muunnettua sellaisiksi, ettd niiden sum-
ma on sama kuin tdyslannoituksen vaikutus.

Vuosien mittaan kokeissa kidytetyt lannoitteet
ovat hieman vaihdelleet sekd mairiltdin ettd laa-
dultaan.

Uudisviljelykokeet:

lannoitetta kg/ha
Psf Ko Kso Nks Nos
1947—53 .. 200 150 150
1954 ...... 200 120 150
1955—56 .. 200 100 150
1957—61 .. 400 200 150

Yleislannoituskokeet:

l Psf I Pkf ' Ko Ko Nos | Nks l Nch
1933—40 .. | 200 (180)' 100 150 |(150)
1941—52 .. | 200 | 150 150
1953 ...... 200 150 100 |(150)
1954 ... ... 200 120 | 100 |(150)
1955—58 .. | 200 ] 100 | 100 {(150)

1) Lannoitteista kdytetyt lyhenteet:
Pst = superfosfaatti, Pkf = kotkafosfaatti, K,q = 40 9%,
kalisuola, K = 50 % kalisuola, Nos = oulunsalpietari,
Nks = kalkkisalpietari ja Nch = chilensalpietari

1930-luvulla on muutamissa kokeissa kiytetty
chilensalpietaria ja kotkafosfaattia. Typpilannoit-
teena on 1950-luvulla kiytetty joko oulunsalpie-
taria taj kalkkisalpietaria. Lannoitemiirit on py-
ritty jirjestimiin kiytinndn viljelyd vastaavaksi.
Sitdpaitsi on SALOSEN (1963) mukaan pyritty pie-
nii lannoitemiirii kiyttimilli saamaan eri ravin-
teiden vaikutukset selvimpini esiin. Saman koe-
kaavan mukaisia kokeita on jirjestetty myos kiin-
teilld koekentilli. Kokeet ovat olleet uusintalan-
noituskokeina kiynnissi usean vuoden ajan (Sa-
LONEN 1963).



Ravinteiden vaikutus on usein erilainen samaa
ravinnetta sisiltivissi erilaisissa kauppalannoit-
teissa. Fosforilannoitteissa on fosforin liukene-
vuudessa eroja. Jos superfosfaatin vaikutus on
100, on kotkafosfaatin vaikutus n. 80 (TuorILA
ja Tamto 1932). TennsErGin (1960) mukaan
kotkafosfaatin vaikutus olisi 90. Erilaisten lkali-
suolojen suhteen ei liene ravinteiden vaikutus-

Satoluokat ja

Sadonlisiyksii on tarkasteltu paitsi alueittain
ja maalajeittain myds nollasadon (lannoittamat-
toman ruudun sadon) satoluokkien mukaan ryh-
miteltyni. Satoluokkien nolla-arvoksi on valittu

tehoon nihden merkittivid eroa (TENNBERG
1955). Oulunsalpietarin ja kalkkisalpietarin vai-
kutusarvo on 100. Niissd kokeissa kiytettyjen
eri P-, K- ja N-lannoitteiden vaikutusarvojen
erot ovat siis melko pienid. Lannoitteissa annet-
tujen ravinteiden selvit muutokset on sen sijaan
otettu jiljempini huomioon tietyissd yhteyksissi.

maan kasvukunto

1200 kg, ja luokittelu on suoritettu tistd alas-
ja ylospiin 200 rehuyksikoén vilein (240 kg).
Nollasadot kuvaavat titen tietylld tavalla maan
luontaista kasvuvoimaa.

Satoluokkaryhmittely

Satoluokka -—5 —4 —~3 —2 —1 0
Pidsato kg/ha

+1 +2 +3 +4 +5 +6
0] 119] 359 599| 8397 1079| 1319| 1559 | 1799 | 2039 | 2279| 2519] 2759 jne.

Luokkien rajat on merkitty nikyviin. Siten esim. sato 1079 kg/ha kuuluu satoluokkaan —1 ja 1080 kg/ha kuuluu

satoluokkaan 0.

Tissi yhteydessi on syytd viitata mySs
boniteettiin, jolla tatkoitetaan maan biologista
viljavuutta (VALMARI 1957). KoTirAsEn (VAL-
MARI 1957) mukaan suon boniteetilla tarkoite-
taan turpeen luontaista kasvuvoimaa. Tuotos on

kuitenkin huonosti yksityistapauksiin soveltu-

va boniteetin mitta, toteaa VarLMmarr (1957).
Nollasadon —5
ainoastaan sen, etti lannoittamattomana saatu

satoluokka ilmaisee tissi
sato on kiytinnossi 0. Maan boniteettiarvo saat-
taa olla hyvinkin korkea siitd huolimatta, ettei
satoa saada.

Maalajit

Maalajijako on tissi kisittelyssd karkea kolmi-
jako: hieta-, savi- ja turvemaat. Hietamaat (Ht)
-nimikkeen alle on sisillytetty my6s muutamia
hiekka- (Hk) ja moreenimaita (Mr), jotka eivit
oleellisesti poikkea ko. ryhmdsti. Savimaat ovat
hietasavia (HtS), hiesusavia (HsS), aitosavia (AS)
ja liejusavia (LjS). Turvemaat ovat suurimmalta
osalta saraturpeita (Ct ja SCt). Joukossa on vain
muutamia rahkaturvemaita (St ja CSt).

Maa-analyyseja ei niin pitkiltd ajanjaksolta ole
tehty, joten maaperin ja sen ominaisuuksien tat-
kempi madrittiminen ei ole mahdollista. Aineisto
on kuitenkin ryhmitelty nollasadon satoluokkien
mukaan, kuten edelli jo on kidynyt ilmi.

Viljavuuspalvelu Oy:ssi on laadittu kartta Suo-
men peltojen vallitsevista maalajeista. Tédssd on
kysymys nimenomaan ruokamultakerroksen maa-
lajista, joka usecasti poikkeaa pohjamaasta. Maa-
lajien jakautuminen maan eri osiin on hyvin epi-
tasainen. Niinpi Eteli- ja Lounais-Suomessa on
savia n. 60 9%, peltoalasta, mutta pohjoisempana
vain muutaman prosentin verran (Kurxkr 1963).
Timi kuvastuu myos tutkimusaineistosta, jossa
savimaiden uudisviljelyksisti on 44 9%, ollut
alueella I eli juuri Lounais-Suomessa. Hieta-
maita on raivattu tutkimusaikana lihes tasaisesti
yli koko maan, runsaimmin kuitenkin Pohjois-
Karjalassa. Eloperiisten maiden raivaus sensijaan
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ei ole keskittynyt Pohjois-Suomen turvealueille,
jos tistd lainkaan voi sellaista johtopaitéstd teh-
di, vaan kokeet ovat sijoittuneet seki Eteli- ettd
Keski-Suomeen kartan alueille I ja IV—VI.
Laskelmien mukaan vield 1920-luvulla rajvat-
tiin suuremmassa miirin kivenniis- kuin elo-
perdisid maita. Vihitellen raivaustoiminnan pai-
nopiste on kuitenkin siirtynyt turvemaille. Vuo-

den 1941 laskelman mukaan oli uudisviljelyyn
raivatuista maista karkeasti ottaen 1/3 turvemai-
ta, ja my&hemmin niiden osuus on kasvanut ehki
50 prosenttiin (Jonsson 1947). Tissi tutkimuk-
sessa turvemaita on mukana 63 9, savimaita
24 %, ja hietamaita 13 9,, miki kuvastanee mel-
ko hyvin my®s ko. ajanjaksolla suoritettujen rai-
vausten maalajeittaista jakautumista.

Viljelyalueet

SUOMI. TILASTOKARTTA

. e

FINLAND. STATISTIKKARTA
S TN 7

¥ ~<\,{“\

Kuva 1. Tutkimuksessa noudatettu aluejako.
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Maamme maantieteellisen sijainnin johdosta
viljelyolosuhteet ovat maan eri osissa hyvin eri-
laisia. Yleispitevdi aluejakoa on vaikea esittii,
koska jakoperusteet riippuvat siitd, mitd tarkoi-
tusta varten aluejako tehdiin.

Sopivan aluejaon tarpeellisuudesta TENNBERG
(1955) toteaa, ettd alueelliset eroavuudet vikilan-
noitteiden vaikutuksessa ovat niin suuret, ettd
ne edellyttivit koko maan kisittivii vikilannoit-
teiden vaikutuslukuja laskettaessa huomioon
otettavaksi lannoitteiden vajkutuksen kullakin
kasvilla alueittain ja eri kasvien viljelylaajuuden
kullakin alueella.

Tissa tutkimuksessa noudatettu aluejako on
padpiirteittiin sama, jota Tennberg on kiyttinyt
paikalliskokeiden tuloksia kisitellessdin. Alueita
muodostettaessa on otettu huomioon erilaisten
maalajien esiintyminen seki erditi maantieteelli-
sid ja ilmastollisia seikkoja. Aluejako ilmenee ku-
vasta 1.

Timi aluejako niveltyy pidpiirteittdin seki
Pesoran (1941) aluejakoon ettdi MaryAsEN (1961)
kiyttimdin aluejakoon paikallisten lajikekokei-
den tuloksia ryhmiteltdessd. Maa on jaettu nel-
jadn viljelyvyShykkeeseen siten, etti alue I vas-
taa timin tutkimuksen alueita I ja II, alue II
alueita III ja 'V, alue III alueita IV ja VI, ja alue
IV on piipiirtein sama kuin timin tutkimuksen
alue VI.

Edelli esitetyt alueet eivit noudata esiti, maan-
viljelys- ja talousseurojen aluejakoa, jota voidaan
pitdd lihinnid taloudelliselta pohjalta syntyneeni,
vaan liht6kohdaksi on otettu alueiden luontaiset
viljelyedellytykset.



Kokeiden luotettavuus ja tutkimusmenetelmit

Yksittiisten kokeiden luotettavauden selvittd-
miseksi on laskettu kokeen keskivirhe kiloina
ruutua kohti ja kahden koejisenen satoeron virhe
kg/ha. Keskivirheen laskemiseksi on kiytetty
Molduenhaerin kaavaa (RoEMeEr 1930). Sadon-
lisiysten riippuvuutta nollasadosta on tutkittu
pienimmin nelidsumman regressiolla (MATTILA
1961).

Lasketut regressiot osoittavat aineiston lineaa-
risen kiyttiytymisen. Jokaisessa yksityistapauk-
sessa timi ei ehkd ole paras ilmaisutapa, mutta
se selvittii kuitenkin aineiston suuntaviivat. Koz-
relaatiokertoimet ovat numeerisilta arvoiltaan
useassa tapauksessa pienid eikd selvid riippuvuut-

ta nollasadosta ole havaittavissa, kuten jiljem-
pini selvidi.

Kussakin maalajiryhmiissi on ravinteille las-
kettu myds keskiarvon keskivirhe (Sx) ja keski-
arvon luotettavuusvili (MATTILA 1961):

95 9 luotettavuusvili x & 1.96 + Sx
99 % » x 4+ 2.58 - Sx

Sarjojen keskiarvojen sadonlisiysten luotetta-
vuus on ilmaistu F-arvolla: n*** = todennikdi-
syys P on ainakin 99.9 %, eli tilastollisesti erittdin
merkitsevi, n** = todennikéisyys P on ainakin
99 9, eli tilastollisesti merkitsevd, ja n* = toden-
nikoéisyys P on ainakin 959, eli tilastollisesti
melkein merkitsevd (BonNiER-TEDIN 1940).

Kaura koekasvina

Aikaisemmin on jo todettu kauran saavutta-
neen valta-aseman viljakasviemme joukossa. Seu-
raavan asetelman luvut on laskettu Suomen tilas-
tollisen vuosikirjan (1948 ja 1967) mukaan:

9, peltoalasta % viljanviljely-

Vuosi kauralla alasta kauralla
1920 ...l 19.6 52
1930 ...t 19.2 55
1942 ... ... 14.3 49
1950 ...l 18.1 50
1967 16.6 39

‘Kun kauran osuus viljan viljelyalasta on ollut
noin puolet, ei ole ihmeteltivai sekdin, ettd kau-
ra on ollut suurin vikilannoitteiden kuluttaja
vuoden 1949 maataloustilastoon perustuvien las-
kelmien mukaan. Fosforilannoitteista kauralle
kiytettiin 38.0 %,, kalilannoitteista 39.0 9% ja
typpilannoitteista 20.0 %, (TENNBERG 1955).
Vuonna 1967 vastaavat %-luvut ovat jonkin
verran pienempii.

Koekasvina olleet kauralajikkeet ovat ndin pit-
kin ajanjakson kuluessa vaihdelleet huomatta-
vasti. Suurin osa kokeista on suoritettu Kulta-
sade II -lajikkeella. Edustettuina ovat olleet kai-
ken kaikkiaan seuraavat lajikkeet: Kultasade I,
Kultasade II, Tammi, Sisu, Kyt6, Esa, Osmo II,
Orion II, Eho, erdit maatiaislajikkeet ja erdit
tuntemattomat.

Kullakin lajikkeella on oma ominaissatonsa,
joka sekin vield vaihtelee olosuhteiden mukaan.
MaRjANEN (1961) esittid eriiden paikallisko-
keissa olleiden kauralajikkeiden vilisia suhde-
lukuja 1920- ja 1930-luvun kokeista:

Lajike Suhdeluku
Kultasade 2592 kg/ha ............ 100

» I 101
2 J 100
Osmo IT .........civiiiit, 98
T 98

Pesoran (1942) julkaisemat kauralajikkeiden
viliset suhdeluvut poikkeavat niistd. Tulokset
ovat Tammistosta vuosilta 1930—35.

Lajike - Suhdeluku
Kultasade II 3 604 kg/ha .......... 100
YU 95.2
T 93.9
Kytd vveriiiieiiiiiiiianaen 93.4
Osmo IT ......coviiiiiiiiis. 97.0
Orion IT ... coiiiiiiinian. 71.3

Niissi kokeissa satotaso on melko korkea, jo-
ten lajikkeen viliset erot ovat ehkd senkin vuoksi
selvempid kuin MARJASEN esittimissd suhdelu-
vuissa. Satotason ollessa alhainen, kuten tutki-
tuissa uudisviljelykokeissa, ei lajikkeella ole oleel-
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lista merkitystd. Sitdpaitsi tillaisen eron merkitys
pienenee kisiteltiessi suurehkon aineiston keski-
arvoja.

Jotta uudisviljelykokeiden sadoista verrattuna
jatkuvan peltoviljelyn satoihin saataisiin oikea
kisitys, esitetidn vertailukohdaksi seuraavat kau-
ran keskisadot koko maassa (PErNU 1968):

Vuodet Vilj.ala Sato
1000 ha kg/ha
1931—35 ............ 462.1 1454
1936—40 ............ 453.3 1553
1941—45 ............ 351.1 1225
1946—50 ............ 391.5 1447
1951—55 ... ....... 468.2 1642
1956—60 ............ 454.1 1745
1961—65 ............ 462.7 1789

Vikilannoitteiden jilkivaikutuksesta

Monet lannoitteena annetut ravinteet piditty-
Vit ja varastoituvat maahan, joten kerralla anne-
tun lannoitteen vaikutus jatkuu useita vuosia.
TENNBERG (1955) on arvioinut pintalannoituk-
sena annetun kalisuolan jilkivaikutuksen suu-
ruuden hieta- ja turvemailla ainakin 100 9:ksi
Edelleen hin
olettaa, ettei jilkivaikutus ole yksivuotisia kas-
veja viljeltdessd yhtd suuri kuin nurmilla, vaan
ainoastaan 60 9,, jakautuen kahden vuoden

lannoitusvuoden vaikutuksesta.

osalle 4 40 ja 20 9,. Kalin keskimidriisini vai-
kutuslukuina Saronex (1963) esittid, ettd kilo
kalia, K,O, on antanut ensimmdiseni vuotena
- sadonlisdystd 3 ry ja koko vaikutus on ollut 4.5
ry. Jalkivaikutus on siten 50 %, lannoitusvuo-
den vaikutuksesta.

Fosforilannoitteiden vaikutus on vieli pitem-
piaikainen kuin kalin. T4mi johtuu osittain fos-
faattien vaikealiukoisuudesta ja osittain siitd, ettd
ne pidittyvit hyvin maahiukkasiing jilkivaiku-
tus voi lannoitem3irin runsaudesta riippuen kes-
tdd useita vuosia, erdiden saksalaisten kokeiden
mukaan jopa kymmenii vuosia (WaAGNER 1929).
Superfosfaatin jalkivaikutuksen yleiskeskiarvoksi
esitetddn 150 9, lannoitusvuoden vaikutuksesta

jakautuen neljin jalkivaikutusvuoden osalle suh-
teessa 65, 45, 25 ja 15 9. Kotka- ja hienofosfaa-
tin jalkivaikutus on suurempi ja se voidaan las-
kea my0s pitempiaikaiseksi (TENNBERG 1955).

Uudismailla ei varsinaisia lannoitteiden jalki-
vaikutustutkimuksia ole tehty. Kiinteilld koeken-
tilli suoritettujen uudismaan lannoituskokeiden
tulokset antavat kuitenkin selvid viitteitd siiti,
millaisia ko. tulokset tulisivat olemaan. Fosforin
jilkivaikutus on osoittautunut muutamissa ta-
pauksissa erittiin pieneksi. Kalin vaikutus on
savimailla ollut pieni, hietamailla hieman parem-
pi, mutta turvemailla — kuten voi odottaakin —
hyvin suuri (Saronen 1963).

VuoriseN (1949) mukaan yleinen havainto
uudismailta on se, etti ensimmiisini vuosina on
saatu vanhojen peltojen satoihin verrattuna koh-
talaisia, jopa hyvidkin satoja. Titi hin pitdd
uudismaiden erikoisluonteesta johtuvana seki
arvelee voiman kitkeytyvin kasvinravinteiden
suurempaan liukoisuuteen ja sen vuoksi nopeam-
paan vaikutukseen taikka siihen, etti uudessa
maassa saattaa olla joitakin edullisesti vaikutta-
via hivenravinteita, jotka on vanhoista pelloista
jo ammennettu loppuun.

Satotuloksia

Hiekka- ja hietamaat

Hiekka- ja hietamaiden keskimiéiriiset lan-
noittamatta saadut sadot (nollasato) ja lannoituk-
sen alueittain antamat sadonlisiykset kgfha esi-
tetddn taulukossa 1. Nollasadon keskimiiriinen
arvo koko maassa on ollut 1 280 kg/ha, miti on
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-pidettdvi melko hyvind satona. Alueen I 0-sato

on ollut 1900 kg/ha eli kaikkein korkein, miki
on ollut odotettavissakin maamme parhaalta vil-
jelyalueelta. Fosforin vaikutus on alueilla IIT ja
VI selvisti voimakkainta. Timi alue voitaisiin
rajata myos linjojen Kristiinankaupunki—Joen-
suu ja Uusikaarlepyy—Nurmes vilille.



Taulukko 1. Hietamaat. Lannoittamatta saatu

sato ja lannoitteiden antamat sadonlisit keskiméirin sekd yhdistelmi-
vaikutus kg/ha alueittain

: Yhdis-
Alue Ko | oato PN PK KN PKN P Ky Npp telmi-
vaikutus
) 8 1900 555 286 455 789 334 234 503 282
I ........ 2 1510 320 380 460 875 415 555 495 590
II ........ 6 1220 697 430 530 1087 557 390 657 517
IV ..ol 6 1340 253 133 346 663 317 410 530 594
Voo 9 1060 684 570 600 962 362 278 392 70
VI ... 15 1130 564 455 351 937 586 373 482 514
VII ........ 1 180 350 370 130 490 360 140 120 130
Yhteensi 47 )
Keskim. .... 1280 548 400 439 889 450 341 489 391
— — — — — — |x64 |+ 48 |4 52 -
95 %:n luotet-
tav.vili ... — — — — — — +125 + 94 +102 —
99 %,:n luotet-
tav.vili ... — — —_ — — — +165 +124 +134 —
F =1.88{ F = 145 F = 1.94

Taulukko 2. Hictamaat. Keskimisriiset sadonlisit ja yhdistelmivaikutus kg/ha lannoittamattoman sadon satoluokittain

ryhmiteltyni
. Yhdis-
sa?;ig?:l:a Kﬁ;i“a PN PK KN PKN P K Npp f_elﬂl‘;
vaikutus
—4 3 463 370 300 596 296 133 216 49
—3 ... 1 460 330 20 510 490 50 180 210
—2 . 5 498 478 202 968 766 470 490 758
e 11 561 333 467 841 447 371 546 523
0 ... 8 636 512 511 1005 494 369 493 351
I 7 407 268 462 796 334 388 528 454
42 . 4 742 329 585 977 392 235 648 298
43 ... — — — — — — — — —
+4 ... 4 722 662 520 1222 702 500 560 545
+5 ieene.. 3 351 231 390 467 77 116 236 —38
410 ... ... 1 410 200 450 570 120 160 370 80
Yhteensd 47
keskim. ..... 548 400 439 889 450 341 489 391
F=136| F=137, F=1.96 )

Kalin voimakkainta vaikutusaluetta on taas
Pohjanmaa ja Kymen ld4ni. Typen vaikutus on
samoin suurin Pohjanmaan alueella. Lounais-
osissa maata kalin vaikutus on heikko. Koko
aineiston keskiarvoille lasketut keskivirheet eivit
kohoa 50—60 kg:aa suuremmiksi. Keskiarvoja
voidaan hyvin pitdd suuntaa antavina.

Uudisviljelyssi olevilla hietamailla on typen
satoa lisaavi vaikutus ollut voimakkain ja kalin
heikoin. Eroa niiden #iriarvojen vililldi on 150
kg/ha. Tiyslannoituksella saatu sadonlisi on ol-
lut n. 900 kg/ha, joten saavutettu satotaso on
2170 kg/ha eli huomattavasti korkeampi kuin

kauran keskisato koko maassa. Taulukossa 2 sa-
donlisit on esitetty 0-sadon satoluokkien mukaan
ryhmiteltyini. Titd vastaavasta kuvasta 2 selvidd
parhaiten eri ravinteiden vaikutus. Kali antaa
yhtd suuren sadonlisin maan kasvukunnosta
riippumatta. Fosforin vaikutus pienenee maan
kasvukunnon patantuessa ja typen vastaavasti
kasvaa melko voimakkaasti. Téyslannoituksella
taas saavutetaan kauttaaltaan saman suuruinen
sadonlisi. Maan luontaisen kasvukunnon merki-
tys ilmenee titen siind, ettd luontaisesti ravinne-
rikkaalta maalta saadaan parempi sato kuin hei-
kolta maalta, vaikka sadonlisi onkin yhti suuri.
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Annetut kasvinravinteet kg/ha ovat olleet
alueittain keskimiirin seuraavat:

Alue P,0; KO N
I ... . 42.4 62.5 26.6
Im............ 38.0 60.0 23.3
me ... 38.0 60.0 23.3
IV (oo, 37.6 56.7 23.3
V oo 38.0 53.3 23.3
VI ..o 38.1 56.0 22,7
VII ool 38.0 60.0 23.3

Vaihtelut johtuvat lannoituksessa vuosien mit-
taan tapahtuneista muutoksista.

Exris tirked tarkastelun kohde tissi yhteydessi
on annettujen ravinteiden suhde, N : P : K, joka
on ollut 1 :1.5: 2.5, Kalin mairi vaikuttaa erit-
tiin suurelta verrattuna typpeen ja fosforiin, Kali
on antanut myds vihiten sadonlisdd. Sama asia
kiy vield selvemmin ilmi taulukosta 3, jossa on
laskettu mm. yhdelld ravinnekilolla saadut sadon-
lisdykset.

Satotuloksiin on ravinnesuhteilla ollut ilmei-
nen vaikutus. Kaura niet hyotyy suhteellisesti
parhaiten typpilannoituksesta (TENNBERG 1935).
Koska kiytetyt kalimidirit ovat olleet kaikkein
suurimpia ja typpimddrit pienimpid, on timi
saattanut vaikuttaa epidedullisesti kalin sadon-
lisiyslukuihin ja edullisesti typen sadonlisiyk-
seen.

TENNBERG (1955) toteaa, ettd kivenniismailla
lannoitteiden vaikutuksessa on huomattavissa
varsin suuria viljelyalueiden vilisid eroja etenkin
fosfaatti- ja kalilannoituksen suhteen. Niiden
vaikutus Sisd- ja Pohjois-Suomen alueilla on pal-
jon suurempi kuin Eteli-Suomessa; Havainnot
perustuvat kauran lannoituskokeiden keskiatrvo-
tuloksiin vuosiltda 1935—49. Uudisviljelyssd ole-
viin hietamaiden tuloksiin verrattuna timi ei kui-
tenkaan pidi paikkaansa. Fosforilla ja kalilla saa-
dut sadonlisiykset tosin vaihtelevat, mutta vain
vihin.

Vertailun vuoksi esitetdin hiekka- ja hietamai-
den yleislannoituskokeissa saatuja sadonlisdyksid
rehuyksikkdini ravinnekiloa kohti (TENNBERG
1955). Luvut ovat aritmeettisia keskiarvoja koko
maassa suoritetuista kokeista. Kun uudismaiden
osalta lasketaan eri alueiden keskiarvojen perus-
teella vastaavat luvut, on asetelma seuraava:

3 9783—70

Sadonlisdys kg ravinnekiloa kohti

Lannoite Yleis- Uudis-

lannoitus- viljely-

kokeet kokeet
Fosforihappo (P,O;) ...... 6.0 9.1
Kali (K, 0) ...... 3.8 4.5
Typpi o™y 15.5 16.1

Uudismailta saadut sadonlisiykset ovat sel-
viisti suurempia kuin jatkuvassa viljelyssi saadut.
Erotusta suurentaa vield se, ettd yleislannoitus-
kokeissa on luettu tuloksiin mukaan myd&s oljet,
jotka puuttuvat niistd uudisviljelykokeiden tu-
loksista. Erityisesti fosfori vaikuttaa uudismailla
voimakkaasti antaen yli 50 %, suurempia sadon-
lisid kuin jatkuvassa peltoviljelyssi.

