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ECOLOGY AND FLUCTUATIONS IN ABUNDANCE OF MEGADELPHAX
SORDIDULA (STAL) (HOM., DELPHACIDAE) ‘

MIKKO RAATIKAINEN

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

Many reports have been published on the
ecology and the dimorphism of Megadelphasx sor-
didula (e.g. SAHLBERG 1871, KOoNTKANEN 1950 2,
1950 b, 1952, 1954, Linnavuorr 1952, MARr-
cEAND 1953, RaatikaiNeN 1960, 1961, Jiirisoo
1964), and distribution of the species is fairly
well known (e.g. METcALF 1943). It has been
shown to spread Phleum green stripe virus
(PGSV) to wheat, oats and timothy, and the
saliva also has a slightly toxic effect on the height
and grain yield of cereals (NuorIiEVA 1962,
p. 19, HErkinHEIMO, unpublished). The species
is known to be a pest and, consequently, the
ecology and population dynamics of the species
were investigated in connection with studies on
virus vectors. Concurrently, there was an oppor-
tunity to compare fluctuations in abundance of
M. sordidwla populations found close to their
northern limit with those of Javesella pellucida
(F.) populations found in their optimum region.

Material and methods

The field studies wete catried out in 1956—
1964 in six communes east of the city of Vaasa in
western Finland, comprising some 1700 km?.
Material was also gathered elsewheré in Finland.
A detailed description of the main area has been
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published previously (RaaTikaiNeN 1967). The
same publication describes, or refers to other
publications describing, the method, equipments
and material employed in the present study.

Results
Distribution

According to the literature, samples in muse-
ums and collections made by the Department of
Pest Investigation, M. sordidula has so far been
found in southern and central Finland (Fig. 1).
In order to investigate the abundance in different
areas, netting samples consisting of 60 sweeps
made between 23 May and 7 June 1959, were
taken from 55 first-year leys established under
cereals between longitudes 21 and 25 in western
Finland. The abundance appears in the following
table:

Samples

. : Nymph:
e i
<62 e, 10/19 4.6
62—63 ...t 3/18 0.2
>63 ..., 1/18 0.1

This material shows that M. sordidula occurs
most frequently and most abundantly in southern
Finland, and that the species becomes rarer and
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Fig. 1. Known localities of M. sordidula in Finland.

less abundant towards the north. The same thing
is shown in Fig. 1, where the material was fairly
evenly distributed over the different parts of the
main area of cereal cultivation in Finland.

Overwintering

_ 'The univoltine M. sordidula hibernates usually
in nymphal instars II and III in leys, ditches,
grass verges, meadows and similar places where
perennia) grasses grow. It was not found among
winter cereals. In 1959, 56.3 per cent of the land
in the communes of the research area consisted
of forest, 33.6 per cent of arable Jand, 8.1 of
waste land, 0.6 of cleared pastures, 0.5 of natural
meadows and 1.0 per cent of land in other use
(Axon. 1962). Leys covered 18.4 per cent of the
whole area, and cereals 11.9. As 80 per cent of
the fields wete open-ditched, roughly one-tenth
of the field area consisted of ditch verges. The
density of nymphs was highest in old leys (Raa-
TIKAINEN 1960) and ditch verges. For instance,
the suction samples taken on 6—9 May 1962
(6 X 0.1 m? each) showed an average of 1.8
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nymphs per square metre from 14 first-year leys
established under cereal. Near these leys, 6.9
nymphs/m? (F == 2.54, P > 0.05) were obtained
from ditch verges around fields where spring
cereals had been cultivated the previous year,
Thus, verges are comparable to leys as hiberna-
tion and reproduction sites for M. sordidula. Prob-
ably more than one half of the M. sordidula spend
the winter in leys, chiefly in old leys, perhaps
one-tenth in ditch verges, and the remainder
mainly in waste Jand, meadows and pastures,
while some hibernates in forests and peat-covered
areas. In hibernation sites the nymphs usually live
during autumn and spring on grasses, which
serve as their chief food plant (RAATIRKAINEN
1960).

Migration

In fields, M. sordidula remained over the winter
in leys, verges and cereal fields. The cereal fields
where leys were not established (roughly three-
fifths of the total) were, however, ploughed in
autumn. Most of the nymphs were then de-
stroyed, and only a few moved to the ditch verges
or hibernated in the ploughed area, whete they
got nutrition from the sparse weeds. On 6—9
May 1962, for instance, samples of 6 x 0.1 m?
were taken from 14 fields that had been under
spring ceteal the previous year and had been
ploughed during the autumn, and from the ditch
verges of these fields. Not a single M. sordidula
was obtained from these fields, while a total of
58 nymphs were obtained from 11 verges. No
M. sordidula were found after the preparation
of seed-beds on the ploughed fields in the spring.
In spring 1961 oats were sown on two fields of
this type, with underground drainage. Adjacent

Table 1. Numbet of M. sordidula per 1440 sweeps at
different distances from vetge of oat fields.

Distance from the border of theley and oat field,
in metres

Leys QOats
5 5 15 25 35 45
Nymphs ....... 45 0 0 0 0 0
Brachypters ....| 196 1 2 3 0 0
“Macroptets ... .. 768 | 165 | 176 | 127 | 123 | 111



to each of these fields was a timothy ley, with 4.
sordidula nymphs. On 14 June and 1 and 17 July,
netting samples were taken from the timothy leys
at a distance of 5 metres from the oats. The net-
ting samples from the oats were taken at dis-
tances of 5, 15, 25, 35 and 45 metres from the
border between the timothy and the oats. The
samples taken from the two places and at differ-
ent times were combined.

The results (Table 1) show that there is no
general movement of nymphs to oats. Other ob-
servations show that there were nymphs in the
oats and also in other spring cereals a few metres
from the edge of the field. They were always very
few, however, and always at the edge of the field.
Neither were there many brachypterous speci-
mens in the spring cereals, although these were
nevertheless more frequent than nymphs and also
approached the centre of the field more closely
than the nymphs. The tesults in Table 2 suggest
the same thing, although they do not suffice to
prove the point. Most of the brachypterous speci-
mens, however, remained in the leys.

Macropterous specimens, which fly about, oc-
curred in roughly equal density at all distances
investigated from the edges of the fields, but
many of these, too, also remained in the leys.
Although a fairly high petceatage of the adults
in the cultivated areas were brachypters, these
occurred very sparsely in the cereal fields. For
instance, in the material shown in Table 6, taken
at the end of the nymphal period, all the speci-
mens were adults, and, of the 907 specimens ob-
tained from the oat fields, only 0.6 per cent were
brachypters, while, of the 461 taken from the
wheat fields, 0.4 per cent were brachypters.

Netting apparatus was used in three localities
to investigate the migration of macropterous
specimens. As the materials obtained were very
small and similar, they were combined to give
an overall picture. The results (Fig. 2) show that
in 1957—1964 migrations began, on average, on
20th June, though the initial date varied a great
deal from year to year. The higher the sum of
daily temperatures in the spring and early sum-
mer preceding the migration season, the earlier
migration began. The date also seems to have
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Fig. 2. Migration of macropterous M. sordidula in 1957—
1964, according to material collected with netting appa-
ratus. The solid part of abscissa axis shows the period
during which observations were made, while the dashed
part indicates that no observations were made. Black part
of columns = numbetrs of females, hatched part =
numbers of males, and white part = numbers of Dison-
dylus belleni patasitized females.

been affected by the sum of temperatures in the
late summer of the preceding year, for the
nymphs reached a later nymphal instar when the
temperature of the late summer was high than
when it was Jow. Migration was liveliest on warm
days, and probably continued for about a month
ot even longer.
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Fig. 3. Numbers of M. sordidula adults in netting samples taken in fest-
year timothy leys established under spring cereals and oats.

Occurrence of adults

In the leys, where most of the adults lived, the
adults occurred for some 2.5—3 months (Fig. 3).
In the early and middle period of adult emer-
gence, while there was still no noteworthy mi-
gration of the macropters, the proportion of
brachypters was still fairly low in the leys, but
by the end of the migration season the propot-
tion was roughly twice as high (Table 2). Migra-
tion began before and continued after hay mak-
ing. The macropters migrated to spring cereals,
winter cereals and, to some extent, also leys. At
the end of migration period, between 27 June

Table 2. Proportion of brachypterous M. sordidula in
weekly netting samples taken from first-year leys in 1961
and 1962. The samples for both yeats were grouped into
three consecutive groups of approximately equal size.

Brachy-

Group Sampling period ;ﬁzﬁ ;z;:rsy %2
1. ... 14.—21. 6. 1961 69 15 | —
2.....]30. 6—10.7.1961 47 36 9.64%*
3., 17. 7.—14.8.1961 | 130 29 4.45%
1..... 119, 6.— 6.7.1962 | 179 16 | —
2..... 8.7.1962 | 228 38 | 26.00**
3.0 1190 7.— 3.9.1962 | 336 38 | 29.00**x

and 1 July 1960, netting samples (each consisting
of 200 sweeps) were taken from different cereals
in seven localities. These samples contained the
following numbers of M. sordidula adults per 200

sweeps:
Oats ............ 85 Spring wheat .... 44
Batley .......... 57 Rye /... .. 9

F = 4.83*. Smallest significant difference, 42 specimens

On spring cereals, the females laid their eggs
chiefly in the stems, but also in the leaves. In
tests carried out under gauze cylinders 98.9 per
cent of the 1 976 eggs of M. sordidula were found
in the stems of oats, and the remainder in the
leaves. The egg-laying petiod lasted for several
weeks, and the females laid several clutches a day.
They changed plants many times during the
oviposition period. No adults were found on
oats or other spring cereals later than six weeks
after migration. A great proportion of them died,
and when the spring cereals had grown the popu-
lation was sparse and it was difficult to get adults
from a sweep. The leys were short after hay-
making, however, and it was easier to obtain
specimens there, even late in the summer.



Variations in abundance

Variations in spatial abundance.
Thete was considerable variation in abundance
of M. sordidula from region to region. The den-
sity was highest in warm fields, on mineral soil,
adjacent to the rivers. The species was less abun-
dant in fields on peat soils. On mineral soils, too,
there was a considerable variation in density. The
densities were highest in areas where rather a lot
of timothy was cultivated, and low on areas with
underground drainage, used exclusively for ce-
real growing.

Fluctuation. Counts of M. sordidula were
made at five different times during the year. From
15 April to 21 May each spring, suction samples
were taken from first-year leys (see RAATIKAINEN
1967, p. 129) (Table 3 and Fig. 4 A). From 5
May to 18 June, early each summer, netting sam-
ples were taken of the nymphs in first-year leys,
slightly before the occurrence of the first adults

Table 3. Numbet of M. sordidula in suction samples taken

in autumn from spring cereal stubbles undergrown with

timothy and in spring in first-yeat timothy leys established
under spring cereals.

In autumn In spring
Number o
Yeur of fields No. | No./m? deﬁ;h:iid No. | No./m? del/;hziid
nymphs nymphs
1958 7 0 0 0 0 0 0
1959 7 2 1.0 0.1 3 1.4 0.4
1960 7 2 ? ? 0 0 0
1961 20 | 91 [ 15.2 2.6 | 54 9.0 9.8
1962 20 0 0 0 11 1.8 0.8
1963 20 1 0.2 0.0 1 0.2 0.1
1964 20 0 0 0 2 0.3 0.1

Table 4. Numbet of M. sordidula in fitst-yeat timothy leys

established under spring cereals. In 1958 60 net sweeps

were made in each field, in the other years 200 sweeps.
Examinations made May 5.—June 18.

Nymphs

Year ’ﬁ‘éid‘if No.j200 | % ©f Algi‘;l.ts

No. sweeps delphacid

nymphs
1958 .... 20 2 0.3 0.1 0
1959 ... 20 2 0.1 0.0 0
1960 .... 17 102 6.0 2.1 0
1961 .... 20 832 41.6 17.5 3
1962 .... 20 12 0.6 0.7 0
1963 .... 20 0 0.0 0.0 0
1964 .. .. 20 9. 0.5 0.1 0

Table 5. Number of males, females and parasitized speci-
mens of M. sordidula in samples taken with three sets of
netting apparatus.

Females
Year Males Females patasitized ‘Total
by D. helleni

1957 .... 7 5 0 12
1958 .... 1 3 0 4
1959 .... 14 15 0 29
1960 .... 22 21 1 44
1961 .... 7 9 1 17
1962 .. .. 4 10 0 14
1963 .... 0 0 0 0
1964 .... 9 7 0 16

Table 6. Abundance of M. sordidula and M. sordiduia

patasitized by D. helleni and E. tenuicornis in oats and

spting wheat, Examinations made June 23.—July 7.

In 1959 and 1960 200 net sweeps were made in each
field, in the other years 60 sweeps.

M. sordidula g;;;:irg;?f
M. sordidula parasitized by E. tenui-
No. of No.per | by D. helleni cornis
Year fields 60
% of | sweeps % of % of
No. | del- No. | M. sor- [ No. | M. sor-
phacids didula didula
Oats
1958 7 1] 0.1 0.1 0 0 0 0
1959 10 39| 0.7 1.2 2 5 0 0
1960 13 [762|15.8 { 17.6 {41 5 1 0
1961 20 49| 6.6 2.5 7|1 14.|1 0 0
1962 20 28| 1.5 1.4 0 0 0 0
1963 20 71 0.3 0.4 0 0 0 0
1964 20 21| 2.0 1.1 1 5 0 0
Spring wheat
1958 5 1| 0.1 0.2 0 0 0 0
1960 8 [310(18.4 | 11.6 |14 5 0 0
1961 20 93110.0 4.7 112 | 13 0 0
1962 20 28| 1.7 1.4 1 4 1 4
1963 20 51.0.3 0.3 0 0 0 0
1964 20 24| 1.6 1.2 0| 0 0 0 -

(op. cit., p. 129) (Table 4 and Fig. 4 B). During
the migration seasons, in June and July, macropt-
erous specimens were caught in three different
localities by means of netting apparatus (op. cit.
p. 33) (Table 5 and Fig. 4 C). In the middle of
the migration season, i.e. from 23 June to 7 July,
netting samples were taken of the M. sordidula
adults in oats and spring wheat (op. cit. pp. 126
—127) (Table 6 and Figs 4 D, 4 E). From 3 to
26 October each autumn, before the arrival of
the permanent snow cover, suction samples of
nymphs were taken from the stubble fields of
spting cereal which were sown with timothy (op.
cit. p. 128) (Table 3 and Fig. 4 F).
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Fig. 4. Numbers of M. sordidula in 1958—1964.
A = numbers of nymphs in spring in first-year

leys per 1 m?, B = nymphs in late May and eatly
June in first-year leys per 200 net sweeps, C = mi-
grating macropters per three sets of netting appa-
ratus, D = adults in late June and early July in
oats per 60 net sweeps, E = adults in late June
and early July in spring wheat per 60 net sweeps,
and F = nymphs in autumn in spring cereal stubbles
per 1 m2

It appears from Tables 3—6 and Fig. 4 that
there was little M. sordidnla in 1958. Some speci-
mens were found in the suction samples in the
spring of 1959, and that summer the number of
macropterous migrating specimens obtained was
above average. A greater number than during
the previous summer was also obtained in oat
fields. In the following yeat the number of mi-
grating specimens was highest, as were the num-
bers obtained from oats and wheat. By summer
1961, incidence was already slightly lower. In this
lattet year, a great number of specimens were
nevertheless obtained in the suction samples in
spring, but 69 per cent came from two samples
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taken close to each other. 72 per cent of the
nymphs in nymphal samples netted eatly that
summer came from a single sample. Thus, while
the standard deviation was great, thete was no
increase in the frequency. Subsequently, the
frequency of M. sordidula seems to have declined
until 1963, after which it rose slightly again.

Resons for variations in abundance

Food was plentiful every year. During the
dry and warm summer of 1959 cereals ripened
eatlier than usual, and the aftermath of timothy
was very sparse and short. This, however, caused
no catastrophic mortality. On the contrary, the
number of M. sordidula reached maximum the
following year.

Farming measures have a considera-
ble effect on the abundance of this species. One
of the most important factors affecting the fluc-
tuation was the extensive ploughing of leys,
which was a failure on account of the drought,
throughout the autumn of 1959 and the follow-
ing spring, during which an exceptionally high
number of M. sordidula was destroyed.

In spring 1959 the aphid Rbopalosiphum padi
(L.) occurred in great abundance, and at that
time 22—35 per cent of the oat fields, 14—31
petr cent of the barley fields and 7—9 per cent
of the spring wheat fields were treated with in-
secticides towards the end of the M. sordidula
migration period (RAATIKAINEN and TINNILA
1961). These insecticides wetre also eflective
against M. sordidula. Roughly 5 per cent of the
M. sordidula habitats in the fields were treated.
The effects of breaking-up the leys and the use
of insecticides were small, however, and other
factors tending to increase the population were
so powerful] that density increased.

Biotic factors. M. sordidula eggs laid
in stems are eaten by Panstenon oxylns (Walk.)
(Hym., Pteromalidae) and probably also by Me-
sopolobus aequus (Walk.) of the same family. Eggs
in the leaves, and very occasionally those in the
stems also, ate destroyed by Anagrus atomus (L.)
(Hym., Mymaridae). Although pteromalids may



destroy about half the M. sordidula eggs on ce-
reals, they did not seem to have caused the varia-
tion established but rather to have levelled in out
(see RAATIKAINEN 1967, p. 78). Only a very small
proportion of M. sordidula eggs occur in the
leaves even during years that are dry and badly
plagued with oat sterile dwarf virus, and, conse-
quently, the fluctuation could not have been
caused by A. atomus either.

Delphacids parasitized by Dicondylus belleni
Raat. (Hym., Dryinidac) are unable to reproduce.
The proportion of M. sordidula parasitized by
this dryinid was very small in 1957—1958, and
not very large even in 1959, according to numer-
ous collections made in various parts of the re-
search area (see also Tables 5 and 6 and Raari-
KAINEN 1960 and 1961). The scarcity of this
dryinid favoured an increasing density of M.
sordidula, while, following upon this period of
great abundance, the number of D. helleni tended
to decrease the density of M. sordidula (Tables 5
and 6), but this was not the most important
factor.

Elenchus tennicornis (Kitby) (Strepsiptera, Elen-
chidae) also parasitized M. sordidula, although its
main host was Javesella pellucida (F.) and it oc-
cutred sparsely in M. sordidula in each of the
years covered by the study (Tables 5 and 6) and
thus had hardly any effect on the fluctuation of
this delphacid. It was most abundant in a net-
ting sample taken from a first-year timothy ley
on 19 July 1962, in which 4 per cent of the 215
adults wete parasitized by it.

Nymphs and adults of M. sordidula are para-
sitized by Erythraens (Achorolophus) gracilipes
(Kramer) (Acar., Erythracidae) and probably also
by some other similar mite. Trials revealed that
7 out of the 17 nymphs parasitized by the mite,
and 15 out of 17 mite-free nymphs achieved
adulthood. The difference is not a significant
one, but it is apparent that mite-infested M.
sordidula specimens usually die in the nymphal
stage as do those of Javesella pellucida (see RAA-
TIKAINEN 1967). M. sordidula parasitized by mites
occutted particularly on old leys. The proportion
infested vatied considerably in the different years,
but so little material was obtained on M. sordidula

Table 7. Frequency of M. sordidula nymphs parasitized
by mites in first-year leys. Examinations made May

20.—June 5.
N h
Year 2:1' d‘;f Total Parasitii’gﬁ); mites
No. %
1958 .... 6 1 0 0
1959 ... 6 0 0 —
1960 .... 8 15 1 7
1961 .... 11 455 10 2
1962 .... 13 64 1 2
1963 .. .. 7 4 0 0
1964 .. .. 18 1 0 0

(Table 7) that the fluctuation in abundance of
mites could not be investigated. It was, however,
possible to investigate its fluctuation in abun-
dance in Javesella pellmcida (see RAATIKAINEN
1967, p. 114), and this material reveals that the
ptoportion of J. pellucida parasitized by mites
was small when the numbet of M. sordidula was
on the increase and great when it was on the
decrease. Thus the mites obviously had an effect
on the fluctuation in abundance of M. sordidula,
but they were not a chief factor either.

