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ANNALES AGRICULTURAE FENNIAE, VOL. 11: 135—140 (1972)

Seria ANIMALIA NOCENTIA N. 59 ~— Sarja TUHOELAIMET n:o 59

EFFECT OF HERBICIDES AND CHLORMEQUAT CHLORIDE
ON HOST PLANT SELECTION AND POPULATION GROWTH

OF MACROSIPHUM AVENAE (F.) (HOM., APHIDIDAE)

JORMA RAUTAPAA

Rautapii, J. 1972. Effect of herbicides and chlormequat chloride
on host plant selection and population growth of Macrosiphum
avenae (F.) (Hom., Aphididae). Ann. Agric. Fenn. 11: 135—140.

The effects of MCPA, mecoprop, a combination of mecoprop and ioxynil; dinoseb-
(as the amine salt) and chlormequat chloride on the host plant selection and re-
production of the English grain aphid, Macrosiphum avenae (F.), were studied by
means of laboratory tests. Shoots of Svenno spring wheat were sprayed with a 1%,
aqueous solution, the quantities of the compounds being equivalent to 3, 6, 9 and
12 litres per hectare in the preference studies, and 4 and 12 litres per hectare in
those on reproduction. The alate aphids that settled on the plants were counted at
stated intervals, the last count being made 24 hours after the tests were started. The
possible effects of treatments on reproduction were studied by counting the numbers
of larvae produced by the aphids (A) during 8 days, and (B) during three succeeding
18-day periods.

MCPA, mecoprop, a mixture of mecoprop and ioxynil, and chlormequat chloride
had po significant effects on the host plants selection or reproduction of the aphids.
In multigeneration tests (method B) the total biomass of aphids was reduced by
dinoseb but not by chlormequat chloride. :

Some dozen investigations have been publish-
ed on the effects of herbicides and growth regu-
lators upon aphids. The most important results
are shown on the next page.

On plants treated with phenoxy herbicides,
aphid reproduction seems to have been the samé
as or slightly better than on untreated plants.
Maleic hydrazide and amitrole have inhibited
reproduction, and these compounds are ap-
parently toxic to aphids. In almost all the tests,
growth regulators have caused a reduction in
the number of aphid larvae or they have been
toxic to larvae and adults.

Several studies, the earliest dating back to
the 1940s (reviewed e.g. by MaxweLL and
Harwoob 1960), have been made on the effects

of herbicides and growth regulators on insects
other than aphids. It was found that herbicides
may affect not only pest populations, but also
some of the natural enemies of éphids. 2,4-D
proved to be toxic to Coccinellidae-larvae (ADams
1960), and the treatment of oats’ with MCPA
caused a decrease in the numbers of some spider
species in the vegetation (RAATIKAINEN and
Hunta 1968). Triazines cause sterility in male
houseflies and impede hatching and population
of the larvae (Borxoved et al. 1967). Chlorme-
quat chloride has been found to inhibit the
meiosis of two locust species and to sterilize
locusts (CarLisLE et al. 1969). This compound
also produced deformed offspring in the cotton -
stainer bug (Dyscercus cardinalis Gerth.). Chlor-
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Effect of herbicide
or growth regulator

Reference

Chemical Aphid species
2,4—D
Acyrthosiphon pisum
A. pisum
Macrosiphum avenae,
Rhopalosiphum padi
2,4,5—T
A. pisum
MCPA
A. pisum
Maleic hydrazide
A. pisum
Amitrole
A. pisum

Number of progeny increased,
longevity unaffected
Reproduction and longevity
unaffected

More aphids on treated than
on untreated barley

Reproduction unaffected

Reproduction unaffected

Reproduction decreased,
mortality of larvae increased

Reproduction decreased,
mortality of adults and larvae
increased

B 995 or B-nine, N-dimethylaminosucciniamic acid

Aphis nerit
Aphis varians

Brevicoryne brassicae
Mpyzus persicae

Chlormequat chloride
A. pisum
Aphis fabae

A. nerii
A. varians

B. brassicae
B. brassicae
M. persicae
M. persicae

Chlorphonium chloride

M. persicae
ENBU, ethylene-bis-nitrourethane
A. fabae
Cibberellic acid
A. fabae
Phosfon
A. nerii

mequat only caused damage when it entered
larvae in which gametogenesis was occurring,
and did not harm adults. Some growth regula-
tors deterred the cotton leaf worm from eating
treated plants (TaHORI et al. 1965).