Nollasatojen ja sadonlisdysten vilille lasketut
regressiosuorat ovat kuvassa 2. Typen satoa
lisddva vaikutus kohoaa erittiin voimakkaasti
300 kilosta 660 kiloon maan kasvukunnon paran-
tuessa tutkitulla O-satovililli 240—1 680 kg/ha.
Samalla vililli fosforin satoa lisddvid vaikutus
pienenee 600 kilosta 380 kiloon. Kalin regressio-
suora on lihes vaakatasossa. Hyvissi kasvukun-
nossa oleva hietamaa antaa siis runsaamman sa-

Taulukko 3. Hietamaat

Ravinnekilon tuot- Ravinteet

Alue Ravinne tama sadonlisdys tuottaneet
ke | o y/ba
I Py 7.9 6.6 C 277
Ku 3.9 3.1 194
Nu 18.9 15.8 417
I Py 109 | 9.1 344
K 9.3 7.7 461
Ny 21.3 17.7 411
III Py 14.7 12.2 462
K 6.5 5.4 324
N 28.3 23.5 545
v Py 8.4 7.0 263
Kt 7.2 3.4 340
Ng | 235 | 196 440
v Py 95 | 7.9 300
Ky 5.2 4.3 231
N 16.9 14.0 325
VI Py 15.4 12.8 486
Kn 6.7 5.6 310
Ng | 212 | 177 400
Vi1 Py 9.5 7.9 299
Kt 2.3 1.9 116
Nu 5.2 4.3 100
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Taulukko 4. Savimaat. Lannoittamatta saatu sato ja lannoitteiden antamat sadonlisit.keskiméirin sekd yhdistelma-

vaikutus kgfha alueittain

i - Yhdis-
Alue K‘ff;'“’ 0-sadon PN PK KN PKN Py Ky N telmi
: ) vaikutus
I ... 39 2050 549 316 420 653 233 104 337 i 21
I ........ 3 1700 290 10 353 - 270 —383 —20 260 —113
o o........ 7 1130 591 458 697 821 124 230 363 —104
vV oo 6 1450 627 347 295 875 580 248 528 © 481
Voo "14 1460 552 347 310 689 379 137 342 169
VI ........ 12 1340 625 244 474, 890 416 265 646 437
VII ........ 7 980 978 882 980 | 1629 649 651 747 418
Yhteensd 88
Keskim. .... 1650 594 359 466 784 318 190 - 425 149
— — — — — — +38 432 +35 —
95 %:n luotet-
tav.vili ... — — — — — — +74 +63 +69 —
99 %:n luotet- ) }
tav.vali ... — — — — — — 498 +83 +90 —
F=363***| F= 6.02%***| F = 3.80**

Taulukko 5. Savimaat. Keskimiiriiset sadonlisit ja yhdistelmivaikutus kg/ha lannoittamattoman sadon satoluokittain

ryhmiteltyni

i Yhdis-

sa?o??xi?«xl:a Kiﬁn PN PK KN PKN Pyx Kt Nyp telmi-

vaikutus
—5 ... 1 400 300 350 500 150 100 200 —100
—4 L. 2 515 355 400 1060 660 545 705 850
—3 . 5 536 260 424 800 376 264 540 380
—2 . 7 901 700 766 1290 524 389 590 213
—1 " 10 - 546 331 222 622 400 76 291 145
0 ... 11 707 470 601 990 389 283 520 202
+1 ... 7 570 290 445 727 282 157 ‘437 149
+2 ... 8 418 248 447 710 263 292 462 307
+3 ... 10 466 194 246 598 352 132 404 290
+4 ... 5 820 522 712 1002 290 182 480 — 50
+5 ... 8 647 500 518 803 285 156 303 — 59
+6 ... 6 450 223 353 443 90 — 17 220 —140
+7 . 3 420 290 570 620 50 200 330 — 40
+8 ... 1 110 350 110 20 — 90 — 90 —330 —530
+9 L. — — — — — — — — —
+10........ 3 837 581 654 1017 363 180 436 38
SR — — — — — —_ — — —
+12........ 1 100 0 —100 0 100 —100 - 0 0

Yhteensi 88
Keskim. .... 594 359 466 784 318 190 425 149
F=134} F=123| F=1.43

donlisin typpilannoituksella, vaikka kiytetty
typpimiiri on ollut pieni. Heikossa kasvukun-
nossa oleva hietamaa taas antaa fosforilannoi-
tuksella parhaan sadonlisin.

Kuvissa on esitetty my6s PKN-lannoituksella
saatu sadonlisi. Yhdistelmavaikutuksen suuruus
nikyy niissd selvini.

Savimaat

Savimaiden luontainen ravinnepitoisuus on

melko suuti, kuten timinkin aineiston tulokset
osoittavat. Keskimiirdinen nollasato on 1 650
kg/ha, Eteli-Suomen alueella yli 2000 kg/ha.
Lannoittamattomalla uvudismaalla on siis saavu-
tettu koko maan keskimiiriinen kauran sato-
taso. Suurimmat sadonlisit tiyslannoituksella on
saatu maan pohjoisissa osissa ja Pohjanmaalla.
Kalin antamat sadonlisit ovat eteliisilld alueilla
pienid, mutta kasvavat pohjoiseen mentiessi sel-
visti. Savimaiden Iuontaiset kalivarat ovat poh-
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joisosissa maata selvisti pienempid tai kasvi ei
voi kiyttdd niitd hyvikseen. Samanlainen alueel-
linen riippuvuus on havaittavissa fosforin suh-
teen. Pohjoisessa saadut sadonlisit ovat selvisti
suurempia kuin Eteli-Suomessa saadut sadon-
lisit. Typelld saadut tulokset ovat saman suun-
taisia, vaikkakaan eivit yhti voimakkaita kuin
kalin ja fosforin. Keskimddrdisesti typpi antaa
suurimman sadonlisin ja kali pienimmin (kuva
4). Ravinteiden vaikutuksen voimakkuusjirjes-
tys on siis sama kuin hietamailla, mutta sadon-
lisiykset ovat pienempid kuin hietamailla.
Taulukossa 5 ja kuvassa 4 on savimailla saadut
sadonlisit esitetty nollasatoluokittain. Ravintei-
den vaikutusjirjestys pysyy pienimmisti sadosta
suurimpaan koko ajan samana ja on paremmuus-
jarjestyksessd lueteltuna typpi, fosfori ja kali. Ra-
vinteiden antamat sadonlisit tosin hieman piene-
nevit maan kasvukunnon parantuessa. Sadon-
lisille lasketut regressiosuorat satoluokkien vi-
lille —4 ... +5 osoittavat nekin samaa suun-
tausta, mutta hyvin lievisti. Regressiokertoimet
ovat vililli —0.18...—0.12, joten sadonlisin

Taulukko 6. Savimaat

Ravinnekilon tuot- Ravinteet

Alue Ravinne tama sadonlisdys tuottaneet
kg oy ry/ha
1 Py 58 | 48 193
Ky 17 | 14 86
Ny 141 | 11.8 280
11 Py | —22 |—18 — 69
Kir —0.4 —0.3 —17
N 11.1 9.3 216
I Pu 25 | 21 103
- 31| 26 191
Ny 159 | 13.3 301
v Py 153 | 127 481
Ky 43 | 35 206
Ny 227 | 189 438
v P 91 | 176 315
Kir 21 1.7 114
Nu 14.6 | 121 280
VI Py 10.1 8.4 345
Kyt 35 | 29 220
N 27.4 | 22.8 536
VII Pi 9.2 | 77 539
Ky 62 | 51 540
Ng | 27.4 | 228 620
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riippuvuus nollasadosta on aivan olematonta.
Regressiosuorat selvittivit myos ravinteiden
vaikutustasoa.

Savimaille annetut kasvinravinteet kg/ha ovat
olleet alueittain keskimdirin seuraavat:

P04 K,O N
) 40.1 60.3 23.9
1 38.0 53.3 23.3
5 48.9 74.3 22.8
IV ool 38.0 58.3 23.3
Voo, 41.5 65,7 23.5
VI oo 41.2 75.0 23.6
VII ... 70.6 88.5 27.3

Eriiden alueiden korkeat ravinnearvot aiheu-
tuvat siitd, ettd niiden kokeet koostuvat koejak-
son loppuajalta, jolloin on kiytetty suurempia
lannoitemadsrid.

Kasvinravinnekilolla saadut sadonlisiykset on
esitetty taulukossa 6. Alueilla II ja III fosforin
kiyttdé on ollut kannattamatonta, samoin kalin
alueella II.

Sadonlisiykset ry ravinnekiloa kohti

P,0 14 K,O:lla N:ila
Kauran jyvid
(TENNBERG, 1955) 2.8 1.5 10.8
Kauran jyvid
(uudisviljely) .... 4.8 1.4 11.8

Kalin ja typen antamat ry-sadot ovat uudis-
viljelyssi ja jatkuvassa viljelyssd ldhes samat. Fos-
fori sen sijaan on uudisviljelyssi antanut huo-
mattavasti paremman sadon kuin jatkuvassa vil-
jelyssd savimailla. Edelld esitetyt luvut eivit kui-
tenkaan ole tiysin vertailukelpoisia, koska tidys-
lannoituksessa ravinteilla saadut sadonlisiykset
ovat todellisuudessa jonkin verran pienempid
kuin tdssi tutkimuksessa lasketut ravinteiden
etilliset vaikutukset. Kalin uudisviljelyssd anta-
maan heikkoon sadonlisiin vaikuttaa osaltaan
myos kalin runsas kiyttd.

Yhdistelmivaikutuksen alueellinen ero on
huomattava. Linjan Vaasa—Nurmes pohjoispuo-
lella ko. vaikutus on suuri, mutta Eteli-Suomessa
pieni tai jopa negatiivinen (taul. 4). Timi voi
kuvastaa sitd, etti maa on erittiin ravinnerikasta
tai ettd on olemassa voimakkaita hiiriotekijoitd,
jotka estivit lannoitteiden tehokkaan vaikutuk-
sen. Nollasatoluokkien yhdistelmivaikutus (taul.



Taulukko 7. Turvemaat. Nollasato ja lannoitteiden antamat sadonlisit keskimidrin sekd yhdistelmivaikutus kg/ha

alueittain
Yhdis-
Alue kpl 0-sadon PN PK KN PKN Py K1 Ny telmi-
vaikutus
) 43 1560 425 423 270 660 390 235 237 202
IIr........ 8 1250 414 264 384 565 181 151 301 67
ar ........ 10 1140 562 658 533 964 431 402 326 195
v ..., 52 850 503 599 321 868 547 365 269 313
A2, 56 1250 542 595 505 915 410 373 320 188
VI .. ...... 49 1 000 475 516 398 821 423 346 305 253
VII ........ 15 1250 949 973 670 1501 831 552 528 410
Yhteensd| 233
Keskim. .... 1160 521 563 406 866 460 345 303 242
' — — —_ — — — +30 +20 +21 —
95 %:n luotet-
tav.vdli ... — — — — — — +59 +39 +41 —
99 %:n luotet-
tav.vali ... — — — — — — +77 . 4-52 +54 —
F =2.97**% F =2.51*% F = 1.86

Taulukko 8. Turvemaat. Keskimiiriiset sadonlisit ja yhdistelmivaikutus kg/ha lannoittamattoman sadon satoluokittain

tyhmiteltyni

ita Yhdis-

sa(t)o?fxizin K(;::i" PN PK KN PKN P K Npp telmi-

vaikutus
—5 ... 12 424 465 177 726 549 302 261 386
—4 . 34 515 573 266 857 591 342 284 360
—3 ... 15 324 460 431 744 313 420 284 273
—2 ... 27 531 566 362 957 595 426 391 455
—1 ... 30 594 611 552 931 379 337 320 105
L0 29 404 467 373 842 469 438 375 440
+1 .. 23 579 575 446 895 447 316 320 190
+2 ... 20 512 . 621 415 872 459 360 251 196
+3. .. 8 187 375 364 659 295 472 284 392
+4 ... 10 600 674 707 996 289 396 322 11
45 ... 8 716 584 564 1015 451 299 431 166
+6 ... 7 541 512 380 588 208 47 76 —257
+7 .. 5 576 684 254 838 584 262 154 162
+8 ... ..., — — — —_ — — — — —
+9 ... 1 170 580 810 1050 240 880 470 540
+10........ 2 540 545 15 560 545 20 15 20
+11........ 1 940 800 600 1300 700 360 500 260
+12........ 1 2380 1120 670 2290 1620 —90 1170 410

Yhteensi 233
Keskim. .... 521 563 406 866 460 345 303 242
F=134| F=120| F=125

5) on satoluokasta -|-4 lihtien negatiivinen ja
tukee siten edelld esitettyd kidsitystd maan ravin-
nerikkaudesta.

Turvemaat
Turvemaiden keskimidriinen lannoittamatta

saatu sato on pieni, vain jonkin verran yli 1 000
kgfha. Suurin nollasato on tillikin maalajilla

saatu Eteli-Suomessa ja pienin Pohjois-Pohjan-
maalla. Ravinteiden antamat sadonlisiykset taas
ovat selvisti suurimpia maan pohjoisosissa. Fos-
forin ja kalin antama keskimiiriinen sadonlisdys
on samaa suuruusluokkaa kuin hietamailla, mutta
typen antama sadonlisi on paljon pienempi kuin
hictamailla. Luontaiset typpivarat aiheuttavat
lannoitetypen heikomman vaikutuksen turpeella
verrattuna muihin maalajeihin. Ravinteiden vai-
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kutuksen paremmuusjitjestys on fosfori, kali ja
typpi.

Aineistolle lasketut regressiosuorat esitetdin
kuvassa 6. Regressiokertoimet ovat niin pienii,
ettd suorat asettuvat lihes vaakatasoon. Turpeen
luontainen (nollasadon mukainen) kasvukunto
ei siis suurestikaan vaikuta saadun sadonlisin
suuruuteen. Kunkin ravinteen sadonlisi pysyy
ldhes vakiona riippumatta siitd, millaisessa kasvu-
kunnossa olevaan turpeeseen se annetaan. Maan
fysikaalisilla ominaisuuksilla on tietysti merki-
tyksensd, mutta tdssi onkin tarkasteltu keski-
mdirdisid arvoja lihes luonnontilassa olevista
maista, jolloin esim. muokkaustoimenpiteiden
merkitys jdd jatkuvassa peltoviljelyssi tapahtu-
vaa muokkausta pienemmiksi. Kuten VALMARI
(1946) on tutkimuksessaan todennut, ei 0-koe-
jisen parhaiten edusta suon kasvukykyi, vaan
jokin minimissi oleva tekiji saattaa estid suotui-
sien ominaisuuksien esiintymisen.

Kun tarkastellaan suurten nollasatojen ryhmi,
havaitaan niissd fosforin satoa lisddvin vaikutuk-
sen olevan suuren.

Turvemailla ravinteiden viljelyalueelliset erot
ovat pienid. Selvd vaikutuksen voimistuminen
on kuitenkin havaittavissa kaikkien piiravintei-
den osalta etelistd pohjoiseen siirryttiessi (tau-
lukko 9).

Turvemaille annetut kasviravinteet ovat olleet
keskimadrin kg/ha alueittain seuraavat:

Alue P,O5 K,0 N
I 42.2 67.3 22.1
I oo, 40.9 65.0 21.3
IOr .ol 42.1 65.0 20.9
IV oo 46.5 80.2 19.6
Voo 45.0 70.4 21.7
VI ool 48.9 71.2 20.5
VII ..., 42.5 66.7 22.7

Ravinnesuhde poikkeaa hieta- ja savimaiden
vastaavasta suhteesta siten, etti turvemaat ovat
saaneet vihemmin typped. Tamin vaikutus sato-
tuloksiin on kuitenkin ilmeisen pieni.

Kiinteilldi koekentilli suoritetuissa kokeissa
fosfori on antanut heikoilla turvemailla runsaan
sadonlisin. Uudisviljelykokeissa ei fosforin wvai-
kutuksessa O-satoluokkien vilill sen sijaan ilme-
ne tilastollisia eroja. My®&skiin kalin vaikutuk-
sessa ei ko. eroja ole havaittavissa.

Taulukko 9. Turvemaat

Ravinnckilon.tuot- Ravinteet

Alue Ravinne tama sadonlisiys tuottancet
ke | xy xy/ba
I Py 92 | 77 324
Ky 35 | 29 195
Ny | 107 | 89 197
T Py 44 | 37 150
K 2.3 1.9 125
Ng | 141 | 11.8 250
I Py 102 | 85 358
Kn 62 | 52 334
Ny | 156 | 13.0 271
v Pu 1.8 | 46 454
Kn 46 | 38 303
Np | 137 | 114 223
v Py 91 | 7.6 340
Kn 53 | 4.4 310
Nyt 14.7 12.3 266
VI Py 87 | 72 351
Knt 49 | 40 287
Ny | 149 | 124 253
VII Py 19.6 | 16.3 690
- 83 | 6.9 458
Np | 233 | 19.4 340

Sadonlisien vertailu maalajeittain

SALOSEN ja Tarnron (1961) mukaan kalilannoi-
tuksen vaikutus ndyttdd lisdintyvin pohjoista
kohti. Mainittu tutkimus on tebty tutve- ja mul-
tamailla. Sen tulokset ovat saman suuntaisia
uudisviljelyssi niilli maalajeilla saatujen tulos-

ten kanssa. Hietamailla sen sijaan kalin vaikutus
ei ndytd parantuvan pohjoiseen mentiessi.
Vertailtaessa fosforin, kalin ja typen antamia
sadonlisii eri maalajeilla laskettujen regressiosuo-
rien mukaan reagoivat eri maalajit fosforin suh-
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teen likimain samalla tavalla, Maan kasvukunnon
parantuessa fosforin satoa lisddvi vaikutus heik-
kenee, mutta ei kovin voimakkaasti. Vield 0-sa-
don satoluokassa --5 fosfori on antanut savi- ja
turvemailla n. 400 kg:n sadonlisdyksii.

Kalin antamat sadonlisit ovat selvisti pienem-
pid kuin fosforin. Maalajien suhteen ei ole ha-
vaittavissa selvidd yhdenmukaisuutta. Savi- ja
turvemailla kali antaa heikossa kasvukunnossa
olevilla mailla hieman parempia sadonlisid kuin
maan kasvutilan ollessa hyvin. Hieta sen sijaan
kiyttiytyy piinvastoin. Tarkastelussa on huo-
mattava, etti hiedan regressiosuora on laskettu
lyhyemmille satovilille kuin turpeen ja saven,
joten tulokset eivit ole tdysin vertailukelpoisia
(kuva 8).

Typen antaman sadonlisin suhteen eri maa-
lajit kdyttdytyvit aivan eri tavalla. Turpeen an-
tama sadonlisi on maan kasvukunnosta riippu-
matta yhti suuri. Savimailla saatu sadonlisd pie-
nenee, kun 0-sato kasvaa. Hietamailla tilanne on
taas piinvastainen: sadonlisikin kasvaa voimak-
kaasti 0-sadon kasvaessa. Hiedan aineiston niuk-
kuuden aiheuttama lyhyempi tutkimusvili hei-
kentdd tissikin maalajien vertailukelpoisuutta.

Kasvinravinnekilolla

Edelli on jo tehty eriitd vertailuja tuotettujen
lisirehuyksikéiden suhteen uudismaalla ja jatku-
vassa viljelyssd olevalla maalla. Selvimpini erona
on ollut fosforin erittdin edullinen vaikutus
uudismailla. Koko aineiston keskiarvojen ver-
tailu TENNBERGin (1955) esittdmiin, koko maata
kisittdviin ravinteiden vaikutusten keskiarvotu-
loksiin osoittaa seuraavaa:

Ravinnckilo antanut sadonlisiysti ry

P,O; K,O N
Kaura, »vanha» viljely 4.5 2.5 10.7
» , uudisviljely ... 7.5 3.7 14.8

Uudisviljelyn sadonlisiykset ovat kaikilla kol-
mella pdiravinteella selvisti suuremmat kuin
»vanhojen» viljelysten sadonlisiykset. Fosforin
vaikutus on n. 60, kalin n. 50 ja typen n. 40 %,
suurempi kuin jatkuvassa viljelyssd. Osittain
timi voimakas vaikutus on ymmdirrettivissd si-

4 9783—70

Edelli on painotettu sitd seikkaa, ettd maalajit
poikkeavat selvisti toisistaan, kun on kysymys
ravinteiden antamista sadonlisisti. Seuraavaan
asetelmaan lasketut F-arvot todistavat myos osal-
taan sen, etti maalajien vilinen tilastollinen sa-
donlisien ero on erittiin merkitsevi.

Maalaji Kokeita Prp Ky Ny
Hieta 47 450 341 489
Savi 88 318 190 425
Turve 233 460 345 303
F-arvo F = 7.44%%x F = 8,70%%* E — 8.85+*+*

Kuvassa 9 esitetiin eri maalajien tdyslan-
noituksella (PKN) antamat sadot suoraviivaisen
regression mukaan. Samassa nollasatoluokassa
olevat maalajit antavat lihes yhti suuren sadon-
lisin ja siis yhti suuren sadon. Vield mielen-
kiintoisempi ilmié on se, ettd sadonlisd on maa-
lajista ja maan luontaisesta kasvukunnosta riip-
pumatta sama. Sadon suuruuteen vaikuttaa rat-
kaisevimmin maan kasvukunto. Kasvukuntoon
vaikuttavia tekijoitd ei tissd selvitetd. Todetta-
koon kuitenkin, ettd savimaiden luontainen kas-
vukunto on selvisti parempi kuin turve- ja hie-
tamaiden.

saadut lisdrehuyksikot

ten, ettd viljelemiittémﬁssﬁ tilassa oleva maaperi
reagoi helposti ja antaa lannoitteilla runsaan sa-
donlisin. Jatkuvassa viljelyssi taas maaperissi
on tietty lannoitteina annettu ravinnevarasto, ja
sadonlisin vertailu nollasatoon ei titen muodosta
samanlaista pohjaa kuin uudismailla.

TENNBERG (1960) esittdd uudisviljelykokeiden
tuloksista seuraavaa:

» Lannoitta- fS‘}p;:{n
mattomien PKN-lan- oy
koeruutujen noituksen (B0 37
sato sadonlisiys kg/ha)
orh kg/ba sadonlisdys
g/ha kg/ha
kivenniismailla 1490 843 356
turvemailla ... 1100 825 479

Koekasvina on ollut kaura, ja kokeita on ollut
kivenniismailla 96 ja tutvemailla 84, Tulokset
ovat saman suuntaisia timin tutkimuksen kanssa
ja tukevat toinen toisiaan.

123



Vertailu kauran keskisatoon osoittaa,

ettd

PKN-lannoituksella saatu uudissato on ollut

n, 40 % korkeampi kuin kauran vastaavan ajan-

jakson keskisato koko maassa. Uudisviljelyyn on

rajvattu sijainniltaan ja maapohjaltaan parhaita

maita, mikd kuvastuu titen sadoissa.

Uudismaan PKN-lann. K;:émkl:j(s(l: "
Maalaji nollasato saatu sato maassa
. keskim. keskim, v. 1961—65
kg/ha kg/ha kg/ha
hieta 1280 2170
savi 1650 2430 } 1790
turve 1160 2030 |

Kasvinravinne kg:lla saatu sadonlisdystd

rehyksikk6ind alueittain ja maalajeittain

Alue  maalaji PO, K;0 N
I hieta ...... 6.6 3.1 15.8
savi ..., 4.8 1.4 11.8
turve ... .. 1.7 2.9 8.9

II hieta ...... 9.1 7.7 17.7
savi ...... 1.8 0.3 9.3
turve ...... 3.7 1.9 11.8

III hieta ...... 12.2 5.4 23.5
savi ...... 2.1 2.6 13.3
turve ...... 8.5 5.2 13.0

IV hieta ...... 7.0 3.4 19.6
savi ...... 12.7 3.5 18.9
turve ...... 4.6 3.8 11.4

V hieta ...... 7.9 4.3 14.0
savi ...... 2.1 1.7 12.1
turve .. .. .. 7.6 4.4 12.3

VI hieta ...... 12.8 5.6 17.7
savi ...... 8.4 2.9 22.8
turve ...... 7.2 4.0 12.4

VII hieta ...... 7.9 1.9 4.3
savi ...... 7.1 5.1 1 22,8
turve ...... 16.3 6.9 19.4

Keskim, hieta ...... 9.1 4.5 16.1
savi ...... 5.6 2.5 15.9
turve ...... 7.9 4.2 12.7

Yhdistelmivaikutus

Minimilaki ilmaisee sadon suuruuden riippu-
van siitd kasvutekijistd, jota on vihiten kasvin
tarpeeseen nihden, Yleisen kasvutekijin lain mu-
kaan suurin sadonlisiys saadaan aina paranta-
malla sitd tekijdd, joka vallitsevissa olosuhteissa
on joko niukkuutensa tai liiallisuutensa takia epi-
suotuisin (HeinoNEN 1960). Lisddmélld minimi-
tekijdd saadaan usein huomattava sadonlisiys,
mutta silloin saadaan toisillakin ravinteilla pa-
rempi vaikutus kuin lisidmalld niitd ilman mini-
mitekijai. ‘

Minimilaki tulee selvisti nikyviin my06s uudis-
viljelykokeiden tuloksissa. Ne osoittavat keski-
midrin suurempaa vaikutusta kullakin lannoit-
teella ns. tdyslannoituksessa (PKN), joka on fos-
faatti-, kali- ja typpilannoitteiden yhdistelmi,
kuin lannoitteita parittain (PX, PN ja KN) kiy-
tettdessi.

Koeaineistosta on laskettu timin yhdistelmi-
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vaikutuksen suuruus alueittain seuraavaan ase-

telmaan:
Yhdistelmivaikutus kg
Alue hictamaat savimaat  turvemaat
I oo 282 21 202
8 590 —113 67
8 1 517 —104 195
IV oo 594 481 313
2 70 169 188
VI oo 514 437 253
VI ..ol 130 418 410
Keskim. ......... 391 149 242
Keskim. 9% PKN-
sadonlisdstd ...... 44 9, 199, 28 9%

TENNBERGIn (1955) esittimiin keskimidriisiin
lukuihin verrattuna nimi ovat huomattavasti
suurempia ja selvidsti riippuvia maalajista. Poh-
joisosissa maata on savi- ja turvemailla yhdistel-
mivaikutus suurempi kuin maan eteldisessd

0osassa.



Yhdistelmi

Tutkimuksessa esitetiin 368 uudisviljelylan-
noituskokeen tulokset kauralla, Kunkin piira-
vinteen — fosforin, kalin ja typen — antamia sa-
donlisid tutkittiin erikseen maalajeittain ja alueit-
tain. Niissi Maatalouden tutkimuskeskuksen pai-
kalliskoetoimiston jirjestimissi paikalliskokeissa
kaytettiin sellaista koekaavaa, ettd siitd voitiin
laskea em. sadonlisit.