The effect of other biotic factors such as
spiders and birds on the fluctuation in abun-
dance of M. sordidula was also very small.

Weather factors.
relative atmospheric humidity varied considera-

Temperature and

bly from one research year to another. When the
density of M. sordidula began to tise, in 1958, the
summer was dry. The autumn, winter and follow-
ing spring wete exceptionally warm except for
December and January, which were cold, but the
snow cover was almost 100 per cent thicker than
normal at that time, so that the cold could not
be felt at the surface of the ground where the
nymphs pass the winter. In 1959 the summer was
exceptionally dry, and average temperatures were
higher than usual, apart from September. Winter
seems to be a critical petiod for M. sordidula.
Accotding to the suction samples taken every
autumn and spring from 1956 to 1964, there were
95 nymphs of M. sordidula in the 81 suction sam-
ples (each 3 X 0.10 m?), taken in autumn and
17 in the samples taken from the same places in
spring. In the winter seasons the mortality was
consequently 82 per cent. In the same samples
there were 14 690 Javesella . nymphs in autumn
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and 6 932 in spring, giving a mortality of 53 per
cent. When the population of M. sordidula de-
clined in the winter 1960—1961, the autumn had
been extremely cool and wet. The snow cover
disappeared two months earlier than usual, and
the nymphs were exposed to the hazards of the
weather as early as late wintet. In winter 1961—
1962, too, there was a considerable decline in
density. A hibernation experiment was then set
up in the field. In the autumn 440 nymphs were
placed in small cages; 90 per cent of them died
during the winter. In suction samples taken from
20 fields there were 91 nymphs in that same
autumn, but only 11 in the spring, showing a
mortality rate of 88 per cent. The experiment also
covered nymphs of Javesella pellucida, but only
56 per cent of the 1985 placed in cages in the
autumn died during the winter. In the above
suction samples there were 3 204 Javesella nymphs
in the autumn, but only 1 267 in the spting, which
makes the mortality rate 60 per cent. Thus, in
all the above cases the winter mortality rate of
M. sordidula was higher than that of Javesella
pellucida. Weather was probably the major factor
controlling the fluctuations in abundance, while
some enemies, whose abundance is also con-
trolled by weather factors, also had an effect on
fluctuations in abundance.

Discussion

M. sordidnla is a virus vector, and its ability to
transmit virus is consequently a question of pri-
mary interest. However, cereals infected with
PGSV do not seem to be anywhere near as com-
mon as cereals infected with the oats sterile dwarf
virus (OSDYV), transmitted e.g. by Javesella pel-
lucida, Javesella obscurella (Boh.) and Dicranotropis
hamata (Boh.), or the European wheat striate mo-
saic virus (EWSMYV) transmitted by J. pelin-
cida, J. obscurella and J. dubia (Kbm.) (RAATIKAI-
NEN 1970).

The number of progeny of M. sordidula seems
to be smaller than that of J. pellncida (see RaATI-
KAINEN 1960 and 1967). This factor is one reason
why M. sordidule cannot be as harmful a virus
vector as J. pellucida.
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M. sordidula is a species living principally in
old leys, and it is chiefly in leys that it is able to
transmit viruses. Some 50—70 per cent of those
emerging in leys and meadows are macropters
(KonNTkANEN 1952, RaATiKAINEN 1960). The ra-
tio is considerably smaller than that in Javesella
pellucida, the main vector of OSDV and EWSMYV,
94 per cent of which are macropters in first-year
leys (RAATIRKAINEN 1967), but higher than that
in Dicranotropis hamata, some 6—55 per cent of
which are macropters (LiNDBERG 1949, KonT-
KANEN 1952, RAATIKAINEN and VASARAINEN
1964). When the macropters migrate from their
reproduction sites, e.g. to cereals and new leys,
they may carry viruses with them. Material
gathered with netting apparatus shows that in
1958—1964 the migration of macropterous M.
sordidula began 15 days later than that of the
Javesella pellucida (see RAATIRAINEN 1967). The
M. sordidula material, however, is smaller than
the /. pellucida material and, consequently the dif-
ference may not be as great as this. If the dif-
ference between migration periods is reckoned
as the difference between the dates by which 50
per cent of the macropters obtained had mi-
grated, the difference between the migration
petiods of these species in 1959—1962 was 11
days. The cereals are thus more advanced at the
time of the M. sordidula migration than at that
of the J. pellucida migration, and the virus trans-
mitted by M. sordidula obviously does not
have the time to cause symptoms as severe as
those caused by the viruses transmitted by J.
pellucida.

In fields of oats or spring wheat the proportion
of brachypterous specimens in the total number
of specimens was higher in M. sordidula than in
J- pellucida, of which only 0.01 per cent of the
24 090 of the adults gathered in 1958—1964 were
brachypterous (see RAATIRKAINEN 1967, Tables 85
and 86). Brachypterous M. sordidula are thus able
to transmit viruses to spring cetreals and to leys
established under them, but, as the brachypters
migrates to cereals in small numbers only, and
usually only to the edges of cereal fields, this
transmission is not of noteworthy significance in
cereals though in leys it is more important.



Table 8. Frequency of some vectots in leys, spring wheat
and oats in South Ostrobothnia, 1958—1964.

No.of | M.sordi- ch,tfors chff"rs
del- dula OSDV, | EWSMYV,
phacids % % 9,
1st-year ley, nymphs| 39 190 2.4 96.6 96.6
» » , adults 5281 0.1 99.8 99.8
Spring wheat, adults| 8 863 5.2 93.4 93.0
QOats, adults ....... 17 037 5.3 93.8 93.7

The frequency of M. sordidula was also much
lower than the frequencies of the ‘OSDV and

EWSMYV vectors, both in spring cereals and in

first-year leys established under cereals, prior to
the migration of the delpchacids (Table 8). Some
13—50 per cent of specimens of the OSDV
vector species emetging in fields of oats and
barley transmit OSDV, and some 6—7 per cent
of those of the EWSMYV vector species transmit
EWSMYV (see LinpstEN 1961), and it thus fol-
lows that plants infected by the virus transmitted
by M. sordidnla would hardly be more common
than the EWSMYV in the research area even if
all the M. sordidula specimens transmitted viruses.

In some years, howevet, there were several M.
sordidula per squate metre in spring cereals and
dozens pet square metre in leys, and its frequency
was greater in southern Finland than farther
north. The importance of food factors and
enemies to the fluctuations in abundance seems
to have been small. In areas where the tempera-
ture was highest, however, and also in cooler
areas in those years when the temperatures in
the autumn, the snowless part of winter and the
spring and summer were high, the mortality rate
of the species seems to have been lower than
average and the species became more abundant.
This is also supported by the findings of MAR-
cuAND (1953) in Germany, i.e. that the species
demands warmth, and by the conclusions reached
by KonTraANEN (1950) in eastern Finland that the
species is more abundant on dry than on fresh
biotopes. The species did not seem to be as sus-
ceptible to drought as, e.g. J. pellusida. The
importance of M. sordidula as a virus vector
may be at its greatest in and after warm dry
periods.

2 17063—70

The fluctuations in abundance of M. sordidula
are very similar to those of Dicranotropis hamata
(RAATIKAINEN and VAsARAINEN 1964). Both are
southerly species, and warmth causes increases
in their numbers. Almost the reverse is true,
however, of fluctuations in abundance of Jave-
sella pellwcida (RAATIRAINEN 1967), although
weathet factors seem to have had a most power-
ful effect on this species, too. In the research
atea, howevet, J. pellucida is a long way from
its distribution limits, and it is most abundant
on spring cereals. J. pellucida seems to be fairly
sensitive to drought, and heat and drought cause
a decrease in its frequency. Conversely, high
temperature and dry weather caused an increase
in the frequencies of M. sordidula and D. hamata
living in perennial leys at the northern limits of
their geographic distribution. Weather factots
acted directly on the fluctuation in numbers of
all the species, and also indirectly by way of their
eneimies.

Summary

'The abundance of Megadelphax sordidnla was
investigated in populations near the notthern
limit of their area of distribution in western Fin-
land during the period 1958—1964. Material was
also gathered elsewhere in Finland.

The species was most abundant in southern
Finland, but occurred as far north as 66°N.

From about 20 June the macropters migrated
by flight for one month, chiefly from leys to ce-
reals but also to other leys. The brachypters mi-
grated over shorter distances than the macroptets,
and, in spring cereal fields, they were found
mainly at the edges.

The fluctuation in abundance of M. sordidula
varied considerable duting the research period.
The abundance seems to have been most strongly
affected by weather factors. These factors influ-
enced abundance directly, and also indirectly,
through enemies of the species and hosts of these
enemies.

The species was uncommon, a large propottion
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of the adults were brachypters that remained on
perennial stands, and migration was late. For
these and other reasons the species was of vety

little significance in the transmission of viruses
to cereals. It was occasionally a vector of impot-
tance in leys.
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SELOSTUS

Kyyttokaskaan ekologiasta ja runsaudenvaihtelusta

Mixx0 RAATIRAINEN

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Timid tyé on osa Tuhoeliintutkimuslaitoksella tehté-
vistd viljan viruksia siirtdvien kaskaiden ekologian ja tor-
junnan selvityksisti., Kenttitydt suoritettiin Vaasan iti-
puoleisissa pitdjissi v. 1956—1964. Aineistoa koottiin
myds muista osista Suomea.

Kyyttokaskaan tiheys oli suurin Eteli-Suomessa ja
harventui pohjoista kohden (kuva 1). Pitkisiipiset aikui-
set lensivit keskimiirin kesikuun 20. piivisti alkaen
kuukauden aikana nurmista viljoihin ja toisiin nurmiin,
Lyhytsiipiset siirtyivdt nurmista kasvustoa pitkin Iyhyeh-
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ko6jd matkoja, ja niitd oli kevitviljapeltojen reunaosissa.

Lajin runsaus vaihteli tutkimuskautena huomattavasti
(taulukot 3—7). Sddtekijit niyttivit vaikuttaneen voimak-
kaimmin pohjoistajallaan olevan lajin runsaudenvaihte-
Inun. Séidtekijit vaikuttivat runsauteen myés kyyttokas-
kaan vihollisten ja nididen isintieliinten vilitykselld.

Vaikka kyyttGkaskas levittdd vehnéin, kauraan ja timo-
teihin erdstd virusta, on laji vihimerkityksellinen virus-
ten kuljettaja viljoihin. Nurmissa lajin merkitys virusten
kuljettajana saattaa olla suurempi.
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JUURISTON KEHITYKSEN MITTAUS LABORATORIOSSA

Summary: The measurement of root development in the laboratory

ARJA PAASIKALLIO

Maatalouden tutkimuskeskus, Isotooppilaboratorio, Tikkurila

Juuriston kehittymiselld, sen tiheydelld ja laa-
juudella, on ratkaiseva merkitys mm. viljakasvien
menestymiselle. Monien ympiristotekijoiden,
kuten maalajin, kosteuden, ravinteiden midrin,
kyntd- ja kylvémenetelmien vaikutus kohdistuu
juuristoon ja siti kautta satotuloksiin. Juuriston
mybhemmin kehityksen kannalta tdtkein ajan-
jakso on itimisen jilkeiset kaksi viikkoa, jolloin
my®ds juurten suhteellinen kasvunopeus on suu-
rimmillaan (MAY ym. 1967). Paitsi eri viljalajien
myés eri lajikkeiden juurten kasvunopeutta ja
-tapaa on tutkittu ja havaittu niiden valilla sel
vii eroja (SuBBIAH ym. 1968).

Juuristotutkimuksissa eniten kiytetty menetel-
mi on ollut juurten huuhtominen, jossa kasvin
juuristo kokonaisuudessaan kaivetaan maasta tai
otetaan maandytteiti kasvin ympiriltd eri syvyyk-
sistd ja eri etdisyyksiltd ja maa huuhdotaan varo-
vasti pois vedelld. Suomessa on mm. SALONEN
(1949) suorittanut tillaisia tutkimuksia. Kasvien
vedenottoa eri maakerroksista on my6s kiytetty
juurten tehokkuuden ilmaisijana, edellytykseni
on tilldin kuitenkin se, ettd maan koko vesihdvio
johtuu kasvista ja etti kokeen aikana ei sada.
Mybs erilaisia merkkiaineita, kuten viriaineita ja
maassa harvinaisia alkuaineita (littum, rutenium)
on kokeiltu.

Merkkiaineisiin kuuluvat myos radioaktiiviset
isotoopit, joiden kiytté on nykyddn syrjdytti-

Saapunut 30. 10. 1969

missé aikaisempia menetelmis. Radioisotooppi-
tekniikka tarjoaa useita eri mahdollisuuksia juu-
riston tutkimiseen. Radioaktiivinen aine voidaan
injektoida kasvin maanpiilliseen osaan, tavalli-
sesti varteen, jolloin aktiivisuuden toteaminen ta-
pahtuu juutista ottamalla maa-juuti -niytteitd
kasvin ympiriltd ja mittaamalla niiden aktiivi-
suus (Racz ym. 1964, RENNIE ja HALSTEAD 1965,
RusserL ja Ervis 1968, Sussram ym. 1968), tai
radioaktiiviset juuret voidaan havaita asettamalla
valolta ja kosteudelta suojattu rontgenfilmi tii-
viisti kohtisuoraa maaleikkausta vasten, joka on
kaivettu kasvin kohdalle. (RENNIE ja HALSTEAD
1965). Aine voidaan my®s sijoittaa maahan tiet-
tyyn syvyyteen, ja aktiivisuuden ilmaantuminen
versoihin osoittaa juutien saavuttaneen ko. sy-
vyyden. Suurin osa tutkimuksista on ollut kent-
tikokeita (Lreps ym. 1957, Liesuout 1960, Fox
ja Lieps 1964, Price 1965, HAAHR ym. 1966,
Haaur 1968). Radioaktiivinen fosfori (P 32) on
eniten kiytetty metkkiaine, koska silli on sopiva
puoliintumisaika (14 piivid), se ei huuhtoudu
maasta, kasvit pystyvit ottamaan sitd helposti ja
se kulkeutuu nopeasti juurista kasvin maanpéal-
lisiin osiin ja piinvastoin, misti aine on helppo
havaita. On todettu, etti radiofosfori kulkeutuu
viljakasveilla juurista varsiin ja lehtiin jo 2 tun-
nissa (CoHEN ja TADMOR 1966).
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Timidn tutkimuksen piaimiirinid oli kokeilla
ja kehittdd mahdollisimman helppoa astiakoeme-
netelmii, jossa radioaktiivinen isotooppi levite-
tidn tasaisesti maahan haluttuun syvyyteen ja
juuriston kehitysti seurataan piivittiin mittaa-
malla oraista niihin kulkeutunut radioaktiivisuus
pienelld, kannettavalla ja kenttikiytt6on sovel-
tuvalla laskurilla. Menetelmi soveltuu erityisesti
kasvinjalostuksen kiytt6dn mitattaessa nopeasti
ja vaivattomasti juuriston varhaiskasvunopeutta
suuresta koeaineistosta. Juuriston kehitysnopeu-
den tunteminen auttaa osaltaan aikaisempaan va-
lintaan eri lajikkeiden joukosta. Menetelmii voi-
daan myos kiyttii juuriston kehitykseen vaikut-
tavien ympiristotekijéiden tutkimiseen, mitd ei
tissid yhteydessi ole suoritettu.

Aineisto ja menetelmiit

Koeastioina kiytettiin 5litran muoviimpireiti,
halkaisijaltaan 19 cm. Astioita tiytettiessi asetet-
tiin haluttuun syvyyteen (8 tai 16 cm) halkaisijal-
taan 15 cm:n suodatinpaperi. Se kasteltiin tasai-
sesti pipetilli 2 ml:lla radiofosforiliuosta, joka
sisilsi noin 5 mg/l inaktiivista kantajafosforia. Li-
sityn aktiivisuuden miiri oli noin 100 zCi P 32/
suodatinpaperi. Astiaa kohden kiytetty fosfori-
midrd (0.01 mg P) oli siten niin vihiinen, ettei
silli ollut lannoitusvaikutusta. Radioaktiivisen
paperin ja astian reunan viliin jitetty 2 cm:n vili
esti astian seinimii myé6ten nopeasti tunkeutu-
vien juurten merkkaantumisen radiofosforilla.
Koemaina olivat hieta, savi, multamaa ja rahka-
turve. Jokaiseen astiaan kylvettiin 80 jyvii ky-
seessd olevaa lajiketta.

Oraiden radioaktiivisuusmittaukset suoritettiin
piivittdiin Wallacin RD-11 -tyyppiselld kannetta-
valla laskurilla kiyttien yleisilmaisinta G MP-533.
Mittausgeometria pyrittiin pitimdin mahdolli-
simmansamanlaisena. Radioaktiivisuudenilmaan-
nuttua oraisiin jatkettiin mittauksia vield 4—8
pidivin ajan. Vilittémisti viimeisen mittauksen
jilkeen oraat leikattiin, kuivattiin 105 asteessa,
punnittiin ja poltettiin tuhkaksi 450 asteessa, ja
aktiivisuus mitattiin punnitusta médristi tuhkaa
kasvavista oraista saatujen mittaustulosten tat-
kistamiseksi. Mittaukset suoritettiin Wallacin las-
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kurilla SC-33 kiyttien beta-putkella varustettua
ilmaisinta GMH-278. Koekasveina olivat seuraa-
vat Kasvinjalostuslaitokselta Jokioisista saadut
lajit ja lajikkeet: Jyvi, Nisu, Jo 01177, Jo 03015,
Jo 03016 ja Jo 03021 (syysvehni) sekid Voima,
Ensi, Petkus, Pekka, Virne ja Jo 01922 (syysruis).
Kerranteita oli kolme.

Radioaktiivisuusmittausten tuloksia vertail-
taessa kiytettiin varianssianalyysia. Todenniki-
syydet (P =59, jaP =1 9,) esitetiin kirjaimilla
a, b, c jne. Tapaukset, joiden vililli ei ole merkit-
sevii eroja, esitetddn samalla kirjaimella. Korre-
laatiokertoimet on laskettu oraista ja niiden tuh-
kista mitattujen aktiivisuusarvojen vilille seki
oraiden aktiivisuuden ja sadon kuivapainojen vi-
lille.

Tulokset ja niiden tarkastelu

Tutkimuksessa keskityttiin selvittimiin, oliko
yllikuvatulla menetelmilli yleensi mahdollista
saada esiin eroja eri lajikkeiden juurten kehitys-
nopeudessa. Erilaisten ympiristdtekijoiden, ku-
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Kuva 1. Ohran, kauran ja vehnin oraiden radio-
aktiivisuuden piivittiinen lisiintyminen, P 32-ker-
ros 5 ja 8 cm:in syvyydessi.

Fig. 1. The daily increase in the radioactivity of barley,
oat and wheat seedlings, P 32 layer in 5 and 8 cm depth.



ten valon, limmén, kosteuden, maalajin ja ravin-
teiden vaikutusta juuriston kehitykseen ei tut-
kittu. Jokaisen samanaikaisen kokeen tulokset
ovat sen tihden esitetty erillisini, koska eri koe-
kerroilla tavallisesti jokin tai jotkut niistd teki-
joistd muuttuivat.