136

Reproduction decreased
Attack on black currant
less severe
Reproduction decreased
No effect

Reproduction decreased,
larvae unaffected

Toxic to adults, number of
embryos per female decreased
Reproduction decreased
Attack on black currant

less severe

Reproduction decreased
Toxic to adults
Reproduction decreased
Slight decrease in populations

Slight decrease in populations

Reproduction decreased

Fecundity decreased, toxic to
adults

Reproduction decreased

MaxweLL & Harwoop
1958, 1960
Rogsinson 1959, 1960

Apams & Drew 1969

RogeinsoN 1959, 1960

Rosinson 1959, 1960

Rosinson 1960, 1961; YUuLE et al.
1966; Buarra & RoBinsoN 1968

Rosinson 1961

TAHORI et al. 1965
Smrra 1969

HoNevBORNE 1969
WoRrTHING 1969

YuLE et al. 1966
HoNevyBORNE 1969

TAHORI et. al. 1965
Smita 1969

Van EMpen 1964
HoNevBoRNE 1969
Van EmpEN 1964, 1969
‘WorTHING 1969

WorTHING 1969

HonNeEyBOoRNE 1969

HoNEvYBORNE 1969

Tauorr et al. 1965

The present investigation was aimed at clar-
ifying the effects of certain herbicides and chlor-
mequat chloride upon the host plant selection
and reproduction of Macrosiphum avenae. -



Material and methods

The aphids were of a line descended
from a single specimenAand reared for several
- years in the greenhouse. Alate females were
" gathered from the ceiling of the rearing cage
for host plant selection tests. Alate aphids born
within 24 hours of each other were used in the
tests on. reproduction.

The test plant, Svenno spring wheat,
was sown in Multipot plastic pots (¢ 4 cm,
height 5 cm). The substrate was peat fertilized
for cereals. At the start of the tests, all the plants
were ‘c. 15 tall and one week old, reckoned
from shooting.

The chemicals were as follows:

‘Dinoseb as amine salt (Berner Dino-
' seb; Ab Boénnelyche & Thurée,

chdcn) .................... a.i. 360 g/l
MCPA (Hormotuho W-30, Rikki-
happo Oy)  civvniiiennnnnns 250 »
Mecoprop (Mepro, Rikkihappo Oy) 500 »
Mecoprop + ioxynil (Actril C, Rik-
kihappo Oy) .....c..oiinnn 225475 »
Chlormequat chloride (Cycocel,
" Cyanamid Int.) .....ovvvvnntn 500 »

Preference tests

The settling of alate aphids on shoots treated
with chemicals was studied by two methods: A
— the aphids were offered a choice of shoots
treated severally with three herbicides and un-
treated, and B — they were offered a choice of
shoots treated with four different quantities of
a single chemical and untreated. The effect of
chlormequat chloride upon preference was only
tested by method B.

The plants growing in the Multipot plastic
pots were sprayed in a laboratory apparatus
with a 1 9, water solution of the preparation,
the various quantities being equivalent to 3, 6,
9 and 12 litres of preparation per hectare. Half
an hour later, the detached Multipots with
their shoots were placed in four PVC cylinders
(2 20 cm, height 25 cm), with of the false bot-
toms of the cylinders at the level of the peat’in
the pots. Besides an untreated shoot, each cyl-
inder contained 4 shoots treated with various

amounts of herbicide or chlormequat. There
were 4 replicates of each test.

The cylinders were placed in a chamber hght-
ed from above by four mercury lamps (Osram
HQL 400 W). At the bottom of the chamber the
light intensity was c. 12 000 lux. At the start of
the tests the temperature at the centre of the
chamber was c. 22° C, and at the end c. 28° C.

Into each cylinder 120 alate aphids were
dropped among the shoots. The number of
aphids settling on the shoots was counted 15
minutes later, then 3 times at 15-minute inter-
vals, then 3 hours later and finally 24 hours
later. The aphids were considered to have settled
if their stylets were in the plant surface and
their antennae were not moving.