Lannoitteiden antamia sadonlisid tarkasteltiin
mybos lannoittamatta saadun sadon satoluokkien
valossa. Talld pyrittiin selvittimadn sitd, missd
midrin maan luontainen kasvukunto vaikuttaa
lannoituksella saatavaan satoon. Selvi tiippuvuus
niiden suureiden vililld osoittaa, ettd parhaat sa-
dot saatiin hyvissi kasvukunnossa olevalta maal-
ta, koska sadonlisd samaa lannoitusta kiytettiessd
osoittautui maan kasvutilasta riippumatta yhtd
suureksi.

Uudisviljelyssd oleva maa poikkeaa useiden
ominaisuuksiensa puolesta jo kauan aikaa vilje-
lyssi olleista maista. Uudismaalla on saatu keski-
midrin parempi kaurasato kuin jatkuvassa vilje-
lyssi olleilta mailta. 1960-luvun kauran keskisato
on n. 400 kg pienempi kuin tutkimuksen alaisten
uudisviljelysten kaurasato. Vaikka uudismaan
nollasato on saattanut jaidd alhaiseksi, on tays-

lannoituksella saatu silti erittiin hyvé tulos. Maa-
lajien vilinen erokin on siten hieman pienenty-
nyt. Lannoittamatta saatujen satojen perusteella
maiden paremmuusjirjestys on savi-, hieta- ja
turvemaat. Jirjestys el muutu, kun maat saavat
saman PKN-lannoituksen.

Kolmen pairavinteen — fosforin, kalin ja ty-
pen — vaikutuksessa on selvi ja tilastollisesti
erittiin merkitsevi ero. Laskelmien mukaan on
typen kiyttd hieta- ja savimailla hyvin edullista.
Fosforin samoin kuin kalinkin vaikutus on par-
haimmillaan turvemailla.

Alueiden viliset vaihtelut hietamailla ovat pie-
nid, eiki sadonlisilli ole tilastollista merkitse-
vyyttd. Savimailla ravinteiden vaikutus vajhtelee
alueittain. Kalilla vaihtelu on suurin, fosforilla
ja typellikin vield tilastollisesti merkitsevi. Tur-
vemailla eivit typen antamat lisisadot poikkea
alueellisesti toisistaan, kun taas kalille on laskettu
melkein merkitsevi ja fosforille merkitsevi poik-
keavuus.

Yhdistelmivaikutuksen osalta todettakoon,
etti se on hietamailla voimakkain ja savimailla
heikoin ja tiippuu siis selvdsti uudismaan maa-
lajista.
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SUMMARY

Fertilization of oats

Results of experiments on clearings in 1947—61

J. SyviAvamT:

Agricuitural Research Centre, Bureau for Local Experiments,
Helsinki, Finland

The study presents the results of 368 experiments on
the fertilization of oats on clearings arranged by the
Bureau for Local Experiments of the Agricultural
Research Centre. The yield increases produced by each
of the macronutrients — phosphorus, potassium and
nitrogen — were studied separately by soil and region.

The yield increases of harvests obtained without fer-
tilization were also analysed in order to clarify the extent
to which the natural condition of the soil affects the yield
increase due to addition of fertilizers. The distinct rela-
tionship between these variables indicates that the best
yields were obtained on soils in good condition, because
the yield increases proved to be equal when the same
amount of fertilizer was applied, irrespective of whether
the soil had been previously cultivated or not.

The soil of cleared land differs in many respects from
soil that has been tilled for a long time. On average,
a better yield of oats was obtained on cleared land than
on land that had been under cultivation for a long time.
The average yield of oats in the 1960s was about 400 kg
lower than that on the clearings studied. Even when the
yield without fertilization in the experiments on clearings
had been low, NPK fertilization produced an extremely
good result, and the difference between the soil types
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was slightly decreased in this way. On the basis of the
yields obtained without fertilization, the order of supe-
riotity of the soils was clay, fine sand and peat. The order
does not change if the soils are given the same NPK
fertilization.

There was a distinct and statistically highly significant
difference between the effects of the three macronutrients
phosphorus, potassium and nitrogen. According to the
calculations, the use of nitrogen was very advantageous
on fine-sand and clay soils. Phosphorus, like potassium,
had the best effect on peat soil.

On fine sand the regional differences were small, and
the yield differences were not statistically significant. On
clay soils the effects of the nutrients varied regionally.
The variation was greatest with potassium, and was sta-
tistically significant with nitrogen and phosphorus as well.
On peat soils the yield increases produced by nitrogen did
not vary regionally, while the regional deviation with
potassium was almost significant and that with phos-
phorus significant.

The combined effect was greatest on fine sand and
smallest on clay soils, and was thus distinctly dependent
on the type of soil of the clearing.
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RESISTANCE OF PLANTS TO THE PEA APHID ACYRTHOSIPHON
' PISUM HARRIS (HOM., APHIDIDAE)

I. Fecundity of the biotypes on different host plants

MARTTI MARKKULA and KAISAROUKKA

Agricultural Research Centre, Department of Pest Investigation,
Tikkurila, Finland

The pea aphid Agyrzhosiphon pisum Harris, is
known to live on a large number of plants of
the family Papilionaceae. Its chief host plants in
Finland are red clover and pea (MARKKULA 1963).
The progeny of the pea aphid considerably out-
numbers that of many other species of aphid.

HArRrINGTON (1943, 1945) was the first to
observe that the pea aphid falls into two biologi-
cal races differing in size and number of progeny.
A number of studies have since shown that the
pea aphid is a species complex consisting of many
biological races or biotypes (e.g. CARTIER 1957,
1959, MtLLER 1962, MARKKULA 1963, LOWE and
TavLoR 1964, MEIER 1964, CARTIER et al. 1965).
In these studies the biotypes are distinguished
specifically by the reactions of the aphids to a
plant species or variety. MEIER (1964) investi-

Received December 13, 1968

gated how far the morphological differences
could be considered an indication of biological
separation, but was unable to discern any dif-
ferences in range between the biotypes attacking
different host plants. No studies have been made
of whether prolonged feeding on one and the
same plant species affects the host plant relations
of the pea aphid.

In recent years the authors have been studying
the resistance of red clover and pea to the pea
aphid (Marxkura and Roukka 19702 and b).
There was consequently reason to investigate
whether biotypes differing in host plant rela-
tionships occur in Finland, and whether these
relationships are influenced by habituation to a
single plant species.

Material and methods

Differences between clones in number of progeny

Pea aphids were gathered from pea plants, red
clover and tufted vetch (Vicia cracca), mainly at
Tikkurila but also from some other localities.
Each of the ten clones included in the tests was
started from one wingless virginoparous female,
which was placed for reproduction on broad
bean, irrespective of its original host plant. The

variation in the number of progeny and life span
of the different clones was first ascertained. The
test plants were broad bean (variety Hangdown),
red clover (Tammisto) and pea (Witham Wonder
and Onward), grown in plastic pots. The sub-
strate was peat, fertilized with nutrients as re-
commended by Soil Testing Service Ltd., Hel-
sinki. Newly-matured aphids were transferred
to rearing cages (see MARKKULA 1963) on simi-
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latly aged leaves of the test plants, one aphid to
each cage. There were ten plants of each variety
in the test, and one cage on each plant. The cages
were examined weekly, the progeny counted and
removed, and the mothers transferred to the leaf
next in age. In summer the cultures were kept in
an insectaty where the conditions approximated
fairly closely to outdoor conditions. In winter
they were in a greenhouse with 18 hours of light
and a temperatare of 20—25°C. ‘

Effect of former host plant on fecandity

Aphids were selected on the basis of the experi-
ments described above, and further tests were
made with clone 1 a, which reproduces normally
‘on pea but not at 2ll on red clover, clone 1b,
which reproduces poorly on pea and red clover,
and clone 16, which reproduces pootly on pea
but normally on red clover. The tests were made
to clarify the extent to which feeding for a long

petiod on one plant species affects the reproduc-
tion of the clone on various other host species;
for example, aphids of each clone were trans-
ferred from broad bean to broad bean, red clover
and pea. Transfers were done four months, one
year and two years after the start of the cultures.
On each occasion the total number of progeny
was ascertained.

The adults of clone 1 b grew to large size on
broad bean, were considerably smaller on red clo-
ver and remained quite small on Witham Won-
der. No adults developed on Onward. The former
host plant had only a minor effect on the size of
the adults of clones 1aand 16. Clone 12 did not
reproduce sufficiently well on red clover for in-
clusion in the tests and the same applied to clone
16 on Onward and Witham Wonder.

The cultutes were maintained in the green-
house throughout the test period. Otherwise the
conditions were the same as in the tests made to
ascertain the fecundity of the clones.

Results

Differences in fecundity between the clones

All the clones reproduced abundantly on broad
bean, but displayed considerable differences in
fecundity on red clover and pea (Fig. 1). Clones
12,9, 11, 12 and 13 proved to be successful on
pea but unsuccessful on red clover. The number
of progeny was the normal 80—100 on pea but
very small, less than 10, on red clover. The
progeny of all the clones was more numerous on
Witham Wonder thin on Onward, but the only
statistically significant difference in fecundity was
between clones 9 and 13.

Clones 1 b, 7 and 15 proved to be unsuccessful
on Onward. They reproduced to some extent on
Witham Wonder and red clovet, but hardly at
all on Onward.

Clones 16 and 6 proved successful on red clo-
ver but unsuccessful on pea. The number of
progeny of clone 16 was large on red clover but
very small on each of the pea varieties. The num-
ber of progeny of clone 6 was large on red clo-

ver, but quite small on Witham Wonderi Onward
was not included in the tests.

In respect of plant resistance, the clones thus
fall into three biotypes:

1. Tammisto red clover was highly resistant
to clones 1a, 9, 11, 12 and 13.

2. Onward pea was highly resistant, and
Witham Wonder pea and Tammisto red
clover fairly resistant, to clones 1b, 7 and

15.

3. Onward and Witham Wonder were highly
resistant to clone 16, and Witham Wonder,
at least, also to clone 6.

Effect of former host plant on fecundity

The only aphid line in which the fecundity was
distinctly affected by the former host plant was
clone 1 b (Fig. 2). When the former hosts were
Witham Wonder and red clover, the reproduc-
tion of the aphids on broad bean was less prolific
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than when broad bean was the former host. Thus
the former host plant had caused »alienation»
from a plant previously suitable for reproduc-
tion. The former host also caused »conditioning»
in the aphids. When the former host was red

clover, the reproduction of the aphids on red
clover was more abundant than when the former
host was broad bean or Witham Wonder.

The former host plant did not induce any
distinct changes in fecundity in clones 1 a and 16.

Discussion

All the clones reproduced well on broad bean.
It seems that broad bean is the usual host plant
of the aphid, for all the pea aphid strains investi-
gated reproduce well on it (e.g. MULLER 1962,
ME1ER 1964). Sizeable differences in the fecundity
of the clones occurred on red clover and pea.

Some of the clones reproduced extremely well
on red clover, others reproduced to some extent,
and yet others hardly at all. In a study by Mark-
kuLA (1963) the fecundity of a red pea aphid
clone was found to be lower than that of a green
clone even on red clover. In the present study,
only one out of six green clones reproduced well
on red clover, the others reproducing poorly.
The red clones reproduced more abundantly on
red clover, one out of four clones well, and the
others reasonably well. MarkkuLA (1963) found
that three red pea aphid clones diverged in length
of developmental stages and in reproduction
when reared on red clover.

Of the pea varieties tested, Onward, according
to studies made in Canada, is resistant (AUuCLAIR
1958, Aucrarr and CARTIER 1958, CARTIER
1959). According to the present study, too, it
is resistant, but only to some clones. The clones
that reproduced abundantly on Witham Wonder
also did so (80—93) on Onward. Onward was
extremely resistant to the clones that did poorly

on Witham Wonder. On pea Markkura (1963)
found that green aphids were much more suc-
cessful than red ones. In the present study, only
one out of six green clones did not succeed on
pea. .

Some time ago no red aphids could be found
on pea plants in the field (MLLEr 1962, MARK-
kuLA 1963). MEIER (1964) then succeeded in
finding a red clone in the field which reproduced
well on pea and on Vicia species. At the time of
the present study, too, red aphids were found on
pea. The clone, however, hardly reproduced at
all on pea, while on red clover and broad bean
its fecundity was normal.

The present study and observations made over
many years suggest that red clones generally
reproduce well on red clover but not on pea,
while among green pea aphids there ate clones
that succeed on both red clover and pea.

Some studies made on aphids have suggested
that feeding on the same host plant for a long
period may lead to a kind of conditioning.
Avcrarr (1966) took seven aphid strains from
alfalfa and reared them on pea for seven months,
but did not observe any kind of conditioning.
In the present study distinct conditioning to the
host plant during a year was found in only one
clone out of three.

Summary

The present study aimed at clarifying whether
pea aphid biotypes differing in host plant rela-
tionships occur in Finland, and whether the host

plant relationships of the biotype would be af-
 fected by its subsisting for a long period on one
host plant species.
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All the ten clones studied reproduced abun-
dantly on broad bean but revealed great differ-
ences in fecundity on pea and red clover. The
clones fell into three biotypes. The first biotype
was represented by five clones, to which Tam-
misto red clover was highly resistant. Of the



second biotype there were three clones, to which
the Onward pea was highly resistant and the
Witham Wonder pea and Tammisto red clover
fairly resistant. The third biotype was represented
by two clones, to at least one of which both the
pea varieties tested were highly resistant.

After culture for a long time on red clover

and Witham Wonder pea, one of the clones of
the second biotype exhibited a reduction in its
fecundity on broad bean, whereas feeding on red
clover for a long period increased its fecundity
on red clover. Such »alienation» and »condi-
tioning» were not observed in the clones of the
other two biotypes studied.
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SELOSTUS

Kasvien kestivyydesti hernekirvaa vastaan

1. Hernekirvan biologisten rotujen lisdintyminen eri isintdkasveissa

Marrrs MARKKULA ja KarsA Rouxkka

Maatalouden tutkimuskeskus, Tuhoeliintutkimuslaitos, Tikkurila

Tuhoelidintutkimuslaitoksella on viime vuosina tutkittu
hetneen ja puna-apilan resistenssid hernekirvaa vastaan ja
siksi on tullut aiheelliseksi selvittid myos, esiintyykd
maassamme ravintokasvisuhteiltaan erilaisia hernekirvan
biologisia rotuja.

5 9783—70

Tutkittavana oli maamme eri osista ja eri kasveilta pe-
riisin olevia kirvaklooneja yhteensi kymmenen. Kaikki
kloonit lisd4ntyivit runsaasti hirkiipavussa, mutta niiden
lisidntymisessd herneessd ja puna-apilassa oli varsin suu-
ria eroja. Kloonit jakaantuivat kolmeen tyyppiin. Ensim-
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miiseen tyyppiin kuului viisi kloonia, joita vastaan Tam-
miston puna-apila oli erittdin resistentti. Toiseen tyyppiin
kuului kolme kloonia, ja piitd vastaan oli Onward-herne
erittdin resistentti sekd Witham Wonder -herne ja Tam-
miston puna-apila melko resistentteji. Kolmanteen tyyp-
piin kuului kaksi kloonia, joita vastaan molemmat herne-
lajikkeet olivat erittiin resistentteji. Niiden kolmen tyy-
pin suhtautuminen tavintokasveihinsa oli siini madrin
erilaista, ettd niitd on pidettivi omina biologisina rotuina
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(biotyyppeind). Ravintokasvisuhteiltaan etilaisten biolo-
gisten rotujen esiintyminen vaikeuttaa resistenssin hy-
viksikdyttoa.

Yhden biologisen rodun pitkiaikainen eliminen puna-
apilassa ja Witham Wonder -herneessd aiheutti sen, etti
lisdantyminen hdrkipavussa viheni. Pitkidaikainen eldmi-
nen puna-apilassa voimisti puolestaan lisdéintymistd siina.
Tillaista »vieraantumistay ja »tottumista» ei havaittu kah-
dessa muussa tutkitussa rodussa.
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The effect of soil pH, liming and some
Finnish soil types on the uptake of radiostron-
tium by plants was studied preliminarily in the
previous work (LAKANEN and PAASIKALLIO
1968). The tresults showed that raising the pH
of acid soils and increasing the low content of
exchangeable calcium reduced plant uptake of
radiostrontium. But the soil type had a mote
pronounced effect. The uptake of St 89 decreased
in the order finesand, heavy clay, peat soil.

As a sequel to previous findings, the effects of
increasing the contents of organic matter and clay
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and the content of inactive strontium on the
uptake of radiostrontium by plants are presented
in this paper. The content of native St in soils
and plants is high in Finland (Lakanen 1967,
LAkANEN and Sturaneii 1967, 1968). The high
content of inactive Sr in soil is favourable, be-
cause it decreases the specific activity of Sr 90;
on the other hand, cases are reported in the
literature in which the application of inactive
St to contaminated soils may release radio-
strontium fixed by the soils, rendering it avail-
able to the plant (RoMNEY et al. 1959, 1961).

Material and methods

The pot experiment with timothy was carried
out using three entirely different soil types:
Sphagnum peat, heavy clay and finesand. The
characteristics and mechanical composition of
the soils were described in detail in the previous
paper (LAKANEN and Paastkarrio 1968). The
fertilization and analytical methods were similar,
except for the addition of exchangeable calcium,
which was omitted. Each treatment had three
replicates.

The effect of increasing organic matter con-
tent was studied by carefully mixing Sphagnum
peat (43.8 9, C) and sand in such ratios that the
final C9, of thesoils was 1,2,3,5,7, 9, 15 and 30.

The soils were contaminated with 40 uCi of St
89 (C.F.) per pot, and timothy was sown, har-
vested after six weeks and analysed.

The effect of increasing clay content was
studied by mixing heavy clay (clay content 84.2
9,) and sand. This series of soil mixtures included
the following clay contents: 3.6, 5.7, 7.8, 12.0,
28.9, 45.7 and 71.0 per cent. To each of the
mixtures 40 uCi of St 89 was added as above.

A series of soils with increasing content of in-
active strontium was made by adding Sr(NOy),
to Sphagnum peat 10, 50 and 250 ppm, to heavy
clay and finesand 1, 5, 25, 125 and 625 ppm,
respectively, calculated as Sr. Heavy clay was
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mixed with quartz sand in the ratio of 1: 2. The
largest additions of inactive strontium were ap-
proximately the same as the total contents of
strontium in native soils of this composition
(LAxANEN and S1rraneii 1967). One set of ex-
perimental soils was allowed to equilibrate for a
yeat, thus more closely simulating the naturally
high content of Sr in these soils. Each pot was

then contaminated with 40 uCi of St 89, sown
with timothy and harvested as above. To another
portion of the soils 80 uCi of St 89 was added
per pot and allowed to equilibrate to one half
life of Sr 89 (53 days). The inactive strontium
was mixed in and the seeds were sown at the
same time as above.

Results and discussion

The effect of organic matter content

The uptake of Sr 89 and calcium by timothy
is plotted against the organic matter content of
the soil, expressed as per cent of organic carbon
(Fig. 1). The results show the eflectiveness of
organic matter in retaining radiostrontium in soil
and thus decreasing the uptake of this cation by
plants. The uptake of calcium is also decreased
but that of St 89 so much faster that the Sr 89/Ca

9
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.RELATIVE Sr89 CONTENT AND Sr 89/Ca RATIO IN PLANT

) CARBON %
Fig. 1. The effect of organic matter content on the uptake
of radiostrontium by timothy.

Kuva 1. Maan orgaanisen aineksen pitoisunden vaikutus tinto-
Yein radiostrontinmin ottoon. .
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ratio in the plant decreases. The effect of adding
small amounts of organic matter to a coarse
mineral soil poor in humus is very pronounced.
The addition of Sphagnum peat to a level ex-
ceeding 15 9, of the organic carbon was of no
practical value in this experiment. The increase
of CY% from 1 to 15 reduced the relative Sr 89
uptake by a factor of 7.4 and the Sr 89/Ca ratio
by a factor of 3.1.

A slight enhancement of calcium uptake was
observed when the content of organic carbon
reached 30 9%,. The content of exchangeable cal-
cium in the soil, on the contrary, increased at
the same time from the beginning. This is ex-
plained by the higher calcium level in Sphagnum
peat than in sand. The activity of St 89 extracted
from soils with acid ammonium acetate (pH 4.65)
increased only slightly with increasing calcium.

The characteristics of peat differ greatly from
those of sand. The high cation exchange capacity
of peat is among those soil factots which are
known to reduce the root uptake of radiostron-
tium (FREDRIKSSON et al. 1961, NEUBERG 1962,
STEENBERG and SEMB 1964). Other factors which
are thought to affect the mineral uptake of plants
in organic soils are soil microbial immobilization
of ions, ion antagonism and certain decomposi-
tion products of organic matter (N1sHITA et al.

1956).

The effect of clay content

Clay particles are able to bind strontium more
firmly than calcium, impeding the entry of this
cation into the plant (GIESEKING and JENNY



1936), as is cleary shown in Fig. 2. The relative
scale of Sr 89 content and Sr 89/Ca ratio in the
plant (Fig. 2) is the same as in Fig. 1, making it
possible to compare the effects of soil organic
matter and clay contents on plant uptake of
radiostrontium,

The addition of clay to coarse mineral soil
poor in clay clearly reduced the uptake of Sr 89
in this pot experiment. The calcium content of
timothy also decreased as a function of increasing
clay content. But plant uptake of Sr 89 decreased
more rapidly, causing a decrease of the St 89/Ca
ratio in plant materjal. The trend was the same
as that of the soil organic matter content. The
increase of the clay content from 3.6 to 15 %
decreased the relative plant uptake of St 89 by
a factor of 2.0 and the St 89/Ca ratio by a factor
of 1.8. The effectiveness is not accurately com-
parable with that of organic matter (Fig. 1), be-
cause the lowest clay content was 3.6 %, and the
smallest amount of organic matter 1 %, of carbon.
At the same level of 15 9%, the uptake of Sr 89
from a clay-sand mixture was higher, however.
On the other hand, organic matter had no effect
when the C level exceeded 15 9, but an increase
of the clay content above 15 9, further reduced
St 89 uptake. It should be borne in mind that
only one type of organic matter and of clay was
used in this experiment. There was no correla-
tion between the Ca content in the plant and in
the soil. Because the heavy clay was richer than
the sand in Ca, the exchangeable Ca increased
with increasing clay content. The activity of the
Sr 89 extracted from the soil also increased to
some extent with incteasing exchangeable Ca.

Tllite is the dominating clay mineral in Finnish
soils (Sovert 1956). As yet few studies have been
made on the effect of various clay minerals on
the uptake of radiostrontium. Apawus et al. (1965)
reported that an increase of finely powdered
bentonite clay up to 10 %, decreased the Sr 90
uptake of radishes by a factor of 6. SCHROEDER
and GtnTHER (1967) carried out pot experiments
with 11 different soils. Increased clay content
and cation exchange capacity decreased strontium
uptake. No significant influence of soil organic
matter was detectable.

The effect of inactive sirontium content

Two different treatments of experimental soils
with inactive strontium were carried out. Inactive
strontium, representing the naturally high stron-
tium content, was added one year before the ex-

" periment and is called in the following equi-

librated or native soil strontium. Inactive stron-
tium added to previously contaminated soils is
called unequilibrated or applied strontium.
Examination of the results (Table 1 and Fig. 3)
reveals the following facts. On extraction of soils
with acid ammonium acetate (pH 4.65) after the
growing season less exchangeable strontium was
obtained from equilibrated than from unequi-
librated soils. Approximately 40 9%, of added in-
active strontium was fixed by soils into a diffi-
cultly exchangeable form in a year. The corre-
sponding decrease in plant uptake became visible
at high strontium levels. Increasing exchangeable
strontium greatly increased the uptake of inactive
strontium by plants. The plant is unable to dis-
criminate between calcium and strontium at high

700 .
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Fig. 2. The effect of clay content on the uptake of radio-
strontium by timothy.

Kuva 2. Savipitoisunden vaikutus timotein radiostrontinmin

ottoon.
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Table 1. Exchangeable soil strontium and contents of St,

Sr 89 and Ca in plants grown in soils with equilibrated and

unequilibrated strontium.

Taulukko 1. Maan vaibtuva strontium ja kasvin ottamat Sr, Sr 89 ja Ca -méirit strontinmin kanssa tasapainottnneista ja
ei-tasapainotinneista maista.

SOIL PLANT
: xch. Sr S m Sr 89 cpm, Ca 9%
Soil type mé/f of soil in d;yprl:mttcr ofrdry cglat{fr in dry x{mtter
eq. uneq. eq. uneq. cq. uneq. eq. uneq.
Sphaen 4 4 41 33 1764 1807 0.209 0.171
P e 8 11 78 50 1545 2443 0.199 0.198
pea 30 43 141 152 1506 2564 0.210 0.203
10 11 74 68 4411 8793 0.383 0.479
He 11 12 88 75 4977 8114 0.401 0.425
it 20 23 89 113 4076 7 604 0.367 0.431
ay 53 75 217 294 3816 6 205 0.405 0.398
187 387 785 1577 3438 6 575 0.436 0.564
4 6 52 66 24110 23 460 0.524 0.487
Finesand 7 11 113 167 17 440 25000 0.592 0.530
25 43 464 710 15750 23770 0.574 0.545
114 136 2365 | 3319 14 510 22520 0.674 0.607
y strontium levels (M1cHAEL and ScurLLING 1960).
SPHAGNUM PEAT . ( . o . )
200 The highest strontium applications were toxic in
APPLIED Sr . .
B o R tin it dedebate 0 this experiment.
o . . The increase of native strontium in the soil
- Iowo decreased the plant uptake of radiostrontium
- 10 20 30 40 from the experimental soils. The decrease was
Z %, _ HEAVY CLAY clearly greatest in finesand, which offered the
& |00 \‘0--___£EEL_lEE_S_r~_ best strontium supply to the plants. Subsequent
2o T L application of stable strontium to contaminated
o q
5 80\0%'05’ finesand and heavy clay also decreased the plant
T rt1oo 100 200 300 uptake of radiostrontium, although to a lesser
NS extent than the native soil strontium. A slight
il ~ FINESAND . . .
@ ? Sl increase of the plant uptake of radiostrontium
:ﬁ—eoo \O‘~~\‘A§PPLIED Sr from Sphagnum peat occurted, however. The
E R i same also concerns the relative Sr 89/Ca ratio
< TTe~<.{ inthe plant (Fig. 3).
@300 It is obvious that the content of inactive soil
strontium has a twofold and competing effect
L on the plant uptake of radiostrontium from con-
taminated soils. (1) Dilution. The high
NATIVE Sr native content of soil strontium lowers the spe-
L300 50 i00 cific activity of radiostrontium in the soil solu-

EXCHANGEABLE Sr mg/l OF SOIL
Fig. 3. The effect of inactive strontium content on the
uptake of radiostrontium by timothy.