Alustavissa kokeissa suoritettiin vertailuja eri
lajien kesken. Aktiivisuutta kiytettiin enemmin
ja mittauksia tehtiin useammin kuin mihin my&-
hemmin paidyttiin, Kuvassa 1 on esitetty ohran,
kauran ja vehnin (lajikeseoksia) oraiden radio-
aktiivisuuden lisiintyminen, kun aktiivinen ker-
ros oli 5 ja 8 cm:n syvyydessi. Tamin mukaan
ohran juutisto oli nopeakasvuisin, ja vehnd jii
selvisti jilkeen muista. Ohran juuristo kehittyi
myds nopeammin kuin rukiin, joka ei ollut mu-
kana tissd kokeessa. Kuvasta nikyy myos, kuinka
juuret ottivat 8 cmussd suhteellisesti paljon vi-
hemmiin fosforia kuin lihempini pintaa.

Taulukko 1. Vehnilajikkeiden tadioaktiivisuuksien keski-
arvot ja niiden metkitsevyydet 1 ja 5 %:n tasolla sekd
F-arvot
Table 1. The mean values of radioactivity of wheat varieties and
F-values. Mean values not followed by a lower case letter differ
significantly at the 1 and 5 %, levels respectively

Lajike x F Syvyys ja maalaji
Variety cps 19 59 Depth and soil type
Jo 01177 99
Jo 03016 81
Jo 03015 66 8 cm
Nisu ....| 57 hieno kivenniismaa
Jo 03021 51 fine mineral soil
Jyva ... | 41
F =1.89
Jo 01177 31 a 2
Jo 03015 12 b b
Jo 03016 6 b c 16 cm
Jo 03021 5.7 b c hieno kivenniismaa
Nisu .... 5 b c | fine mineral soil
Jyvi ... 3 c [
F = 53.97***
Jo 01177 | 102 2
Jo 03016 78 a
Jo 03021 62 a |8cm
Jo 03015 43 b | multamaa
Jyva ... 42 b | mould
Nisu ....| 39 b
F = 4.95%
Jo 01177 26 a
Jo 03021 16 a
Jo 03016 10 b |16 cm
Jo 03015 8 b | multamaa
Jyvi ... 7.6 b | monld
Nisu .... 6 b
F == 5,51**

Taulukko 2. Ruislajikkeiden radioaktiivisuuksien keski-
arvot ja niiden merkitsevyydet 1 ja 5 %:n tasolla seki
F-arvot

Table 2. The mean values of radioactivity of rye varietie.r- and
F-values. Mean values not followed by a lower case letter differ
significantly at the 1 and 5 Y, levels respectively

Lajike x F Syvyys ja maalaji
Viariety cps 19 59 Depth and soil type
Petkus ... | 24 a
Ensi..... 20 ab |8 cm
Vitne ... | 10 c multamaa
Pekka ... 9.6 bc ! mould
Voima ... 8 be
F = 5.27*
Petkus ... | 126
Vitne ... 99 8 cm
Pekka ...| 91.6 karkea kivenniismaa
Ensi..... 91.5 coarce mineral soil
Voima ... | 78
F =0.65
Petkus ... 8 a
Pekka ... 4 b 16 cm
Ensi..... 3.6 b karkea kivenndismaa
Vitne ... 3.5 b coarse mineral soil
Voima . .. 3 b
F = 5.19%
Jo 01922 | 125 a a
Petkus ... | 70 ab b
Ensi..... 47 b b 8 cm
Vitne ... | 38 b b katkea kivenniismaa
Pekka ... 19 b b coarse mineral soil
Voima ... | 13 b b
F = 7.09**
Jo 01922 156 a a
Vitne ... | 124 ab ab
Petkus ... | 104 abc bec |8 cm
Pekka ...| 74 bed cd | rahkaturve
Ensi..... 48 cd de | peat soil
Voima ... | 28 d e
F = 15.07%%*

Taulukossa 1 on esitetty vehnilajikkeiden eri
mittauskertojen radioaktiivisuuksien keskiarvot
(cps) ja F-arvot. Linjan Jo 01177 juuristo kehit-
tyl nopeimmin, Nisu- ja Jyvi-lajikkeiden yleensi
hitaimmin huolimatta siitd, ettd maalaji ja radio-
fosforin sijaintisyvyys vaihtelivat. Ruislajikkeista,
taulukko 2, linja Jo 01922 sijoittui ensimmaiiseksi
juuriston kehitysnopeudessa, toiseksi tuli Petkus
ja Voima oli hitain, Kerranteiden aktiivisuusar-
vojen hajonta oli suuri, miki osaltaan vaikutti
F-atvojen pieneen merkitsevyyteen. Yksittiisilld
koejisenilld oraiden aktiivisuuden lisddntyminen
oli yleensd verrattain tasaista, joissakin tapauk-.
sissa kuitenkin eri lajikkeiden juuriston kehityk-
sessid {lmenevit erot tulivat esiin vasta myohii-
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Kuva 2. Kuuden vehnilajikkeen oraiden radioaktii-

visuuden piivittdinen lisddntyminen, P 32-kerros
8 cm:n syvyydessi multamaassa.

Fig. 2. The daily increase in shoot radioactivity of six

wheat varieties, P 32 layer in 8 cm depth in mould.
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Kuva 3. Viiden ruislajikkeen oraiden radioaktiivi-
suuden piivittiinen lisidntyminen, P 32-kerros 8
cm:n syvyydessi katkeassa kivenniismaassa.
Fig. 3. The daily increase in shoot radivactivity of five
rye varigties, P 32 layer in 8 cm depth in coarse mineral
soil.
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Taulukko 3. Kotrelaatiokertoimet laskettuna kasvavan
kasvin ja sen tuhkan radioaktiivisuuksien vilille seki kas-
vavan kasvin radioaktiivisuuden ja sadon kuivapainon
vilille
Table 3. Correlation coefficients between the radioactivity of
the growing plants and the ash and between the radioactivity
of the growing plants and the dry weight of the yield

Korrelaatiokerroin (r)

Correlation coefficient Syvyys ja maalaji

Oras/Tuhka Oras/Sato Depth and soil type
Seedling| Ash Seedling{Yield
cps cpm cps mg

Vehni—Whear
0.828%x** 0.298 8 cm

. hieno kivenniismaa

Jfine mineral soil

0.983**x* —0.134 16 cm

hieno kivennidismaa
fine mineral soil

0.929%** 0.153 8 cm
multamaa
nould

0.985%** 0.428 16 em
multamaa
monld

Ruis—Rye

0.778*%* 0.797*%% | 8 cm
multamaa
mould

0.809%** 0.287 8 cm

karkea kivenniismaa
coarse mineral soil
0.747** 0.264 16 cm

karkea kivenniismaa
coarse mineral so0il
0.869*** | 8 cm

karkea kivennidismaa
coarse mineral soil
0.716%%* 8 cm

rahkatutve

peat soil

0.935%%%

0.875%%x

semmdssi vaiheessa. Kuvasta 2 nikyy erddn vehni-
lajikekokeen oraiden melko tasainen péivittiinen
aktiivisuuden lisidntyminen. Kuva 3 esittii erdin
ruislajikckokeen oraiden aktiivisuuden lisiinty-
mistd, joka oli Virnelld aluksi heikointa, kuiten-
kin jo kolmen piivin kuluttua oli Virnen radio-
fosforipitoisuus noussut muita suuremmaksi.
Samankin lajikkeen siementen itdmisnopeus
vaihteli eri koekerroilla, miki johtui erilaisista
kasvuoloista. Tavallisesti 3—5 piivin kuluttua
kylvostd juuret olivat 8 cm:n ja 5—9 piivin ku-
luttua 16 cm:n pituisia. Eri lajikkeiden juurten
kehitysnopeusjirjestys pysyi yleensi 16 cm:n sy-
vyydessd samana kuin 8 cmin syvyydessi. Se, ettd
oraisiin kulkeutui radioaktiivisuutta kuitenkin
paljon vihemmin ja hitaammin 16 cm:n kuin 8



cmn syvyydestd, johtui ehkd osaksi siitd, ettd
kaikki juuret saavuttivat lihempini pintaa sijait-
sevan radioaktiivisen kerroksen lihes saman-
aikaisesti, mikd el endd tapahtunut syvemmilld.
NewsouLD ja Tavror (1964) tutkivat kasvien
fosforin ja kalkin ottoa maasta eri syvyyksistéi
radioaktiivisilla isotoopeilla ja totesivat, ettd kas-
vit ottivat ko. aineita eniten maan pintakerrok-
sista, 5—10 cm:n syvyydestd, minki seikan he
arvelivat johtuvan ennen kaikkea kasvien juuris-
ton ominaisuuksista, mutta my6s maan kosteu-
desta.

Taulukossa 3 on esitetty korrelaatiokertoimet
oraan ja sen tuhkan aktiivisuuksien vilille sekd
oraan aktiivisuuden ja sadon kuivapainon vilille.
Tuhkasta mitattu aktiivisuus korreloi hyvin kas-
vavasta kasvista viimeksi mitattujen arvojen
kanssa, miki tukee jilkimmdiisen mittaustavan
luotettavuutta. Laskuissa olivat mukana jokaisen

lajikkeen kaikki kerranteet. Eri lajikkeilla satojen .

kuivapainot poikkesivat jonkin verran toisistaan.
Koko aineistosta 14:lla oli merkitsevi positiivi-
nen korrelaatio sadon kuivapainon ja oraiden
aktiivisuuden vililld.

Yhteenveto

Vehnin ja rukiin eri lajikkeiden juuriston kas-
vunopeutta tutkittiin astiakokeissa. Merkkiainee-
na kidytettiin radioaktiivista isotooppia, fosfori
32:ta, jonka liuoksella kostutettu suodatinpaperi
asetettiin koeastioihin 8 tai 16 cm:n syvyyteen,
ja radioaktiivisuus mitattiin oraista kannettavalla
laskurilla piivittdin. Juuriston kehitysnopeudelle
saatiin muutamien lajikkeiden vilille tilastollisesti
merkitsevid eroja. Suoraan koeastioista mitatut ja
kasvituhkasta mitatut radioaktiivisuusarvot kot-
reloivat hyvin keskeniin. Menetelmi osoittautui
kiyttokelpoiseksi ja luotettavaksi.
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SUMMARY

The measutement of root development in the laboratory

ARjA PaAsIKALLIO

Agricultural Research Centre, Isotope Laboratory, Tikkurila, Finland

In the pot experiment, seedling root development of
six varieties each of wheat and rye was studied. Radio-
active phosphorus was applied to the soil as follows:
a 15 cm diameter filter paper was wetter with 100 uCi
of P 32 solution and placed at depths of 8 or 16 cm
when the pots were being filled with soil. The seeds were
sown, and after the seedlings emerged, shoot radio-
activity was measured daily with a portable GM counter.
Figs. 2 and 3 show the daily increase in shoot radio-
activity of the wheat and rye varieties, respectively.

Statistically significant differences in the physiological
root activity were found between some varieties. Tables

330

1 and 2 show the mean shoot radioactivities and the F-
values of different experiments. After the last counting,
the shoots were cut and ashed; compatisons were made
between shoot and ash radioactivity., Their correlation
coefficients are shown in Table 3. The values support the
reliability of the »living-shoot counting» method. Corre-
lation coefficients have also been calculated for the shoot
activity and the dry weight of yield. The method is time-
saving, easily petformed and it may be especially appli-
cable in plant breeding, for the measurement of eatly
root growth of ceteals from large experimental mate-
rial.
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BOORILANNOITUKSEN JALKIVAIKUTUS

Summary: Residual effect of boron fertilization

HILKKA TAHTINEN

Maatalouden tutkimuskeskus, Maanviljelyskemian ja -fysiikan laitos,
Tikkurila

Selvitettiessd boorin merkitystd viljelykasveille
(mm. JaMaLAINEN 1935, Tainio 1955 ja 1957,
HAnNINEN 1966) on jouduttu kiinnittdmadn huo-
miota my®s sen lijallisen kidytén vahingollisuu-
teen, ‘Timi tulee kysymykseen etenkin viljelties-

Saapunut 6. 11. 1969

si runsaasti booria vaativien viljelykasvien jil-
keen boorille arkoja kasveja. Vuonna 1962 aloi-
tettiin Maanviljelyskemian ja -fysiikan laitoksen
toimesta koesatja boorilannoituksen jilkivaiku-
tuksen tutkimiseksi.

Aineisto ja menetelmit

Eti puolille Suomea perustetuissa kokeissa oli
koekisittelynd myos hyvin suuria boorimiirii,
jotta saataisiin selville my®s boorin liiallisen kiy-
tén vaikutus. Booria annettiin vain ensimmaiiseni
koevuonna, jolloin se levitettiin ennen muok-
kausta.

Ensimmiiseni koevuonna viljeltiin juurikas-
veja (naattinauris, lanttu taj turnipsi) ja lannoite-
boraattimiirit olivat 0, 20, 40, 80 ja 160 kg/ha.
Vain kaksi koetta perustettiin kevitviljalle bo-
raattimiirien ollessa 0, 10, 20, 40 ja 80 kg/ha.
Kaikille koejisenille annettiin vuosittain sama
NPK-aluslannoitus, jonka miiri riippui koekas-
vista,

i

Aluslannoitus kgfha

oulun-, seper kalisuolaa
Juurikasvit ...... 500 800 400
Nutmet .......... 200 200 200
Viljat ......on - 200 200 200

3 17063—70

Nurmen suojaviljalle ei kuvitenkaan annettu
typpilannoitusta, ja kokeen perustamisvuonna
viljalle annettiin kaksinkertainen fosforimairi.

Kokeetjatkuivat samoilla paikoilla 4—6 vuotta.
Boorilannoituksen jilkivaikutusta pyrittiin sel-
vittimiin viljalla ja sitd seuraavilla nurmilla.

Satoniytteiti otettiin etupiissi nurmista koe-
ruuduittain kotjuuaikana timotein kukinta-ajan
alkupuolella. Kasvilajien suhteellinen osuus mié-
ritettiin ilmakuivasta sadosta. Sadon sisdltimisti
kasvinravinteista midritettiin koejisenittdin typ-
pi, fosfori, kali, kalkki, magnesium (SALONEN
ym. 1962) seki booti (HATCHER ja Wircox 1950).

Maaniytteet otettiin kaikkien koeruutujen ruo-
kamultakerroksesta, ensimmiiseni koevuonna
ennen lannoitteiden levitystd ja viimeisend koe-
vuonna sadonkorjuun jilkeen. Niytteistd tehtiin
tavanomaisen viljavuusanalyysin lisiksi liukoisen
boorin méiritys (HaTcHER ja Wircox 1950) uut-
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tamalla kiehuvalla vedelli (BErRGER ja TruoG
1939). Tietoja koepaikkojen maalajista ja kemial-
lisista ominaisuuksista koetta perustettaessa on
taulukossa 1.

Koetulosten tilastollinen kisittely suoritettiin
ortogonaalisilla vertailuilla F-testid kiyttien (Lr
1964).

Taulukko 1. Koekenttien maalaji ja viljavuus
Table 1. Soil types of the fields and results of soil testing

Koe nio Paikkakunta Maalaji pH Ca?) K1 Py B?)

Trial No. Location Soil type (Hz0) mg/l mg/l mg/l mg/l
1 Kuusamo turve — peat s0il ..o, 5.3 1720 115 5.8 0.6
2 Utajdrvi multamaa — bamus soil .. ........ 5.1 2560 83 4.6 0.4
3 Utajdrvi multamaa — bamus soil .......... 4.3 700 338 16.4 1.7
4 Tlomantsi hieno hieta — very fine sand . ... .. 6.2 1320 304 14.4 0.5
5 Hartola hiekkainen hieta — sand ......... 5.8 1 840 118 5.6 0.2
6 Tammela hiesuinen hieta — Joam .......... 6.4 2 540 184 18.9 0.2
7 Kilvii karkea hieta — fine sand .. ........ 5.9 1860 325 34.1 0.6
8 Alajarvi hieno hieta — very fine sand ... .. .. 6.6 1960 166 7.6 0.1
9 Hartola hiekkainen hieta — sand ......... 5.8 1920 106 4.8 0.2

1Y Soluble in acid ammonium acetate

2y Hot-water-soluble

Tulokset ja tarkastelu

Sadot

Taulukossa 2 esitetddn ilman booria saadut sa-

dot ja boorilannoituksella saadut suhteelliset sa-
dot. Eri koepaikoilla boorin vaikutus on ollut
hyvin erilainen. Niissi kokeissa vaikutus ei ole
ollut vuorosuhteessa maan-liukoisen boorin mij-
ridn. Kahdeksalla koepaikalla yhdeksisti on
maan booritila ollut huono tai vilttivi. Maan
aJhaisesta liukoisen boorin miiristdi huolimatta
neljissi juurikasvikokeessa (1—3 ja 7) seitse-
mistd on ilmennyt jo pienimmillikin boorimii-
rilld (20 kg) negatiivinen vaikutus, joka kolmes-
sa kokeessa (1, 3 ja 7) on tilastollisesti merkitsevi.
Lantulla ja turnipsilla on punnittu juuri- ja naatti-
sadot erikseen ja voitu todeta naattien kasvun
lisdintyneen boorilannoituksesta suhteellisesti
enemmin kuin juurien (taul. 2). Kahdessa kevit-
viljalla aloitetussa kokeessa (8 ja 9), joissa lan-
noiteboraattimiirit olivat 0, 10, 20, 40 ja 80 kg/
ha, on saatu pienimmilld boorimdsrilld jyvisa-
don lisdystd. Ndmid kokeet ovat sijainneet hyvin
boorik&yhilld mailla (0.1 ja 0.2 B mg/l).
- Juurikasvien jilkeen on kasvatettu toisena
koevuonna viljaa, minki jilkeen on pyritty sel-
vittimdin heindsatojen perusteella boorilannoi-
tuksen vaikutuksen sdilymisti.
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Boorilannoituksen niin positiivinen kuin nega-
tiivinenkin jilkivaikutus on vihentynyt kokeissa
varsin nopeasti. Toisena koevuonna on saatu
endd kuudessa kokeessa (2, 3, 5, 7, 8 ja 9) mer-
kitsevid satoeroja eri boorimairien valilld. Aikai-
semmin mainituissa neljissd juurikasvikokeessa
(1—3ja 7), joissa jo pieninkin boorimiiri ensim-
miisenid koevuonna on ajheuttanut sadonalen-
nusta, boorin negatiivinen vaikutus on tuntunut
toisena vuonna vain kahdessa kokeessa (2 ja 7).
Kolmantena koevuonna ei ole titikidn ollut ha-
vaittavissa.

Jyvisadoissa (21 koetulosta) erot ovat olleet
melko pienid. Ohralla perustettujen kokeiden 8
ja 9 ensimmiisen koevuoden lisiksi on saatu vain
toisena koevuonna neljilld koepaikalla (2, 3, 5 ja
7) boorin jilkivaikutuksesta tilastollisesti merkit-
sevid eroja.

Juurikasveilla aloitetuissa kokeissa on nurmi
ollut kolmantena vuonna boorilannoijtuksen jil-
keen tai myShemmin ja viljakokeissa toisesta koe-
vuodesta alkaen. Kokeissa 5 ja 9 hiekkaisella hie-
tamaalla on pieninkin Jannoiteboraattimidri vai-
kuttanut positiivisesti satotulokseen. Kokeen 4
ensimmdisen vuoden nurmessa boori on alenta-
nut satoa, miki ilmenee myds kokeiden 2 ja 8
suurimman boorimédrin saaneilla koejisenilli.