Studies on reproduction

One-generation tests (A)

Twenty shoots were treated with a 1 9 aque-
ous solution of MCPA, mecoprop, a combina-
tion of mecoprop and ioxynil, or chlormeaquat
chloride, the amounts of each preparation being
equivalent to 4 or 12 litres per hectare. Half an
hour later, each shoot was covered with a PVQ
cylinder (¢ 3 cm, height 25 cm). One alate
aphid was dropped into each cylinder. The
plants were -placed in a laboratory room at a
temperature of 22° C and a light intensity of
7000 lux. The numbers of-living adults and.
larvae were counted 8 days later. For each
herbicide there were three replicates, and for
chlormequat chloride four.

- Multigeneration tests (B)

The shoots were treated with a 1 9, aqueous.
solution of dinoseb (3 or 6 litres per ha) or chlor-
mequat (4 or 12 litres per ha). After 24 hours,
each pot was covered with a PVC cylider (o
10 cm, height 40 cm). Five alate females were
dropped into each cylinder. There were five
pots in each test, and the tests were made in
triplicate. The numbers of aphids on the shoots
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were counted after 3, 9 and 18 days. After 18
days, 25 alate females were collected from the
ceiling of each cylinder and placed on new
shoots treated with dinoseb and chlormequat

chloride by the method described previously.
After another 18-day period of reproduction,
25 alate females were put on the treated shoots.
The experiment lasted altogether 53 days:.

Results and conclusions

Host  plant  selection

The herbicides and chlormequat chloride did
not affect the preference for any shoots. In the
tests done by method A the aphids settled in al-
most equal numbers on the shoots treated with
the different herbicides. Twenty-four hours
later, when the differences were greatest, the
untreated shoots had 28.5 9, of the settled
aphids, while those treated with MCPA had
27.8%,, those treated with a mixture of mecoprop
and ioxynil 25.4+ 9, and those with mecoprop
alone 18.3 %,. The differences were not signifi-
cant. In the tests by method B the amounts of
herbicide or chlormequat had not significant
effect on preference (Table 1). The differences
were greatest 24 hours after the tests were start-
ed, but even then were only a few percentage
units. C

Reproduétion J;tudies

One-generation tests (A) -

The herbicides and chlormequat did not have
a significant effect on reproduction either, or
6n the viability of the adult alate aphids on the
plants (Table 2). After 8 days:the number of
larvae was smallest on the shoots treated with
the mixture of mecoprop and ioxynil, but was

Table 1. Effect of herbicides and’ chlormequat chloride

on the host plant selection of Macrosiphum avenae. The

figures are percentages showing the mean numbers of

aphids on the shoots 24 hours after the start of the four
T tests.

Application rate l/ha

- Treatment
0 3 6 9 12
MCPA ... .. it 19.2 19,9 215 20.4 191
Mecoprop  ....... e 20.9 217 18.4 18.5 20.s
Mecoprop-+ ioxynil .... 2l.2 22.5 18.s 17.0 20.5
Chlormequat chloride - ..~ 19.8 *23.0 18.0 17.6 2l.6
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not significantly different from the number
found on the untreated plants (P > 0.05). At
the end of the tests the number of living adult
aphids was almost the same in all the treat-
ments: the differences were not significant. The
aphids produced almost the same number of
larvae on shoots treated with chlormequat
chloride as on untreated shoots, and at the end
of the tests the numbers of live adults were al-
most the same. The differences were not sig-
nificant (P > 0.03).

Population growth in multigeneration tests (B)

There was no significant difference. between
the numbers of aphids produced on untreated
barley and on shoots treated with chlormequat
chloride (Table 3). However, reproduction was
significantly reduced by dinoseb. The total
number of aphids (a mean of three tests) produc-
ed during 53_,—days bif this method was greatest
on untreated shoots (4795) and least on shoots
treated with dinoseb eqv. 6 1/ha (2613). The
corresponding numbers for shoots treated with

Table 2. Effect of herbicides and chlormequat chloride

on the reproduction of Macrosiphum avenae on treated

shoots during eight days. The figures represent the

means for three or four tests. For explanation of the
method (A), see the text.