Kuva 3. Inaktiivisen strontiumin vaikutus timotein radio-
strontiumin ottoon.
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tion, thus decreasing the uptake of the radio-
nuclide by plants. (2) Replacement. The
very small numbers of radiostrontium atoms in-
troduced into the soils are partly fixed by the



reactive groups of the soils into forms non-
available to plants. The application of a great
excess of inactive strontium atoms may replace
fixed radiostrontium and increase the uptake of
this radionuclide by plants. The cation exchange
capacity of soils has an important role in the
competition between dilution and replacement.
The lower the CEC, the less and the more weakly
strontium is bound by soils and the more the
great excess of inactive strontium atoms dilutes
the radiostrontium in the soil solution. In higher
CEC more of the applied inactive strontium is
fixed by the soil, teplacing radiostrontium that

was already fixed, and in consequence of this the
Sr 89/St ratio in the soil solution increases; fixing
and replacement together thus counteract the
dilution effect. In this experiment the addition
of inactive strontium to contaminated Sphagnum
peat, CEC 100 meq/100 g, increased the Sr 89/Ca
ratio in plants but decreased it in heavy clay and
finesand, CEC 35 and 4 meq/100 g respectively.

The radiostrontium/stable strontium/calcium
ratio in the soil plant systems and food chains is
a complicated phenomenon, which is only poorly
understood at present.

Summary

The mixing of Sphagnum peat in sand reduced
the plant uptake of St 89 by a factor of 7 and the
St 89/Ca ratio by a factor of 3 when the content
of soil organic carbon was increased from 1 to
15 per cent.

An increase of the clay content (illite type)
from 3.6 to 15 per cent reduced the Sr 89/Ca
ratio in the plant to a lesser extent but gave the
same result at a higher clay level.

The naturally high content of inactive soil
strontium decreased the St 89/Ca ratio in plants
in the following order: finesand > heavy clay >
Sphagnum peat. The application of inactive
strontium to previously contaminated soils re-
duced the St 89/Ca ratio of the plants in finesand
and heavy clay but increased it in Sphagnum
peat.
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SELOSTUS

Maaperitekijoiden vaikutus kasvien radiostrontiumin ottoon. II

Esxo LAKANEN ja ARJA PAAsSIRALLIO

Maatalouden tutkimuskeskus, Isotooppilaboratorio, Tikkurila

Maaperitekij6illd on ratkaisevan tirked merkitys kas-
vien radioaktiivisten aineiden ottoon saastuneista maista.
Edullisissa tapauksissa voidaan maaperitekijoiden avulla
moninkertaisestikin alentaa kasvien radiostrontiumin ot-
toa. Tamin tutkimuksen ensimmiisessid osassa selvitettiin
maalajin ja sen pH:n vaikutusta timotein radiostrontiumin
ottoon. Jatkona edelliseen selvitetddn tissd tutkimuksessa
astiakokeena (1) maan kasvavan orgaanisen aineksen pi-
toisuuden, (2) kasvavan savipitoisuuden ja (3) inaktiivi-
sen strontiumin pitoisuuden vaikutusta kasvin radio-
strontiumin ottoon maasta.

Tulokset osoittavat, ettd humusniukkaan hienoon hiek-
kaan lisitty rahkaturve alentaa voimakkaasti kasvin radio-
strontiumin ottoa (kuva 1). Kun maan C-prosentti kas-
voi yhdestd viiteentoista, aleni timotein suhteellinen ra-
diostrontiumin pitoisuus yli 7-kertaisesti ja St 89/Ca -suh-
de 3-kertaisesti. My®6s aitosaven lisdys hienoon hiekkaan
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osoittautui edulliseksi (kuva 2). Saviprosentin kasvaessa
3.6:sta 15:een aleni radiostrontiumin otto ja Sr 89/Ca
-suhde puoleen. Savipitoisuuden ollessa 70 % putosi timi
suhde 3.3:nteen osaan alkuperdisesti.

Maaperin inaktiivisen strontiumin vaikutus osoittautui
kaksinaiseksi (taul. 1, kuva 3). Maan luontainen korkea
inaktiivisen strontiumin pitoisuus laimentaa radiostron-
tiumin mddrdd ja alentaa niin ollen kasviin kulkeutuvaa
radioaktiivisuutta. Vaikutus oli voimakkain karkeassa hie-
dassa ja heikompi aitosavessa ja rahkaturpeessa. Saastu-
neeseen maahan jilkeenpdin lisitty inaktiivinen strontium
on myds laimentamassa maassa jo ollutta radiostrontiu-
mia alentaen kasvin St 89/Ca -suhdetta karkeassa hiedassa
ja aitosavessa. Toisaalta maahan jilkeenpiin lisitty in-
aktiivinen strontium vapauttaa maahan jo lujasti sitou-
tunutta radiostrontiumia, jolloin kasvin radioaktiivisuus
lisddntyy. Niin tapahtui, kun koemaana oli rahkaturve.
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RESISTANCE OF PEA TO THE PEA WEEVIL SITONA LINEATUS (L.)
(COL., CURCULIONIDAE)

UNTO TULISALO and MARTTI MARKKULA

Agricultural Research Centre, Department of Pest Investigation,
Tikkurila, Finland

AnDERSEN (1931) and Hans (1959) have
studied the range of food plants attacked by the
pea weevil Sitona lineatus L. The species is
oligophagous but prefers the pea. Hans (1959)
made a thorough study of the behaviour of this
weevil. He was unable to detect the existence
of any sense by smell. The weevil found its food
plant by the process of trial and error. Only when
in direct contact with the plant, was it capable of
accurate selection.

REuTsKAYA (1966) found that pea varieties dif-
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fered in susceptibility to attack by Sitona lineatus
and Sitona crinitus Hrbst. WiLsoN and BARBER
(1954) analysed the amount of damage caused
by the sweet clover weevil Sitona ¢ylindricollis F.
in sweet clover with and without fertilizer appli-
cation. :

The purpose of the present study was to clar-
ify any differences existing between pea varieties
in the amount of leaf damage caused by the pea
weevil, and to show whether fertilizers affect the
amount of leaf damage.

Material and methods

Differences in damage between pea varieties

Field experiments were performed with twenty
varieties in 1964—1967. The plot size was 2 X
0.3 metres. In 1968, an experiment was made
with ten varieties, the plot size being 1 X 0.3 m.

One hundred leaflets were gathered from each
variety two and a half weeks after sowing. The
leaflet sampled was one of the two basal leaflets
of the second leaf up. The area of each leaflet
eaten by the weevils was measured in square
millimetres with the aid of graph paper.

Tests werte made in the insectary in 1964—
1968. Plastic dishes 15 cm high and 40 cm in
diameter were used in the tests. Water was poured
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into the dishes, on which plastic discs with 20
small perforations neat the circumference were
placed as lids. A pea plant cut off at the base
was placed in each hole. Twenty weevils per dish
were then placed on the plants, i.e. one weevil
per plant, and the dishes were covered with
gauze. The area caten by the weevils was meas-
ured in the same way as in the field experiments.
82 varieties or lines were tested in the greenhouse
and in the field:

Artturi, Bello, Beta, Bismarck, Blaues Wunder, Can-
ner’s Perfection, Champion of England, Concordia,Con-
tinental, Daisy, Dippes Mai, Dvirg Sabel, Early
Onward, English Sword, Folger, Freezer 37, Glaend,
Hebe, Heinrich, Jo 3273, — 3745, — 3955, — 6080,
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— 06608, — 6638, — 6714, — 7247, — 7636, Juwel,
Kalle, Kelvedon Monarch, Kelvedon Triumph, Kel-
vedon Wonder, Koivikko, Kungs, Lancet, Laurier 2,
Lincoln, Marma, Mignon Mark, Minerva, Moskovskaja,
Nola, Norrlands Express, Onward, Parel, Paula, Perla,
Phenomen, Pollux, Pushkinski, Reform, Riitto, Rival
47, Rondo, Rustica, Servo, Signal, Sigyn, Sixtus, Sprinter,
Stens, Stern, Strdl, Suomi, Tidig Lig OE, Tidig Maj
OE, Tidig Vit Lig Hg, Torsdag II, Torsdag III,
U 03521 Sv.,, — 5921 —, Valér, Vesta, Victory
Freezer, Violetta, Weib. 726, — 740, Weitor, Witham
Wonder, Wonderful, Zenit.

In summer 1968 the varieties English Sword
and Early Onward were chosen for further tests,
for the previous tests had shown that the former
was one of the most susceptible varieties, and
the latter one of the most resistant. Among other
things, a field experiment was carried out with
these two varieties. Two hundred seeds of each
vatiety were sown alternately in a square plot.
Two and a half weeks after sowing, the area
eaten by the weevils was measured on each pea
specimen. The dish tests described above, as well
as tests of susceptibility at different phases of
growth with pea plants in pots, were also done

in the insectary with these two varieties. Two
phases of growth separated by an interval of ten
days were used. The purpose of the different
procedures was to reveal the existence of any
food plant selectivity.

Effect of fertilizer application on the amount of damage

Selection and the possible causes affecting it
were studied by means of tests with fertilizers in
summer 1967. The variety tested was Kalle. The
pea plants were grown in pots. The substrate was
peat: pH 4.9, Ca 728 mg/1, K 50 mg/l, P 6.8 mg/l
and N 0 mg/l. The amounts of fertilizer used
were: 800 kg K,O/ha, 155 kg N/ha, 400 kg
P;O;/ha, N + P,O; 4 K,O (8-13-9) 1 000, 2 000,
3000, 4000, 5000 kg/ha. The fertilizers were
dissolved in water, and the peat was watered with
the solution two days before the peas were sown.
One pea plant was grown in each pot, and the
test unit was one pot. The selection test was
begun when the pea plants were at the two-leaf
stage. There were two weevils per pea plant. The
area eaten by the weevils was measured three
days after the test was begun.

Results

The five years of field experiments did not
reveal statistically significant differences between
the varieties. The extent of the damage varied
greatly from year to year. Nor did the Rank
correlation coefficients reveal any significant uni-

Table 1. Effect of sowing time on the leaf damage caused
by the pea weevil in pot tests. 1 = first sowing, 2 = second
sowing done 7—10 days later, a = average amount eaten
inmm? b = average height of plants in cm. Varieties:
English Sword (E.S.) and BEatly Onward (E.O.).

Trial 1 Trial 2 Trial 3
a b a b a l b
1)100.1 | 33.7 | 183 | 17.5 | 24.5 7.5
E.S.
2| 223 ) 13.2 | 13.3 8.5 | 25.7 7.5
1} 20.6 | 10.4 | 19.1 7.5 1 20.6 4.5
E.O. |—
2 141 6.4 6.2 4.5 6.5 4.0
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formity in the damage done to the varieties in
the different years.

No statistically significant differences between
the varieties were found in the tests in the in-
sectary either.

The two varieties English Sword and Early
Onward showed the following average amounts
of damage in the field experiment: English Sword
x 113 mm? and Early Onward x 75 mm2. T-test
showed the significance of the difference between
these values to be t = 3.01 (t,, = 3.29). The
interval of ten days between sowing times re-
vealed that most of weevils found their way to
the larger plants, and accordingly these plants
suffered greater damage (Table 1).

The amount of damage varied to some extent
between pea plants receiving different fertilizer
treatment, but the diffetences were not signifi-
cant.



Discussion

Among the varieties studied, none differed sig-
nificantly in degree of resistance. The situation
was just the reverse of that reported by REuT-
skAYA (1966). This may be because we applied
morte rigorous statistical tests or because our va-
rieties did not differ so greatly. The slight dif-
ferences revealed were of no practical impotr-
tance. It should be noted, moreover, that the
differences were influenced by factors other than
those determining resistance (see PAINTER 1951),
e.g. by different times of shooting and by dif-
ferences in size. The arrangements did not allow
distinctions to be drawn between the effects of

these different factors on the damage. The results
of the field experiments may also have been in-
fluenced by the occurrence of other pest species
of Sitona. Observations showed, however, that
these amounted to less than 5 per cent of the
number of S. neatns (cf. MarRkxULA and K&prA
1960).

In the pot tests, the size of the pea plant bore
a significant relation to the amount of damage.
It may be concluded that the caged weevil had
a better chance of finding plants that were ten
days older and thus bigger. ‘

Summary

Among the 84 varieties and lines studied, there
was no significant difference in the amount of
damage caused by the pea weevil, either in the
field or in the laboratory. In the laboratory tests

the caged weevils found their way to the larger
plants. Fertilizer application had no significant
effect on the amount eaten.
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SELOSTUS

Herneen kestivyydesti juovahernekirsikistd vastaan

Unrto TULISALO ja MARTTI MARKKULA

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Tutkimus liittyy osana Tuhoeliintutkimuslaitoksella
muutamia vuosia sitten aloitettuun laajaan tutkimukseen,
jonka tarkoituksena on selvittdd, minkilaiset mahdolli-
suudet on kiyttdd tuhoeliintorjunnassa hyviksi kasvien
luontaista kestdvyyttd. Tutkimuksessa selvitettiin juova-
hernekirsikkidn syonnin midrid eri hernelajikkeissa sekd
herneen idn ja lannoituksen vaikutusta syonnin médradn.

Tutkittujen 82 hernelajikkeen ja -linjan joukossa ei

ollut sellaisia, joita hernekidrsikis olisi syényt merkitse-
visti vihemmin kuin muita lajikkeita, Vihiisid eroja to-
dettiin, mutta niilld ei ole kiytinnén merkitystd. Resis-
tentteji lajikkeita ei siis I8ydetty. 7—10 vuorokauden
kylvéaikaerot civit selvisti vaikuttanect kirsikkdin ra-
vinnon valintaan. Ruukkukokeissa kirsikis hakeutui syo-
miin kookkaimpia taimia. Kiytetty lannoitus ei vaikut-
tanut merkitsevisti syonnin madrdan.
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VALKUAISEN OSITTAINEN KORVAAMINEN UREALLA
LYPSYLEHMIEN RUOKINNASSA

Summary: The partial substitution of protein by urea in rations for dairy cows

ESKO POUTIAINEN

Maatalouden tutkimuskeskus Kotieliinhoidon tutkimuslaitos, Tikkurila

Puhtailla ja puolipuhtailla dieeteilld suoritetut
kokeet ovat vakuuttavasti osoittaneet, etti mi-
rehtiji voi pétsimikrobiston avulla saada ylli-
pitoon, kasvuun ja maidontuotantoon tarvitse-
mansa valkuaisen kokonaankin ureasta ja muusta
ei-proteiinitypesti (VIRTANEN 1966). Lukuisilla
tutkimuksilla on pyritty selvittimiin tarkemmin
niiti tekijoitd, jotka vaikuttavat urean hyviksi-
kidytén tehokkuuteen (RErp 1953, ConraD ja
Hises 1968). Tillsin on kiynyt ilmi, ettd kiy-
tettdvissd olevan energialihteen miirilli ja laa-
dulla on varsin suuri merkitys. Sokeri ja tirk-
kelys ovat osoittautuneet urean hyviksikiytolle
edullisiksi energialshteiksi, kun taas selluloosa
on niitd huonompi. Utea- ja proteiinitypen suhde
on myds eris huomioon otettava tekiji. Karjan-
ruokintaamme ajatellen on urean kiytdssi li-
hinnd kysymys siiti, sopiiko se tiydentimiin
kotoisia rehuja kiytettiessi usein syntyvin val-
kuaisen puutteen.

Tissd kirjoituksessa selostettavat maidontuo-
tantokokeet kuuluvat osana koesarjaan, jolla
pyritidn selvittimiin urean kiyttokelpoisuutta
maamme karjanruokinnassa. Rehuannokseen
sisdllytettiin suhteellisen runsaasti kuitupitoisia-
kin rehuja. Valkuaisen annostuksessa jirjestet-
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tiin kaksi eri tasoa sekd urea- etti vertailuruo-
kinnalla. Saman koesarjan aikaisempiin kokeisiin
(Lamprra 1968) verrattuna sekd valkuais- ettd
energia-annostuksen tasoa laskettiin.

Koemenetelmaiit

Koe suoritettiin Jokioisten kartanoiden Rehti-
jirven tilan karjassa sisiruokintakaudella 1967—
68. Rinnakkaisesti jirjestettiin kaksi ryhmijakso-
kokeen mukaan toteutettua maidontuotanto-
koetta, Kummassakin kokeessa oli kaksi 6 leh-
min ryhmdd. Kaikki nelji ryhmii oli pyritty
saamaan mahdollisimman tasaisiksi maidontuo-
tantoon, poikimisesta kuluneiden piivien luku-
midrdin ja elopainoon nihden. Ensikot jaettiin
ryhmiin tasan. Ryhmien muodostamisen jilkeen
niiden jirjestiminen eri koeruokinnoille tapahtui
arpomalla. Lehmit olivat ayrshirerotua. Kokeen
aikana suoritti Eldinldiketieteellisen korkeakou-
lun kotieliinhygienian laitos eldinten terveyden-
tilan tarkkailua.

Koe kesti kaikkiaan 170 pdivii. Alussa oli 10
pdivin tasoituskausi, jolloin kaikki kokeeseen
ajotut eliimet saivat samanlaisen normien mukai-
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sen ruokinnan. Ryhmien muodostaminen tapah-
tui tasoituskauden jilkeen. Koekausia oli nelji,
kukin niistd 30 piivin pituinen. Kutakin koe-
ruokintaa edelsi aina 10 piivin siirtoruokinta-
kausi, jolloin ruokintaa muutettiin asteittain seu-
raavan koejakson edellyttimilli tavalla. Ruo-
kinta tarkennettiin yksilokohtaisesti 10-paivi-
jaksoittain. Ry- ja srv-tarpeen laskemisessa seu-
raavalle 10-pdivijaksolle kiytettiin siti vilitts-
misti edeltineen 10-piivijakson ‘maitotuotoksen
keskiarvoa (4-prosenttisena) ja viimeistd kiytet-
tivissi olevaa elopainoa.

Koeruokinnat jirjestettiin seuraavan kaavion
mukaan:

Rybmi - Koegksot @ 330. pv) .
P HS — HU — HS — HU
D HU — HS — HU — HS
0 IS — LU — 1S — LU
IV .o LU — LS — LU — LS

H = korkeampi valkuaistaso n. 60 g srv/kg 4-% maitoa
L =alempi valkuaistaso n. 50 g srv/kg 4-% maitoa
S = N-tidydennys soijalla
U = N-tiydennys urealla

Perusrehujen annostus jirjestettiin sellaiseksi,
ettd valkuaisen tarve yllipitoon tuli tyydytetyksi
normien mukaisesti, mutta maidontuotannon
edellyttimi valkuaisen annostus jii 30 % nor-
mien mukaista alemmaksi. Timi vajaus tiytet-
tiin soijalla tai urealla kaavion mukaisesti. Alem-
malla valkuaisen annostustasolla jitettiin nor-
meihin nihden noin 15 9%:n vajaus typpitiy-
dennyksen jilkeenkin.

Normeina kiytettiin seuraavia lukuja: ylli-
pitoon 3.8 ry ja 350 g srv 500 elopainokiloa kohti,
maidontuotantoon 0.40 ry ja 60 g srv tuotettua
4-prosenttiseksi muunnettua maitokiloa kohti.

Lehmit ruokittiin kahdesti piivissi. Rehut
punnittiin yksilokohtaisesti kumpaakin ruokinta-
kertaa varten erikseen. Rehujen sydnti ryhmittiin
eri koejaksoilla nihdiin taulukossa 1. Urea sys-
tettiin melassileikkeeseen imeytettyni. Ureapitoi-
suus melassileikkeessd oli keskimiirin 7.8 9,
(7.40—8.05). Urea-melassileike sekoitettiin huo-
lellisesti muuhun vikirehuannokseen ennen syot-
téd. Rehujen jitteet punnittiin jokaiselta ruo-
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kintakerralta ja vihennettiin tarjotuista mii-
ristd. Taulukossa 1 on ilmoitettu todella sy&-
dyt mairit. Eliimet sdivit yleensi hyvin annok-
sensa.

Rehuista kerittiin punnituksen yhteydessi re-
hulajeittain  jokaista 10-piivijaksoa edustavat
niytteet. Vikirehuniytteet otettiin niytteenotto-
kairalla. Kustakin niytteesti miiritettiin priméi-
rinen kuiva-ainepitoisuus ja siilérehusta pH.
Esikisittelyn jilkeen niytteet lihetettiin Valtion
maatalouskemian laitokéelle, missd niistd tehtiin
tiydellinen rehuanalyysi ja lisiksi miiritettiin
puhdas valkuainen. Urea miiritettiin entsymaat-
tisesti A.O.A.C. -menetelmin mukaan (Horwrrz
ym. 1965, s. 329—330).

Rehujen ry- ja srv-arvot laskettiin rehuanalyy-
sien perusteella kiyttien ruotsalaisen rehutaulu-
kon mukaisia sulavuuskertoimia (Anon. 1955).
Nettoenergia-arvot laskettiin uuden skandinaa-
visen rehuyksikkojitjestelmin mukaan, jossa 1
ty vastaa 0.7 tirkkelysyksikkéd. Ureasta tuleva
stv-miird laskettiin seuraavasti: 67/100 x 6.25 x
0.4667 X ureamiir.
vuudeksi on tilldin arvioitu 67 9, (LamprLa
1968).

Lypsy suoritettiin kahdesti paivissi ja kunkin
lehmin maito punnittiin erikseen jokaisella lypsy-
kerralla. Jilkilypsyd ei suoritettu, koska eldimii
ei alunperinkiin ollut siihen totutettu. Rasva-
midritykset suoritettiin kerran jokaista 5-piivi-
jaksoa kohti 3. ja 4. piivin maitoa edustavista

Bakteerivalkuaisen sula-

yhteisndytteistd yksilkohtaisesti. Saatua rasva-
prosenttia kiytettiin kyseisen 5-piivijakson mai-
tomiirin muuntamisessa 4-prosenttiseksi.

Eldimet punnittiin tasoituskauden lopussa ja
sitten aina kunkin koekauden lopussa. Punnituk-
set suoritettiin kulloinkin kahtena perikkiiseni
piivind ennen iltaruokinnan aloittamista, ja
laskuissa kéytettiin nididen punnitusten keski-
arvoa.

Kokeen aikana otettiin vilittémisti ennen
siirtoruokintojen alkamista kunkin ryhmin kah-
desta eldimesti veri-, maito- ja potsinesteniyt-
teitd lihempid tutkimuksia varten. T4dmi tapah-
tui yhteistoiminnassa Eliinliiketieteellisen kot-
keakoulun kotieldiinhygienian laitoksen kanssa.
Niitd tuloksia ei kisitelld tissi kirjoituksessa.
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Kuva 1. Lehmien elopainot ja piivittdiset maitotuotokset esitettyini fyhmien keskiarvoina. Tuotoskiyrien pis-
teet edustavat 5-pdivijaksojen keskiarvoja.
Fig. 1. Live weight and daily milk yield of the cows expressed as averages for the groups. The points on the production
curves represent means of 5-day periods.
Symbolit (symbols): [(J——{] tyhmi I (group 1), m——m ryhmi II (growp II), O— —Q tyhmi III (group III),
@——@® ryhmi IV (group 1IV).

Tulokset ja tarkastelu

Eri ryhmien kutakin 30 pidivin jaksoa edustava
keskimédrdinen 4-prosenttisena maitona ilmaistu
tuotos on esitetty taulukossa 2. 5-piivijaksojen
keskiarvojen mukaan piirretyt ryhmien keski-
tuotosta edustavat kiyrit nihdddn kuvassa 1.
Elopainojen muutokset kokeen aikana on esi-
tetty kuvassa 1 ja taulukossa 3.

Energian ja sulavan raakavalkuaisen saanti
ilmenee taulukosta 2. 4-prosenttisen maitokilon
tuottamiseen jadvi ry- ja srv-mddrd laskettiin
vihentdmilli koko saannista kunkin koejakson

keskimiiriisen elopainon perusteella laskettu

yllipitotarve (3.8 ry ja 350 g stv/500 kg).
Energian saanti 4-prosenttista maitokiloa kohti
oli kaikilla ryhmilli ja kaikilla koejaksoilla keski-
miirin 0.42 4 0.002. Energian saannissa tuotet-
tua 4-prosenttista maitokiloa kohti ei varianssi-
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analyysilld todettu merkitsevid eroja eri ryhmien
vililld eikd saman ryhmin eri koejaksojen vililla.
Energian saannissa ilmenevien vaihteluiden ei
siten voida katsoa vaikuttaneen tuloksiin N-
lihteen vertailussa.

Elopainoissa punnitusten vililld (40 piivin
ajkana) tapahtuneet muutokset nihddin taulu-
kosta 3. Painoissa on kokeen aikana yleensid
tapahtunut lievdd nousua (kuva 1). Painonlisdys
koko kokeen aikana oli 15—24 kg lehmii kohti.
Ryhmin I keskipainossa toisella koejaksolla
tapahtunut lasku johtuu paiasiassa yhdestd leh-
misti, jota naulaoireiden vuoksi jouduttiin pitd-
miin 3 piivid paastolla. Painonlisiys oli kor-
keamman valkuaistason ryhmilli (I ja II) suu-
rempi soijajaksoilla kuin ureajaksoilla. Tillaista
eroa ei todettu alemman valkuaistason ryhmissi
(III ja IV). '



Taulukko 3. Keskimddriiset elopainot ja niiden muutokset
Table 3. The average live weights and their changes

Ryhmit — Gromps
I I m v Keski-
Punaitukset atvo %)
Weighing Elopaino | Muutos | Elopaino | Muutos | Elopaino | Muutos | Elopaino | Muutos Mean
Live Change Live Change Live Change Live Change
weight weight weight weight
kg kg kg kg kg kg kg kg
Tasoituskausi — Prelim. period . . .. 466 — 458 — 467 — 463 — 4642
Koekausi I — Test period I .. 470 + 4 455 — 3 476 4+ 9 472 4 9 | 468ap
Koekausi II — Zest period II .. 459 —11 462 + 7 476 + 0 474 +4- 2 | 4688
Koekausi III — 7est period 111 .. 473 414 466 + 4 480 |+ 4 477 + 3 | 474>
Koekausi IV — Test period IV .. 481 + 8 478 +12 491 +11 483 + 6 | 483¢
Keskiarvot ja nettomuutokset —
Means and net changes ......... 469 +15 464 +20 478 424 474 +20

*) Keskiatvot, joilla on eri kirjainmerkki, eroavat toisistaan tilastollisesti merkitsevisti (P < 0.01).
Values without a common letter in the superscripts differ (P < 0.01).