Taulukko 2. Lannoiteboraatin eri kiyttdémidrien vaikutus sadon suuruuteen ja tulosten luotettavuus
Table 2. The effect of different rates of fertilizer borate on the yield and the significance of the results

s e My
Koen:o [ vuosi Viljelykasvi 0 | 10 | 20 | 40 l 80 ’ 160 |
Trial No.| Trial Cultivated plant N -
year Sato —]{dd _ Suorav. | Kiyriv.,
kg | Relutve nahe, withon brom = 100 Linear | Nanlinear
1 1 naattinauris — big-leafed turnip .... | 77 800 — 82 66 67 40 Fokk
2 naattinauris — big-leafed turnip .... | 60 840 —_ 99 97 100 98
3 ohra, ei satoa — barley, no yield .. .. — — — — — —
4 1. heind — 1. hay .............. 2830 — | 117 113 119 117
5 2. heind — 2. bay .............. 3180 — | 112 110 110 | 114
6 3. heind — 3 bay ... 4130 — 83 85 .93 79
2 1 naattinauris — big-leafed turnip .. .. | 106 200 — 90 92 | 104 92
2 kaura, jyvit — oats, grain ........ 1050 — 89 82 83 72 | wkE
3 kaura, jyvit — oafs, grain ........ 2260 — 104 103 101 96
4 1. heind — 7. hay ......... e 5240 — | 100 102 97 90 *k
3 1 naattinautis — big-leafed turnip .... | 83 440 — 99 90 90 84 | kxxk *
2 vihantakaura — green-food oats .... | 10000 — 1 105 107 113 102 *k
3 1. heind — 1. bay ...ocvvvninn. 7280 — 94 | 101 101 96
4 2. heind — 2. bay .............. 5390 — 97 102 96 96
5 3. heind — 3. bay .............. 4 460 — 97 98 101 96
4 1 lanttu, juuret — swede, roots ... ... 42 560 — 153 146 149 137 * Fok
flaatit — fops . ..ieii i 17 400 — | 167 182 | 184 | 167 * *
2 ohra, jyvit — barley, grain ... ... .. 3450 — 109 122 104 110
3 |1 heind — 7. bay .ot 6 060 — 89 92 80 90 * *
4 2. heind — 2. hay .............. 6 560 — 99 113 94 88
5 3. heini — 3. bay ...l 4210 — 91 86 92 94
5 1 lanttu, juuret — swede, roots .. .. .. 37 100 — 101 106 88 53 Fkck *
naatit — Z0ps . ... 11 800 — 106 99 99 100
2 kaura, jyvit — oats, grain ........ 1890 — 114 92 88 86 Fokok *k
3 1. heind — 7. bay .............. 2240 — | 125 120 110 118 *
4 2. heind — 2. hay .............. 4960 — | 120 124 | 119 99 *
5 kaura, jyvit — oats, grain ........ 1700 — | 116 111 109 106
6 kaura, jyvit — oats, grain ........ 2930 — | 100 91 89 93
7 kaura, jyvit — oats, grain ........ 2590 — 98 91 96 93
6 1 lanttu, juuret — swede, roots .. .... 69 670 — 104 100 99 95 ko
naatit — 20p5 . ...l 25 840 — | 103 103 106 114 | okkx
2 ohra, jyvit — barley, grain .. ...... 3480 — 109 106 96 89
3 syysvehnd, jyvit — wheat, grain . .. 3100 — | 102 99 95 101
4 kaura, jyvit — oats, grain ........ 3940 — 101 102 103 108
4 sokerijuurikas, juuret — sugar beat,
FOOES i 31940 — 97 95 100 108
naatit—zZeps ... 42970 — 104 101 101 105
7 1 turnipsi, juuret — furnip, roots .... | 68700 — 99 97 95 88 Fodk
naatit —20ps .. ..ooiiiiie 30300 — | 100 101 103 100
2 ohra, jyvit — barley, grain ........ 4330 — | 106 | 103 97 88 | Hwx
3 1. heind — 7. hay ...... ...l 4580 — 93 95 102 | 103
4 2. heind — 2. bhay .............. 7970 — 89 95 93 84 *
8 1 ohra, jyvit — barley, grain ...... .. 1860 | 121 107 92 91 — | e Fkok
2 ‘1. heind — 7. bay ...l 4150 | 123 130 105 87 — | X Fokok
9 1 kaura, jyvit — oats, grain ........ 1950 | 106 103 96 86 e
2 1. heind — 7. bhay .............. 4350 | 106 104 | 103 80 — *
3 2. heind — 2, bay ......... ... 4450 | 114 | 100 103 93 —
4 3. heind — 3. bay ..ol 6010 | 109 110 103 101 — *
5 kaura, jyvit — oats, grain ........ 1810 | 103 102 104 104 —
6 kaura, jyvit — oats, grain ........ 2430 | 102 93 98 93 —
7 kauta, jyvit — oats, grain .. ...... 1720 | 101 100 105 102 —

Tilastollinen merkitsevyys (F-testi) on ilmaistu asteriskeilla seuraavasti:
Statistical significance (F-test) is denoted by asterisks as follows:
P <£0.001 *¥¥; 0,001 < P < 0.01*%; 0.01 < P < 0.05 *
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Muissa kokeissa heindsatojen vaihtelut ovat ol-
leet vihiisid eivitkd satoerot ole tilastollisesti
merkitsevid. Nurmien kasvilajikoostumuksessa
ei ole ollut havaittavissa boorin jilkivaikutusta.

Satgjen booripitoisuns

Kasvinravinteet on miiritetty muutamien ko-
keiden heindsadoista erikseen apilasta ja timo-
teista (taul. 3). Kokeissa 1, 3 ja 7 oli melkein yk-
sinomaan heindkasveja, pidasiassa timoteita.
Muissa kasvusto oli suurimmaksi osaksi puna-
apilaa ja timoteita. Naissd oli ilman boorilannoi-
tusta timotein booripitoisuus keskimdirin 5.7 B
mg/kg kuiva-ainetta. Apilan bootipitoisuus - il-
man boorilannoitusta oli vastaavasti 25.6.

Tarkasteltaessa  apila-timoteisekakasvustossa
(kokeet 4, 5 ja 9) boorin kidyttdmiirien aiheut-
tamia eroja erikseen apilan ja timotein booripi-
toisuuksissa voitiin todeta, ettd nimi kasvit ovat
boorin kdytdn suhteen selvisti erilaisia. Timotein

Taulukko 3. Puna-apilan ja timotein booripitoisuudet
mg/kg kuiva-ainetta
Table 3. The boron contents mglkg in dry matter of timothy
and red clover

B mg/kg kuiva-ainetta
Koe | Koe- | Nut- B mglkg in dry matter
mo | vuosi Iﬁ:‘ Lannoiteboraattia kgfha
Trial | Trial Age Fertilizer borate kglha
No. year &
S| o | 10 | 20 [ 40 | s | 160
Puna-apila —
Red clover
4 3 1 23 — 25 25 26 28
4 4 2 {23 —_ 22 22 24 25
5 3 1 30 e 34 37 35 46
5 4 2127 —_ 29 37 28 27
9 2 1 30 30 28 31 35 —
9 3 2 |23 27 32 34 29 —
9 4 3 |23 33 34 31 31 —_
Keskiarvo —
Mean . .. .. .. 25.6| (30.0)| 29.1| 31.0| 29.7| (31.5)
Timotei —
Timothy
4 3 1 8 | — 8 8 9 | 17
4 4 2 6| — 6 8 8 8
5 3 1 9 — 13 26 29 45
5 4 2 4 | — 7 9 15 | 33
9 2 1 4 5 7 15 28 —
9 3 2 6 7 10 14 18 —
9 4 3 3 4 8 11 10 —
Keskiatrvo —
Mean . ...... 5.7 (5.3)] 8.4| 13.0| 16.7| 25.8
1 4 6 —_ 6 9 10 14
3 3 1 12 — 15 25 — 36
7 3 1 — — 15 25 50 59
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booripitoisuus kohosi bootilannoituksen lisdin-
tyessd varsin huomattavastija suhteellisesti enem-
min kuin apilan. Kun kysymyksessi oli boori-
lannoituksen 1.—3. jilkivaikutusvuosi, ainoas-
taan kokeessa 5 timotein booripitoisuus nousi
samalle tasolle kuin apilan. Timotein bootripitoi-
suudessa ilmeni erittiin selvdsti myds bootilan-
noituksen jilkivaikutuksen heikkeneminen ajan-
mittaan. Apilan booripitoisuus ei ollut niin sel-
vissd vuorosuhteessa aikaisemmin annettuun bo-
raattimidridn kuin timotein. Niytteistd midritet-

“tiin my6s typpi, fosfori, kali, kalkki ja magne-

sium. Saaduissa tuloksissa ei ollut todettavissa
Jannoiteboraatin jilkivaikutusta ndiden ravintei-
den pitoisuuksiin.

Maan booripitoisuns

Bootilannoituksen maan liukoisen boorin mii-
rdd lisddva vaikutus siilyi koealueilla, miki nikyy
koekauden piittyessi otettujen maaniytteiden
analyysituloksista (taul. 4).

Boori huuhtoutuu maasta tutkimusten (mm.
BAKER ja MORTENSEN 1966) mukaan runsaimmin
alkuvuosina vihentyen vuosittain, ja maan boori-
pitoisuuden lasku on suhteessa annettuun boorti-
lannoitukseen. Kisilli olevassa aineistossa oli
kuitenkin maan liukoisen boorin miirissi ha-
vaittavissa eri koejisenten vililld Iuotettavia ero-
ja (taul. 3). Kivennidismailla 5—6 vuotta aikai-
semmin suoritettu boorilannoitus, 20, 40, 80 ja
160 kg/ha lannoiteboraattia, lisdsi maan liukoisen
boorin pitoisuutta (B mg/l maata) kolmessa ko-

Taulukko 4. Lannoiteboraatin kiyttdmiirien vaikutus
maan vesiliukoisen bootin miiriin koekauden pidittyessi
ja tulosten luotettavuus
Table 4. The effect of applications of fertilizer borate on the
water-soluble boron content in soils at the end of the experiment
and the significance of the results

Lannoiteboraattia kgfha Merkitsevyys
B;‘i“i"_" Fertilizer borate kgfha Significance
Koe | tuk-
n:::e :esta 0 I 2 | 40 I 80 | 160 B la.nn.
71‘(;.”1 ‘;‘;‘OSia Maan booripitoisuus ; ;II" B :’_?fi'
0. ears ; A
ofter The boron contents of soils Bappl. B rates
B-fert. mg/l ' x:;;_?;;s;; 1;;5}11 —m B
1 6 0.7 |—0.4 |—0.3 |—0.2{4-0.2 *
2 4 0.4 |4+0.4|4-0.5 [+0.7 [-0.9 | ***
4 5 0.2 |40.1|40.5|40.4|4+0.9| *x | **
5 6 04 |+0.1(+40.4|40.3]|40.1 * *
6 5 0.4 |40.1|+0.5|+0.3(+0.7 *




keessa (4, 5 ja 6) keskimiirin 0.1, 0.5, 0.3 ja 0.6.
Multamaalla kokeessa 2 vastaavat lisiykset olivat
0.4, 0.5, 0.7 ja 0.9.

Tiivistelmi
Eri lannoiteboraattimidrien positiivinen tai
negatiivinen vaikutus sadon midrdin on niissi
kokeissa tasoittunut muutaman vuoden kuJuessa.
Nurmen bootipitoisuudessa tuntui eri midrien
vaikutus ainakin vield neljinteni koevuonna. Ti-
motei reagoi tdssd suhteessa huomattavasti her-

kemmin kuin apila. Suurinkaan boorimiiri ei
yleensi nostanut timotein booripitoisuutta api-
lan bootipitoisuuden tasolle, kun kysymyksessi
oli 1.—3. jilkivaikutusvuoden sato.

Maan liukoisen boorin miirissi oli merkitse-
vit, joskin pienet erot koekisittelyjen vililld vield
koejakson péittyessi 4—6 vuoden kuluttua.

Kenttikokeet suunnitteli ja niiden suorituksen
valvoi vanhempi tutkija Aarne Tainio.

KIRJALLISUUTTA

Baxer, A. C. & MorTeNsSEN, W. P. 1966. Residual effect
of single borate applications on Western Washington
soils. Soil Sci. 102: 173—179. .

BerGeR, K. C. & Truog, E. 1939. Botron determination
in soils and plants. Ind. Eng. Chem., Anal. Ed. 11:
540—545.

Harcuer, J. D. & Wircox, L. V. 1950. Colorimetric
determination of boron using carmine. Anal. Chem.
22: 567—569.

HANNINEN, P. 1966. Boron fertilization and red clover
seed production in central Finland. Suom. Maatal.-
tiet. Seur. Julk. 107: 154—160.

TAMALAINEN, E. A. 1935. Tutkimuksia lantun ruskotau-
dista. Referat: Untersuchungen iiber die »ruskotauti»
Krankheit der Kohlritbe. Valt. Maatal.koetoim. Julk.
72: 1—116.

L, C. C. 1964. Introduction to experimental statistics.
460 p. New York.

SALONEN, M., KErRANEN, T., TAINIO, A. & TAHTINEN, H.
1962. Alueellisia ja maaperisti johtuvia eroja timotei-
heinin kivenniispitoisuuksissa. Summary: Differences
in mineral content of timothy hay as telated to geo-
graphical region and soil type. Ann. Agric. Fenn. 1:
226—232.

TaiNto, A. 1955. Niittonutmien kupari- ja boorilannoi-
tuksen tarpeesta. Referat: Uber den Bedarf der Grass-
felder an Kupfer- und Bordiingung. Maatal. ja Koe-
toim. 9: 58—66.

— 1957, Boorilannoituksen merkityksestd syystypsilld.
Koetoim. ja Kiyt. 14: 9—10.

SUMMARY

Residual effect of boron fertilization

Hrirxxa TAHTINEN

Department of Agticultural Chemistry and Physics,
Tikkurila, Finland

The residual effect of boron fertilization was investi-
gated through studies with different rates of boron dress-
ing (fertilizer borate 46) on experimental fields situated
in different parts of Finland.

The results, shown in Table 2, represent nine field
trials, in which the boron fertilizer was applied at the

beginning of the expetimental period, in the spring before -

tillage. The residual effects of the borate application were
kept under obsetvation for four to six years.

The effect of the borate proved to be highly dissimilar
in different fields, and no cottelation between the dif-
ferences in yield and the watet-soluble boron content in
the soil (from 0.2 to 1.7 B mg/l) could be perceived.
The top-yield of root ctops incteased relatively more
than the growth of the roots did in response to the
borate dressing, and the top-yields suffered less from
excessive borate than the root-yields.

The positive or negative effect on the yields due to
different rates of borate application disappeared within
a few yeats. However, the rates were clearly reflected
both in the boron content of the yields and in the content
of water-soluble boton in the soil at the end of the test
petiod. .

In red clovet-timothy leys the boron content of
timothy proved to be more susceptible to change than
that of red clover due to the rate of borate fertilization
(Table 3). The residual effect of even the most abundant
application of borate dressing did not generally raise the
boron content of timothy within a two to five-year
petiod to the same level as that of the clover.

The significant, though small, increase in the soluble
boron content of the soil produced by boron fertilization
could be observed in humus and mineral soils as late as
four to six yeats after the application (Table 4).
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KARJANLANNAN JA VAKILANNOITTEIDEN VAIKUTUKSEN
VERTAILUA 1I

Erilaiset lannoitukset ja kalkitus

Summary: The effects of farmyard manure and mineral fertilizers II

Different fertilizer combinations and liming

MARTTI SALONEN

Maatalouden tutkimuskeskus,
Maanviljelyskemian ja -fysiikan laitos,
Tikkurila

Kun ajkoinaan laadittiin selostus Eteli-Poh-
janmaan koeasemalla vuodesta 1931 kiynnissi
olleesta karjanlannan ja erilaisten vikilannoite-
yhdistelmien vertailukokeesta (SALoNEN ja Hon-
KAVAARA 1954) todettiin, etti koetta jatkettaessa
on otettava kalkitus mukaan. Koekentin maa,
vaikka se onkin hyvii jokivarsipeltoa, on kuiten-
kin Eteld-Pohjanmaalle Iuonteenomaisesti kalk-
kikdyhdd ja hapanta. Kun lisiksi vertailtavina
olevien lannoiteyhdistelmien vaikutuksessa maa-
han on suuria eroja, on maan happamuus kehit-
tynyt hyvin ratkaisevaksi ainakin erdiden kasvien
menestymiselle. Niinpid koeruudut, joiden alku-
perdinen koko oli 100 m?, jaettiin kahtia ja toi-
nen puolisko sai ennen syysvehnin kylvos 1954
kalkkikivijauhetta (50 9, neutr. kalkkia) 4 tn/ha.
On tultu kuitenkin siihen kisitykseen, etti kal-
kitus on ollut lifan pieni, joten se uusittiin ke-
sdlld 1968. Kun niin ollen kokeessa alkoi taas
uusi jakso, on pidetty tarpeellisena selostaa tihin
mennessd saadut tulokset.
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TEEMU HONKAVAARA

Maatalouden tutkimuskeskus,
Etelid-Pohjanmaan koeasema,
Ylistaro

Saapunut 17. 12. 1969

Kokeen hoito 1954—67

Selostettavana ajkana viljellyt kasvit on mai-
nittu taulukossa 1, johon on merkitty my6s mil-
loin lannoitusta on annettu. Merkinti ki tarkoit-
taa, ettd ao. koejisenelle on annettu karjanlantaa
25 tn/ha, ja merkinti vl, ettd suunnitelmaan kuu-
luvat vikilannoiteyhdistelmit on annettu. Kali-
lannoitus on ollut sama kaikissa vikilannoiteyh-
distelmissd, nimittdin 300 kg/ha 50 9, kalisuolaa.
Fosforilannoitteena on ollut 250 kg/ha 19 9, su-
perfosfaattia, paitsi koejisenessd tf 350 kg/ha
15 9, tomasfosfaattia. Typpilannoitus on ollut
koejasenissd ks ja tf koko kokeen ajan 200 kg/
ha kalkkisalpietaria, paitsi syysvehnille 300. Chi-
lensalpietarikoejidsenelle, ch, on selostettavana
aikana annettu chilensalpietaria 194 kg/ha, syys-
vehnille 287 kg/ha. Koejisen su on saanut 150
kg/ha ammoniumsulfaattia, paitsi syysvehnille
200. Yhteensd on vuosien 1955—67 sadoille an-
nettu eri ravinteita seuraavasti kg/ha:



Koejisen — Treatment typped N
. fosfori- kalia
merk- kaik- stita happoa K.0
ki selostus — explanation kiaan nitr amm P05 2
sign. total nitr. amm,

0 ilman lannoitusta — without liming ................ — — — — —
kl karjanlantaa — farmyard manure . .. .. ...l 454 135 226 435

ks kalkkisalp. -+ supetf. + kalis. — witrate of lime +
superphos. + potass.chlor. ... .. ..o oo 263 226 37 333 954

su amm. sulf, 4 superf. + kalis. — amm. sulphate -
superphos. + potass.chlor. ... ... ..ol 259 259 333 954

ch chilensalp. + supetf. + kalis. — Chilean salp. -
superphos. 4 potass. ehlor. ... ... . ool 263 263 333 954

tf kalkkisalp. 4- tomasf. + kalis. — nitrate of lime +
basic slag + potass. chlor. ... .. ... . o il 263 226 37 368 954

Kuten havaitaan katjanlantaa saanut koejisen
on tini aikana tullut saaneeksi kaikkia kasvinra-
vinteita paljon vihemmin kuin eri vikilannoite-
yhdistelmissi on ‘ollut. Siten lannan ja vikilan-
noitteiden vaikutuksen suoranainen vertailu ei
niiden koetulosten perusteella ole mahdollista.
— Muusta kokeen hoidosta ei selostettavana
aikana ole mainittavana mitdin koetuloksiin vai-
kuttavaa.