. .. Total number Number of
Application of Jarvae per

Treatment rate I/ha 20 females f:‘::i::,;n%
X SX ‘X
Control ............ 0 461 - 36 78
MCPA ... ..ooinnn. 4 510 + 14 81
D e 12 450 + 56 79
Mecoprop ....ee.n.. 4 461 + 26 77
D e 12 417 4- 35 76
Mecoprop + ioxynil 4 398 4+ 21 72
.12 394 4+ 15 69
Control ............ 557 + 90 64

0
Chlormequat chloride 4 526 + 75 59
2

530 + 49 60



Table 3. Effect of dinoseb and chlormequat chloride on population in Macrosiphum avenae. 25 aphids were trans-
ferred separately to a new shoot every 18 days. For detailed explanation, see the text. The figures represent the
meannumbers of aphids each plant after 3, 9 and 18 days in three experiments.

Days after the beginning of reproduction

3 9 18 3 9 18 3 9 18 Total

Untreated ..........ccceaenn 95 320 .1675 101 258 1623 74 260 1497 4795
Dinoseb 3l/ha .............. 65 113 1093 27 103 672 70 158 848 2613
Dinoseb 61/ha  ...........0 .. 31 74 548 17 83 298 30 87 700 1546
Chlormequat chloride 4 1/ha .... 102 213 1278 597 114 1570 100 240 1458 4306

' Chlormequat chloride 12 l/ha 112 210 1 648 63 135 1490 117 267 1298 4436

chlormequat chloride were almost the same as
for untreated ones (4306 and 4436).

It seems evident that MCPA, mecoprop and
mixture of mecoprop and ioxynil and also chlor-
mequat chloride, have no significant effect on
i'eproduction or settling down response of

M. avenae on plants treated with these com-
pounds, at least when the application rates are
the normal ones used in agricultural practice.
On the contrary, dinoseb is toxic to M. avenae
and may reduce the population growth of the
aphids in the field.
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SELOSTUS

Herbisidien ja klormekvatin vaikutuksesta viljakirvan lisiintymiseen ja
ravintokasvin valintaan

JormA RauTaPiA

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

MCPA:n, mekopropin, mekopropin ja ioksiniilin seok-
sen, dinosebin sekd klormekvatin (CCC) vaikutusta vilja-
kirvan lisiintyvyyteen ja ravintokasvin valintaan selvi-
tettiin laboratoriokokein. Svenno-kevitvehnin oraat ruis-
kutettiin 1-prosenttisella laimennoksella siten, etti kauppa-
valmisteen miidrit olivat ravintokasvin valintaa tutkit-
taessa 3, 6, 9 ja 12 litraa/ha ja lisafintyvyytta tutkittaessa
6 ja 12 litraa/ha. Kasveihin asettuneiden kirvojen miirit
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laskettiin tietyin vilein, viimeisen kerran 12 tunnin kulut-
tua kokeiden alkamisesta. Aineiden vaikutusta lisiinty-
vyyteen selvitettiin laskemalla koe-eldinten jalkeldisten
mairit 8 piivin aikana sekd 53 piivin aikana.

Aineet eivit vaikuttaneet merkitsevasti kirvojen aset-
tumiseen kasveille. Ainoastaan dinosebi vihensi kirvojen
lisddntyvyyttd.
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RESISTANCE OF THE APHIDS MYZUS PERSICAE (SULZ.),
AULACORTHUM SOLANI (KALT.) AND APHIS GOSSYPII °
GLOV. TO INSECTICIDES, AND THE INFLUENGCE
OF THE HOST PLANT ON THIS RESISTANCE

JUKKA SELANDER, MARTTI MARKKULA and KATRI TIITTANEN

SELANDER, J., Markkura, M. & Tnrranen, K. 1972. Resistance of the
aphids Myzus persicae (Sulz.), Aulacorthum solani (Kalt.) and
Aphis gossypii Glov. to insecticides and the influence of the host
plant on this resistance. Ann. Agric. Fenn. 11: 141—145.

Six strains of Myzus persicae living on chrysanthemum were found to be very
resistant to parathion. The most resistant strain was 40 times as resistant as the most
susceptible strain. The strains were also highly resistant to malathion, dimethoate
and lindane. They were susceptible to nicotine and pirimicarb. Aulacorthum solani and
Aphis gossppii were susceptible to all the insecticides mentioned above. The insec-
ticides were slightly more effective against aphids reared on the resistant chrys-
anthemum variety Princess Anne than against those reared on the susceptible

variety Tuneful.