Sulavan raakavalkuaisen saanti (taul. 2) mai-
dontuotantoa varten oli perusrehuista 43 4 0.4
g 4-prosenttiseksi muunnettua maitokiloa kohti.
Perusrehuissa (ilman soijaa ja ureaa) saadun val-
kuaisen mifrissi ei ollut varianssianalyysin mu-
kaan tilastollisesti merkitsevid eroja eri ruokinta-
ryhmien eikid soija- ja urearuokintojen vililla.
Soijan tai urean kera srv-saanti oli kotkeam-
malla valkuaisen annostustasolla keskimiirin
62 -+ 0.7 g ja alemmalla annostustasolla vastaa-
vasti 52 4 0.5 g 4-prosenttista maitokiloa kohti.
Valkuaistasojen sisilldi el srv-saannissa ollut
merkitsevid eroja urean ja soijan kesken. Kun
korkeampi valkuaistaso edusti lihinni normeja
(60 g srvjkg 4-%:sta maitoa), oli alemmalla
tihin verrattuna noin 16 9:n valkuaisvajaus
maidontuotantoa varten.

Soija- ja ureajaksojen viliset keskimiiriiset
erot 4-prosenttiseksi muunnetussa maitotuotok-
sessa eri valkuaistasoilla ja eri koeryhmissid nih-
ddin taulukosta 2. Esitetyt poikkeamat ovat
yksil6kohtaisesti laskettujen poikkeamien keski-
arvoja. Koska ryhmit I ja IT sekd vastaavasti III
ja IV muodostavat ryhmijaksokokeen mukaisen
parin, voidaan niille Jaskea yhteinen poikkeama
ja keskivirhe sekd vertailu Studentin t-testilli
(Branpr 1938).

Ryhmissi I koejaksolla I sairastui yksi eldin
lievidn ketoosiin (HS). Samassa ryhmissi koe-
jaksolla 3 (HU) toisella eldimelld ilmeni terivin
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esineen aiheuttamia oireita. Tuotoksen lyhyt-
aikaisen jyrkdn laskun vaikutus tuctosvertailussa
eliminoitiin eldinkohtaisen tuotoskiyrin perus-
teella tehdylld korjauslaskulla olettaen tuotoksen
lasku ilman hiiriotd lineaariseksi.

Korkeammalla valkuaisen annostustasolla on
4-prosenttinen maitotuotos ollut ureajaksoilla
0.82 4 0.11 kg eldintd kohti alempi kuin soija-
jaksoilla. Poikkeama oli jokaisen yksityisen elii-
men kohdalla (12 kpl) samansuuntainen. Ero
‘urean vahingoksi oli tilastollisesti erittiin mer-
kitsevi.

Alemmalla valkuaisen annostustasolla tuotos
oli ureajaksoilla keskimiirin 0.32 4- 0.23 kg leh-
mii kohti piivissid alempi urealla kuin soijalla.
Ero ei ole tilastollisesti merkitsevd, kun otetaan
huomioon molemmat ryhmit. Eldinten vilinen
vaihtelu oli ryhmissd III ja IV huomattava, silli
viidessi tapauksessa 12:sta poikkeama oli urean
hyviksi, muissa sen vahingoksi.

Kuvassa 1 esitettyjd maitotuotoskiyrid tarkas-
teltaessa kiintyy huomio sithen, ettd tuotos niyt-
tid pudonneen jyrkimmin siirtokausilla, jolloin
soija on asteittain 10 pdivdn aikana korvattu
urealla. Timin johdosta suoritettiin tuotoksen
alenemista ajan funktiona kuvaavien kulmaker-
toimien erojen testaus t-testilld (STEEL ja TORRIE
1960, p. 173). Soijajaksoille, ureajaksoille sekd
siirtokausille soijalta urealle ja urealta soijalle
laskettiin kullekin omat regressiokertoimensa.
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Koekausia edustamaan otettiin kunkin jakson 4
keskimmiistd viiden piivin keskiarvopistettd, ja
kutakin siirtokautta edustamaan sitd vilittomasti
 edeltineen koekauden viimeinen, siirtokauden 2
sekd vilittdmisti seuranneen koekauden ensim-
miisen 5-piivijakson keskiarvopiste. Kutakin
mainittua jaksoa edustava kulmakerroin on niin
laskettu 16 keskiarvon perusteella, Vertailun
tulokset esitetddn taulukossa 4.

Todetaan, ettdi kummallakin valkuaistasolla
tuotos on laskenut nopeimmin siirryttiessi soi-
jalta urealle. Ero on ollut H-tasoilla tilastollises-
tikin merkitsevi. Siirtyminen soijalta urealle ei
ole aiheuttanut sanottavaa muutosta tuotoskiy-
rin kulmakertoimessa soijaan verrattuna, Urealla
tuotoksen lasku on ollut nopeampaa kuin soi-
jalla. Samantapaisen kisityksen asiasta saa tar-
kastelemalla aikaisempien ureakokeiden tuloksia
(Lamrira 1968). ,

Edelli olevan perusteella niyttdd siltd, ettd
urean hyviksikiyttd ei ole ollut yhtd tehokasta
totuttautumisen aikana kuin myShemmin. Urean
keskimddriinen lisiys siirtokaudella oli puheena
olevassa kokeessa H-tasoilla 10—15 g ja L-
tasoilla 6—7 g eldinti kohti paivassd. Niyttadkin
siltd, ettd vielikin hitaammin tapahtuva urealle
siirtyminen voi olla eduksi. .

Maitotuotoksen nopean alenemisen siirryt-
tiessi proteiinituokinnalta urearuokinnalle ovat
havainneet mm. ARcHIBALD (1943) ja OTAGAKI
ym. (1959). Tietty adaptaatioaika niyttid olevan
tarpeen proteiinia ureasta te€hokkaasti synteti-
soivan mikrobiston kehittymiseksi potsissd (VIr-
TANEN 1966). Mikrobiston nopean sukupolvien
vaihtumisen ansiosta timi ei kuitenkaan viene
kovin runsaasti aikaa. BArTH ym. (1961) totesi-
vat in vitro -kokeiden perusteella, ettd mikrobis-
ton adaptoituminen ei ole ensisijainen syy urean
hyviksikiytdn paranemiseen ajan mukana. Edelld
mainitun seki eriiden muiden tutkimusten mu-
kaan (McLARreN ym. 1960, CrLirrForD ja TiLL-
MAN 1968) urean hyviksikdyton paraneminen
sitd pitemmin aikaa syStettiessd johtunee pikem-
min eliinruumiin kuin bakteeriston adaptoitu-
misesta. A

" Adaptoituminen ureaan saattaa vaatia sitd
pitemmin ajan, miti suurempi osa proteiinista
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Taulukko 4. Tuotoskidyrien kulmakertoimet eri siirto-
ja koejaksoilla t-testilli verrattuna. (b = kg/5 pv)
Table 4. Regression coefficients of the production curves during

the different transition and test periods compared wusing t-test.
(b= kgl5 days)

Korkeampi Alempi
, valkuaistaso valkuaistaso
Jalksot — Pariods Higher level Lower level
of protein of protein
Soijatuokinta — Soya feeding| —0.0580% —0.1757a
Utearuokinta — Urea feeding| —0.28200 —0.3915p
Siirto soijalta urealle —
Transition from soya to urea| —0.5210¢ —0.4390v
Siirto urealta soijalle —
Transition from urea to soya| +0.05102 —0.11132

Pystysarakkeilla olevat arvot, joilla on eri kitjainmerkki,
eroavat toisistaan tilastollisesti merkitsevisti (P < 0.01).
Values withowt a common letter in the superscripts differ
(P < 0.01).

on korvattu urealla (Barta ym. 1961). Timi on
voinut osittain vaikuttaa tissi kokeessa todet-
tuun erilaiseen tulokseen vertailtaessa soijaa ja
ureaa kahdella valkuaistasolla. Urean muodossa
annetusta N-lisisti ei H-tasoilla ole ehki ollut
samaa hy0tyd kuin soijana annetusta.

Vaikka timin kokeen perusteella ei voidakaan
suoranaisesti verrata valkuaistasoja keskendin
N-annostuksen tiittivyyteen nihden on mielen-
kiintoista todeta, etti 160 piivin aikana ei alem-
man valkuaistason tyhmissi (III ja IV) ole
tapahtunut sellaista tuotoksen laskua, jonka voisi
katsoa johtuneen valkuaisen niukkuudesta. Tau-
lukon 4 luvut paljastavat kuitenkin, ettd tuotok-
sen lasku on ollut L-tasolla nopeampaa kuin
H-tasolla.

Kun proteiinin korvaaminen urealla saattaa
aiheuttaa muutoksia eliimen elintoiminnoissa
aina entsyymisysteemeji myéten, voidaan lyhyt-
aikaisten kokeiden perusteella tehdd vain varo-
vaisia johtopiitoksid varsinkin, jos koe-eldinten
lukumiiri on ollut pieni. Niin ollen ei tunnu
kovin yllittdvilti, etti samankaltaisilla ruokin-
noilla on saatu eti kerroilla ja eri paikoissa toi-
sistaan poikkeavia tuloksia.

Yhdistelmi

1. Kaksi ryhmijaksokokeena toteutettua mai-
dontuotantokoetta suoritettiin rinnakkaisesti sa-
massa koepaikassa. Niissi verrattiin keskendin



ureaa ja soijaa tavanomaisten rehuannosten
typpitdydennykseni erikseen kahdella valkuaisen
annostustasolla.

2. Kaksikymmenténeljd lypsylehmid jaettiin
10 pidivin tasoituskauden jidlkeen neljddn mah-
dollisimman samanarvoiseen ryhmidn. Ryhmit
jaettiin eri ruokinnoille arpomalla. Kaikkia nel-
jad koekautta edelsi 10 pdivin siirtoruokinta-
kausi, jolloin ruokintaa asteittain muutettiin seu-
raavan koekauden edellyttimilld tavalla. Koe-
kaudet olivat 30 piivin pituisia.

3. Ruokinnassa laskettiin yllipitotarpeeksi 3.80
ry ja 350 g srv 500 elopainokiloa kohti. Tuo-
tantoa varten jii kaikilla ryhmilli” keskimiirin
0.42 4 0.002 ry 4-prosenttiseksi muunnettua
maitokiloa kohti. Perusrehuissa oli valkuaista
yllapitotarpeen lisiksi keskimiirin 43 404 g
srv/kg 4-prosenttista maitoa. Soija- tai urealisin
jilkeen oli valkuaisen annostus korkeammalla
annostustasolla 62 -4- 0.7 g ja alemmalla 52 4+
0.5 g 4-prosenttiseksi muunnettua maitokiloa
kohti, edellyttien, ettd 2/3 urean typesti oli kiy-
tettivissi srvina. Energian enempdd kuin val-
kuaisenkaan saannissa ei ollut tilastollisesti
merkitsevid eroja soija- ja urearuokintajaksojen
vililld.

4. Rehujen sy6nnisti on tiedot taulukossa 1.
Utrea annettiin kuivattuun melassileikkeeseen
imeytettynid, jossa sitdi oli keskimddrin 7.8 9.
Urean. prosénttinen osuus koko vikitehuseok-

korkeammalla wvalkuaisen annostus-
tasolla 1.7 9/ ja alemmalla 0.9 9,. Utrea-melassi-

sesta oli

leike sekoitettiin ennen sy6tt6d huolellisesti muu-
hun vikirehuun. Urean osuus srv:sta maidon-
tuotantoa varten oli korkeammalla annostus-
tasolla noin 30 9%, ja alemmalla noin 18 9.

5. Korkeammalla valkuaisen annostustasolla
maitotuotos oli urearuokinnalla 0.82 4 0.11 kg
4-prosenttista maitoa lehmidid kohti piivissi
alempi kuin soijaruokinnalla. Ero oli tilastolli-
sesti merkitsevd (P < 0.001). Alemmalla val-
kuaisen annostustasolla tuotos oli ureajaksoilla
0.31 4 0.23 kg 4-prosenttista maitoa lehmii
kohti piivissi alempi kuin vastaavilla soijajak-
soilla. T4mi ero ei kuitenkaan ollut tilastollisesti
merkitsevd (P > 0.05).

6. Koekausien seki siirtokausien 5-piivijak-
sojen keskimidriisistd 4-prosenttisista maito-
tuotoksista laskettujen regressioyhtildiden kul-
makertoimien vertailu osoitti,
lasku ajan mukana oli jyrkin siirryttiessd soija-

etti tuotoksen

ruokinnalta urearuokinnalle. Erds mahdollinen
syy tihdn on, ettd urean hyviksikiytén tehok-
kuus on saattanut olla alhainen adaptaatiokau-
den aikana, joka ilmeisesti oli pitempi kuin 10
pdivid etenkin urealisin ollessa runsas.

7. Eldinten elopaino lisddntyi jonkin verran
kokeen aikana kaikissa ryhmissi.

8. Mitddn urean syOSttimisesti johtuvia ter-
veyden hiiri6itd ei kokeen aikana havaittu.
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SUMMARY

The partial substitution of protein by urea in rations for dairy cows

Eskxo PoOUTIAINEN

Agricultural Research Centre, Department of Animal Husbandry, Tikkutila, Finland

1. Two double-reversal design experiments wete
carried out simultaneously on the same farm to compare
urea with soya bean meal as a soutce of nitrogen in
rations consisting of conserved forage and home-mixed
batley-base concentrates. The compatison of N-sources
took place separately on two different levels of protein

supply according to the following scheme.

Group . Tcstz'periods ¢ 303'days) .
Lol HS HU HS HU
] N HU HS HU HS
8 LS LU LS LU
IVl LU LS LU LS
Symbols

H = high level of protein supply; c. 60 g DCP/kg FCM
L = low level of protein supply; c. 50 g DCP/kg FCM
S = N-supplementation with soya
U = N-supplementation with urea

2. Twenty-four lactating cows wete observed for a
pteliminary petiod of 10 days and then were assigned
to four groups in which animals were matched for
several lactation charactetistics. Allocation was at random
to sequences of the following ratios; high or low level
of available nitrogen supplied by utrea or soya bean meal.
All the four experimental periods were preceded by a
transition period of 10 days, duting which time the
feeding was gradually changed in preparation for the
following test petiod. Each experimental petiod was of
30 days’ duration.

3, Calculations indicated that 0.42 4 0.002 f.u.
( fau. = 0.7 starch unit) per kg FMC were available for
milk production in excess of the amount attributed to
the maintenance (3.80 f.u./500 kg live weight). The basic
ration used in these experiments, befote addition of urea
or soya, was assessed as supplying the digestible crude
protein (DCP) requirement for maintenance (350 g
DCP/500 kg live weight) plus a surplus of 43 4 0.4 g/kg
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FCM towards the requirement for production. With the
urea ot soya supplements the levels of DCP (provided
that 2/3 of the urea nitrogen has been utilizable as DCP)
assessed by calculation as available for production wetre
62 4 0.7 g/kg FCM at the high level of supplementation
and 52 4- 0.5 g/kg FCM at the low level. No significant
differences were found in the supply of enetgy or
DCP per kg of milk (FCM) produced in the different
experimental periods.

4. The intake of the rations is shown in Table 1. Urea
was given in the dried molasses beet pulp in which the
content was 7.8 %,. The overall content of urea in the
air-dry concentrates in the diet was 1.7 % and 0.9 %
for the high and low levels of supplementation, respect-
ively. The proportion of urea in the total DCP available
for milk production was 30 % and 18 % on the high
and low levels, respectively.

5. At the high level of supplementation, milk produc-
tion from the urea-supplemented ration was 0.82 - 0.11
kg FCM per cow per day less than that of the ration
supplemented with soya bean meal. This difference was
highly significant (P < 0.001). Milk production from
the ration supplemented by the low level of urea was
0.32 4- 0.23 kg FCM per cow per day lower that the
equivalent soya ration but this difference did not attain
significance (P > 0.05) (Fig. 1, Table 2).

6. Regression analysis of FCM yield (5 day averages)
on time indicated that the decrease in daily milk yield of
FCM was more rapid during the transition from soya to
urea-supplemented rations than during the following
experimental period (Table 4). A possible reason for
this is that urea may be less efficiently utilized during
the period of adaptation, which appeared to be more than
10 days, at least in animals receiving the high levels of
supplementation.

7. The live weight of the animals increased slightly
during the experiment (Table 3).

8. No ill-health was observed in the animals whilst
they were receiving the rations supplemented with urea.
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THE INFLUENCE OF SOME DIETARY FACTORS ON THE
NEUTRALIZATION OF ACIDS IN THE RETICULO-
RUMEN OF THE COW

ESKO POUTIAINEN

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

Digestion in ruminants takes place largely in
the reticulo-rumen as a result of microbial
fermentation. The efficient utilization of food
will therefore depend primarily on the existence
of conditions favourable for continuous opti-
mum bacterial activity in this part of the aliment-
ary tract. The maintenance of a stable pH in the
rumen is one of the factors necessary for this
occur. Not only does high acidity slow down
microbial cellulytic and proteolytic activity
(WarNER 1956, Lamprra 1964, TILrEY et al.
1964) but the end-products of fermentation are
also modified (ANNIsON and LEwts 1962, p. 61).

The pH of the rumen contents depends
principally on the balance between the produc-
tion and absorption of volatile fatty acids and
the buffering power of the rumen contents,
which is mainly affected by the alkaline salivary
secretion. Low pH values in the rumen contents
are mainly observed in diets which promote
rapid volatile fatty acid production without at
same time promoting secretion of saliva. On the
other hand, a high rate of VFA formation
indicates a high microbial fermentation activity
in the rumen, which is generally regarded as
desirable. Under these circumstances an increase
in the neutralizing capacity of the rumen fluid
would improve the situation. Several investiga-

Received April 22, 1969

tions have been made to determine the effect of
addition of alkaline mineral supplements to
rations with low pH characteristics. The effect
on the tumen pH of addition of such minerals
has varied from nil to a slight increase, depending
mainly on the rate of supplementation and
degree of acidity in the rumen (EMERY and
BrownN 1961, NicuorsoN et al. 1963, HAwxiNs
and LrrrLe 1968). Because no values for the
secretion rate or composition of the saliva are
usually given, it is hard to say whether the
effect observed has been direct, due to the
effect of the added minerals on the rumen fluid,
or indirect, as a result of the accelerated circula-
tion of neutralizing mineral elements contained
in saliva. The latter alternative seems more
likely, especially since the supplement has been
small. The direct neutralizing capasity of dietary
supplements seems to play a rather small role
compared with the neutralizing capacity of
saliva (PourraiNnen 1968). Any great improve-
ment in neutralizing capacity is obviously con-
nected with increased salivary flow. The dietary
factors affecting the »neutralizing flow», that is,
the total neutralizing capacity of the rumen fluid
during the feeding period, are of great import-
ance for the maintenance of an optimum pH
(6.5—6.9) in the rumen.
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The object of the present study was to inves-
tigate the effect of some dietary factors on the
total neutralizing flow through the reticulo-
omasal orifice as compared with the flow of
volatile fatty acids during the same feeding
period. In addition, the buffeting capacity of

mixed saliva and rumen fluid was measured and
compared with the neutralizing capacity of the
rumen fluid alone. Some relationships between
these different quantities have been calculated
and are presented as well.

Materials and methods

- Animals and diets

The experiments were carried out with two
rumen-fistulated Ayrshire cows INA and IRPU.
The fistulations were made according to Stop-
DARD et al. (1951) and the fistula opening was
5 cm in diameter.

. The experimental periods consisted of two
indoor feeding periods, 1964—65 and 1965—66.
Cow INA calved on February 28, 1965, whereas
IRPU was not in calf. The daily milk yield
varied from 22 to drying off for INA and from
about-8 kg to drying off for IRPU.

The animals were fed twice daily at 12-hour

Table 1. Composition of experimental diets. (Numbet
of diets the same as in the earlier papet. POUTIAINEN,
1968. Appendix)

kg dry matter per day**
hlt:mg/ NaClI
Diet - ay % | supple-
0. concentr. of tota ent
R B B S T v
1* 7.0 — 7.0 14.0 50 100
2% 7.0 — 7.0 14.0 50 50
3% 7.0 — 7.0 14.0 50 0
4 6.0 — 6.0 12.0 50 100
5 6.0 — 6.0 12.0 50 50
6 6.0 — 6.0 12.0 50 0
7 4.5 — 4.5 9.0 50 100
8 4.5 — 4.5 9.0 50 50
9 4.5 — 4.5 9.0 50 0
10 9.0 — 9.0 100 50
12 0.9 3.6 4.5 9.0 10 50
13 3.0 3.0 6.0- 50 50
15 6.0 — — 6.0 100 50
17 0.6 2.4 3.0 6.0 10 50
18% 3.0 — — |° 3.0 100 50
19* 1.5 — 1.5 3.0 50 50
20%* 0.3 1.2 1.5 3.0 10 50

* Only one cow on this diet.
** Dicalsium phosphate 100 g/day with all diets.
*%% Barley 45 %, oats 45 %,, commercial protein rich
mixture 10 %.
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intervals, at 05.00 and 17.00 hrs. One half of the
ration in question was given at each feed. The
compositions of the experimental diets included
in the present investigation are shown in Table 1.
The animals and diets are the same (two diets
excluded) as in the earlier publication of the
author (PouTraiNen 1968), in which the animals
and their feeding was described in greater detail.

The hay was ground so as to pass through
a2 1.5 mm screen. When ground hay was fed
it was mixed into the concentrates. The mineral
supplements were usually given mixed into the
concentrates. On the »long hay only» diets,
however, the minerals were given distributed
in the hay, becauce the animals did not eat them
evenly when they were offered separately.

In general, the ration supplied was consumed
within three hours of the start of feeding. All
feed residues were removed and weighed before
the next feed. When long hay was fed it was
always consumed completely. Shavings were
used as bedding. The animals had free access to
water. ‘The experimental periods were preceded
by a preliminary period of 10 to 27 days.

The amounts of feeds shown in Table 1 are
as planned. The true dry matter consumption
was 93—108 9%, of the intended level of dry
matter dosage. However, in the case of the cow
INA diets 4—6 represent the 11 kg dry matter
level instead of the 12 kg, because she refused
to eat the amount intended.

Sampling and preparation of samples

Rumen contents were sampled at
regular 3-hour intervals during the 12-hour

interval between feeds at 05.00—17.00 hrs. The



first samples were taken immediately before the
05.00 feeding and the last immediately before
the 17.00 feeding. At each time samples were
taken from four different parts of the rumen,
representing the contents in the upper, central,
lower and lower fore parts. The precise positions
of these different sampling points were made
clear in an eatlier publication (LamprLa and
PouTIaiNeN 1966, pp. 280—282). The samples
from the upper and central parts, where the
contents were fairly solid, were taken with a
pait of forceps having long fluted jaws. This
material was then squeezed by hand to obtain
a sample of rumen liquor. The samples of the
more fluid contents of the lower and lower
fore parts wete taken by means of a brass tube
(Lampira 1964, p. 29). The solid material was
pushed back into the rumen via the fistula after
the fluid had been squeezed from it.

Samples of the mixed saliva
were taken at 0, 6 and 12 hours after the be-
ginning of feeding. The saliva samples were
taken by means of a perforated capsule inserted
into the oesophagus of the animal. The device
and procedure were described in greater detail
in an eatlier paper (PouTiAlNEN and LaMpiLA
1967).

Preparation of The
samples of rumen fluid and saliva wete trans-

samples.

ported immediately from the cowshed to the
laboratory in stoppered flasks. The samples of
rumen fluid were then centrifuged for 20 minutes
at 4000 r.p.m. The supernatant was used for
chemical analyses. Part of the centrifuged fluid
was immediately put in the freezer (—20°C) and
these subsamples were used later for measure-
ments of total volatile fatty acids and neutralizing
capacity by steam distillation. All the other
measurements were made within two days from
sampling and the samples were kept at 4 4°C.
The saliva samples were used for analyses
without preparation.

The sampling procedure was repeated three
times for each diet with a 24-hour nonsampling
interval between each sampling. The measure-
ments of polyethylene glycol (PEG), sodium
(Na) and potassium (K) were made separately

on each individual sample taken from rumen
fluid or saliva. However, for measurements of
buffering and neutralizing capacity the samples
of three separate days were bulked up. The
samples representing different intervals from
the beginning of feeding as well as those from
different parts of the rumen were handled and
analysed separately.

Analytical methods

P E G — The polyethylene glycol determina-
tions were made according to the method of
Hyp#n (1956). However, for measuring turbidity
a nephelometer was used instead of a spectro-
photometer. The reading was taken exactly 5
minutes after the addition of ttichloroacetic acid.

N a — The sodium concentration was deter-
mined on the rumen fluid and saliva, using a
Beckman sodiumelectrode and a Model 76 pH
meter with expanded scale (PoutraiNen and
Lameira 1966).

K — The potassium was determined directly
from the diluted rumen fluid or saliva samples,
using a flame photometer.
capacity — 15 ml of
rumen fluid ot saliva was titrated on a Beckman
pH meter, using 1 N HCI as the titrant. The
volume of HCl required to produce each 0.5 pH
unit change from the initial reading to pH 5.0
was measured for both rumen liquor and saliva
samples. The milliequivalents of HCl needed to
bring the pH to the end-point of 5 calculated
pet litre of saliva or rumen fluid was taken as

Buffering

their buffering capacity. No attempt was made
to prevent loss of (‘:O2 from the rumen fluid
during preparation and titration of the sample,
except that samples were stored in rubber-
stoppered flasks. This point will be discussed
later on.

Neutralizing capacity— Theneu-
tralizing capacity (NC) of the rumen fluid was
measured from the frozen samples by two
separate steam distillations, in basically the same
way as reported by Lampira (1964, p. 29—30).
The samples were thawed overnight in a cold
store at 4+ 4°C and then taken for analyses.
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Two separate duplicate steam distillations,
were made for each sample. The first was for
measuring the total amount of volatile fatty
acids (VFA salts 4 free acids) and the second
for measuring those existing as salts only. The-
later value has been taken to represent the
amount of alkali in the sample which was
available for neutralizing the volatile acids. In
this paper this value will be called the neutralizing
capacity of the rumen fluid.

The measurements in question were made in
the following way:

Total VFAs were determined by steam
distillation according FrrepEMANN (1938), using
5 ml of original centrifuged rumen fluid without
any further preparation. Nitrogen was passed
through the distillate for 10 minutes to reniove
any CO, present before titration with 0.1 N
NaOH, using phenolphthalein as indicator.