Sadot aikana 1955—67

Esilli olevana aikana eri vuosina saadut sato-
tulokset nihdiin taulukossa 1, jossa on esitetty
ilman lannoitusta saadut sadot, ja seka ilman kal-

kitusta ettd kalkituksen ohella ja eri lannoituk-
silla saadut sadonlisiykset. Kaikki satoluvut on
vertailujen helpottamiseksi laskettu rehuyksi-
kdiksi (1 kg vehnin tai ohran jyvid, 5 kg peru-
nan mukuloita, 2.2 kg heini#). Satotaso on ollut
hyvin puoleinen. Lannoitteiden ja kalkin vaiku-
tukset ovat keskimairin olleet suuret, mutta niis-
si on paljon vaihtelua paitsi eri lannoitteiden
myos eti viljelyskasvilajien vuoksi. '

Eri kasvilajit. Kun on kysymyksessi vain yksi
koekenttd ja siitikin vain 13 vuoden jakso, jadvit
koesatojen lukumiirit eri kasvilajien kohdalla
pieniksi, mutta kun niissd ilmenee kiintoisia seik-
koja, esitetiin ne taulukossa 2.

Taulukko 1. Vuosina 1955—67 saadut sadot; jyvit, mukulat tai 1. niitto heindsato ry/ha
Table 1. Experimental yields in years 1955—67; grains, tubers or hay of 1st cut Sulba

Ilman kalkitusta Kalkitus 4 tn/ha kalkkik. jauhetta
Without liming Liming 4 tnjha ground limestone
Sato Sadonlisiys Sato Sadonlisiys
Yield Yield increase Yield Yield increase
0 | K | ks | su | e | 0 | k| ks | su | e | ¢
1955 Syysvehni Vakka — Win-

fer wheat ............... kl,H v12%) |1660|1830|1330 610{1 55012 260[1 840(2 020|2 190(1 460|1 980|2 030
—56 Peruna Ruusulehti — Po-

727 R ki, vl 3930|1 980[1 810 1 710(1 920(1 960|3 81012 160(2 000|2 000|2 140|2 140
—57 Ohra Pirtkka — Barley .. .. vl 2330| 280| 460 170| 370 570|2 380, 530/ 550| 540/ 520| 510
—58 1. v:n nurmi — 757 year ley 2340| 660 360/— 830| 360| 810(2 650{ 650] 540 320/ 440| 600
—592. » » —2nd » » 3250 470| 830/— 100 670| 850|3 420| 590, 730| 790 640, 910
—603. » » —3rd » » 2250| 510 290|— 560| 260 780(2410| 910} 700{ 270/ 480; 870
—61 Syysvehnd Vakka — Win-

ter wheat . ........ ... ... vl 890| 650(2 160 850(1 880|3 140(1 690(1 090|2 3601 980|1 760|2 580
—62 Peruna Amyla — Potato .. Kkl vl 2730(2 3502 730 2790|2 670(2 870|2 900|2 4502 810(2 930|3 180|3 410
—63 Ohra Paavo — Barley ... vl 3970 230—190{—1 340|—150| 540|4 460| 580| 190|—840| 80| 660
—64 1. vin nurmi — 75z year ley 2 000! 290|—120{— 690|—200{ 220|2 300| 440| 340|—530, 40| 300
—652. » » —2nd » » 2200, 610 730/—1020] 850{1 180|2 480| 970} 760 640| 970|1 170
—663. » » —3rd » » 2300/—100| 300|—1220{ 400| 470)2760|—320| 50/—200—220{—210
-—67 Syysvehni Elo — Winter

wheat ........ ... ... vl 320| 540|2590| 1 220|2 7304 420|1 260{1 150|1 660|2 510(3 110|3 660

1) Lantaa annettu — Farmyard manure applied

%) Vikilannoiteyhdistelmit annettu — Fertilizer comb. applied
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Taulukko 2. Eri lannoitusten vaikutukset eti viljelyskasveilla ja kaikilla kasveilla keskim. vuodessa tyfha
Table 2. Effects of different fertilizings on different crops and averages for all crops fulbha a year

Sadonlisiysten vilisten erojen
Sato merkitsevyydet, F-testi
ilman Sadonlisdys Significances of diff. between yield
Iar.m. Yield increase increases
Yield Yhdistelmivaikutukset
Interactions
lann, kalk. vuo- vuo- | an.-
Lo det- det- ann.
0 Kl ks su ch w | S| il ]k, | Rk
years- | years- Sert.-
fert. liming | ‘iming
Syysvehnd, 3 satoa — Winter
wheat, 3 yields
Ilman kalkitusta — No Jime ...... 957|111 007 | 2027 893 |2053 | 3273 ei laskettu — noz calc.
Kalkittuna — Limed ............. 1597/1420 {2070 | 1983 | 2283 |2757
Yhdistelmivaikutus — Inferaction 413 43 (1090 230 |—516
Ohra, 2 satoa — Barley, 2
yields y
Ilman kalkitusta — No lime . ..... 3150{ 255 135 | —585 110 555 » » » »
Kalkittuna — Limed . ............ 3420 555 370 | —150 300 585 -
Yhdistelmivaikutus — Interaction 300 235 435 190 30
Peruna, 2 satoa — Pozate, 2
Jyields
Ilman kalkitusta — No Jime ...... 333012165 | 2270 [2250 | 2295 | 2415 » » » »
Kalkittuna — Limed ............. 3355/2305 | 2405 | 2465 |2660 12775
Yhdistelmavaikutus — Interaction 140 135 215 365 360
Nurmi, 6 satoa — Lgy, 6 yields
Ilman kalkitusta — No lime .. .... 2390| 407 398 | —737 390 718
Kalkittuna — Limed . ............ 2670 540 520 215 392 GO7 | kx| kkxk ok
Yhdistelmi — Interaction 133 122 952 2 | =111
Kaikki kasvit keskim., 13 satoa
— Al crops, 13 yields '
Ilman kalkitusta — No lime .. .... 23211 792 (1022 122 11024 | 1544
Kalkittuna — Limed . ............ 2643(1017 | 1145 913 [ 1163 | 1433 | #k*x | *xk | kk Ak
Yhdistelmivaikutus — Interaction 225 123 791 139 | —111

Kussakin koekisittelyssd annettuja ravinteiden
midrid esittdvissd numeroasetelmassa ilmenevi
lannan lifan pieni kiyttd riittds selitykseksi sithen,
ettd sen vaikutus timin jakson aikana niyttii
jaivin huonommaksi kuin parhaimpien vikilan-
noiteyhdistelmien vaikutus, miki poikkeaa aikai-
semmista tuloksista (SALONEN ja HONKAVAARA
1954, s. 13). Jos lasketaan lantatonnin satoa li-
sddvi vaikutus, saadaan ilman kalkitusta 137 ry/
tn ja kalkituksen ohella 176 ry/tn. Aikana 1931—
52 saatiin vastaavaksi luvuksi 85.8 ty/tn. Tamin
mukaan Jannan teho on aikana 1955—67 ollut
parempi kuin aikaisemmin. Vikilannoiteyhdis-
telmi su on ollut selvisti huonoin. Silmiin pis-
tivdi on sen erittdin huono vaikutus kalkitse-
mattomalla maalla, piirre, joka on vain tehostu-
nut ajan mukana. Ohralle ja nutrmelle on timi
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lannoiteyhdistelmd ollut suorastaan vahingolli-
nen etenkin kalkitsemattomalla maalla, Vikilan-
noiteyhdistelmit ks ja ch ovat antaneet parem-
mat ja keskenidn samat tulokset. Kauttaaltaan
selvisti parhaaksi tulee vikilannoiteyhdistelmi tf.

Taulukon 2 lukujen mukaan kalkitus sinfinsi
'on parantanvt satoja, mutta sen lisiksi eti lannoi-
tusten vaikutus on voinut olla erilainen kalki-
tuilla ja kalkitsemattomilla koejisenilli. Niinpi
taulukkoon 2 on merkitty my8s nimi etot, ns.
yhdistelmivaikutukset. Niiden mukaan on anta-
malla sekd kalkitus ettd lannoitus yleensd saatu
suurempia sadonlisdyksii kuin on kummankin
.etikseen antamisella saatujen sadonlisiysten sum-
ma. Vain lannoiteyhdistelmé tf muodostaa poik-
keuksen. Erityisen korkea on kalkituksen ja lan-
noituksen positiivinen yhdistelmévaikutus lan-



noiteyhdistelmin su kohdalla. Kumpikin 4érim-
miisyys on helposti selitettivissi: tomasfosfaa-
tilla on maata kalkitseva, ammoniumsulfaatilla
taas piinvastainen, happamuutta lisdfivi vaiku-
tus. Kiintoisa on tosin hieman epavarmaksi jasvi
tieto, etti kalkitus parantaisi lannankin vaiku-

ks su ch tf O kI ks su ch tf
kalkittu

Kuva 1. Eri koelannoitusten ilman kalkitusta ja kalkituk-
sen ohella antamat sadonlisdykset nurmilla ry/ha keskim.

tus-ta. — I.{uvlssa' 1ja 2 es1.tetaan erd kisittelyjen 6 sadosta. Kockisittelyt on merkitty:
vaikutuksia havainnollisesti pylviini. 0 = ilman lannoitusta
. . . . . oy kl = karjanlantaa

Apila nurmissa. Taulukoissa 1 ja 2 esitettyihin g — vikilannoiteyhdistelmi, jossa kalkkisalpietaria
nurmisatoihin sisiltyvit sekd apila ettd timotei, st = » » ammoniumsulfaattia
. . I e . . ch = » » chilensalpietaria
joiden misrisuhteet on kaikkina vuosina selvi- ¢ _— » » kalkkisalp. ja tomas-

fosfaattia

tetty lajittelemalla ja punnitsemalla ilmakuivana.
Molempina nurmikausina saatiin toisen vuo-
den nurmesta runsaimmat kokonaissadot. Api-
lan miirit seki prosentteina ettd kiloina olivat
suurimmat nurmikautena 1958—60 toisen ja nur-
mikautena 1964—66 kolmannen vuoden nurmes-
sa. Tissd tarkastellaan vain kaikkien vuosien kes-
kiarvoja. Taulukossa 3 esitetddn apilan osuus pro-

Fig. 1. Yield increases obtained with different fertilizings, with

and withont liming, on ley fulha, averages for six yields. Treat-
ments indicated:

without fertiliging

Jarmyard manure

fert. comb. with nitrate of lime

ammonium sulphate

Chilean saltpetre

nitrate of lime and basic slag

syErye
I T (e (T

i = » » »
kalkittu = Jimed

sentteina koko sadosta ja kg/ha. Kalkitus ja eri  ry/nq
lannoiteyhdistelmit, lukuun ottamatta yhdistel- 2000
mii s.u,.ovat hs‘iinneet apilaa sekd prosentteina | oo -
ettd kiloina ilmaistuna.
o)

Peranasatojen laatna osoittavia tietoja ovat vain
tirkkelysprosentit, jotka yhdessd tirkkelyssato-
jen kanssa esitetddin taulukossa 4. Kaikki koeli-
sittelyt ovat selvisti alentaneet tirkkelysprosent-
teja, mutta kun satomiirit ovat nousseet, ei tirk-
kelyssatoihin ole tullut vihennyksii.

O kil ks su ch tf O kI ks su ch tf

kalkittu
Kuva 2. Eri koelannoitusten ilman kalkitusta ja kalki-
tuksen ohella antamat sadonlisiykset kaikilla kasveilla,
keskim, 13 sadosta. Selitykset ks. kuvaa 1.
Fig. 2. Yield increase obtained with different fertilizings,
with and without liming, on all crops fulba, averages for 13
yield, For explanations see Fig. 1.

Taulukko 3. Heinidsatojen apilamiirit % ja kg/ha
Table 3. Clover contents of ley yields, % and kglha

Nman LN oo 1y it
0 kI \ ks | su | ch | tf
Ilman kalkitusta — No Jime .. .... % 40 3 13 — 4 16 14
Kalkittu — Limed .............. » 47 4 11 9 15 9
Ilman kalkitusta — No lime ...... kg/ha 2272 510 1341 —639 1488 1528
Kalkittu — Limed ............... » 2940 1720 1187 960 1403 1187

Taulukko 4. Perunan tirkkelys-% ja -sadot kg/ha
Table 4. Starch contents of potato, % and kglha

Tlman Lannoituksen aiheuttama muutos
lanm. Diff. caused by treatments
0 K | ks | s | e tf
Ilman kalkitusta — No Jime .. .... % 15.8 —1.7 —1.3 —1.7 —1.5 —1.5
Kalkitta — Limed ............... » 15.5 —1.6 —1.2 —1.5 —1.7 —1.8
Ilman kalkitusta — No lime .. .. .. kgfha 2602 1244 1439 1330 1399 1488
Kalkittu — Limed ...«........... » 2 582 1324 1522 1478 1553 1606

4 17063—70
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Lannoituksen ja kalkituksen vaikutukset
maassa

Keviilli 1968 otettujen ruuduittaisten maa-
niytteiden analysoinnissa saatuihin lukuihin esi-
tetdfin katsaus taulukossa 5. Ravinnemairitykset
on tehty happamasta ammoniumasetaattiuuttees-
ta ns. viljavuusmenetel milla.

Maan humuspitoisuutta osoittavissa hiilimaii-
rissd sen enempid kuin kokonaistyppimiirissi-
kidin ei etupidssi eri kerranteiden vilisten suur-
ten vathtelujen vuoksi voida minkiinlaisella var-
muudella sanoa olevan koekisittelyisti johtuvia
erofa. Mikdin lannoitus ei kuitenkaan niyti aina-
kaan vihentineen maan humuspitoisuutta. Tus-
kinpa sitd on tehnyt kalkituskaan, vaikka 0-ki-
sittelyssd saadut arvot niyttivit viittaavan sellai-
seen. Eri lannoituksilla ja kalkituksella on ollut
hyvin selvit ja varmat vaikutukset maan happa-
muuteen ja vaihtuvan kalkin pitoisuuteen. Nimi
seikat ovat kiintoisia erityisesti koejisenen su,
ammoniumsulfaatti, kohdalla. Kuten luvuista
ndhdéin, annettu 4 tn/ha kalkkikivijauhetta ei
ole riittinyt kokeen kiynnissi olon aikana, v:sta
1931 alkaen, kaikkiaan kiytetyn ammoniumsul-
faatin, yht. 3 050 kg/ha, maan happamuutta lisai-
vin ja kalkkia kuluttavan vaikutuksen kumoami-

seen (teoreettisesti, ekvivalenteissa laskien pitisi
jo 2500 kgfha kalkkikivijauhetta olla riittdvi).

Vatsinaisten kasvinravinteiden, kalin, magne-
siumin ja fosforin analyysilukuihin on vain lan-
noituksella ollut vaikutusta. Timi vaikutus on
ollut positiivinen kaikkiin muihin paitsi magne-
siumiin, mikd johtuu siiti, etti vikilannoitteet
eivit ole sisdltineet magnesiumia, mutta ne ovat
satoja nostaessaan kuitenkin lisinneet magnesiu-
min kulutusta.

Verrattaessa vin 1968 maaniytteisti saatuja
analyysiarvoja aikaisempiin, v:n 1950 vastaaviin
(SALoNEN ja HONKAVAARA 1954, s. 22—31) ei
hiili- ja kokonaistyppimédrissi nihdi eroja. Maan
happamuus on kuluneena aikana hieman lisiin-
tynyt kalkitsemattomilla koejdsenills, lukuunot-
tamatta koejdsentd tf, tomasfosfaatti, mutta kal-
kitus on pitinyt pH-luvun suunnilleen muuttu-
mattomana. Vaihtuvan kalkin (sinénsi alhaisten)
miirien mukaan ndyttii episuotuisa kehitys no-
peammalta, silli kalkitujllakin koejisenilld pyrki-
vit luvut olemaan alle 1950:n tason. Kalilukuja-
kin voidaan kaiken kaikkiaan pitdd alhaisina, ja
niissi on tarkasteltavana ajkana tapahtunut vield
laskua. Siiti paitellen annettu kalilannoitus ei
ndyti tiysin riittineen. Magnesiummiiritykset

Taulukko 5. Maa-analyysissi saatuja lukuja koekentisti v:lta 1968
Table 5. Soil analysis values of the trial field, 1968

Koelannoitusten aiheuttamat erot Erojen viliset .
]%Ir‘lzxz);il— Diff. caused by freatments m‘}i}g‘;;i:z’zfe; 5}}?5“
R A

Otrgaaninen hiili — Orgenic carbon, C Y,

ilman kalk. —mo Jime ................ 3.11 0.37 0.39 0.27 0.03 0.13

kalkittu — Jimed ... ... ... ... .... 3.00 0.47 0.42 0.33 0.31 0.18
Kokonaistyppi — Total N °fy,

ilman kalk, —mo lime ................ 2.80 |—0.04 | 0.04 {—0.02 0.10 |—0.04

kalkittu — Jimed .......... .. ... ... .. 2.68 0.24 0.17 0.26 0.29 0.22
pH vedessi — pH in water

lman kalk, —mo lime ................ 5.14 0.02 |—0.01 |—0.20 0.10 0.38

kalkittu — Jimed ... ... ... . ..., .. 5.46 |—0.04 {—0.06 |—0.40 |—0.07 0.28 * *
Kalsium, Ca, mgfl maata — soi/

ilman kalk. —wolime ................ 763 37 56 | —125 12 231

kalkittu — Jimed .................... 925 75 38 | —187 19 288 | xwx
Kalium, K, mgfl maata — soi/

ilman kalk, — o dime ................ 56 5 57 109 59 42

kalkittu — Jimed .................... 60 3 58 83 65 T 40 | xEk
Magnesium, Mg, mg/l maata — soi/

ilman kalk. —mo Jimee ................ 146 9| —42 | — 64 |— 32 | — 30

kalkitta — Jimed .................... 169 14 | — 67 | — 95 | — 57 | — 42 | ***
Fosfori, P, mgfl maata — soi/

ilman kalk, ~—mo lime ................ 3.6 0.9 2.1 2.9 2.0 1.9

kalkittu — Jimed .................... 3.5 0.5 2.2 2.8 2.0 2.1 | xHk
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on niinid eri aikoina tehty eri menetelmilld (1950:n
niytteistd typpihapolla, 1968:n niytteistd happa-
malla ammoniumasetaatilla), joten vertailu ei ole
mahdollinen. Eri tavoin saatujen tietojen mukaan
magnesiumlukuja on pidettivi alhaisina. Fosfori-
luvuissa on poikkeuksena muista ollut pientd
nousua, mutta niiti voidaan yhi pitdd alhaisina.

Tiivistelmi

Vuodesta 1931 kiynnissi olleessa lannan ja eri
vikilannoiteyhdistelmien vaikutusta vertailevassa
kokeessa on kalkituksen jilkeen vuosina 1955—
67 saatu seuraavanlaisia tuloksia:

Kalkitus on kautta linjan suuresti parantanut
satoja, eniten happamasti (ammoniumsulfaatti)
ja vihiten emiksisesti vaikuttavan lannoituksen
(tomasfosfaatti) ohella kiytettynd. Kalkkimasri,
4 tn/ha 50-9,:sta kalkkikivijauhetta, ei ole riittd-
nyt poistamaan ammoniumsulfaatin hapanta vai-
kutusta.

Karjanlannan teho on ollut erittdin hyvi, mut-
ta sen vaikutusta ei voida suoranaisesti verrata
vikilannoiteyhdistelmien vaikvtukseen, silld lan-
taa on annettu liian vihin verrattuna vikilannoi-
teyhdistelmissd annettuihin kasvinravinnemdi-
riin.

Kaikissa tapauksissa on tomasfosfaattia sisil-
tinyt yhdistelmi ollut paras vikilannoiteyhdis-
telmd. Sen jalkeen tulevat samanarvoisina typen
kalkkisalpietarina ja chilensalpietarina sisiltineet
yhdistelmit. Huonoimmaksi ji4 ammoniumsul-
faattiyhdistelmd, joka ohralla ja nurmella on
aiheuttanut suoranaista sadonvihennysti.
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SaLoNEN, M. ja HoNkavAsra, T. 1954, Katjanlannan ja
vikilannoitteiden vaikutuksen vertailua. Summary:
Results of a long-term field experiment for the com-
parison of farmyard manure and different fertilizer
combinations. Valt. Maatal.koetoim. Julk. 142.