A number of investigators have noted the
appearance in the green peach aphid, Myzus
persicae (Sulz,), of strains- resistant to organo-
phosphorus compounds and to lindane (e.g.
Anon. 1967). In Finland resistant green peach
aphids have been found on plants under glass
since 1967 at least (MARKkULA 1969). In 1967
one third of the growers were unsuccessful in
their attempts to control the green peach aphid.
Unsatisfactory results were obtained with para-
thion, sulphotepp or diazinon. Tests made at
the Department of Pest Investigation (Report
on Research and Activities 1969, Mimeogr.)
showed that the trouble was infact due to the
resistance of green peach aphids to ‘insecticides.
Most of the 25 aphid strains investigated were
resistant to bromophos, mevinphos and para-

thion. They were all susceptible to dimethoate:

and nicotine.

Little research has been done on the effects
of the insecticides used in the control of aphids
living on the resistant or susceptible host plants
(e.g: RicHarDsoN and CasanGes 1942, POTTER
and GiLLHAM 1957). WyaTT (1965) and MARk-
kuLA et al. (1969) have shown that the chrysan-
themum .variety Princess Anne is resistant to the
green peach aphid. The solanum aphid Aula-
corthum solani (Kalt.) forms only small polulations
on Princess Anne, but the melon aphid Aphis
gossypii Glov. reproduces abundantly on this
variety (Report on Research and Activities 1970,
Mimeogr.). ' ,

The aims of the present investigation were to
ascertain the effects of the insecticides most com-
monly used for aphid control, and to find out
whether the aphids were resistant to these,

"and whether the host plants influenced the ef-

fects of the insecticides.

141



Material and methods

LG-50 values were calculated for parathion,
malathion, dimethoate, lindane, pirimicarb and
nicotine and the heterogeneity of the aphid
strains to these insecticides were estimated by
bioassay methods to ascertain the degree of their
resistance. The tests were conducted at the la-
boratory of the Department of Pest Investigation
in spring 1970. ,

The green peach aphid strains were obtained
from six chrysanthemum growers in southern
Finland. The solanum aphid and the melon
aphid strains were obtained from the green-
houses of the Department of Pest Investigation.
The aphids were left to multiply on the chrysan-
themum variety Tuneful, which has been shown
to be susceptible (MARKKULA et al. 1969). Each
plant was placed in an individual rearing cage.
A culture of each strain was started with 12
aphids. One green peach aphid strain and the
solanum aphid and melon aphid were reared on
both Tuneful and Princess Anne. The cultures
were kept in a greenhouse where the tempera-

ture varied diurnally between 17° and 30° C.
The daylength was prolonged to 18 hours with
artificial lighting.

For the tests the aphids were removed from
the plants in the mornings when the temperature
of the greenhouse was 17—22° C. The insects
were removed with a brush and transferred to
jars containing a piece of chrysanthemum leaf
3 cm in diameter that had been dipped in in-
secticide. The jars were transferred to rearing
cabinets in which the temperature was 22° C
and the relative humidity 80 9%,. The numbers
of living and dead specimens in the jars were
counted 24 hours later. Specimens moving their
limbs or antennae but unable to walk were
counted as dead (Anon. 1970). In the tests,
28 491 specimens of the green peach aphid
(Strains R1—R6), 6 643 of the solanum aphid
and 6 949 of the melon aphid were used, a total
of 42 079 aphids. For each insecticide 800—1 200
specimens of each aphid strain were used to
determine resistance.

Results

1. Resistance of Mpyzus persicae, Aulacorthum solani
and Aphis gossypii to the insecticides tested

The six strains of green peach aphid tested
were all highly resistant to parathion. The most
resistant strain was 40 times as resistant as the
least resistant strain at the LG—50 level. How-
ever, the least resistant strain of green peach

aphid was 13 times as resistant as the melon
aphid and 34 times as resistant as the solanum
aphid. The most resistant strains were clearly
more heterogeneous in their reaction to the in-
secticides. The green peach aphid was also highly
resistant to malathion, dimethoate and lindane
(Table 1).