VFA salts (neutralizing capacity) —5 ml
of centrifuged rumen fluid -+ 5 ml 0.1 N acetic
acid were pipetted into a 50-ml beaker. After
stirring, the liquid was evaporated to dryness
on a hot water bath. The residue was then

Results and

Buffering capacity of mixed saliva and rumen fluid

Effect of dry-matter intake
level— The buflering capacity (BC) of the
mixed saliva (m-equiv./l) at different levels of
dry-matter intake and of samples taken at
different intervals after the initial 05.00 feed are
shown in Figs. 1 and 2. The values for the BC
of rumen fluid on the same diets are shown in
Figs. 3 and 4.

The BC of the mixed saliva did not vary much
at dry-matter intake levels of 6 to 12 kg/day,
the average being 124 m-equiv./l. The BC
was slightly higher at the 14 kg DM intake level
(INA) and about 20 %, lower at the 3 kg DM
intake level (IRPU).

Purnam et al. (1966 a) observed a significantly
(P < 0.025) higher buffering capacity in the
parotid saliva in steers fed at the 2.0 or 2.6 9,
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dissolved in 5 ml of hot distilled water by stirring
with a glass rod and the solution was re-evapo-
rated to dryness. This procedure was repeated
three times, preliminary tests having indicated
that this was necessary for complete removal
of all the free volatile acids. The residual com-
bined volatile fatty acids were then redissolved
in water and determined by the method described
for total volatile fatty acids.

of flow of the

rumen fluid and saliva through

Measurement

the reticulo-omasal orifice

The total flow of fluid through the reficulo-
omasal orifice was measured using polyethylene
glycol (PEG) as a reference substance. The
contribution of saliva to the total flow of fluid was
calculated by subtracting the moisture content
of the feed and the drinking water from the
total flow of fluid. The details of these calcula-
tions have been given in an earlier publication
(Pourramwen 1968, pp. 28—29).

discussion

rate of empty body weight than in those fed at
the 0.8 or 1.4 9, rate of feed intake. A positive
relation between the salivary flow rate and
buffering capacity of saliva has been reported by
Bopa et al. (1965) and OrrjEN et al. (1965).

The tendency for the buffering capacity of
saliva to increase with increasing dry matter
intake is obviously connected with the higher
concentration of neutralizing mineral elements
in the saliva. The amounts of sodium and
bicarbonates in saliva decrease as the DM intake
decreases and the slight increase of potassium
and phosphate does not compensate for this
completely (Barcey and Barncum 1961, Pourrar-
NEN 1968).

The average buffering capacity of the rumen
fluid decreased when the DM intake increased
(Figs. 3—4). This tendency was observed when
the DM intake rose over 9 kg/day for INA and
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Table 2. The buffering capacity of mixed saliva and rumen fluid for diets containing difierent amounts of dry matter
and additional NaCl. The results are expressed as m-equivalents of HCl needed to lower the pH of one litre of saliva
or rumen fluid to 5.0

DIETS Buffering capacity, m-equiv./]
% in saliva | in rumen fluid
ng/g/iy gggyl, logirl:lay hours since the first (05.00) feed
DM
0 | 6 I 12 Mean 0 | 3 l 6 | 9 | 12 Mean
cow 14 100 50 126 129 127 127 69 39 44 59 69 53
INA 14 50 50 132 121 130 128 73 34 51 59 72 54
14 0 50 126 122 127 125 72 40 44 53 68 52
1 100 50 125 120 123 123 69 .54 53 55 56 56
11 50 50 129 115 124 123 69 53 41 49 64 53
11 0 50 — — — — 92 — 66 — 90
cow = 12 100 50 122 119 124 122 97 50 58 77 88 70
IRPU 12 50 50 122 118 126 122 74 49 55 65 77 61
12 0 50 129 127 130 129 84 — 44 — 92
9 100 50 131 126 130 129 75 60 56 59 64 61
9 50 50 132 113 123 123 77 56 57 58 66 61
9 0 50 123 120 124 122 69 43 45 62 75 56

6 kg/day for IRPU. The effect was most pro-
nounced in samples taken 3 hrs after the be-
ginning of feeding. The differences in the BC
of the rumen fluid between sampling times
increased when the DM intake was increased.
Turwer and Hobpcerrs (1955) reported that
the interval after feeding may influence the
buffering characteristics of tumen fluid. ‘This
was the case here, as can be seen in figures 3 and
4. The increase in the DM intake has been
observed to decrease the amount of saliva
secreted per unit of weight of DM eaten (WiLsoN
and TriBe 1963, Purnam et al. 1966 a). This
could be one of the reasons for the low buffering
capacity of rumen fluid at high levels of feed
intake. As reported previously (PouTrAmNenx
1968, pp. 33—35), no distinct decreasing effect
on the flow of saliva was actually observed with
the diets in question. However, the BC values
of rumen fluid given here obviously depend on
the level of volatile fatty acids present in the
ramen liquor. When samples are titrated to the
same end-point, the amount of HCl consumed
will indicate the buffeting capacity of the rumen
fluid between the original pH value and the
end-point of 5. The end-point of pH 5.0 was
used as a basis for calculations, because no
attempt was made to prevent loss of CO, during
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the preparation and titration of samples. Accord-
ing to TurNER and Hopeerts (1955, pp. 135—
136), the titration curves at the various pCO,
values were virtually superimposable at pH
values of less than 5.2—5.4. Thus, the consump-
tion of HCI is apparently independent of the
pCO, in the original sample. Furthermore, the
bicarbonate and phosphate buffer systems oper-
ate within a pH range of 5.5—7.5 and these
were the main points of interest in this experi-
ment. The relationship between the buffering
capacity, acid concentration and volatile fatty
acid: neutralizing capacity ratio in the rumen
fluid is discussed later in this paper.

Effect of sodium supplement-
a tion— The dependence of buffering capacity
in mixed saliva and rumen fluid on the sodium
supplementation at different levels of DM intake
is seen in Table 2.

Na supplementation had little effect on the
BC of saliva. There was a tendency for the BC
of rumen fluid to decrease as Na supplementa-
tion decreased. The BC of saliva was slightly
[ower in samples taken 6 hrs after feeding than
in those taken 0 or 12 hrs after feeding, irre-
spective of the level of Na supplementation. The
BC of rumen fluid was about 40—100 ¢, higher
in 0- and 12-hr samples than in 3- or 6-hr



Table 3. The buffering capacity of mixed saliva and rumen fluid for diets containing different amounts of dry matter
and different proportions of long hay in the ration. The results are expressed as a m-equivalents of HCI needed to
lower the pH of one litre of saliva or rumen fluid to 5.0

DIETS Buffering capacity, m-equiv./l
% in saliva ] in rumen fluid
ng/I(;iy gfl(a:yl' lo*r_;%’l;]ay hours since the first (05.00) feed
DM

0 I 6 i 12 Mean 0 | 3 I 6 l 9 12 Mean

cow 9 50 100 121 130 125 125 66 57 52 X 60 . 64 59
INA 9 50 50 121 123 128 124 60 54 71 168 70 65
9 50 10 128 113 122 121 50 47 58 57 53 54

6 50 100 123 116 125 121 51 59 52 56 |- 56 55

6 50 50 122 125 124 124 65 51 56 62 65 59

6 50 10 129 112 121 |" 121 63 40 46 47 64 49

cow 9 50 100 121 115 119 118 70 62 54 67 78 64
IRPU 9 50 50" 132 113 123 123 78 56 57 58 65 61
9 50 10 125 125 125 125 66 48 46 50 54 51

6 50 100 118 122 121 120 75 79 63 68 74 71

6 50 50 122 125 125 124 80 71 73 83 85 78

6 50 10 121 121 126 123 58 44 55 56 65 54

3 50 100 110 103 113 109 58 60 47 53 55 54

3 50 50 103 102 103 103 58 47 49 55 73 54

3 50 10 107 100 107 105 66 47 65 52 57 57

samples, again irrespective of the Na supple«
mentation level.

Hawgins et al. (1965) observed that the
buffering capacity of parotid saliva was affected
by the amount of supplemental Na fed to steers.
They measured the buffering capacity by the
amount of acetic acid required to reduce the
pH of saliva to 6.5.

The lower BC of rumen fluid at the 0 level
Na supplementation was obviously due to the
lower rate of salivary flow, with the consequently
smaller amount of neutralizing minerals, which
had been observed with those diets (POUTIAINEN
1968).

Effect of the proportion of
long hay in the ration— The values
obtained for the BC of mixed saliva and rumen
fluid for the varying proportions of long hay
in the ration at the three different levels of
intake are presented in Table 3.

No responce was seen in the BC of saliva for
the different proportions of long hay. The
average capacity was about 120—130 m-equiv./l,
being however somewhat lower (100—110
m-equiv./l) at the 3 kg DM level.

The BC of rumen fluid was lower when
only 10 % DM was long hay (except at the 3
kg DM level) than it was when the proportion
was 50 or 100 9,. The BC values were approxi-
mately the same at the two higher (50 and 100 %)
long hay proportions. The influence of the time
interval from the beginning of feeding is again
seen in these values (Table 3).

The BC of saliva was not significantly affected
by the hay:grain ratio or pelleting treatment in
the expetiments of PurNam et al. (1966 b).
On the other hand, Or1yEN et al. (1965) reported
significantly higher BC in the saliva when the
diet consisted of hay (65 9, ground and passed
through a 10-mm screen) plus concentrates
than when the animals were fed purified diets.

The lower BC in the rumen fluid on diets
containing 10 %, long hay was expected, since
there was a considerable fall in the flow of saliva
when the animals were fed this particular
ration. The flow of saliva per kg DM consumed
at the 100, 50 and 10 9, long hay proportion
levels was tespectively 13.9, 12.0 and 6.3 l/kg
DM eaten for INA and 11.6, 12.4 and 8.6 l/kg
DM eaten for IRPU (PouTiaiNen 1968, p. 56).
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At the same time, there was an increase in the
VFA concentration in the rumen fluid. ‘The
mean VFA concentration averaged 111 m-
equiv./l at the 10 9, level of long hay compared
to 102 m-equiv./l at the 50 9% level and 96
m-equiv./l at the 100 9%, level of long hay. As
a result of these changes, the volatile fatty acid:
neutralizing capacity ratio in the rumen fluid
was increased when the level of long hay in
the diet was 10 9,. Such effects of increased
fineness of material in the diet have been ob-
served by several others (OrTH and KAUFMANN'
1964, Ovr1yEN et al. 1965, PurNaMm et. al. 1966 b).

There were small changes in the Na and K
concentrations in rumen fluid between different
long hay proportions at different DM intake
The Na content tended to increase
slightly as the proportion of long hay decreased.
This was obviously mainly due to the previously

levels.

noted decrease in the rumen fluid volume.
The comparisons of mineral elements or VFAs
in the rumen in terms of concentrations without
knowledge of volume or flow of rumen fluid
often give erroneous tresults for the total
amount present or produced on a certain diet.

Nentralizing capacity of ramen fluid

Effect of the level of dry
matter intake— The neutralizing capac-
ity (NC) of rumen fluid at different levels of
DM intake is presented in Fig. 5. The respective
VEA:NC ratios are given in Fig. 6.

The values obtained for the NC of rumen
fluid, using the method described, in fact
express the capacity available for neutralizing
VFAs and other acids that are volatile in steam
distillation including carbonic acid. There is
hardly any reason to assume that on the diets
in question (100 % hay or 50 %, hay + 50 %,
concentrates) lactic acid was present in any
significant concentrations in the rumen contents.
On the other hand, the effect of ammonia as a
neutralizing element is obviously excluded by
this method. The results of Briges et al. (1957)
‘indicated that the correlation between rumen
ammonia level and pH was seldom significant.
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Fig. 5. The neutralizing capacity of the rumen fluid at
different levels of dry-matter intake for cow INA
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lines indicate the range of variation.

A ratio of VFA:NC equal to 1 does not, of
course, mean a neutral pH in the rumen, because
carbonic acid is always present in certain amounts
in equilibrivm with CO,.

As can be seen in Fig. 5, the NC of rumen
fluid tended to decrease when the DM intake
increased. In this respect the differences between
the low levels of DM intakes were not great
but the effect became more pronounced at the
highest levels (11 and 14 kg DM/day INA; 9
and 12 kg DM/day IRPU). However, a low
NC was observed: at the lowest level of DM
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intake (3 kg/day IRPU). The effect of the DM
intake on the NC was statistically highly signifi-
cant (P < 0.001).

As can be seen from Fig. 5, the variation in
the NC was rather large. Most of this variation
was due to the variation of NC between sampling
times (0, 3, 6, 9 and 12 hours after the commence-
ment of feeding). These differences were sta-
tistically highly significant (P < 0.001). The
lowest values during the feeding period were
found 3 or 6 hrs after feeding and the highest
values wusually immediately before feeding.
There was some interaction between DM intake
and time of sampling on the NC but to clear
pattern was observed. The differences between
the sampling points were not significant.

A more precise picture of the neutralization
situation in the rumen fluid than NC alone is
given by the VFA:NC ratio as expressed in
Fig. 6. The VFA:NC ratio rose when the DM

intake was increased. The excess of acids over

bases available (i.e. VFA:NC > 1) at the same °

time was found at DM intake levels of 9 kg
and above. The mean value of the VFA:NC
ratio was very nearly 1 for intake levels of 3 to
9 kg DM/day. The. variation in the VFA:NC
ratio within the diet increased with increasing
levels of DM intake. It varied from 0.63 to 1.43
(INA) and 0.62 to 1.03 (IRPU) at the 6 kg DM
level compared with 0.61 to 2.42 at the 12 kg
DM level (IRPU) and 0.57 to 2.80 at the 14 kg

DM level (INA). The variation within the diet
was mainly due to the variation between sampling
times, the vatiation becoming larger when DM
intake increased. The differences in VFA:NC
ratio between DM intake levels, between sam-
pling times and also between sampling points
were all significant (P < 0.001). The last-men-
tioned difference was not observed in NC values.
The VFA:NC ratio was 15—20 9, higher in
samples taken from the upper or central part
of the rumen compared with the ratios in
samples taken from the lower or lower fore
part.

The decreasing tendency in NC with increasing
level of DM intake was, as mentioned eatlier,
a result of the diminishing secretion of alkali
metals (Na, K) in the saliva.

The VFA:BC ratio, on the other hand,
depends on the concentration of VFAs in the
rumen fluid, as well as on NC. The VFA con-
centration, however, increased as the level of
the DM intake was increased, as has also been
observed by other workers (WriLrLrams and
CHRISTIANSEN 1956, Barrey and Barcm 1961).

Effect of sodium supplement-
ation— The effect of Na supplementation
on the NC and the VFA:BC ratio in the rumen
fluid is seen in Figs. 7 and 8. The wvertical
cross-lines express the whole range of variation,
including differences between sampling times as
well as sampling points.
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Fig. 7. The neutralizing capacity of rumen fluid of the cows INA and
IRPU on diets containing different amounts of dry matter and added
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There was no correlation between variation
in NC and Na supplementation. The VFA:NC
ratio rose slightly when Na supplementation
was increased. The effect was only statistically
significant (P < 0.05) in the case of cow INA.
The reason for the higher VFA:NC ratio on the
100 g and 50 g levels of Na supplementation
was, in fact, the higher concentration of VEAs
rather than the change in the NC of rumen
fluid. Sodium supplementation did not affect
the concentration of VFAs in rumen fluid in the
experiments of HAwkINS et al. (1965). HAwxkiNs
and Lrrrie (1968) observed even lower con-
centrations of VFAs when they added twice
the volume of saliva initially secreted from one
parotid gland to the rumen. The higher VFA
concentration on the Na-supplemented diets
than on the diets without Na supplementation
could have been the result of changes in the
rate of absorption of VFAs through the rumen
wall. Because of the higher BC of rumen fluid
on Na-supplemented diets, (Table 2) the pH
may have been higher despite the higher con-
centration of VFAs present. According to
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12 —O— and 14 —A—.

Brigas et al. (1957), at any given VFA level
the rumen pH on grain diets was significantly
lower than on roughage diets.

Effect of the of
long hay in the ration— The pro-
portion of long hay consisted of 100, 50 ot
10 9, of the total DM intake. In the last two
rations 50 9%, of the DM was concentrates.
When the proportion of long hay was reduced
to 10 9%, the remaining 40 9% was ground to
pass a 1.5 mm screen.

The results of the NC measurements and the
VEA:NC ratios are given in Figs. 9 and 10.

The NC decreased when the proportion of
long hay in the ration decreased, the greater

proportion

part of the decrease occurring when the pro-
portion was decreased from 50 to 10 9, of the
DM. The effect of the proportion of long hay
on the NC in the rumen fluid was only signifi-
cant in the case of cow IRPU (P < 0.01). The
VFA:NC ratio in the rumen fluid decreased
with increasing amount of long hay in the
ration. This can be seen in Fig. 10. The effect
was significant in the cow IRPU (P < 0.05).
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Relationships between the various characteristics of the  correlation was found between the BC and NC
ramen fluid of the rumen fluid.
The relationship between the BCand VFA:NC
The relationships between the NC and BC to  ratio was rectilinear on a logarithmic scale.
each other and the VFA:NC ratio in the rumen ‘The cotrelation coefficient was rather high,
fluid are presented in Table 4. negative and statistically highly significant
A positive but not statistically significant (P < 0.001).
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Table 4. The relationship between the various characteristics of the rumen fluid

Number of
Independent variable (X) Dependent variable (Y) measure- b4 S.E. r4 S.E. Sig.
ments
Buffering capacity Neutralizing capacity ..... 117 +0.229 4-0.290 +0.2224-0.091 NS
. . volatile fatty acids
Logy, buffering capacity Logy, — - 117 —0.65740.075 —0.634+0.070 Ak
neutralizing capacity
Volatile fatty acids Buffering capacity ........ 117 —0.3214-0.047 —~0.538+£0.079 Hkk
Volatile fatty acids Neutralizing capacity .. .... 117 +0.0734-0.057 +0.1194-0.093 NS
*** P < 0,001

A moderately strong negative correlation
existed between the VFA concentration and the
BC of the rumen fluid. No correlation was found
between the VFA concentration and the NC of
the rumen fluid.

The BC measured here represents the quantity
of hydrogen ions in m-equiv. per litre required
to lower the pH from its original value to 5.0.
Hence the value will depend on the VFA
concentration, which is inversely related to the
pH values. On the other hand, the pH of the
rumen obviously depends more on the ratio of
acids:salts than on the absolute quantity of

either. Thus, the high VFA:NC ratio produces
a lower pH and lower buffering capacity.

» Neutralizing floww through the reticulo-omasal

orifice

On multiplying the average NC (m-equiv./l)
by the flow of fluid through the reticulo-omasal
(R-O) orifice during a given period of time, one
has a value which expresses the whole NC flowing
through the R-O orifice. In this paper this is
termed the »neutralizing flow» and is expressed
as equivalents/12 hours.
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Fig 11. The relationship between the flow of [Na -+ K] and the »neutral-
izing flow» in the rumen flluid through the reticulo-omasal onﬁcc during
the 12-hour interval between feeds.
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Figs. 12—13. The relationships between the salivary [Na + K] flow (Fig. 12) and salivary [(Na +4 K) — Cl] flow
and the »neutralizing flow» through the reticulo-omasal orifice during the 12-hour interval between feeds.

In Fig. 11 the »neutralizing flow» is plotted
against [Na -+ K] in equivalents transferred
through the R-O orifice during the 12-hr
petiods, and in Fig. 12 against [Na+K] intro-
duced into the rumen with saliva. Bach point
indicates one diet.

A high positive and highly significant (P <
0.001) correlation existed between the flow of
[Na + K] and the neutralizing flow through the
R-O orifice. Similarly, a high positive and highly
significant (P < 0.001) correlation existed be-
tween the [Na + K] flow in the saliva and the
neutralizing flow through the R-O orifice. The
regression coefficients indicate that when the
flow of [Na + K] in rumen fluid increased by
1 equiv. the »neutralizing flow» increased by
0.61 equiv.,, and when the [Na 4 K] flow
reaching the rumen in the saliva increased by 1
equiv. the »neutralizing flow» increased by
0.70 equiv.

The »neutralizing flow» trough the. R-O
orifice is ptimarily dependent on the volume
and composition of the saliva secreted. Further-

9 9783—70

more, since the [Na -+ K] represents about 98 9%,
of the total cations in the saliva (PHILLIIPSON and
Mancgan 1959), which are mainly secreted as
bicarbonates and phophates, the high correla-
tion between the flow of [Na 4 K] and the
»aeutralizing flow» becomes intelligible. How-
ever, some of the sodium and potassium will
be present as chlorides and these will not have
any necutralizing effect on the acids. Therefore
in Fig. 13 the »neutralizing flow» through the
the R-O orifice is also plotted against the
[(Na 4 K) — (] flow in the saliva. The correla-
tion was highly positive and highly significant
(P < 0.001). The regression coefficient indicated
that the »neutralizing flow» was almost com-
pletely explained by the flow of [(Na + K) — Cl]
in the saliva.

Influence of the proportion
of long hay in the ration on the
total flow of [Na 4 K] in the rumen fluid and
saliva and on the flow of VFAs compared to
the »neutralizing flow» through the R-O orifice
are expressed in Fig. 14.
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[Na + K] introduced by saliva; —O— [VFA] in the rumen fluid and — A— [»neutralizing
flow»] in the rumen fluid.

Of the total flow of [Na + K] in the rumen
through the R-O orifice the salivary [Na + K]
represented on an average 70 %, (57—82 %),
the remaining part being of dietary origin. The
»neutralizing flow» in equivalents/12 hrs for
different diets was on an average 96 9% of the
flow of [Na + K] into the rumen in the saliva.
When the Cl (equiv.) is subracted from the sum
of [Na + K] (equiv.), the residue almost com-
pletely equals the »neutralizing flow» through
the R-O orifice.

The [Na + K] introduced iato the rumen
from the feeds can obsiously only affect the
neutralization of VFAs to a small degree, be-
cause in most cases sodium and potassium
apparently occur in the feeds as neutral salts. In
this study the Na supplementation was added
as NaCl and so had no neutralizing effect per se.
Apart from the chlorides, on the other hand,
salivary Na and K exist mainly as neutralizing
bicarbonates and phosphates (Kay 1960, BarLey
and Barcm 1961). So the [(Na + K) —Cl] is
appatrently almost solely responsible. for the
neutralization of VFAs in the rumen.

The ratio VFA flow:»neutralizing flow»
apparently indicates faitly well the neutralization
situation in the rumen as a whole, in spite of the
fact that the possible effect of NH; was ignored.
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The absorption of VFAs and absorption ot
influx of basic elements takes place at the same
time and affects the VFA flow:»neutralizing
flow» ratio. Therefore the flow through the
R-O orifice expresses the amount of VFAs left
after absorption and not ‘the total amounts
produced, and the VFA flow: »neutralizing flow
ratio expresses the amount of neutralizing min-
era] elements available compared to the amount
of non-absorbed acids.

The VFA flow: »neutralizing flow» ratio was
affected by the proportion of long hay in the
ration (Fig. 14). It was 1 or more when the
proportion of long hay was 100 or 50 %, of the
DM intake but fell below 1 when the long hay
constituted only 10 %, of the DM. The absolute
flow values were depressed at the 10 9, level
(except at the 3 kg DM level). The decrease in
the »neutralizing flow» with decreasing pro-
portion of long hay can be understood in the
light of the previous comments on the differences
in salivary flow observed between the diets in
question. The differences in the flow of VFAs
through the R-O orifice may be partly a result
of the differences in the absorption rate of the
VFAs and partly of differences in the total
production of the acids. Unfortunately, no
relevant rumen pH measurements were available



for the diets in question. However, it is obvious
that the pH in the fluid was depressed at the
10 9, level of long hay in the ration.” This is
supported by the low VFA:NC ratio found on
these diets compated to the other diets. On the
basis of values reported by Lameira (1964), it
seems likely that there is a negative correlation
between the VFA:NC ratio and pH in the rumen
fluid, Furthermore, fine grinding of the forage
has usually been observed to decrease the pH
in the rumen (OrrH and KaurManN 1964) and
VFA absorption is accelerated by fall in pH
(DanNieLLI et al. 1945). On other hand, the total
production of VFAs in the rumen may have
been influenced by the proportion of long hay
as well. A depression of digestion, especially
that of cellulose, has been observed as a result
of fine grinding of forage (Mmson 1963) and
presumably a smaller proportion of ground
forage is digested in the rumen and a higher
proportion in the hind-gut, than is the case
when the same forage is given in the long form
(see CamrrinGg and FrEEr 1966).

Summary

This paper is a report of studies made on the
effect of (1) the level of dry matter intake (3—14
kg/day), (2) addition of sodium chloride to the
ration (0, 50 and 100 g/day) and (3) the propor-
tion of long hay in the ration (100,50 and 10 %,
of DM), on the neutralization of acids in the
reticulo-rumen. Two cows equipped with rumen
fistulas wete used as experimental animals.

The cows were fed twice daily at 05.00 and
17.00, hrs. For each diet samples of the mixed
saliva were taken at 6-h intervals and of the
rumen fluid at 3-h intervals. Polyethylene glycol
(PEG) was used as a reference substance for
measuring the flow of fluid through the reticulo-
omasal (R-O) orifice. The flow of saliva was
estimated by subtracting ‘the total water intake
from the total flow of fluid. The rumen samples
were analyzed for PEG, sodium (Na), potassium
(K), total volatile fatty acids (VFA), buffering
capacity (BC) and neutralizing capacity (NC).

The BC was measured by titration with HCI to
pH 5.0. The NC was measured by steam distilla-
tion from a sample from which the free acids
were evaporated off after treatment with acetic
acid. The subsequent distillation therefore gave
the amount of VFAs existing as mineral salts.

The Na, K and BC were measured from the
samples of the mixed saliva. On the basis of the
flow of fluid and the average concentrations
present, calculations were made of the flow of
Na, K, VFAs and neutralizing capacity flow
(neutralizing flow) through the R-O orifice
during the interval between feeds. Some relation-
ships between the different concentrations and
flow values were calculated.

The findings made in these studies were
as follows:

(1) The BC of the mixed saliva was fairly
constant for feed intake levels from 6 to 12 kg
DM/day. The BC was slightly higher at the
14 kg DM intake level and about 20 9, lower
at the 3 kg DM intake level.

(2) The BC of the mixed saliva was not
affected by the amount of sodium chloride
supplementation ot the proportion of long hay
in the ration.

(3) The BC of the rumen fluid decreased
when the DM intake was increased. The effect
was most noticeable in samples taken 3 hrs
after the beginning of feeding and then gradually
decreased until the next feed.