SUMMARY

The effects of farmyard manure and mineral fertilizers II

Different fertilizer combinations and liming

MARTTI SALONEN

Agricultural Research Centre,
Department of Agricultural Chemistry and Physics,
Tikkurila, Finland

In an eatlier papet, SALONEN and HoNkAvAaAra 1954,
a teport was given on the results of a long-term field
trial involving acid, muddy clay soil, in which the yield-
increasing effects of farmyard manure and various fertil-
izer combinations were compared. Later, in 1954, the
experimental plots were divided, with one half of each
plot receiving 4 ton/ha of ground limestone and the other
half left unlimed. In the ensuing years, it has become
evident that the rate of application of the limestone was
underestimated; accordingly, it was deemed necessaty to
repeat the measure in 1968. Thus, the years 1955—1967
represent a cleatrly defined experimental period, and the
results obtained during this time are reported here.

The experimental measures and the rates of application
of the plant nutrients in the period of 1955—1967 are
set forth on page 337. It will be noted that the farmyard

TEEMU HONKAVAARA

Agtricultural Research Centre,
South Ostrobothnia Agricultural Experiment Station,
Ylistato, Finland

manure used during this period contained plant nutrients
in far smaller amounts than the different fertilizer com-
binations did. Hence it is not possible to compare the
effects of the manureand the various fertilizer combinations.

The yields and yield increases obtained by different
treatments in the 1955—1967 period are presented in
Scandinavian foddetr units in Table 1. Table 2 gives the
average yields of various crops. It also shows calculations
of the interactions of lime and different fertilizer combi-
nations. Figures 1 and 2 contain diagrams representing
the results obtained for leys and the averages for all the
crops. Table 3 contains the results of botanical analyses
of ley yields, and Table 4 the starch contents of the
potato yields.

Table 5 presents the results of the analyses of the soil
samples taken in 1968 before the renewed liming. The
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Ca, K, Mg and P values have been determined by the
ammonium acetate method.

The following conclusions may be drawn from the
results obtained during this experimental period:

Liming greatly increased the yields — most when the
fertilizer combination was acid (amm.-sulph.), and least
when the fertilizer combination had a neutralizing effect
(basic slag). Liming with 4 tonf/ha ground limestone did
not suffice to neutralize the acidifying effect of the am-
monium sulphate (used throughout the experimental pe-
riod of 1931—1967, totalling 3 050 kg/ha).
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The yield-increasing effect of farmyard manure proved
exceedingly good, 137 ry/ton.

The best fertilizing in this acid soil proved to be the
combination containing nitrate of lime 4 basic slag +
potassium chloride. The next best were the combinations
in which the nitrogen is in nitrate of lime or in Chilean
saltpetre and phosphorus in superphosphate and potas-
sium in potassium chloride. Inferior results were given
by the combination of ammonium sulphate + supet-
phosphate -}- potassium chloride, which caused a decrease
in the yields of batley and ley.
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RESIDUES OF DIAZINON AND TRICHLORONATE IN CARROTS

KATRI TITTTANEN and ANNA-LIISA VARIS

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

Diazinon, when applied to the soil to control
carrot rust fly, persists in plants for a long time
(MosesacH and STeINER 1960, KrLEE and StEI-
NER 1961, Tirrranex and Varis 1965). No
previous data exists on the persistance of resi-
dues of granulated diazinon and trichloronate
in plants grown under Finnish conditions. The
present study was carried out to clarify the
extent to which granulated diazinon and granu-
lated trichloronate, and trichloronate emulsion
persist in carrots when applied to plant rows.

Material and methods

The studies were made at the Department of
Pest Investigation, Tikkurila, in 1967, by bioassay
method using Drosophila as a test organism (VA-
Rr1s and TIrrraNeN 1963). The carrots (var. Nan-
taise Markthalle) were grown in medium fine
sand soil. The residues were first determined in
the growing season, when the first carrots were
ready for lifting, and were continued throughout
the growing season, and some determinations
were made during storage. The catrots were kept
in cold storage at 42 — 4-5°C.

Results and discussion
~ Substantial residues of diazinon strewn on cat-
rot seed rows were found in carrots as late as 70—
80 days after application (Table 1). The quantities
of diazinon residues found were roughly the same
as those applied as diluted emulsion to plant rows
(cf. TrarraNen and Varis 1965). Also, Laska
(1966) found that granulated diazinon strewn on
seed rows persists for quite a long time in carrots.

Received 17 December 1969

Table 1. Residues of diazinon and trichloronate in carrots.

Catrot vatiety used was Nantaise Markthalle and soil was

medium fine sand. 2 g of granulated insecticide wete

sttewn on seed rows and 0.5 1 of diluted emulsion was
applied per metre of row

Active | Number
Active | ingre- | of days | Residuep.p.m.
Insecticide and ingre- dient | between
date of application dient g per | applica-
% metre |tion and |Washed|scraped
N Of row himssay carrots | carrots
Granules on seed rows !
Diazinon .......... 10 0.2 67 [>2 1
(Basudin 10) ....... — — 81 1 0
11 May ........... — — 88 0.7, ©
— — 95 >0 0
— — | 102 0.1 0
— — | 109 0.5 0
— — | 123 0.1 0
— — | 136 0.4 0
— — | 179 0 0
Trichloronate .. .... 25| 0.05 75 0.1 0
(Agtitox) .......... — — 82 0 0
11 May ........... — — 89 0 0
— — 96 0 0
— — | 103 0 0
— — | 110 0 0
— — | 124 0 0
— — | 138 0 0
—_ — | 180 0 0
Emulsion to plant rows
Trichloronate ...... 50 0.25 27 0.6/ 0
(Agtitox liquid) .... — — 34 0 0
28 June ........... —_ —_ 41 0 0
— — 48 0.5 0
— — 55 0.2 0
— — 62 0 0
— — 76 0 0
— — 90 0 0
— — | 132 0 0
Trichloronate ...... 50 0.25 1 2.4 0
(Agritox liquid) .... — — -8 4.6 0.1
24 July ........... — — 15 27 0.5
— — 22 (>2 0.1
— — 29 (>2 0.2
— — 36 0.5 0
— — 50 0.5 0
— — 64 |1 0
— — | 106 1.1 0
— — | 198 |1 0
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In his investigations the residue after harvest
amounted, on average, to 0.60 p.p.m. for 2 years
when active ingredient was applied in a quantity
of 6 kg/ha, which is a somewhat larger quantity
than that applied in the present study. When 3
kg/ha of active ingredient were applied, the cor-
responding amount of residue was 0.18 p.p.m.

Granulated trichloronate strewn on seed rows
had disappeared from the carrots by the time they
were ready for consumption.

Trichloronate residues which could be re-
moved by peeling were found in carrots almost
two months after the application of trichloronate
emulsion to plant rows to control the first genera-~
tion of carrot rust fly. When plant rows were
treated in this way at the time the first carrots
were ready for consumption, residues were found
in the catrots throughout the remainder of the
growing season and even after 1 15 — 4 months
of cold storage. The residues were located chiefly
in the skin, and the last residues in scraped cat-
rots were detected 6 months after the application.

Summary

In 1967, an investigation was made at Tikkurila
of the persistence in carrots of granulated diazi-
non and trichloronate strewn on seed rows and
of emulsified trichloronate applied on plant rows.
The carrot variety used was Nantaise Markthalle,
and the soil was medium fine sand.

Diazinon residues amounting to c. 1 p.p.m.
were detected as late as 70—80 days after applica-

tion. In contrast, the granulated trichloronate
sttewn on the seed rows had disappeared from
the carrots by the time they were large enough
for consumption. Residues from application to
plant rows of trichloronate emulsion carried out
when the carrots were large enough for consump-
tion were found throughout the remainder of the
growing season and even after 1 1, — 4 months
of cold storage.

The trichloronate residues were located chiefly
in the skin; most of these residues could be re-
moved by scraping the catrots.
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SELOSTUS

Diatsinoni- ja trikloronaattijiimit porkkanoissa

Karrr TIITTANEN JA ANNA-LIISA VARIs

Maatalouden tutkimuskeskus, Tuhoeliintutkimuslaitos, Tikkurila

Kylvoriveihin siroteltujen diatsinoni- ja trikloronaatti-
rakeiden seki kasteluaineena kiytetyn trikloronaatin sii-
lymistd porkkanoissa tutkittiin Tikkurilassa v. 1967. Pork-
kanalajike oli Nantes Markthalle ja maalaji hieno hiekka.
Miiritykset tehtiin biologista menetelmai kiyttden. Koe-
eliimend oli banaanikirpinen. '

Tulokset on esitetty taulukossa 1. Diatsinonista todet-
tiin vield 70—80 vtk:n kuluttua kisittelystd noin 1 p.p.m:n
suuruisia jidmid. Sen sijaan trikloronaatti hivisi porkka-
noista sithen mennessd kun ne olivat tarpeeksi suuria kiy-
tettdviksi.
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Ensimmiisen porkkanakirpissukupolven toukkien tot-
jumiseksi suoritetusta trikloronaattikastelusta voitiin kuo-
rimattomissa porkkanoissa todeta jidmid lihes kahden
kuikauden ajan. Trikloronaattikastelusta, joka tehtiin en-
simmiisten porkkanoiden ollessa kooltaan kiyttokelpoi-
sia, oli jadmid koko jiljelld olevan kasvukauden ajan ja
vield 1.5—4 kk kestidneen kellarisdilytyksen jilkeen.

Trikloronaattijiimit sijaitsivat pidasiassa porkkanoiden
pintakerroksessa, ja enin osa niisti saatiin poistetuksi raa-
puttamalla porkkanat.
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WINTERING OF FIELD CROPS IN FINLAND, 1968—1969

HANS

BLOMQVIST
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Tikkurila, Finland

In spring 1969, information on damage to field
crops during the winter of 1968—69 was re-
quested from agricultural experimental stations
and advisers in different parts of Finland (Fig. 1).
In the enquiry carried out, damage caused by
biotic and abiotic factors to winter cereals, clover
and the most common species of grasses was
estimated by visual analyses according to a scale
of 0—3, as follows: 0 = no winter damage, 1 =
1—10 9, 2 = 10—40 9, and 3 = 40—100 9,
damage to the stands. The results are presented
in Table 1. It should be mentioned that due to
recovery during the growing season economic
losses will have been lower than the values given.
The various factors contributing to winter dam-
age are, however, most easily distinguished eatly
in the spring.

In 1968—69, wintering of field crops varied
greatly in different parts of the country. In south-
ern Finland, apart from clover, the results can be
considered satisfactory, in central Finland poorer
than usual, and in northern Finland, especially in
Lapland, very poor. Throughout the whole coun-
try, clover was attacked heavily by clover rot
(Sclerotinia trifoliorum).

In southern Finland the abiotic factors caused
more damage to winter cereals and grasses than
the biotic ones. Of the former factors, frost and
heaving were the most important. Fusarium nivale
was the most common winter-killing fungi found.
Exceptionally, S. berealis appeared in several
localities.

The importance of winter-killing fungi in-
creased in central Finland, and cereals, especially,
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Fig. 1. Observation areas (black) in (I) southern, (II)

central and (III) northern Finland covered by the enquiry

made in spring 1969 concerning the wintering of field
crops. Personal observations on the hatched area.

Kuva 1. Havaintoalueet (mustat) (1) Eteld-, (I1) Keski-

Ja (I11) Pohjois-Suamessa kevdilld 1969 suoritetussa pelto-

kasvien talvebtimista koskevassa tiedustelussa. Viivatulta alu-

eelta omia havaintoja.
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Table 1. Damage occurring in winter cereals, clover and grasses in the winter of 1968—69, in (E) southern,
(K) central and (P) northern Finland, according to the enquiry made in spring 1969. The figures given are the
average values derived from the answers received (explanation in the text). + = sporadic appearance.
Taulukko 1. Talvebtimisvauriot syysviljoissa ja yleisimmissé nurmikasveissa 1968—69 kevidlld 1969 suoritetun tiedustelun
perusteella (E) Eteli-, (K) Keski- ja (P) Pohjois-Sunomessa. Luvut ovat vastausten Reskiarvoja (selostus tekstissd).

+ = satunnaisia esitntymisia.

Field crop 1) — kasvi

w

Triticum Secale Ttrifolium Phleum Festuca Dactylis
aesti 1 . nsi 1
Gt o g S Rais Apila imotei RNurmivata | Roiranboins
E|kK|P|BE|x|P|E|X|P|E|K|P|E|K|P|E P
Biotic factors — Bioottiset tekijit
Fusarium nivale 2) — Lumibome .. 05|12} —0.8|1.511.5}0.4(0.4{1.0| +|0.7(1.5(0.3/0.7|1.3|0.3:1.0| 1.5
Typhula spp. — Pabkulabomeet ....|03]09}—02]05|02| 4| 4 (0.5 +]0.2]/0.6|0.1|0.4|0.8(0.1]0.4]0.5
Sclerotinia borealis — Pokjolan pah-
Rabome ............. i + 102 —| +(02|—| —| —|—| +{02103] + (0102 +|+]0.2
Sclerotinia trifoliorum — Apilaméri| —| — | —| —| — 1314108 —| —|—{ —| —|—| —|—| —
08[23|—|1.0[221.7]1.7]1.8]23| 4 |1.1]|2.4|0.4|1.2(|2.3|0.4|1.4] 2.2
Abiotic factors — Abioottiset tekijit
Water — Vesi vovvveeiiinan. 04/02|—|(03]0.2|05|03| +|—{0.1/0.2(0.3(0.2;0.2}0.3|0.1/0.1(0.3
Heaving — Rouste .............. 05/09|—(0.5({07|0.1|03(03|—[0.2/0.2(0.3(03[03|+103(0.2| +
Tce —Jad .cooviiiiiiiiiininns 02(09|—{0.2|04(03]|03|07|+(0.2(0.4(0.2/0.2{05|+|0.2]|0.6]|
Frost — Pakkanen . .............. 0.4/06|—|04]03|—|04|04|4+]01}0.1|—[0.4]|02|+[0.4]|0.4| +
1.5/2.6] —|14]1.61]09{1.3|14]| 41]0.6]|09]0.8]1.1(1.2(0.3]1.0]1.3]|0.
Winter damage, total — Talvehtimis-
vatrior yhteensd .. .............. 23149 —|24|3.8/2.6|3.0/3.2|123|0.6[2.0|3.2|1.5|2.4/2.611.4]1.7|2.5
1) On turnip fape, only sparse data available. — Rypsistd ainoastaan bajatictoja.

%) On clovet Fusarium spp. — Apilassa Fusarium spp.

were attacked by the pathogens. F. nivale was the
most common species found, on both cereals and
grasses. On cereals, Typhula spp. also appeared
with high frequency. The damage caused by JS.
borealis was small and local. Ice and heaving were
the most harmful abiotic factors in central Fin-
land.

In northern Finland, winter rye appeared to
be in good condition in spring 1969. On the
other hand, severe injuries caused by attacks of

winter-killing fungi were found on the grasses.
The greatest damage occurred in young stands,
approximately 50 9%, of which were destroyed.
F. nivale was most injurious in the southern and
eastern parts and in northern Lapland, and T.
ishikarignsis in central Lapland. In some localities
S. borealis also caused damage. In northern Fin-
land, the damage caused by abiotic factors was
small as compared with other parts of the coun-

try.

SELOSTUS

Peltokasvien talvehtiminen Suomessa 1968—1969

Haxs BromqvisT

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Tietoja peltokasvien talvehtitnisesta 1968—G69 saatiin
keviilli 1969 eri puolilta Suomea (kuva 1). Suoritetussa
tiedustelussa kiytettiin talvehtimisvaurioiden arvioinnissa
asteikkoa 0—3 seuraavasti: 0 = ei vautioita, 1 = 10 9,
2 =10—40 % ja 3 = 40—100 9% lehtimassasta tuhoutu-
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nut. Kyselyyn saapuneet vastaukset (taul. 1) osoittavat,
ctti maan eteldosissa talvehtiminen oli tyydyttivi, keski-
osissa keskimairiisti huonompi sekd pohjoisosissa, var-
sinkin Lapissa, erittiin huono. Koko maassa apila kirsi
pahasti apilamidin runsaasta esiintymisesti.
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MAJOR MINERAL ELEMENTS IN THE BOVINE RUMEN FLUID I

Concentrations and their changes between feedings

ESKO POUTIAINEN

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

One of the most significant aspects of the
mineral elements in bovine rumen fluid is their
neutralizing and buffering effect on the acids in
the rumen. Interest attaches to the extent to
which the different dietary, and possibly other,
factors affect the concentration of certain mineral
elements in the rumen and the internal circula-
tion of minerals in the animal. It has been shown
that the addition of some mineral elements to the
rumen have improved the buffering capacity of
the rumen fluid (Hawxkins and Lrrrie 1968),
favoured the digestion in the rumen (CHAPPEL et
al. 1952) and affected the flow rate (POUTIAINEN
1968).

There is abundant information in the literature
concerning the concentration of different mineral
elements in the rumen fluid of animals on a
variety of feeds. Systematic studies on the effect
of certain dietary or other factors are, however,
rare. Lamprra (1965) and Lamrira and Pourrar-

NEN (1966) showed that the time of sampling’

after feeding and the location of the sampling
point in the rumen had a significant effect on
the concentration of sodium and potassium in
the rumen. FENNER et al. (1969) observed that
dry matter intake influenced the concentration
of dissolved mineral elements in the rumen fluid
of animals fed on hay and they also give equa-

5 17063—70
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tions for the patterns of change in concentration
with the time of sampling after feeding. If the
pattern of change in concentration of a certain
mineral element in the rumen could be exptessed
in the form of a general equation, this would
make it easier to compare the results of different
experiments.

The purpose of this study was to investigate
the effect of certain dietary factors on (1) the
mean concentrations of some major mineral
elements in the rumen fluid, (2) the pattern of
change in concentration between two feedings,
and (3) the possible differences in concentration
between different parts of the rumen. The diet-
ary factors in question were: (1) the level of feed
intake, (2) the dosage of sodium chloride, and
(3) the proportion of long hay in the ration.

Experimental
Aunimals and diets

'Two Aytshire cows fitted with rumen fistulas
(SToDDARD etal. 1951) were used ds experimental
animals. The experiments were conducted during
two indoor feeding periods in 1965—66. The
rations were fed twice daily at 05.00 hrs. and
17.00 hrs. in two equal portions. Water was
accessible to the animals at all times.
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The composition of the experimental diets and
the feeding schedules have been described in
detail in an earlier publication (PourrAINEN
1968). Briefly, 50 9, of the rations consisted of
hay (long or ground) and 50 9, of concentrates
with the exception of the diets concicting solely
of long hay. The effect of dry matter intake on
the mineral elements in the rumen was investi-
gated by feeding 3, 6, 9, 11—12 and 14 kg
DM/day. Sodium was supplied as NaCl in doses
of 0, 50 and 100 g/day at the DM levels of 6 to
14 kg/day. The effect of the physical charactet of
the ration on the minerals in the rumen was
investigated by adjusting the proportion of long
hay in the diet to 100, 50, 25 and 10 %, of DM.
This was done by giving part of the hay in finely
ground form (1.5 mm screen). With all the diets
100 g dicalcium phosphate, was given per day.

Sampling and preparation of samples

Before sampling was begun the animals were
kept on each of the experimental diets for periods
averaging 16 days. The samples from the rumen
wete taken at 3 hour intervals from 05.00 hrs.
to 17.00 hrs., the first samples being taken just
before the 05.00 hr. feed. Each time samples
were taken from four different parts of the
rumen: upper, central, lower and lower fore
parts. The description of the sampling device
used and the location of the points of sampling
have been given in an earlier paper (LAmMPILA and
PourtraiNen 1966).

The sampling procedure was repeated three
times for each diet, with a 24-hour non-sampling
interval between each period of sampling. The
samples of three days were put together so that
four bulk samples, relating to the four parts of
the rumen, were obtained for each of the five
daily sampling times.