Although resistant to organophosphorus com-

Table 1. Heterogeneity of Mpyzus persicae, Aulacorthum solani and Aphis gossypii reared on Tuneful and the LC—50
values for the various insecticides.
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Parathion (35 %)| Malathion (50%) | Dimethoate (40%)| Lindane (10 %) | Pirimicarb (50%)| Nicotine (409%)
slope | LC50 | slope ] LC50 | slope | LC50 | slope | LG50 | slope | LC50 | slope | LC 50
M. persicae ’

R6 1.4 | 0.029 0.79 | Q.0039 | 2.3 | O.06a 2.3 0.85 3.0 | 0.0015 g 0.16

R1 l.s | O.070 — — — — — — — — —

R2 1.6 | 0.1 — — — — — — — — —

R5 1.3 | Q.66 — — — — — — — - —

R4 0.83 | l.o — — — — — — — —
E3 091 | 12 0.86 | O.71 2.1 | 0.us 1.7 0.35 1.s | 0.0039 6 0.12
A. solani 1.1 | O.o0083] — — — — — 2.2 | 0.0025 2 0.25
A. gossypii 2.8 | O.0022 — — — — — — — 1 0.11




Table 2. Effects of parathion, nicotine and pirimicarb on Mpyzus persicae, Aulacorthum solani and Aphis gossppii reared
on the chrysanthemum varieties Tuneful and Princess Anne. The resistance index shows how many times more
tolerant the aphids reared on Tuneful were than those reared on Princess Anne.

pounds the green peach aphid strains were sus-
ceptible to nicotine and to pirimicarb. However,
the aphids that were most resistant to parathion
revealed greater heterogeneity in their reactions
to pirimicarb than the less resistant aphids. All
strains were uniformly susceptible to nicotine,
despite the variability of their reactions to the
other insecticides.

The solanum aphid and the melon aphid were
susceptible to all the insecticides tested.

2. Influence of the host plant on the resistance of the
aphids to insecticides

The green peach aphids on the resistant chrys-
anthemum variety Princess Anne were found
to be more susceptible to the effects of parathion,
nicotine and pirimicarb than the aphids on the
susceptible variety Tuneful. The tolerance coef-

Parathion (35 %) Nicotine (40 %) Pirimicarb (50 %)
M. persicae ‘A. solani I Aph. gossypii | M. persicae [ A. solani Aph. gossypii | M. persicae A. solani
slope| LC 50 slopel LC 50 |slope| LC 50 slopel LC 50 Islopel LC 50 | slope| LC 50 {slope| LC 50 slnpel LC 50
Tuneful l.a| O.os6/ 1.1| O.00083 2.2/ O.c022| l.5] 0.30| 2.2 0.25 l.s| 0.11 | 2.2| 0O.0020 2.2/ 0.0025
Princess
Anne l.2| O.023| 1.3 O.0014 | 3.4] O.o013] l.s| Q.08 2.4 0.24) 1.5| 0.0s6] .| 0.0047] 2.0, 0.00083
Resistance
index 2.4 - —1.8 1.7 4.3 la 2.0 2.3 2.9

ficients, however, were relatively low (Table 2).
The tolerance to nicotine was highest: at the
LC—50 level, the aphids on Princess Anne were
4.3 times as susceptible as those on Tuneful.
No significant differences in tolerance were
observed in the solanum aphid, but this aphid
showed a tolerance of 2.9 times to pirimicarb.
When reared on the variety Princess Anne it was
more susceptible than when reared on Tuneful.
The melon aphid reared on Princess Anne was
slightly more susceptible to parathion (1.7 times)
and to nicotine (2.0 times) than when reared
on Tuneful. All three aphid species were more
heterogeneous to parathion when reared on the
variety Tuneful. In the solanum and melon
aphids no significant differences in heterogeneity
to nicotine could be seen between insects reared
on the two varieties of host plant. The reaction
of the green peach aphid to pirimicarb was more
heterogeneous on Tuneful (Table 2).

Discussion

The results showed that the green peach aphid
is so resistant to organophosphorus compounds
and to lindane that no satisfactory control can
be achieved with these. Nicotine and pirimicarb
are very effective against strains resistant to or-
ganophosphorus and lindane.