(4) The BC of the rumen fluid tended to
decrease when Na supplementation was de-
creased. )

(5) The BC of the rumen fluid was lower
when only 10 9% of the DM intake was long
hay than when the proportion was 50 or 100 9%,.

(6) The level of DM intake influenced the
NC of the rumen fluid (P < 0.001). The NC
decreased as the DM intake was increased. A
large variation in the NC was observed during
the feeding interval, mainly due to the time since
feeding. The effect of sampling time on the NC
was highly significant (P < 0.001).

(7) The ratio of volatile fatty acids: neutraliz-
ing capacity (VFA:NC) began to rise from a
certain level of DM intake. The ratios were 1.01,
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0.98, 1.13 and 1.25 for cow INA at the DM
levels 6, 9, 11 and 14 kg/day and 0.93, 0.84, 1.01
and 1.15 for cow IRPU at the DM levels 3, 6,
9 and 12 kg/day, respectively.

(8) The NC of the rumen fluid was not
significantly affected by the Na supplementation.

(9) The VFA:NC ratio tended to rise as a
result of addition of Na to the diet, mainly
because of a increase in the VFA concentration.
The effect on the NC was only significant in the
case of cow INA (P < 0.05).

(10) A decrease in the proportion of long hay
caused a decrease in the NC of the rumen fluid.
The effect was only significant in cow IRPU.
(P < 0.01).

(11) The VFA:NC ratio in the rumen fluid
increased when the proportion of long hay in
the ration was decreased (P < 0.05, IRPU).

(12) There was a significant rectilinear correla-
tion on a logarithmic scale between the buffering
capacity and the VFA:NC ratio of the rumen
fluid (r = — 0.657 4 0.075). Furthermore, a
negative correlation existed between VFA con-
centration and buffering capacity of the rumen
fluid (r = — 0.321 4 0.047).

(13) The following relationships were found
between the flow of sodium and potassium and
the »neutralizing flow»:

y =0.85 4 0.609 + 0.037 x,; r == 0.957%**
y = 1.46 4 0.697 4 0.050 x,; r = 0.941%%*
y = 1.30 4- 0.816 4 0.062 x,; r = (0.935%**

y == »neutralizing flow»

x; = flow of [Na + K] in rumen fluid
x, = flow of [Na 4- K] in saliva

x, = flow of [Na 4 K] — CI] in saliva
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(14) The average
equivalents/12 hours was 96 9, of the total
flow of [Na + K] (equiv) into the rumen in the
saliva during the same period of time.

(15) Reduction of the proportion of long hay
in the ration from 50 or 100 9, of the DM to
10 %, increased the ratio VFA flow: neutralizing
flow.

(15) The absolute flow of VFAs and the
»neutralizing flow» were depressed on diets
containing the 10 9 level of long hay in the
ration as compared with diets containing 50 or
100 9%, long hay. These changes were assumed
to be the result of the deptessed salivary flow
on diets containing only 10 9%, long hay in the
dry matter consumed.

»neutralizing flow» in
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SELOSTUS

Erdiden ruokinnallisten tekijdin vaikutus happojen neutraloimiseen

lehmin potsi-vetkkomahassa

Esgo PouTiAINEN

Maatalouden tutkimuskeskus, Kotieldinhoidon tutkimuslaitos, Tikkurila

Kirjoituksessa on selostettu tutkimuksia, joilla selvi-
tettiin (1) syédyn kuiva-ainemdirin (3—14 kg/p),
(2) natriumkloridin annostuksen (0, 50 ja 100 g/p) sekd
(3) pitkidn heindn prosenttisen osuuden (100, 50 ja 10 9
kuiva-aineesta) vaikutusta happojen neutraloimiscen
ptsi-verkkomahassa. Koe-eliimini kiytettiin kahta pot-
sifistelilli varustettua lehmda4.

Eldimet ruokittiin kahdesti pdivdssi, klo 5 ja 17.
Seossyljesti otettiin ndytteitdi 6 tunnin vilein ja potsi-
nesteesti 3 tunnin vilein. Polyetylenglykolia (PEG)
johtoaineena kiyttien médritettiin verkkomaha-sataket-
ran aukosta tapahtunut nestevirtaus. Syljen miiri lasket-
tiin vihentimilld kokonaisnestevirtauksesta juomaveden
ja rehujen sisdltimin veden osuus. Potsindytteistd ana-
lysoitiin PEG, natrium (Na), kalium (K), haihtuvat
rasvahapot (VFA), puskuroimiskapasiteetti (BC) ja neut-
raloimiskapasiteetti (NC). Puskuroimiskapasiteetti mai-
titettiin titraamalla suolahapolla loppu-pH arvoon 5.0.
Neutraloimiskapasiteetti midritettiin ~ vesihSyrytislauk-
sella niytteests, joka oli ensin kisitelty etikkahapolla ja
josta sitten oli haihdutettu kaikki vapaat hapot pois vesi-
hauteella. Seuranneessa vesihOyrytislauksessa saatiin mai-
ritetyksi haihtuvat rasvahapot, jotka esiintyvit yksin-
omaan kivenniissuoloina. — Secossyljestdi mdiritettiin
Na, X ja puskuroimiskapasiteetti,

Nestevirtaukseen ja keskimdiriisiin konsentraatioihin
perustucn laskettiin natriumin, kaliumin, rasvahappojen
sekd neutraloimiskapasiteetin virtaus verkkomaha-sata-
kerran aukosta ruokintavilin (12 t.) aikana eri diceteilld.
Eriditd konsentraatioiden ja virtausarvojen vilisid riippu-
vuuksia on myos laskettu.

Tutkimuksen tulokset osoittivat seuraavaa:

(1) Seossyljen puskuroimiskapasiteetti oli melko- vaki-
nainen syddyn kuiva-ainemidrin vaihdellessa valilld
6—12 kg/p. Se lisddntyi hieman kuiva-aineen annostuk-
sen ollessa 14 kg/p ja aleni noin 20 %:lla annostuksen
ollessa vain 3 kg/p.

(2) NaCl -annostus ja pitkin heindn osuus rehuannok-
sessa eivdt kumpikaan vaikuttaneet seossyljen puskuroi-
miskapasiteettiin.

(3) Potsinesteen puskuroimiskapasiteetti aleni syodyn
kuiva-ainemddridn lisddntyessd. Vaikutus oli selvimmin
havaittavissa 3 tunnin kuluttua ruokinnan alkamisesta
otetuissa niytteissi ja pieneni sitten asteittain seuraavaan
ruokintakertaan mennessi.
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(4) Potsinesteen puskuroimiskapasiteetti aleni jonkin
verran, kun Na-annostus pieneni.

(5) Potsinesteen puskuroimiskapasiteetti oli alempi
dieeteilld, joissa vain 10 % syddystd kuiva-aineesta oli
pitkdd heinid, verrattuna dieetteihin, joissa pitkdn heindn
osuus oli 50 tai 100 %.

(6) Pétsinesteen neutraloimiskapasiteetti aleni, kun
syodyn kuiva-aineen midrd lisddntyi. Vaikutus oli tilas-
tollisesti merkitsevd (P < 0.001).
teetti vaihteli suuresti ruokintavilin aikana.
tistdi vaihtelusta oli
(P < 0.001).

(7) Suhdeluku haihtuvat rasvahapot : neutraloimiska-
pasiteetti alkoi nousta tietyltd kuiva-aineen annostus-
tasolta. Suhdeluvut olivat 1.01, 0.98, 1.13 ja 1.25 INA-
lehmilli kuiva-ainetasoilla 6, 9, 11 ja 14 kg/p sekd 0.93,
0.84, 1.01 ja 1.15 IRPU-lehmilld kuiva-ainetasoilla 3, 6,
9 ja 12 kg/p.

(8) Natriumkloridin annostus ei ndyttinyt vaikuttavan

Neutraloimiskapasi-
Pidosa
niytteenottoajankohtien valistd

potsinesteen neutraloimiskapasiteettiin,

(9) Suhdeluvulla haihtuvat rasvahapot: neutraloimis-
kapasiteetti p&tsinesteessi oli nouseva tendenssi, kun
rehuannokseen lisittiin natriumkloridia. Vaikutus oli
merkitsevd INA-lehmilld (P < 0.05).

(10) Pitkin heinin osuuden pienentiminen rehuannok-
sessa alensi potsinesteen neutraloimiskapasiteettia. Vai-
kutus oli merkitsevi IRPU-lehmilld (P < 0.01).

(11) Suhdeluku haihtuvat rasvahapot: neutraloimis-
kapasiteetti kasvoi pitkin heiniin osuuden dieetissd vihe-
tessd (P < 0.05, IRPU).

(12) Pétsinesteen puskuroimiskapasiteetin (x) ja haih-
tuvat rasvahapot : neutraloimiskapasiteetti -suhdeluvun
(y) vililld todettiin negatiivinen riippuvuus, joka oli
logaritmisessa asteikossa suoraviivainen (r = 0.657 +
0.075). Edelleen, negatiivinen riippuvuus vallitsi rasva-
happokonsentraation (x) ja puskuroimiskapasiteetin (y)
vililld (r = 0.321 4 0.047).

(13) Scuraavat yhtilot saatiin kuvaamaan natriumin ja
kaliumin virtauksen ja »neutraloivan virrany» (= neutra-
loimiskapasiteetin vittaus) vilistd yhteyttd:

y = 0.85 4 0.609 + 0.037 x;; r = 0,957%%*
y = 1,46+ 0.697 4 0.050 x,; r = 0,941%**
y = 1,30+ 0.816 + 0.062 xg; r = 0,935%%*



y = »neutraloiva virta»

%, = [Na-+ K]:n virtaus potsistd

%, =[Na+ K]n virtaus syljessd

%y =[(Na+ K) — Cl:n virtaus syljessd

(14) Verkkomaha-satakerran aukosta 12 tunnissa kul-
kenut »neutraloiva virta» oli keskimiirin 96 %, syljessid
vastaavana aikana virtaukseen tulleen natriumin ja kaliu-
min yhteensi edustamasta neutralointikyvysta.

(15) Pitkin heinin prosenttisen osuuden pienentimi-
nen 50:sti tai 100:sta prosentista 10:een prosenttiin nosti
suhdeluvun VFA-virtaus : »neutraloiva virta» arvoa.

(16) Seki »neuttaloiva virta» ettd haihtuvien rasva-
happojen poistuminen pdtsivetkkomahasta olivat alem-
mat dieeteilld, joissa pitkdn heinin osuus oli 10 % vet-
rattuna 50 ja 100 %:iin. Syyni havaittuun eroon lienee
padasiassa syljen miirin viheneminen 10 % pitkdd hei-
nid sisiltivilld dieeteilld.
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VUONNA 1969 JULKAISTUJA MAATALOUDELLISIA TUTKIMUKSIA
JA KOESELOSTUKSIA

Agricultural investigations and results

of experiments published in Finland in 1969

MAATALOUDEN TUTKIMUSKESKUS
Agricultural Research Centre

Kasvinjalostuslaitos, Jokioinen
Department of Plant Breeding, Jokioinen

InkrLi, O. Herneen kotjuu voidaan koneistaa. Maas.
Tulev. 8. 3. 1969,

— Kortjuu — kriitillisin vaihe ns. kuivan ruokaherneen
viljelyssi. Pelto ja Sato 5: 4, 6, 8.

— & KorxmaN, Marjarra. Kautalajikkeiden myllytys-
ominaisuuksista. Summary: Milling chracteristics of oats
varieties. Ann. Agric. Fenn. 8: 237—243,

MANNER, R. Finnish Lawn Study Project. Travniky —
Lawns — Rasen Btrno, Czechoslovakia Proc.: 167—
173.

— Jokioisten Veto-peruna. Koetoim. ja Kiyt. 26: 6—7.

— Touko-kevitvehnd. Ibid. 26: 7.

— Nisu-syysvehnd. Ibid, 26: 9, 12.

— Voima-syysruis. Ibid. 26: 30—32.

— Uusien viljelykasvien merkitys. Ibid. 26: 41.

— Rukiista ja ruislajikkeista. Hankkijan Saroilta 6—7: 11.

— Kevitvilja- ja hernelajikkeiden viljelyominaisuudet.
Pelto ja Sato 1: 4—5.

Syyskylvot ja sithen liittyvi lajikevalinta 1969. Ibid. 4:
1—2, 5.

— Koetoiminnan koneellistaminen. Koneviesti 15: 4-—7.

— Some factors influencing the seed yields of tetraploid alsike
clover. Selostus: Tetraploidin alsikeapilan siemenmuo-
dostuksesta. Ann. Agric. Fenn. 8: 208—213,

— Hostvetesddden aktuell. Lantmannabladet 18: 3—4.

— & Ravanrri, Sarja. Pito peruna. Swmmary: Pito
potatoes. Ann. Agric. Fenn. 8: 214—227.

— & SuoMINEN, REeerA. Perunan hallankestivyydesti.
Summary: The frost bardiness of the potatoes. Ibid. 8:
228—236.

Murramikr, K. Jokioisistakin suositellaan (sinimailasen
viljelyd). Kiyt. Maam.: 80.

— Nurmikasvilajikkeista. Pelto ja Sato 2—3: 9, 12.

— Sinimailasen sadosta ja sadon laadusta Suomessa.
Summary: Investigation of the yield of lucerne and its
quality in Finland. Ann. Agric. Fenn. 8: 205—207.
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RavanTri, SArja. Parempaa perunaa. Perunan jalostus-
tyostd Kasvinjalostuslaitoksella Jokioisissa. Pelto ja
Sato 1: 1—2,

— Teollisen jalostuksen asettamat perunan laatuvaati-
mukset, Maatalouden tutkimuskeskus, tietokortti 2
C 8.

— Pito ainoa kotimainen herkkuperunajaloste. Pellervo
70: 576—578.

— Tulevaisuuden nikymid
Kiyt. Maam.: 364—366.

— Pikkuvihje: jauhoperunat vihanneskeittimeen. Kodin
Kuvalehti 22: 51.

1970-luvun  kynnykselld.

Kasvinviljelylaitos, Tikkurila

Department of Plant Husbandry, Tikkurila

Lavrukxa, R. Kevitviljoissa 550 rikkatainta nelidmetrilla.
Koetoim. ja Kiyt. 26: 25.

— Bensoesyror och bensonitriler 1 strisid. Sv. Ogris-
konf. 10: I 13—15.

— Kaupan olevat puutarhaviljelysten rikkakasvihivitteet.
Kasvinsuojelulehti 2: 58—60.

— Rikkakasvihivitteet ja elomulta. Ibid. 2: 73—75.

— Rikkaruohojen totjunta avomaan vihannesviljelyssi.
Puutarha-Uutiset 21: 516—517.

— Kaupan olevat puutarhaviljelysten rikkakasvihivitteet.
Puutarhakalenteri 29: 320—231.

— Uutta rikkakasvihivitteistd. Koneviesti 17, 9: 12.

— Herneen rikkaruohontorjunta. Maas. Tulev. 8. 3. 1969.

— & DPEessaLa, Brrrr. Herbicider 6t gronsaksodling pd
friland. Tridgirdsnytt 23: 154—156.

MukuLra, J. & GENTNER, W. Matricaria and lambsquarter
contrel in brassicas with analogs of propachlor. Weed
Science (New York) 17: 124—125,

— & RuurtuNeN, E. Chemical weed control in Finland in
1887—1965. Selostus: Rikkakasvien kemiallinen tor-
junta Suomessa 1887—1965. Ann. Agric. Fenn. 8,
Suppl. 1: 1—45.



— & RaaTIikAINEN, M. & LarLukka, R. & RaATixAr-
NEN, TERTTU. Composition of weed flora in spring cereals
in Finland. Selostus: Kevitviljamaiden rikkakasvit ja
niiden runsaus. Ibid. 8: 61—110.

RANTANEN, T. Perunanvarsiston hivittiminen. Koetoim.
ja Kiyt. 26: 3.

— Rehukaalilajikkeet ja typpilannoitus. Ibid. 26: 41—44.

— & Varis, E. Peruna. Ibid. 26: 30—31.

RmnEg, K. Ensimmiisen vuoden kokemuksia yhdistetystd
laidunsiilérehunurmesta. Karjatalous 45: 48—49.
TEITTINEN, P. & Muxura, J. Uusinta tietoa CCCin kiy-

tostd. Pellervo 70: 508—509.

Uotr, J. Hukkakauran torjuntatutkimuksista. Koetoim.
ja Kiyt. 26: 41.

Y1LO, L. Die Wirkung von Sorte und Chlorcholinchlorid (CCC)
auf die Ertragssiruktur bei Sommermweigen. Selostus: La-
jikkeen ja CCC:n vaikutus erdisiin kevitvehnin ominai-
suuksiin. Ann. Agric. Fenn. 8: 15—19.

— Perunantutkimus Suomessa. Zusammenfassung: Kar-
toffelforschung in Finnland. Tbid. 8: 157—165.

— Syysrukiin ja syysvehnin kylvbaikakokeet kasvinvil-
jelylaitoksella 1958 (1927)—1967. Summary: Sowing
date trials with winter rye and winter wheat at the Depari-
ment of Plant Husbandry, 1958 (1927)—1967. Ibid. 8:
183—192.

— Kevitvehnin kastelu. Koetoim. ja Kiyt., 26: 2.

— Kauran ja ohran vertailu. Ibid. 26: 9.

— Lakoutuminen ja viljan laatu. Ibid. 26: 17.

Kasvitautien tutkimuslaitos, Tikkurila

Department of Plant Pathology, Tikkurila

Avura, K. Sipulin pahkamiti todettu Suomessa. Puu-
tarha-Uutiset 21: 520—521.

— Tulipolte — kosmopoliittinen kasvitauti. Hedelmi ja
Marja 16: 104—106.

— Ryvissipulin sdilytys. Koetoim. ja Kayt. 26: 32.

—- Sipulin taudit. Ibid. 26: 32.

Bromqvist, H. Ajankohtaisia viljan kasvitautikysymyksi.
Ibid. 26: 19. .

— Om héstsidens Overvintring. Landsb. Folk 23, 11:
11.

— Koyvicksilverbetningen. Ibid. 23, 18: 3.

— T4t oss ta en titt pd aktuella svampsjukdomar hos
strasiden. Ibid. 23, 21: 8.

— Stora évervintringsskador pd vallarna i norra Finland.
Ibid. 23, 26: 7.

— Kemisk behandling skyddar mot angrepp av utvin-
tringssvampar. Ibid. 23, 46: 5.

— Stinksot pd vete okar di betning férsummas. Lant-
mannabladet 36, 6: 5.

— Betning av utsidet ger Okad avkastning. Ibid. 36,
16: 9.

— Peittauksen laiminlyénti lisid vehnin haisunokea.
Maas. Tulev. 15. 3. 1969.
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— Peittaus lisid syysviljojen satoa ja parantaa sadon laa-
tua. Ibid. 5. 8. 1969.

— Syysviljojen talvehtiminen. Pellervo 70: 500—501.

JamavaNeN, BE. A. Gloeosporium rot on storaged apples in
Finland. Friesia 9: 77—83.

— Resistance of Scandinavian winter cereal material to low
temperature parasitic fungi. Selostus: Skandinavian mai-
den syysviljajalosteiden kestivyys talvituhosienid vas-
taan, Ann. Agric. Fenn. 8: 251—263.

— Metoder f6r pavisande av resistens mot utvintrings-
svampar hos foridlingsmaterial av hostsid, vallgris
och kldver. Nord. Jordbr.forskn. 51: 195—198.

— Mykotoksiinit ovat sienimyrkkyjd, jotka saattavat olla
vaarallisia kotieldimille. Karjatalous 45: 11.

— Mykotoksiinit huomion kohteena kasvipatologian alan
tutkimustydssi. Luonnon Tutkija 73: 19—20.

— Mykotoksiinit huomion kohteena kansainvilisessi
kasvipatologian kongressissa. Kasvinsuojelulehti 2:
31—32.

— Tulipolte. Puutarha-Uutiset 21: 462.

— Kasvitaudit lisddntyneet peittauksen vihennyttyd. Hel-
singin Sanomat 3. 4. 1969.

— & RUOTSALAINEN, LAINA. Carnation wilt diseases caused
by fungi in Finland. Selostus: Sienten aiheuttama neili-
kan lakastumistauti Suomessa. J. Sci. Agric. Soc.
Finl. 41: 251—257.

LESKINEN, A. & TArLvia, P. Kiytinndn hedelminviljely.
132 p. Helsinki.

LinnasaiMr, Annikxi, Om  jorddesinfektionsmedlens
effekt i olika vixtunderlag. Tridgardsaytt 23: 316—
317. )

— Tomaatin virustautien biologinen torjunta. Puutarha-
Uutiset 21: 942.

— & Rasuip, R. Base composition of ribonucleic acid in
tobacco mosaic virus and potato virns X isolates from
tomato. Suom. Kemistilehti B 42: 455—459.

MurtoMaa, A. Uutta tomaatin ja kurkun kasvinsuoje-
lusta. Kasvinsuojelulehti 2: 32—33.

— Tomaatin sydpi levidid. Koetoim. ja Kiyt. 26: 21.

— Liampékisitellyt kasvihuonekurkunsiemenet itineet
hyvin. Puutarha 72: 60—61.

— Varoitus tomaatin syovisti. Puutarha-Uutiset 21: 796.

— Vield vihin tomaatin sySvistd. Ibid. 21: 1013.

— Gurknekros — nir kommer den till Finland. Tridd-
girdsnytt 23: 225.

— Agropyron mosaik. Nord. Jordbr.forskn. 51: 289.

— Aster yellows pd graminéer. Ibid. 51: 290—292.

PurtoNEN, Rauna. Puutarhaviljelysten kasvitautien ja
tuholaisten torjuntavalmisteita. Kasvinsuojeluaineiden
hankinta ja siilytys. Kasvinsuojeluaineiden varoajat
ja muut kiytén rajoitukset. Ruiskutteiden kiyttd ja
valmistus. Puutarhakalenteri 1969: 368—375.

— Katsaus vuoden 1968 kasvitautitilanteeseen. Kasvin-
suojelulehti 2: 9—11.

— Kasvitaudit 1968:; Peittauksen laiminlydnnit nikyvissd.
Koetoim. ja Kiyt. 26: 1, 7.
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— Huonekukatkin tarvitsevat terveydenhoitoa. Siittola-
puutarha 34: 13—14.

— Marjakasvien tirkeimpien kasvitautien ja tuholaisten
torjunta. Yhteistyd 5: 116—118.

— Peltokasvien keskikesin kasvitauti- ja tuholaistorjun-
taa. Viljelija 19, 3: 4—6.

— Peltokasvien ajankohtaista kasvinsuojelua. Koneviesti
17, 9: 8—9.

—- Vixtskydd f6r frilandsgrénsaker. Tridgirdsnytt 23:
178—180.

— Onko vehnissini haisunokea? Pellervo 70: 1124.

— Viherhome iiriksen sipulimiddin aiheuttajana. Puu-
tarha 72: 640—641.

~— Diseases of cultivated plants in Finland in 1968. Selostus:
Viljelykasvien kasvitaudit 1968. Ann. Agric. Fenn. 8:
323—325.

SepPANEN, E. Miten lasketaan hyvin siemenperunan arvo?
Kiyt. Maam.: 126—127.

— Huomio perunaruton torjuntaan. Ibid.: 361.

— Tautien torjunta perunan siementuotannossa. Kylvé-
‘siemen 3: 22—24.

— Onko perunaruton torjuntaa tehostettava? Pellervo
70: 732—734.

— & Varis, E. Perunanviljelyn opas. Kasvinsuoj.seur.
Julk. 40: 172,

TavLvia, P. Huomioi omenapuiden vitustauteja. Hedelmi
ja Matja 16: 95.

— Omenan varastotaudit. Maatalouden tutkimuskeskus,
tictokortti 5 C 15.

Tarro, E. Vadelman viljelyn kehittiminen. Puutatha
72: 132—133.

- — Marjapensaiden kuihtuminen — syysleikkaus. Koe-
toim. ja Kiyt. 26: 31.

YvrMiki, A. Tybpula blight of clovers. Selostus: Apiloiden
Typhula-tauti. Ann. Agric. Fenn. 8: 30—37.

— Viljojen homesienet. Kiyt. Maam.: 360.

— Fungicidal effect of some chemicals on Sclerotinia trifoliorum
Erikss. Selostus: Eriiden kemikaalien vaikutus Selero-
tinia trifoliorum sieneen. §. Sci. Agric. Finl. 41: 243—
250.

— Apilamiti apilan talvehtimisen heikentijini Suomes-
sa. Summary: Clover rot as a cause of poor overwintering of
clover in Finland. 1bid. 41: 222—242.

— Viljasatomme homesienisti. Koetoim. ja Kiyt. 26:
26, 27. :

— Apilamidin torjunnasta PCNB- eli kvintotseenival-
misteilla. Ibid. 26: 34, 35.

— Mansikan juurilaho. Puutarha 72: 589.

Kotieldinhoidon tutkimuslaitos, Tikkurila
Department of Animal Husbandry, Tikkurila
KanGas, J., MAKELA, ]J. & Ocrma, IrMa. Lihajauho

minkin rehuna. Turkistalous 41: 161—169.

Lamrira, M. Nurmisiildtehu karjan ruokinnassa. Karja-
talous 45: 118—119.
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— Vihrei linja. Suomen Karja 23: 3—6.

— Practical nonprotein-IN-feeding to ruminants, EAAP:n
kongr. 23.—26. 6. 1969, Helsinki. Moniste.

MIkkONEN, Mirja. Naatit syksyn rehuna ja siilérehun
raaka-aineena. Karjatalous 45: 340—341.

MAKELA, J., OrriLa, IrMa & Kangas, J. Tutkimuksia
kuivatun valkuaisrehun kiytosti minkeille. Turkis-
talous 41: 307—309.

OrvrrLa, IrmMa, MAKELZ, J. & Kancas, J. Kananteuras-
jitteen kdytostdi minkin rehuksi. Ibid. 41: 218—220.

PoutiamNen, E. Korsirehun merkitys miérehtijin ruoan-
sulatuksessa. Maatalouden tutkimuskeskus, tietokortti
7B09. )

— Natriumin merkitys mérehtijin 1uoansulatuksessa.
Ibid. 7 B 10. .

— & Lonsparg, C. R. & Taviewr, J. C. The effect of
method of processing artificially dried grass, wafered with
or without barley grain, on the growth of young cattle.
Proc. Nutr, Soc. 28: 61 A.