The samples were centrifuged for 20 minutes
at 4000 r.p.m. in order to separate the plant
material, and the supernatant fluid was used
for the analyses of the mineral elements.
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Analytical methods

The diluted rumen fluid was used for the
sodium, potassium and chloride determinations.
10 ml of the supernatant fluid were wet-ashed
with sulphuric acid and hydrogen peroxide
(LARANEN, personal communication) in a micro-
Kjeldahl apparatus. The wet-ashed samples,
made up to a total volume of 100 ml with distil-
led watetr, were used for the determinations of
calcium, magnesium and phosphorus. For the
feeds, the dry-ashing method described by
SAroNEN et al. (1960) was applied. The method
used for the determinations of the different
mineral elements were as follows:

Calcium and magnesium wete de-
termined with the atomic absotption spectro-
photometer. Lanthanum oxide (La,;0O,) was used
in the solution to avoid disturbances from the
other mineral elements, especially phosphorus.
Every reading was taken three times and the
mean value was taken as the concentration of
the Ca and Mg of the sample.

Potassium was determined directly from
the diluted rumen fluid with a flame photometer.

Sodium was determined with Beckman’s
Na electrode and a Model 76 pH meter with an
expanded scale (PouTIAINEN and Lamerra 1966).

Chloride was measuted by potentio-
metric titration.

Phosphorus was measured colorimetric-
ally.

Results and discussion

The mineral contents of the different diets,
expressed as grams per kg DM, are shown in
Table 1. The daily intakes of K, Ca, Mg and P
were almost completely determined by the DM
intake, because the concentrations varied rather
little. The intakes of Na and Cl were determined
by both the DM intake and the dosage of NaCL

The significance of different factors for the
concentration of dissolved mineral elements in
the rumen fluid was analysed statistically with
the analysis of variance. The results are shown



Table 1. The intake of six mineral elements by two experimental cows, Ina and Irpu, on different diets,

expressed as g per kg DM ingested

P; -
Diet | DM S‘I-:)ap(ﬂ § t;:§°:f Na K Ca Mg P Cl
No intake ment long
kg/day | g/day ;)“YD;} INA |[IRPU| INA | IRPU | INA | IRPU | INA | IRPU | INA | IRPU | INA | IRPU
1 14 100 50 |4.15| —i 16.09 —1 515 — 1.45 — | 4.30 — 11.31 —
2 » 50 » 2,561 —| 15.66 —| 4.61 —| 1.99 —| 4.90 —| 7.37 —
3 » 0 » 0.63| —| 16.04 —| 449 —| 1.63 —| 4.48 —| 3.85 —_
4| 12 100 50 |4.16|3.67| 14.71| 13.88| 7.04| 6.43| 2.33| 231| 4.55| 4.47| 13.75| 12.24
5 » 50 » [3.11|3.00| 13.34( 13.19| 6.41| 6.19| 2.23| 2.24| 4.57| 4.53| 8.20 7.92
6 » 0 » 0.74|0.75| 13.74| 13.80| 7.00| 8.39| 2.37| 2.69| 552| 5.80| 3.74| 3.68
7 9 100 50 |5.02(5.83| 16.31| 14.93| 7.24| 6.74]| 1.82| 2.26| 4.98| 5.24| 14.62| 15.67
8 » 50 » |2.66]3.51| 15.05.| 13.84| 8.07| 6.47| 2.00| 1.87| 525| 529 9.43 9.24
9 » 0 » 0.44|1.11| 13.78| 13.09| 5.66| 5.55; 1.82| 1.86| 5.44f 5.14| 3.73 3.61
10 9 50 100 |2.89]|2.76} 22.73| 24.85| 7.53| 7.26| 1.49| 1.39| 4.33| 4.68| 11.96| 12.22
11 » » 25 |3.28|3.27| 11.72| 12.64| 6.44| o6.16| 1.72| 1.52| 5.47| 5.07| 10.51 9.89
12 » » 10 {3.51]3.60| 12.31| 12.74| 7.42| 6.98| 1.98| 2.19| 5.20| 6.02| 8.80| 10.37
15 6 50 100 | 4.09]3.93| 18.25| 22.27| 8.44| 8.44| 1.34| 1.33| 5.16| 533| 14.78| 15.30
13 » » 50 |4.5213.73| 16.32| 17.70| 7.74| 9.23| 1.87| 2.00| 6.58| 6.27| 11.77{ 11.93
16 » » 25 |4.60|6.62( 12.33| 11.83| 6.23| 7.52| 1.77| 1.97| 6.87| 6.48| 11.93] 14.59
17 » » 10 |4.63|6.73| 11.27 ] 11.77| 5.33| 8.27| 1.60| 1.47| 5.77| 6.30| 11.57| 14.07
18 3 50 100 —16.63 — | 22.25 — 11.69 — 1.38 —| 813 — | 23.00
19 » » 50 —|6.75 —| 13.56 — 1 10.00 —| 1.50 —| 8.56 —| 19.44
20 » » 10 —17.56 — | 10.94 — | 10.56 —1| 1.63 —1 9.19 —| 19.44

Table 2. Significance of effects of various factors on the
concenttation of certain dissolved mineral elements in the
tumen fluid, proportion of long hay in diet being 50 %,

Table 3. Significance of effects of various factots on the
concentration of certain dissolved mineral elements in the

of DM rumen fluid with NaCl dosage of 50 g/day
Parameters Na X Ca | Mg P Cl Parameters Na K Ca | Mg P Cl
Cows ....ovvviinnnn NS|NS|NS|NS|NS| NS Cows ....ovovvnunnnn NS| NS| NS| NS | NS| NS
Dry matter .......... NS|NS|NS|NS|NS{ NS Dry matter .......... NS | NS| NS | NS *| NS
Sodium chloride ...... * | *xk ) NS | NS|* NS  Long hay proportion .. | NS| NS| NS| NS| NS | NS
Time of sampling ... .. HAK | Ak | k| kk | NS | *** Time of sampling . ... ook | dkkok | kkok | okok | NS | ok
Part of rumen ........ * KAk | k| *x | NS | *%*  Partof rumen ........ INS | ¥k | Hk | dokok | skokk | okok

Levels of significance: NS Non-significant, * P < 0.05, ** P < 0.01, *** P < 0.001

in Tables 2 and 3. The factors wich appeared to
exert a statistically significant effect on the con-
centration of certain mineral elements were
examined in more detail in an attempt to find
a general equation for the patterns of change in
concentration. The time of sampling after feed-
ing affected the concentration of all the mineral
elemcnts studied except P. The method of
orthugonal polynomials was used in fitting the
prediction curves for the concentrations as a
function of time after feeding.

Sodinm (Na)

The concentration of Na in the rumen fluid
was not significantly affected by the DM intake
or the proportion of long hay in the ration, but
it was significantly affected by the dosage of
NaCl. However, the Na concentration showed a
tendency to decrease when the intake of DM
increased. The effects of these factors .on the
mean concentration are discussed in an earlier
publication (PourIANEN 1968). ‘
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The time of sampling had a significant effect
on the Na concentration. The changes in Na
concentration as a function of time at differentlev-
els of NaCl dosage, are expressed in Figures 1—2.

The differences in Na concentration between
the sampling points could only just be detected
in this material (Table 2), but are so small that
they cannot be considered to be of any practical
importance. This point is discussed in the paper
of Lamrira and PouriaiNen (1966).

The changes in Na concentration as a function
of time were best predicted with a polynomial of
the third degree. The pattern of change was
fairly independent of the level of Na concentra-
tion in the rumen fluid and the same prediction
equation coefficients are applied for the high
(50/100 g/day NaCl) and low (0 g/day NaCl)
values of Na concentration. The prediction equa-
tion account for 95 and 92 9, of squares among
the time of sampling on the high and low levels
of Na concentration of rumen fluid respectively.

The minimum concentration of Na occurred
3—4 hours after feeding. This is in agreement
with the results of Lamrira (1964) and FENNER
et al. (1969). The last-mentioned authors have
calculated the prediction equation for the changes
in Na concentration as a function of time and
obtained a polynomial of the second degree. The
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changes in concentration were predicted for a
eight-hour period instead of the 12-hour period
used in this experiment.

Potassinm (K)

The concentration of K was not significantly
affected by the DM intake, or the proportion of
long hay, but the effect of the dosage of NaCl
was found to be significant.

The time of sampling and the part of the
rumen from which the samples were taken had
a significant influence on the K concentration.
The changes in K concentration as a function
of time are presented in Figures 3 and 4.

The values for the NaCl dosage levels of 100
and 50 g/day are combined because the K con-
centration of the rumen fluid was the same at
both levels (Fig. 3). The concentration of K was
markedly higher at the 0 level of NaCl dosage.
The reasons for this phenomenon have been
discussed in detail in an earlier paper (PouTIAt-
NEN 1968). Apart from the difference in the level
of K between the 0 and 50/100 g NaCl supple-
ment levels, there was also a difference in the
pattern of change in concentration as a function
of time. The prediction equations are polyno-
mials of the third degree in both cases, but the
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increase in K concentration after feeding was
considerably sharper when NaCl was not given
(Fig. 4). The high concentration of potassium in
the saliva (cf. PouriaiNeN 1968) together with
the ample amount of K in the feeds raised the
concentration. The prediction equations for the
K concentration accounted for 959, (Fig. 3)
and 90 %, (Fig. 4) of the squares among the time
of sampling. The maximum concentrations were
attained 3—4 hours after feeding i.c. as soon as
the whole ration had been consumed. Changes
of the same type have been obsetved by Lampira
(1965) and FENNER et al. (1969).

The differences in the concentration of K
between the parts of the rumen are greater than
those in Na concentration. This has already been
observed in the investigation of Lamrpira and
PourraineN (1966), where the reasons for this
phenomenon and its significance are discussed.

Calcinm (Ca)

None of the dietary factors studied affected
the concentration of Ca in the rumen fluid. The
input of Ca into the rumen is almost completely
tegulated by the dietary Ca, and the flow of
soluble Ca was faitly constant per kg DM eaten

(PourtiaiNen 1970). In the experiments reported
by FENNER et al. (1969) the DM intake influenced
the concentration of Ca in hay feeding. The
prediction equation for the concentration of dis-
solved Ca was polynomial of the second degree.

The time of sampling after feeding and the
location of the sampling point had significant
effects on the concentration of dissolved Ca in
the rumen fluid. The curves and equations for
the changes in Ca concentration are given in
Figure 5. The prediction equation fitted to the
average Ca concentrations accounted for 97 %,
of the sums of squares among the time of
sarnph'ng.‘

The maximum concentration was observed
3—4 hours after feeding and it was nearly 50 %,
higher than the concentration just before feeding,
when it was at 2 minimum. The differences in the
concentration of Ca between the different parts
of the rumen ate marked, but the patterns of
change as a function of time are much the same.
The range of concentration is the same as those
reported by Lampira (1964) and FENNER et al.
(1969).

The effect of time on the concentration of
dissolved Ca can be explained by the fact that
its concentration is closely dependent on the
dietary Ca. Ca is evidently treleased slowly into
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Fig. 5. The changes in the mean concentrations of dissol-

ved Ca in bovine rumen fluid in different patts of the

rumen as a function of time after feeding. Symbols:

observed (open) and predicted (closed) values for upper

- a, central O @, lower [] W and lower fore & &
parts of the rumen.

the fluid from the ingested feed and, since it is
not absorbed through the rumen wall in any
significant amount, it accumulates in the rumen
as the animal feeds. The difference in concentra-
tion between the parts of the rumen is partly
explained by the above-mentioned factors. In
addition, since saliva contains very little Ca and
it reaches the bottom layers of the rumen first,
it evidently reduces the calcium concentration
there. The diluting effect of the drinking water
must also be consideted. The differences in Ca
concentration on due to the time of sampling
after feeding and the location of the sampling
point are great enough to be taken into account
in sampling procedure.

Magnesium (Mg)

None of the dictary factors studied had a
significant effect on the concentration of Mg in
the rumen fluid. Dietary Mg was the main
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source of Mg, as the saliva supplied only about
49, of the total input (cf. PoutramNen 1970),
and since the amount of Mg and the flow of
fluid per kg DM eaten wete faitly constant, the
concentration was not greatly influenced by the
dietary factors. In the experiments of FENNER
et al. (1969) an increase in the level of the feed
intake increased Mg concentration significantly
when the diet consisted solely of hay. With such
a diet the flow of fluid evidently did not increase
in the same proportion as the input of Mg.

The time of sampling after feeding and the
sampling point in the rumen had a significant
effect on the concentration of Mg. The cutves
and their equations are presented in Figure 6.
The prediction equation fitted to the average Mg
concentrations accounted for 94 9, of the sum
of squares among the time of sampling.

The maximum concentrations were reached
3—4 hours after feeding. Mg accumulates in the
rumen with the ingested feed. The pattern of



change in Mg concentration is almost identical
with that of Ca (Fig. 5). The concentration
changes can be predicted with polynomials of the
third degree. There are marked differences be-
tween the upper and lower parts of the rumen
in both the level of concentration and the
pattern of change as a function of time. The
reasons are evidently the same as those sug-
gested in the discussion of Ca. Since the pattern
of change in Mg concentration due to the
sampling time is fairly regular, it may be pos-
sible to predict the Mg concentration at some
other time after feeding than that when the
sample is taken. However, when making such
predictions, it should be taken into account that
the length of the feeding interval may influence
the pattern of change (cf. FENNER et al. 1969).

Phosphorus (P)

Of the dietary factors studied, the level of DM
intake and the dosage of NaCl had an influence
on the concentration of dissolved P in the rumen
fluid. Contrary to the position with all the other
major mineral elements in the rumen fluid, the
concentration of P was independent of the time
of sampling after feeding. Therefore prediction
equations wete not calculated for P. '

A fairly constant concentration of P was also
observed by Lamrira (1964) in animals on diets
containing about the same amount of P as in
the ptesent investigation. When the P con-
centration of the diet was very high (wheat bran
included), the P content of the rumen fluid
tended to be higher immediately after feeding
especially in the upper part of the rumen, than
at other times during the feeding interval. The
remarkably uniform concentration of dissolved
P in the rumen fluid is maintained by the ample
and constant flow of salivary P (PourIAINEN
1970). The low solubility of phosphorus com-
pounds in the feeds also partly explains the
constancy of the P concentration in the rumen.

The differences in P concentration between
the different parts of the rumen were significant
in one sequence of results (Table 3), but not in
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Fig. 7. The effect of the level of NaCl dosage and the level
of DM intake on the mean concentrations of dissolved P
in bovine rumen fluid.

the other one (Table 2). Since the differences in
the concentration of P between the sampling
points were not very regular and not of great
importance, the values of P are not presented
separately for each part of the rumen.

The effects of DM and NaCl on the P con-
certration are shown in Figure 7. The concentra-
tion P increased with decreasing NaCl dosage,
each 50 g decrease in the dosage producing an
increase in concentration of about 10 %,. Since
there were no distinct differences in the intake
of P at the different NaCl dosage levels (cf.
Table 1), it would seem that these changes should
be attributed to variations in the salivary supply
of P, which, on the average, accounted for 60 %,
of the total amount of dissolved P entering the
rumen (PoutraNeN 1970). The P concentration
in the saliva decreased with increases in the
dosage of NaCl (unpublished data) probably as
a result of an observed increase in the flow rate
of the saliva. It has been shown that the con-
centration of phosphate in the saliva is reduced
when the rate of secretion increases (Coars and
WricHT 1957). The increase in the PP concentra-
tion of the rumen fluid with decreasing DM
intake is also connected with the salivary P. The
inflow of salivary P per kg DM eaten had a
tendency to increase when the level of DM was
decreased.
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Chloride (Cl)

None of the dietary factors studied affected
the concentration of Cl in the rumen fluid. This
was even the case with the dosage of NaCl,
which npaturally increased the amount of Cl
reaching the rumen fluid. The overdose of Cl
was easily absorped through the rumen wall and
thus the concentration remained within the same
limits irrespective of the diet (cf. PoutrAiNeN
1970).

The interval between feeding and sampling
and the part of the rumen had a significant
influence on the. concentration of Cl in the
tumen fluid. The patterns of change are pre-
sented in Figure 8. The changes in the concentra-
tion of Cl as a function of time can be predicted
with a polynomial of the third degree. The pre-
diction equation accounted for 88 9%, of the sum
of squares among the time of sampling.

Interest attaches to the differences in the be-
haviour of the two anions Cl and P and the
factors responsible for the changes in their con-
centration. The proportions of the total input
introduced by the saliva into the rumen are of
about the same magnitude for both anions
(Pourtamen 1970, Table 5). The explanation for
their differing concentrations evidently lies in
the difference between the solubilities of phos-
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phates and chlorides. The phosphates have a low
solubility and therefore remain longer in the
feeds while the chlorides are more quickly and
easily released into the rumen fluid. The con-
centration of the latter then increases to a certain
level before absorption starts to take place. The
subsequent decrease in concentration is mainly
the results of the outflow of Cl through the reti-
culo-omasal orifice. The Cl content of the saliva is
lower than that of the rumen fluid (BarLey 1961).

Summary

This paper is a teport of studies made on the
effect of some dietary factors on the concentra-
tions and on the pattern of concentration changes
of sodium (Na), potassium (K), calcium (Ca),
magnesium (Mg), phosphorus (P) and chloride
(CD) in the rumen fluid during a 12-hour feed-
ing interval. The dietary factors in question
wete: 1) the level of feed intake (3—14 kg DM/
day), 2) the dosage of sodium chloride 0, 50 and

100 g/day), and 3) the proportion of long hay

in the ration (100, 50, 25 and 10 9% of DM).
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Two cows equipped with rumen fistulas were
used as experimental animals.

The cows were fed twice daily at 05.00 hrs
and 17.00 hrs. With each diet samples of the
rumen fluid were taken at regular 3-hour intet-
vals and each time from four different points in
the rumen: upper, central, lower and lower fore
parts. The fluid samples were analysed for Na,
K, Ca, Mg, P and CL

The findings made in these studies were as
follows:



(1) The concentrations of Na and K in the
rumen fluid were not significantly affected by
the DM intake or proportion of long hay but
they were significantly afected by the dosage of
NaClL

(2) The concentrations of Na and K were
significantly affected by the time of sampling
after feeding. The Na concentration decreased
while the K concentration increased during the
first 3 hours after feeding, after which the con-
centrations returned to the prefeeding levels.
The increase in K concentration after feeding
was more marked when the diet was not supple-
mented with NaCl than when 50 or 100 g of
NaCl wete given. The differences in Na and K
concentrations between the four sampling points
in the tumen wete statistically significant but
small in absolute terms.

(3) None of the dietary factors studied had a
significant effect on the concentrations of dis-
solved Ca and Mg in the rumen fluid.

(4) The concentrations of Ca and Mg were
significantly affected by the time of sampling
after feeding and the sampling point. The pat-

terns of changes in concentration as a function .

of time were almost identical for Ca and Mg.
The maximum concentrations were reached
3—4 hours after the beginning of feeding, after
which the concentrations sank to the prefeeding

level. There were marked differences between
the different parts of the rumen both as regards
the level of concentration and the patterns of
change as a function of time.

(5) The concentration of dissolved P in the
rumen fluid increased significantly with decreas-
ing NaCl dosage and with decreasing DM intake.

(6) The concentration of dissolved P in the
rumen fluid remained fairly constant throughout
the feeding interval and was not significantly
affected by the time of sampling. The differences
between the different parts of the rumen were
not great, but attained significance in one
sequence of samples.

(7) None of the dietary factors studied affected
the concentration of Cl in the rumen fluid.

(8) The time of sampling and the part of the
rumen had a significant influence on the Cl con-
centration of the rumen fluid. The pattern of
change in concentration as a function of time
was basically the same as those of Ca and Mg,
the maximum values being obtained 3—4 hours
after feeding.