On the variety Tuneful, on which the green
peach aphid produces populations six times the
size of those on Princess Anne (Wyatt 1965),
the insecticide tolerance of the aphid is also
higher. Such tolerance differences were common

but relatively small, the tolerance increasing by
a factor of 2—3 at most (cf. also RicHARDSON
and Casances 1942, PorTer and GiLaam 1957).
A difference in tolerance of this magnitude is
probably of no importance in practical pest con-
trol, as was pointed out by Goroon (1961). The
fact that on a susceptible plant variety the
aphids .obtain more and better food and are
consequently more viable, probably accounts
for the tolerance as well as the slightly greater
heterogeneity.
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Summary

The LC—50 values, and the heterogeneity of
Mpyzus persicae (Sulz.), Aulacorthum solani (Kalt.)
and Aphis gossypii Glov. to parathion, malathion,
dimethoate, lindane, pirimicarb and nicotine
were studied by bioassay methods in order to
ascertain the resistance of these aphids to in-
secticides. The tests were conducted at the la-
boratory of the Department of Pest Investiga-
tion in spring 1970.

Six Mpyzus persicae strains living on chrysan-
themum were highly resistant to parathion. The
most resistant strain was 40 times as resistant as
the most susceptible strain at LG—50 level. All
the strains were also highly resistant to ma-
lathion, dimethoathe and lindane. They were
susceptible to nicotine and pirimicarb. Aula-

corthum solant and Aphis gossypii were susceptible
to all the insecticides mentioned above.

The resistance of M. persicae to parathion was
found to be 34—1 400 times as great as the
resistance of Aulacorthum solani, and 13—590
times as great as that of Aphis gossypii.

Aphids reared on the resistant chrysanthemum
variety Princess Anne were slightly more suscep-
tible to the insecticid esthan those reared on the
susceptible variety Tuneful. The differences in
tolerance were only two- to three fold. M. persicae
showed the highest tolerance to nicotine; the
aphids reared on Princess Anne were 4.3 times
as susceptible to this insecticide as those reared
on Tuneful.
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SELOSTUS

Persikkakirvan, perunakirvan ja kurkkukirvan resistenssisti torjunta-aineita
vastaan

Jukka SELANDER, MARTTI MARKKULA ja KaTRI THTTANEN
Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila
kirvan torjunnassa. Vuosina 1968—69 testattiin 25 kaup-

papuutarhasta saadut kirvansytteet ja todettiin, etti ylei-
sesti kiytossi olleet torjunta-aineet, kuten bromofossi,

Tuhoeldintutkimuslaitos suoritti v. 1967 torjunta-
aineiden tehoa koskevan tiedustelun. T#lléin kolmasosa
kauppapuutarhureista ilmoitti epgonnistuneensa persikka-
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mevinfossi ja parationi tehosivat riittivisti vain harvoissa
tapauksissa.

Resistenssin voimakkuuden ja laadun sekid kirvapopu-
laatioiden heterogeenisyyden selvittimiseksi jatkettiin ko-
keita keviilld 1970. Koemateriaalina oli kuusi eri kauppa-
puutarhoista saatua persikkakirvakantaa sekd peruna-
kirva ja kurkkukirva. Kaikki persikkakirvakannat olivat
erittdin resistentteji parationia vastaan. Voimakkaimmin
resistentti kanta oli 40 kertaa kestivampi kuin vihiten
resistentti. Persikkakirvan resistenssin todettiin olevan
parationia vastaan 34 —1 400 kertaa suurempi kuin peru-

nakirvan ja 13—590 kertaa suurempi kuin kurkkukirvan.
Persikkakirvakannat olivat varsin resistentteji myés ma-
lationia, dimetoaattia ja lindaania vastaan. Nikotiini ja
pirimikarbi tehosivat hyvin edelli mainituille torjunta-
aineille resistentteihin persikkakirvakantoihin. Peruna-
kirva ja kurkkukirva olivat alttiita kaikille tutkituille tor-
junta-aineille.

Resistentills krysanteemilajikkeella Princess Anne elivit
kirvat olivat lievisti alttiimpia insektisideille kuin alttiilla
Tuneful-lajikkeella, Kestdvyyserot olivat kuitenkin vain
2—3 kertaisia,
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Seria ANIMALIA NOCENTIA N. 61 — Sarja TUHOELAIMET n:o 6x

DISPERSAL OF LEAFHOPPERS AND THEIR ENEMIES

TO OATFIELDS
MIKKO RAATIKAINEN

RaaTIRAINEN, M. 1972. Dispersal of leafhoppers and their enemies
to oatfields. Ann. Agric. Fenn. 11: 146—153.