Kotieldinjalostuslaitos, Tikkurila

Department of Animal Breeding, Tikkurila

Kancasniemr, R. Karitsapainojen kiyt8sti jalostusvalin-
nassa. Lammastalous 4: 3—7.

LinpstrOM, U. Effektivare ndtkdttsproduktion. Lands-
bygd. Folk 1: 5, 15.

— Individprévning av semintjurar. Ibid. 14: 16.

— Seminaveln och sprindningen av skadliga arvsanlag.
Lantmannabladet 1: 4.

— Fods det mera tjurkalvar dn kokalvar i en besittning.
Ibid. 3: 9—10.

— Miten tehostaa naudanlihan tuotantoa II.
teurastamo 1: 8—9.

— Notjassa

Osuus-

mullistetaan  kotieldinjalostusmenetelmii.
Karjujen kiyttd lihanjalostuksessa paranee. Maas.
Tulev. 28. 1. 1969.

— Keinosiemennysjalostus ja haitallisten perint6tekijoit-
ten leviiminen. Katjatalous 45: 56—57.

— Syntyyk$ sonnivasikoita enemmin kuin lehmivasi-
koita? Ibid. 45: 183.

— Englannin maidontuotos noussut 105 000 lehmin
teurastamisesta huolimatta. Tarkkailu, jalostus ja
myynti tiukasti keskittymaissi. Maas.Tulev. 1. 4. 1969.

— Maidon ylituotannon poistoechdotuksia Notjassa. Ibid.
3. 4. 1969.

— Neljannes karjoistamme edelleen tehokkaan jalostuk-
sen ulkopuolella. Ibid. 14. 6. 1969.

'— Suomen kannattaisi olla aktiivisempi kansainvilisilld

spermamarkkinoilla. Keinosiemennystoiminta yleis-
tyy koko maailmassa. Ibid. 7. 8. 1969.

— Jalostuksellisesta edistymisestdi suomenkarjassa. Suo-
men Karja 23: 9—14.

— Sonninemien valinnasta, Suom. Ayr.karja 43: 114—
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— Hedelmittdmyys. Karjatalous 45: 320—321.

— Milloin lehmit olisi siemennettivi? Ibid. 45: 342—343.

— Genetic Change in Milk Yield and Fat Percentage in
Artificially Bred Populations of Finnish Dairy Cattle.
Acta Agr. Fenn. 114. Viitsskirja. Helsinki.

— Korsning i ndtboskapsaveln. Lantmannabladet 20:
6—17. .

— Den genetiska framgingen i avelsarbetet. Nord.
Jordbr.forskn. 51: 236—247.

— Ajankohtaista kotieldintutkimuksessa. Suomen Karja
23: 11—14. '

— Pohjoismaisen nautakatjanjalostuksen yhteistydn laa-
jentamista pohdittu. Tydryhmid asetettu kehittimidn
asiaa. Maas.Tulev. 4. 11, 1969.

— Puhdas liharotu vai yhdistelmirotu? Pellervo 70: 1188
—1191.

— Boskapsavelns milsittning. Lantm. Andelsfolk 50, 11:
353—355.

— Utvecklingslidran. Hbl-Junior 20: 4.

— Voidaanko ruokinnan avulla vaikuttaa tiineystulok-
seen. Karjatalous 45: 440—441.

— Onko steriliteetti perinnollistd. Ibid. 45: 441—442.

— Miten karjan hedelmillisyytti voidaan parantaa. Ibid.
45: 514.

— Olika rasers virde vid produktion av notkoétt, Lant-
brukskalendern 1969: 142—144.,

Manjara, K. Uber die Erblichkeit von Spermacigenschaften
von KB-Bullen. Der Tierzitchter 21: 62—65.

— Finnish Animal Husbandry. Representatives of Anim.
Breed. Assoc. 102 p. Helsinki.

— Keinosiemennysjalostuksen merkityksesti ja ongel-
mista. Katjatalous 45: 2—3.

— Kotieldinten hedelmillisyyden merkityksestd. Ibid. 45:
164—166.

— Kokemuksia suomenlampaan ympirivuotisista ja ti-
heistd kartisoinneista. Ibid. 45: 448—450.

— Mahdollisuuksista vaikuttaa siipikarjanlihan méddrain
ja laatuun jalostusteitse. Siipikarja 51: 7—16.

— Jalostustyon merkitys kanatalouden rationalisoinnissa.
Ibid. 51: 117—122.

— Yhteisty on voimaa kananjalostuksessakin. Ibid. 51:
380—383.

— Kanatalouskoeaseman tulosten toistuvuudesta. Ibid.
51: 387—396 ja 439—445. ’

— Lihantuotanto-ominaisuudet voimakkaasti periytyvii.
Osuusteurastamo 4: 8—9.

— Ei taaksepidin. Tutkimus, neuvonta ja opetus eteen-
pidinmenon ehto. Kiyt. Maam.: 509.

— Hevosjalostuksen tavoitteista ja menetelmistd. Hevos-
talous 46: n:ot 48, 49 ja 50.

— Olisiko jo aika siirtyi maidon valkuaisjalostukseen?
Suom. Ayr.katja 43: 221—223.

— Joko maidon valkuaisjaiostus on ajankohtaista? Maas.
Tulev. 28. 8. 1969.

— Naudanlihan tuotannon neuvonta ja koetoiminta.
Ibid. 12. 8. 1969.

— Ar en o6verging till foridling av mjolkiggvitan
aktuell? Finl. Ayr.boskap 43: 221—223.

RuonoMmaikr, HiLkxa. Ch-risteytetyt lehmidvasikat lihan-
tuottajina Koetoim. ja Kiyt. 26: 6.

— Liharotu, maitorotu vai risteytys? Karjatalous 45:
242—244.

— Teuraseliinten kasvatuksesta., Yhteistyd 11: 272—274.

— & VARO, M. Evaluation of beef characteristics of Ayrshire
bulls based on progeny groups. Maatal.tiet. Aikak. 41:
123—132.

Maantutkimuslaitos, Tikkurila
Department of Soil Science, Tikkurila

Ervio, R. & MAxrrie, O. Studies on the effect of clay and
organic  matter contents on the determination of cation
exchange properties in clay soils by the ammonium acetate
and methylene-blue methods. Selostus: Saviaineksen ja
humuksen vaikutuksesta savimaan kationinvaihto-
kapasiteetin midrittimisessd ns. ammoniumasetaatti-
ja metyleenisinimenetelmilld. J. Sci. Agric. Soc. Finl.
41: 73—81.

L.AKANEN, E. Mineral composition of Finnish timothy. Selos-
tus: Suomalaisen timotein kivenniisainekoostumus.
Ann. Agric. Fenn. 8: 20—29.

—— & SiLrANPAX, M. Soil factors affecting the calcium siron-
tinm ratio of plants. Selostus: Kasvin kalsium-strontium
suhteeseen vaikuttavia maaperitekijoitd. Ibid. 8: 273—
280.

SrLLANPAA, M. & LAkANEN, E. Trace element contents of
plants as a function of readily soluble soil trace elements.
Selostus: Hapan ammoniumasetaatti kasveille kiytts-
kelpoisten hivenaineiden uuttonesteens. J. Sci. Agric.
Soc. Finl. 41: 60—67.

Urvas, LELa. Tecisko-Murole. Swmmary: Soil map of
Teisko-Murole. Ann. Agric. Fenn. 8, Suppl. 2:.1—23 +
6 karttaa, i

— Nisijirven ympiristd tutkittu. Viljelyalaa voitaisiin
nostaakin. Aamulehti 5. 6. 1969.

— Nisijirven ympiristdn maaperisti. Koetoim. ja Kiyt.
26: 22.

Virrr, K. Limingan seudun soiden viljavuudesta. Tbid.
26: 42—43.

— Maan vesitaloutta. Pellervo 70: 1138—1139.

— Maataloudelliset maaperikartat. Suo 20: 38—39.

— & Somni, SyLvi. Maaperisti, maankohoamisesta ja
suotyypeisti Limingan seudulla. Summary: Soils, the
rising of land and peatland site types in Liminka district,
Central Finland. 1bid. 20: 33—38.

— & — Limingan seudun soiden ravinteista. Summary:
Peatland fertility in Liminka arca, Central Finland. Tbid.
20: 72—79.

V. 1969 painetut maaperikartat (1 : 20 000). Soi/ maps
(7 : 20 000) printed in 1969:

S6kd 4 Stora ..... 2032 11 Lepsimi 2(41 11
Mickelskiren (yhd.) 2032 10 Perttula 2041 12
Ojakkala .......... 2(41 08 Kuorsumaz 2121 03

Selki ............. 2041 09
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Maanviljelyskemian ja -fysiikan laitos, Tikkurila
Department of Agricaltural Chemistry and Physics, Tikkurila

JoxiNeN, RatLt. The magnesium status of soil and the mag-
nesinm content of cultivated plants. Selostus: Maan mag-
nesiumtila ja viljelykasvien magnesiumin pitoisuus.
Maatal.tiet. Aikak. 41: 290—297.

Larres, G. Styromull-skumplast som jordférbittrings-
medel. Landsb. Folk 23: 1.

— Radgddsling i Osterbotten. Ibid. 23: 13.

— Virbruk pi oplojda falt. Ibid. 23: 16.

— Styromull-vaahtomuovi maanparannusaineena. Koe-
toim. ja Kiyt. 26: 2,

— Rivilannoitus valtaa alaa maan keski- ja pohjois-
osissakin. Ibid. 26: 16.

— Radgddsling till potatis? Vixt-Narings-Nytt 25: 17—
18.

SaLoneN, M. Karjanlannan kiyttdaika ja puna-apilan me-
nestyminen. Koetoim. ja Kiyt. 26: 11—12.

— Multaus ja etilaisten typpilannoitteiden vaikutus ke-
vitviljoihin, (toimituksen antama nimi oli: Kevitvil-
jojen multaus dkeelld ja erilaiset typpilannoitteet). Ibid.
26: 19.

— Nitraatti- ja ammoniumtyppi moniravinteisissa lan-
noitteissa. Ibid. 26: 27.

— Lannoitus ja yllipitokalkitus. Sementtiyhd. Tied., eri-
koisnumero 1969: 2—6.

— Onko kisittelemittomailli apatiitilla fosforivaikutusta?
Leipd Leveimmiksi 4: 32—34.

— Tutkimustyén merkityksestd vikilannoitteiden kiy-
téssd. Maas.Tulev. 2. 10. 1969.

Puutarhantutkimuslaitos, Piikkio

Department of Forticulture, Piikkis

Hursawmi, H. Trientalis ewropaea L. A study of the
reproductive biology, ecology and variation in Fin-
land. Ann. Bot. Fenn. 6: 119—173.

— Matrja- ja hedelmikasvien jalostustoiminta Puutarhan-
tutkimuslaitoksessa. Summary: Breeding of berries and
Sruits at the Department of Horticulture. Ann. Agric.
Fenn. 8: 133—148.

— Mustaherukan lajikkeista ja jalostuksesta. Hedelmi ja
Marja 16: 53—56.

— Svartavinbirsférsék pa i Pikis. Tridgirdsnytt 23: 234
—235.

— Fodidlingen av svarta vinbir. Ibid. 23: 280—281.

— Luonnonmarjoista viljelykasveja. Puutarha-Uutiset 21:
1010, 1012.

— Luonnonmarjoista viljelykasveja. Koetoim. ja Kiyt.
26: 38.

— Luonnonmarjoistakin viljelykasveja? Kiyt. Maam.:
602—604.

— & Lenmusnovi, A. Marjakasvien jalostustyén mene-
telmistd. Summary: On the technique of berry breeding. Luon-
non Tutkija 73: 21—29,

Karrro, T. K. Pensashanhikki. Maatalouden tutkimus-
keskus, tietokortti 3 D 6.
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— Koristeomenapuut tutkimuksen kohteena. Puutarha
72: 2223,

— Sianpuola — Arctostaphylos. Ibid. 72: 356—357.

— Kukkiva Dipoli puntarissa. Taimitarhatuotteet. Ibid.
72: 517—518.

— Koristekasveina kiytettividi omenapuita. Emantilehti
67, 2: 2223,

— Omenapuu koristekasvina. Koetoim. ja Kiyt. 26: 38.
— Prydnadsippletrid i ljuset av forsdk pad Tridgirds-
forskningsanstalten. Tridgardsnytt 23: 343—344,
Kurky, LEA. MyGhiissyksyn salaatti. Puutarha-Uutiset 21:

786—787.

— Vihannesten varastointi kansainvilisessd symposiossa.
Ibid. 21: 892,

— Uutta tomaattilajikkeista. Ibid. 21: 948—950.

— Resistentti lajike on paras keino salaatin reunapoltteen
torjumiseksi. Puutarha 72: 67.

— Vihanneksien siilymisestd kaupassa. Ibid. 72: 574—
575.

— Kasvihuonesalaatti. Koetoim. ja Kiyt. 26: 38.

— Vihreidt pakastekaalit. Puutarhaliiton Julk. 185: 160—
162, 164—166.

— Taitepapu. Ibid. 187: 161, 163, 165.

SaLokANGas, Kirstr. Porkkanan lajikekokeet vuosina
1966—67. Puutarha 72: 14—18.

— Avomaan vihanneskasvilajikkeiston parhaimmistoa.
Puutarha-Uutiset 21: 142—143, 208, 316.

— Muovi avomaan vihannesviljelyssi. Maatalousnainen
30: 14—16.

— Porkkanalajikkeet. Maatalouden tutkimuskeskus, tie-
tokortti 2 C 7.

— Kasvihuonetomaatin lajikekokeet
1968. Puutarha 72: 628—630.

— Pikkuistukassipulien varastointi. Koetoim. ja Kiyt.
26: 36.

— Siirrettdvit muovihuoneet vihannesviljelyssi. Ibid. 26:
39.

— & PrssarLa, R. Nytt om ogrisbekimpning i tridd-
girdsbruket. Erfarenheter frén Finland. Ogris och
ogrisbekimpning. s. A. I-M. 6. 10: e svenska ogris-
konferensen Uppsala 22—23. 1. 1969. s. G. 10-G. 11.

SAk8, ]. Tuloksia omenapuiden perusrunkokeista. He-
delmd ja Marja 16: 25—27.

— Tuloksia vadelman lajikekokeesta. Puutarha-Uutiset
21: 342—343.

— Resultat av hallonsortforsdk. Tridgirdsnytt 23: 102.

— Mansikan lehdiston niiton vaikutus satoon. Puutarha-
Uutiset 21: 770.

— Inverkan pi skbrden av avmejendet av jordgubbs-
bladen. Tridgadsnytt 23: 268—269.

—- Hallonens 6vervintring 1968—69. Ibid 23: 314—316.

— Mansikan lajikekokeet Puutarhantutkimuslaitoksella
ja koeasemilla 1959—G65. Summary: Strawberry variety
trials at the Department of Horticulture, Piikkis, and
at some experimental stations in Finland in 1959—65.
Ann. Agric. Fenn. 8 119—132.

vuosina 1966—



Tuhoeldintutkimuslaitos, Tikkurila
Department of Pest Investigation, Tikkurila

ExsowMm, P. Tupajumi ja muut puuainestuholaiset. Koe-
toim. ja Kiyt. 26: 29—30.

— Elintarviketilojen tuholaiset. Ibid. 26: 37, 39.

— Report of participant: Finland. Working Party on Stored
Products of Tropical Origin, (Hamburg 5—6 Nov. 1968)
EPPO Publ. Ser. A. No 51 E: 8.

Exnouym, S. Bakteriebrinna (»Fireblighty) — en farlig
sjukdom pa frukttrid. Tridgardsnytt 23: 39—40.

— Ringbakterioser pd potatis. Lantmannabladet 36, 5:
6—7.

HemximnuemMo, O. Pihlajanmatjakoin torjunta antoi hyvid
tuloksia 1968. Koetoim. ja Kdyt. 26: 5.

— Pihlajanmarjakoin torjunnasta hyvid tuloksia. Kasvin-
suojelulehti 2: 34—35.

— Ennustepalvelu omenakdéridistd ja pihlajanmarjakoita
torjuttaessa. Hedelmi ja Marja 16: 10—12.

— Kloorattujen hiilivetyjen kdytén lopettamisen vaiku-
tus hedelmi- ja matjakasvien tuholaistorjuntaan. Ibid.
16: 113—114.

— Om bekimpning av dpplevecklare och rénnbirsmal.
Tridgirdsnytt 23: 124—125.

— Perunan haitallisimmat tuhoeldimet.
27. 3. 1969.

KANERVO, V. Avomaan koristekasvien tuholaiset ja nii-
den torjunta. Puutarhakalenteri 1969: 338—367.

— & MArkxULA, M. Maatalouden tutkimuskeskuksen
tuhoeldintutkimuslaitos. Kasvinsuojelulehti 2: 36—41.

Linkora, P. & Mryrrymixky, A. Der Einfluss der Klein-
sénuger-fluktuationen anf das Briiten einiger kleinsiuger-
Sfressender Vigel im siidlichen Hime, Mittelfinnland 1952—
1966. Ornis Fenn. 46: 45—78.

Markkura, M. Omenasadosta 73 %, pilalla — myyri-
kanta nousussa. Kasvinsuojelulehti 2: 8—9.

—- Omenasadosta valtaosa pilalla, Viljelykasvien tuho-
eliimet 1968. Koetoim. ja Kiyt. 26: 1.

— Vieraita vastaanottimissa. Radiokauppias: 136—137.

— DPesticide regulations in Finland. Span 12: 100—102.

— The sales of pesticides in Finland 1968. Kemian Teoll.
731—734.

— Pests of cultivated plants in Finland in 1968. Sclostus:
Viljelykasvien tuhoeliimet 1968. Ann. Agric. Fena.
8: 316—319.

— Abundance of pests in greenhouses. Sclostus: Lasinalais-
kasvien tuholaisten runsaus ja totjuntaongelmia. Ibid.
8: 320—322,

— & Roukxa, Karsa & TurraNeN, KaTri. Reproduction
of Myzus persicae (Sulz.) and Tetranychus telarins (L.)
on different chrysanthemnum cultivars. Selostus: Persikka-
kirvan ja vihannespunkin lisidntyminen krysanteemi-
lajikkeissa. Ibid. 8: 175—183.

— & TirrraneN, Katri. Effect of fertiligers on the reproduc-
tion of Tetranychus telarius (L.), Myzus persicae (Sulz.)
and Acyrthosiphon pisum Harris. Selostus: Kasvien lan-
noituksen vaikutuksesta vihannespunkin, persikka-

Maas. Tulev.

kirvan ja hernekirvan lisddntymiseen. Ibid. 8: 9—14.

— & — Torjunta-aineect maa- ja metsitaloudessa. Sos.
Ladket. Aikak.l. 7: 163—172.

— & — Pesticides in Agriculinre and Forestry in Finland.
Kemian Teoll. 26: 817—822.

— & — & KanNervo, V. Growth substrate of plants and
the reproduction rate of Tetranychus telarius (L.), Acyrtho-
siphon pisum Hatris. and Myzus persicae (Sulz.). Selostus:
Kasvien kasvualustan vaikutuksesta vihannespunkin,
hernekirvan ja persikkakirvan lisddntymiseen. Ibid. 8:
281—285.

MyLLyMAKL, A. An early approach 1o a rar-free town in
Finland. Rattenbiologie nund Rattenbekimpfung. Schr.
reihe Ver. Wasser-, Boden- und Lufthygiene Betlin—
Dahlem 32: 161—166.

MixkmeN, K.-L. Omenankehridjikoi tuhottava enna-
kolta. Maas. Tulev. 17. 4. 1969.

-— Varhaiskevitruiskutustakin tarvitaan. Puutarha-alan
tied.palvelu, huhtikuu 1969.

— Alid myrkytd mansikoita. Ibid., kesikuu 1969.

RAATIKAINEN, M. Kloorattujen hiilivetyjen kidyttd Suo-
messa. Kasvinsuojelulehti 2: 21—23.

— Rikkakasvihivitteiden kiyttd Suomessa. Ibid. 2: 67—
70.

— Toistatuhatta tuhoeldinti viljelykasveissamme. Alan
tutkimus kansainviliselld tasolla. Maas. Tulev. 21. 1.
1969.

— Kloorattujen hiilivetyjen korvaaminen muilla yhdis-
teilld. Ibid. 30. 10. 1969.

— Juurimatojen torjunnasta. Koetoim. ja Kiyt. 26: 27.

— & DPreETILANEN, L. Viljelys-Suomen rikkakasvisto-
aluejaon tarkastelua. Summary: Comments on a regionali-
zation of weed flora in S-Finland. Terra 81: 209—214.

Raurarii, J. Effect of Lygus regulipennis Popp. (Hem.,
Capsidae) on the yield and quality of wheat. Ann. Ent.
Fenn. 35: 168—175.

— Kloorattujen hiilivetyjen pysyvyys maassa. Luonnon
Tutkija 73: 155—162.

— Torjunta-aineresistenssi. Ibid. 73: 182—191.

— Kirvojen vaikutus viljoihin. Koetoim. ja Kiyt. 26, 5:
18, 20.

— Bladldssens roll som skadegdrare pa strisid. Nord.
Jordbr.forskn. 4: 277—279.

— Ravinnontuoton ongelmia. Natura 6, 2: 40—44.

— Me 1574. Kasvinsuojelulehti 2: 43—44.

— Rypsin tuholaistorjunta. Maas. Tulev. 17. 6. 1969.

Varis, A.-L. (toim.) Kasvinsuojelusanastoa — I. Tor-
juntavilineet ja niiden kayttd. Vaxsskyddsterminologi —
1. Bekdmpningsredskap och deras anvindning. Kasvinsuoj.-
seur. Julk. 38: 1—20.

Kasvinsuojelulaitos, Tikkurila

Office for Plant Protectants, Tikkarila

TorviaiNeN, M. Kasvinsuojeluaineiden varoajat. Pelto-
Pirkan Piivintieto 1970: 183—185.
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— Uusi torjunta-ainelaki ja uusi myrkkylaki voimaan
1. 9. 1969. Kasvinsuojelulehti 2, 4: 66—67.

— Jimforelsen av effekten hos tvd systemiska fungicider
mot skadliga svamparter i strisid. Nord. Jordbrt.-
forskn. 51: 190—192.

Isotooppilaboratorio, Tikkurila
Isotope Laboratory, Tikkurila

Laxanen, E. Timoteiheindn kivenniiskoostumus ja sen
merkitys. Koetoim. ja Kiyt. 26: 29.

— Viljan kivenniisainekoostumuksesta. Ibid. 26: 31.

— Mineral composition of Finnish timothy. Selostus: Suoma-
laisen timotein kivenniisainekoostumus. Ann. Agric.
Fenn. 8: 20—29.

— & SiLrLANPAA, M. Soil factors affecting the calcium
strontinm ratio in plants. Selostus: Kasvin kalsium-
strontium suhteeseen vaikuttavia maaperitekijoiti.
Ibid. 8: 273—280.

Eteld-Savon koeasema, Mikkeli
South Savo Agricultural Experiment Station, Mikkeli

Huoxkuna, E. Valkuaistuotanto nurmilla. Pellervo 70:
272—274.

— Nurmien perustaminen, rikkaruohojen totjunta ja lan-
noitus. Karjatalous 45: 109—111.

— Eteld-Savon koeasema 1919—1969. Koctoim. ja Kiyt.
26: 25—28.

— August Jintti *17. 1. 1904, +14. 11. 1968. Maatal.-
tiet. Aikak. 41: 1—2.

— Runsaan typpilannoituksen vaikutus siildrehun ja lai-
dunruohon laatuun. Suom. Eldinlddk.l. 75: 240—242.

— Laidunnurmien lannoitus. Leipi Leveimmiksi 17, 2:
7—8.

— Nurmiviljelyn  kehittdmismahdollisuuksista Viher-
Suomessa. Yhteistyé 35—36.

— Vihrein linjan kasvit. Pelto-Pirkan Piivintieto 1970:
117—122,

— & LaAmg, T. & TEerrriNeN, P, Heiluttelevatko asiat
jo koetoimintaakin? 2. Kdyt. Maam.: 86—388.

— & Kovuijirvr, J. Sdilyyké sidilorehunurmenne ke-
viiseen? Ibid. 462—463.

Hallakoeasema, Pelsonsuo

Frost Research Station, Pelsonsno

Varmarr, A, Kyntimittd jddneen turvemaan kevitmuok-
kaus. Koetoim. ja Kiyt. 26: 15—16.

— Vitbearbetning av opl6jd torvjord. Fors. Framit
21: 10.

— Havaintoja tuiskulumen kasaantumisesta sekd tum-
mennusaineiden vaikutuksesta lumen sulamiseen.
English summary. Geofys. piiviat 18—19. 6. 1968,
p. 83—101. Oulu.

— Koetulosten tie tutkijalta viljelijélle. Kayt. Maam.:
474,
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Himeen koeasema, Pilkiine

Hime Agricultural Experiment Station, Pélkdine

Linvomiki, Hermr. 1-kesiinen puna-apila vilikasvina
nurmettomassa viljelykierrossa. Koetoim. ja Kiyt. 26:
23—24.

Karjalan koeasema, Anjala

Karelia Agricultural Experiment Station, Anjala

MzeurMmAN, H. Syysvehnilld vaikeuksia Kymenlaakson
hiesusavimailla, Koetoim. ja Kiyt. 26: 14.

Keski-Pohjanmaan koeasema, Toholampi

Central Ostrobothnia Agricultural Experiment Station, Toho-
lampi

JArvy, A. Vihrein linjan kasvit Keski-Pohjanmaalla.
Keskipohjanmaa 10. 5. 1969.
— Torajyvin totjunta ohrasta. Ibid. 10. 5. 1969.

Keski-Suomen koeasema, Laukaa

Central Finland Agricultural Experiment Station, Lankaa

Swmmojoxki, P. Torajyvi, ohra ja boori. Koetoim. ja Kiyt.
26: 1.

— Barima paras varhaisperuna. Ibid. 26: 2.

— Heikosti itdvin kauran kylvSsiemenarvo. Ibid. 26: 8.

— Talvi-idittdminen ja suuret mukulat eduksi varhais-
petunan istutuksessa. Ibid. 26: 13,

Laidunkoeasema, Mouhijirvi

Pasture Experiment Station, Moubijirvi

LaiNg, T. Siilérehunurmien typpilannoitus. Koetoim. ja
Kiyt. 26: 24.

" — Hiesusaven hiekoituskoe 1959—68. Ibid. 26: 40.

— Puna-apila ja laitumen typpilannoitus. Karjatalous 45:
116—118.

— Parannuksia ritiliparteen. Ibid. 45: 271.

— Heiluttelevatko asiat jo koetoimintaakin?
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