(9) The possible reasons for these patterns of
concentration change are discussed, and pre-
diction equation are presented for changes in the
concentration of different mineral elements as a
function of time after feeding.
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SELOSTUS

Lehmin potsinesteen tirkeimmit kivenniisaineet I

Konsentraatiot ja niiden muutokset ruokintojen vililld

Eskxo PouriAainen

Maatalouden tutkimuskeskus, Kotieliinhoidon tutkimuslaitos, Tikkurila

Kirjoituksessa on selostettu tutkimuksia, joissa selvi-
tettiin erdiden ruokinnallisten tekijiin vaikutusta natriu-
min (Na), kaliumin (K), kalsiumin (Ca), magnesiumin
(Mg), fosforin (P) ja kloorin (Cl) konsentraatioihin potsi-
nesteessd ja niiden muutoksiin ruokintavilin aikana.
Kyseessi olevat ruokinnalliset tekijit olivat 1) sysdyn
kuiva-aineen miiri (3—14 kg/p), 2) ruokasuolan annos-
tus (0, 50 ja 100 g/p), ja 3) pitkin heinin osuus kuiva-
aineesta (100, 50, 25 ja 10 %). Koe-eldimini kéiytettiin
kahta potsifistelilli varustettua lehmaa.

Lehmiit ruokittiin kahdesti piivissi, klo 05.00 ja 17.00.
Kullakin dieetilld otettiin potsinesteestd niytteitd sidn-
néllisesti kolmen tunnin vilein ja joka kerta neljasti eri
potsin osasta: yld-, keski-, ala- ja etualaosasta. Potsines-
tendytteistd analysoitiin Na, K, Ca, Mg, P ja CL

Tutkimuksissa saatiin seuraavia tuloksia:

(1) Syédyn kuiva-aineen miiri ja pitkdn heinin osuus
kuiva-aineesta eivdt merkittivisti vaikuttaneet Namn ja
K:n konsentraatioihin potsinesteessi. Sen sijaan ruoka-
suolan annostuksen vaikutus sanottujen kivenniisten
konsentraatioihin oli tilastollisesti merkitsevi.

(2) Niytteenottoajankohta vaikutti Na:n ja K:n kon-
sentraatioihin pOtsinesteessd erittdin merkitsevisti. Na-
konsentraatio aleni K-konsentraation vastaavasti nous-
tessa kolmen ruokinnanjilkeisen tunnin aikana, minki
jilkeen konsentraatiot palasivat ruokintaa edeltineille
tasoille. K-konsentraation nousu ruokinnan seurauksena
oli selvempi dieeteilld, joilla ruokasuolalisiysti ei annettu,
kuin dieeteilld, joissa oli 50 tai 100 g:n NaCl -lisiys. Na:n
ja Kin konsentraatioerot pdtsin osien vililli olivat tilas-
tollisesti merkitsevit, mutta absoluuttisesti pienet.

(3) Mitkédn tutkituista ruokinnallisista tekijoistd eivit
vaikuttaneet tilastollisesti merkitsevisti p&tsinesteen liu-
koisen Ca:n ja Mg:n konsentraatioihin.
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(4) Niytteenottoajankohta ja niytteenottopaikka potsin
sisdllossd vaikuttivat erittdin merkitsevisti liukoisen Ca:n
ja Mg:n konsentraatioihin. Ajan funktiona esitetty kon-
sentraation muutos pétsinesteessi ruokintavilin aikana
oli Ca:lla ja Mg:lla jokseenkin samanlainen. Korkeimmat
konsentraatioarvot saavutettiin molemmilla kivenniisilla
3—4 tuntia ruokinnan jilkeen, ja sitten ne alenivat ruo-
kintaa edeltineille tasoille. Pdtsin osien vililli oli huo-
mattavat erot sekd konsentraatiossa etti niiden muutok-
sissa ajan funktiona.

(5) Liukoisen P:n konsentraatio potsinesteessi nousi
merkitsevisti ruokasuolan annostuksen pienentyessi seki
syodyn kuiva-aineméirin pienentyessi.

(6) Liukoisen P:n konsentraatio potsinesteessi pysyi
jokseenkin vakiona ruokintavilin aikana, eikd niytteen-
ottoajankohta vaikuttanut siihen tilastollisesti merkitse-
visti. Potsin osien viliset erot P-konsenttraatiossa eivit
olleet suuret, mutta ne olivat yhdessi niyteryhmissi
tilastollisesti merkitsevit.

(7) Mitkasn tutkituista ruokinnallisista tekijdisti eivit
vaikuttaneet potsinesteen Cl-konsentraatioon.

(8) Néytteenottoajankohta ja potsin osa vaikuttivat
merkitsevisti Cl-konsentraatioon potsinesteessd. Ajan
funktiona esitetty Cl-konsentraation muutos ruokinta-
vilin aikana noudatti periaatteessa samaa kaavaa kuin
Ca:n ja Mg:n, konsentraation ollessa maksimiarvoissa
3—4 tuntia ruokinnan jilkeen.

(9) On tarkasteltu mahdollisia syitd havaittuihin kon-
sentraatiomuutoksiin ruokintavilin aikana ja esitetty
yhtildt eti kivenniisalkuaineiden konsentraatiomuutok-
sille ruokinnasta luetun ajan funktiona.
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EFFECT OF UREA-FOLIAR SPRAYS IN SATISFYING THE NITROGEN
NEED OF APPLE TREES

JAAKKO SAKO

Agricultural Research Centre, Department of Horticulture,
Piikkio, Finland

Urea sprays have been used since the early
1950s to supplement the nitrogen supply of fruit
trees, particularly apple trees. It has been shown
that the nitrogen requirement of the tree is rap-
idly satisfied if the foliage is sprayed with urea
solution (Hamirron et al. 1943, Fismer 1952,
BrasserG 1953, BoynToN et al. 1953). The urea
is rapidly absorbed through the undersides of
the Jeaves, whence it is carried into the other
parts of the plant. However, the effect of nitrogen
fertilization administered through the leaves is of
brief duration. Urea sprays have been found to
cause an increase in yield, growth and leaf-size
of apple trees. The manner in which yield incre-
ment is achieved varies in different varieties. For
example, in the Mclntosh variety the increase is
due to the fact that trees sprayed with urea de-
velop a large number of spurs that form two
apples, whereas the spurs of this variety normal-
ly form only one apple each. It has been found
that one of the disadvantages of utea spraying
is a decline during storage in the firmness and
the keeping quality of apples (RasMUsSEN 1966).
This fault appears, however, only if the apples
are stored for a long time. In Sweden (JomAxs-
sox and Roorsr 1954) and Finland (Six6 1956)
an increase in apple size has been produced with
urea sprays. It has also been shown that urea
sprays are of considerable importance in ensuring
a nitrogen supply for the apple trees, especially
during drought (SAx6 1959). In Finland, during
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a severe drought in the growing season of 1955,
the amount of nitrogen in the leaves declined by
0.3—0.8 percent units (12—28 9,) in different
varieties. The nitrogen content of the leaves
could be raised by 0.62—1.19 percent units (26
—58 9,) above that of the control trees by means
of four urea sprayings.

Investigations wete also made into the effects
of urea sprayings carried upon apple trees out in
autumn, In Norway, OrAND (1966) found that
urea sprays administered to the foliage in Sep-
tember—October caused an increase in the yield
of the Gravenstein variety. However, in experi-
ments performed elsewhere, it has not been pos-
sible to confirm this result.

The urea spraying of apple trees has been con-
sidered of significance only as anadditional means
of nitrogen fertilization, not as a substitute for
nitrogen fertilization applied through the sub-
strate. 'T'o clarify this question, a long-term test
was set up at the Department of Horticulture to
investigate the administration of nitrogen exclu-
sively through urea spraying of the foliage of
the trees.

Materials and methods

30 *Huvitus’ apple trees, grafted on Antonovka
seedling rootstock, were planted for the experi-
ment in 1955. Huvitus is a suitable vatiety for
an experiment of this type, since it has a relatively
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weak growth and readily reacts to changes in
growing conditions, for instance in respect of
apple size. Further, because of its winter hardi-
ness Huvitus is suitable for an experiment cover-
ing a period of several years. Sandy clay soil was
used. The fertilization experiment was com-
menced two years after the trees were planted.
The qualities of fertilizer used are shown in Ta-
ble 1. Calcium nitrate was applied to the sub-
strates of the trees in spring, at the turn of May
—June. Urea fertilizer was applied to the foliage
in five sprayings, using an ordinary pine sprayer.
The urea content of the spray mixture was 0.75
per cent. The sprayings were applied at intervals
of roughly one week from the first week of June
onwards.

Other fertilization comprised 200300 kg/ha
of potassium sulphate and 100—200 kg/ha of
superphosphate annually. The nutrient content
of the substrate was determined at depths of 0—
10 and 20—30 cm in 1964—65, and that of the
leaves was determined in the growing season of
1964. Growth of the trees was measured in 1960
and in 1965; yield was classified annually. At the
termination of the experiments, the weights of
the trunks and the crowns of all the trees were
determined.

Results and discussion

The trees treated with urea sprays were given
substantially more nitrogen per areal unit than
were the trees fertilized with calcium nitrate (Ta-
ble 1). The nitrogen administered to the foliage
in the form of urea in 1961—065 was the equiva-
lent of 555 kg of calcium nitrate per hectare. This

Table 1. The amount of nitrogen used annually in the
experiment

Tanlukko 1. Kokeessa vuosittain kiytetyt typpimidrds

A
Nitrogen given in soil
as Calcium nitrate
Typped puiden kasvnalustaan
kalkkisalpictaring

N kg/ha | CaNO,

Nitrogen as foliar sprays
with urea
Typped puiden lebdisivin
ureana

N kg/ha | urea

Years
Vuosina

1957—58 31
1959—60 39
1961—65 47

(200 kgfha) | 58
(250 » )| 58
(300 » )| 87

(125 kg/ha)
1z5 » )
(188 » )
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Table 2. The results of soil analyses in the experiment
Tanlukko 2. Tulokset kokeesta otetuista maa-analyyseista

Potas-
Nitrogen sium | Phos-
i Kali he
Depthof| P 0% | Foofors
Treatment | Sample CaCOQg|Nuriate| Super-| Hu-
Kasittely Nyt pH [tonfha| of | phos- | mus
oS tnfha | Potash| phate | %
cm 40 %, | Super-
Kali- osf.
12/6 * 12/65 Il{o;ﬂ 1{;/{13
° ° kg/ha
Calcium
nitrate — |
Kalkki- | 0—10]0.109(0.140/6.24| 7.2 (2 435| 324 | 2.3
salpietars |20—3010.08110.170/5.61} 3.7 | 570, 58 | 1.7
Urea ....| 0—10[0.115|0.170|6.03| 6.5 |2 520| 290 |2.4
20—30/0.088|0.170(5.61] 4.1 | 625 57 [1.9

high level of nitrogen fertilization cannot be re-
commended for the substrates of apple trees, and
especially not for young apple trees, in the cli-
matic conditions of Finland, since abundant ni-
trogen fertilization will delay the maturing of the
shoots and will lower the winter hardiness of the
trees. But urea sprays administered to the foliage
in early summer have not been found to have
any harmful effect in this respect, even when the
amount of nitrogen per areal unit is quite high.
Urea sprays may bring about a fairly high ni-
trogen content in the leaves. After spraying is
stopped, the amount of nitrogen in the leaves
will decline, so that by the autumn it will be at
the same level as that in untreated trees, and the
shoots of trees will ripen normally (SAx0 1959).

Analyses of soil samples taken from under the
trees show slight differences only (Table 2). The
amount of nitrogen under the trees receiving
urea through the foliage was slightly higher
(0.006—0.03 percent units) than that of the trees
receiving calcium nitrate. The difference is slight
compared with the nitrogen quantities applied.
In 1961—65 the urea plots received 88 per cent
more nitrogen than the calcium nitrate plots.
Some of the urea nitrogen ran down into the
soil and thus became available to the root system.

Leaf samples taken in 1964 after the discon-
tinuation of urea spraying in mid-July showed
that the nitrogen content of leaves from urea-
sprayed trees was substantially higher than that
of leaves from trees whose substrates had been



dressed with calcium nitrate in the spring (Ta-
ble 3). The growth was slightly weaker in the
trees sprayed with urea than in those receiving
calcium nitrate fertilization through the soil (Ta-
ble 4). This was most clearly apparent from the
weights of the trunk and crown. The trees treated
with urea produced a yield more than 9 per cent
higher (Table 5). Thus the ratio tree weight/total
yield was clearly smaller, indicating greater pro-
ductivity in the ureatreated trees than in trees
fertilized through the soil.

The most distinct and important difference,
however, was in apple size (Table 5). Huvitus is
a variety yielding fruits of small size. It is.charac-

teristic of Huvitus for the apple size to remain -

‘Table 3. Results of the leaf analyses. Samples taken 16. 7.
1964 after the fifth urea-spray

Tanlukko 3. Lebtianalyysin tulokset. Niéytieet otettiin 16. 7.
1964 viidennen urearuiskutuksen jilkeen

Per cent in dry matter
Treatment Prosenttia kuiva-aineessa
Kisittely
N r | K Ca
Calcium nitrate in soil —
Kalkkisalp. maakan .. | 2.55 | 0.20 | 1,92 | 1.14
Urea as foliar spray —
Urearniskutus Jebdistoon | 2.96 | 0.20 | 1.77 | 1.12

Table 4. The average gtowth of trees. Trees planted in

1955
Taulukko 4. Puiden keskimdidriinen kasvu. Punt istutettn
v 1955
Weight .
of tree | Ratio
(Crown| Tree
Num-| Trunk | Trunk Tree and [weight/
ber | diameter| 8itth spread | trunk) | total
Treatment of Rungon | BME08 | [ atpuke. | Puan | vield
Kasittely trees | Jipimitta | YIS | son Jovgys | paino | SWhde
Puita mm mitla m (latous | PH8
k&pl mm Jja painof
runko) | &oko-
kg | naissato
1960 | 1965[1960 [1965/1960 |1965] 1965 | 1965
Calcium  ni-
trate in soil
Kalkkisalp.
maaban . . . .. 15 | 67|147|264/486| 3.7| 4.4| 88.3(0.448
Utrea as foliar
spray — Urea
ruiskutus leh-
distéon . .... 15 | 66|143{260|473 3.8| 4.5; 85.2{0.396

Note: The trunk diameter and girth measuted at a height
of 30 cm above the soil sutface. The trees were cut
at the same point for weighing,.

Huom. Rungon lipimitta ja ympdrys mitattiin 30 cm korken-
delta maasta. Kokeen paityttyd punt katkaistiin samalta
korkeudelta punnitsemista varten.

Table 5. The cumulative yields per tree and the sorting
results in the nitrogen fertilization experiment in 1957—
65 with Huvitus apple vatiety.

A = Calcium nitrate in soil
B = Utrea foliar spray (5 sprays administered at the be-
ginning of growing season) Trees planted in 1955.
Experiment started in 1957

Tanlukko 5. Vuositiain yhteenlasketut sadot punta kobti sekd
lajittelutulokser  Huvitus-omenapuiden typpilannoituskokeesta
. 1957—65.
A = kalkkisalpietari maaban
B = urearuiskutus lehdistion (5 ruiskutusta kasvukauden alku-
puolella) Punt istutettn v. 1955, Koe aloitettiin v. 1957

Cumulative | Diameter of applesin percent of total yields

yieldspertree Onmesiien lipimitia %Y, kokonaissadosta

Year th;:it]:a:nly h- Under over

: cenlasketus sa- . ;

Vosi dot ”"ﬁ;” kolti | sl 2055 .

Al B | Al B | A]lB|A]B
1960 18.6| 21.7| 37 | 37 25| 25 39 | 38
1961 40.4] 45.1] 31 | 28 34| 32 | 35| 40
1962 74.5| 87.5| 38 | 31 36 | 37 26 | 32
1963 92.1|104.7! 36 | 28 36 | 35 28 | 37
1964 187.5]197.5| 64 | 57 23 |23 14 1 20
1965 197.0{215.4| 62 | 54 2323 15 | 22

3.57
F = 16.95%%*

L.S.D. — Merk. ero 5 %

small as the tree ages. Most of the apples yielded
by trees 10 yearts
below 50 mm in diameter. A significantly larger
size of apple was now obtained using urea sprays
than with calcium nitrogen fertilization adminis-
tered to the substrate in spring.

The above results of the 9-year experiment

of age or above ate

show that it is possible to satisfy the nitrogen
requirement of apple trees by using urea foliar
sprays, and that the sprays may actually lead to
more favourable results than those achieved with
a nitrogen fertilizer administered to the soil. On
the southwestern coast and in the southwestern
archipelago of Finland, the main apple orchard
areas, urea sprays are of great importance owing
to the fact that the drought which occurs there
in early summer makes it difficult for the trees
to obtain nitrogen from the soil. Also, the ni-
trogen requitements of apple trees are at their
greatest early in the summer, when the green
fruit forms and grows. As the price of one kilo
of nitrogen applied in the form of utrea is at
present a mere 56 per cent of the price of a kilo
of nitrogen in the form of calcium nitrate, the
nitrogen amounts (Nks 47 and N urea 87 kg/ha)
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here employed are roughly equal in price. Neither
does the application of urea sprays cause any
noteworthy additional costs, for the sprays can
be combined with the necessaty plant protection

sprays.

Summary

A nitrogen fertilization experiment on apple
trees was catried out at the Department of Horti-
culture over the period 1957—65 to compare the

effects upon the growth and yield of Huvitus
apple trees of soil-administered calcium nitrate
and urea-foliar sprays. The utea was administered
in five sprayings with a 0.75 per cent mixture at
intervals of roughly one week in the early part
of the growing season. The trees receiving ni-
trogen fertilization in the form of calcium ni-
trate applied to the soil grew more vigorously.
The trees sprayed with urea produced a higher
yield and a better sized apple.
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SELOSTUS

Omenapuun typentarpeen tyydyttiminen urearuiskutuksilla

Jaakko SAkO

Maatalouden tutkimuskeskus,

Tidssd tutkimuksessa selvitetddn omenapuun typentar-
peen tyydyttimistd puun lehdistd6n annetuilla urearuis-
kutuksilla, Vertailukohteena on typpilannoitus kalkkisal-
pietarina puiden kasvualustalle. Tutkimus oli kiynnissi
vuosina 1957—G65. Urea annettiin vuosittain viitend ruis-
kutuksena n. viikon viliajoin kesikuun alkupuolelta lih-
tien. Ruiskutusnesteen vikevyys oli 0.75 %. Koeaineis-
tona oli 30 Huvitus-omenapuuta, jotka oli varrennettu
Antonovka-siemenperustunkoon. Kiytetyt lannoitemas-
rit seki tulokset maa- ja lehtianalyyseista esitetidn taulu-
koissa 1—3.

Puut, joille typpi annettiin urearuiskutuksina lehdis-
toon, jiivit kasvultaan heikommiksi kuin kasvualustaan
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lannoitetut puut (taul. 4). Urealla ruiskutetut puut tuot-
tivat kuitenkin suuremman kokonaissadon. Niiden ome-
nien koko oli my8s suutempi kuin salpietarilannoituksen
maahan saaneilla vertailupuilla,

Yhdeksén vuotta kestineen kokeen tulokset osoittavat,
ettd omenapuun typentarve voidaan tyydyttid puun leh-
dist6dén annetuilla urearviskutuksilla. Utean etuna on
myds, ettd typpikilon hinta tulee siind huomattavasti hal-
vemmaksi kuin kalkkisalpietarissa. Viiden urearuiskutuk-
sen suorittaminen ei myoskéin aiheuta sanottavia lisikus-
tannuksia, koska ruiskutukset voidaan yhdistdi viltti-
mittémiin kasvinsuojeluruiskutuksiin.
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