The way in which leafhoppers and their enemies spread to oats was investigated
at two localities in western Finland. Samples were taken with a sweep net on three
different dates at various distances between the hibernation site and the middle of
the oatfield.

The nymphs very rarely moved to the oats, and when they were found there it
was at the edges of the fields. The adults were divided into three groups according
to their mode of dispersal: (1) non-fliers, travelling in the field layer, (2) fliers,
travelling in the field layer or immediately above it, and (3) migrants. Non-fliers
and fliers generally move only to oatfields close to the hibernation site and settle
most densely at the edges of the fields. Migrants generally migrate from distant

sites of hibernation to oatfields and frequently settle evenly all over the field.
Some of the enemies settled in such a fashion that the density ratio between
enemy and host was different in different parts of the field.

There is little information on the movement
of leafhoppers into fields of cereals. Data on
migration are only available for a few species
(e.g. WEAVER and Kince 1954, KaNERVO et al.
1957, ArscHARPOUR 1960, IT6 and MIvASHITA
1961, Jorisoo 1964, Mivasmita etal. 1964,
CuiykowskI and CHAPMAN 1965, RAATIKAINEN
1967), although the problem is extremely im-
portant, especially for the planning and con-
trol of virus vectors.

I therefore studied the ways in which various
species invade oat fields, and how guickly they
tettle. The study was focused on the arrival of
she first species of the early summer aspect and
the high summer aspect (see RAATIRAINEN 1971),
as it is the species of these aspects that are the
most destructive pests in oatfields. The data
have already been utilized in a few publications
(e.g. Harkka etal. 1967, RaaTikainen 1967,
1970).

Methods

In Finland oats are usually grown the year
after spring cereals or clover-timothy. Sometimes
the preceding crop is winter cereal, potato or
some other plant. Almost all the insects present
in the field layer the preceding autumn have
died before the oats are sown at the end of May.
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Even the last leafhoppers are dead by the time
the oats shoot up.

The arrival of leafhoppers in oatfields was in-
vestigated in summer 1961 at Laihia (c. 63°N,
22°E) on cultivated open land extending over
several kilometres at two deep drained sites about



Flg 1. Site »A». The heavy lines indicate the places at
which the samples were taken with 40 net sweeps.

2 km apart (Figs. 1 and 2). At site A’ the
oatfield (variety Kyrs) was bordered on one
side by a lst-year ley established in winter rye
which contained delphacid species. At site *’B”
the oatfield (variety Blixt) was bordered on one
side by a 5th-year ley chiefly containing leafhop-
pers of the Cicadelloidea group. At both these
sites six samples, of 40 net sweeps each, were
taken from the ley 5 m from the border with
the oats on 14 June and on 1 and 17 July,
when there was little wind and the weather
was. warm (16 —20°C). Six samples of 40 net
sweeps were also taken in the oatfield at each
of five distances (5, 15, 25, 35 and 45 m) from
the ley.

On the sampling dates the heights of the
stands (in cm) were as follows:

Site »A» Site »B»
ley oats ley oats
14 June .... 50 15 20 15
1July .... 8 35 40 25

17July ... 5 85 5 80

The ley at site A’ was mown 8 days before
the last sampling, that at site ’B” 10 days be-
fore. In the beginning of June, the average tem-
perature was about 6°C above normal, but over
the period of investigation it was roughly nor-
mal: + 13°C at the beginning and + 17°C at
the end.

The occurrence of leafhoppers in 4 leys and
one oatfield was studied in 1961 by means of
samples of 200 sweeps taken at intervals of 1
week. Details of the material taken from the
leys will be published later on, and that ob-
tained from the oats has already been published
(RaaTikAINEN 1971). The migration of leaf-
hoppers by flight was investigated on a single
open area during 7 consecutive years. The data
obtained will be published elsewhere (RaaTI-
KAINEN and VASARAINEN, unpublished). Also,
for many years observations have been made

Fig. 2. Site »B». Explanation as in Fig. 1.
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and samples gathered to ascertain the occur-
rence of leafhoppers at various times and vari-
ous distances from the edge in fields of oats and
other spring cereals.

The round-mouthed net described by Her-
KINHEIMO and RAATIKAINEN (1962) was used for
netting, and the samples were always taken by
the same person.

Results

Dispersal of leafhoppers into oats

Nymphs. According to samples taken on
14 June, 1 July and 17 July 1961, the leys bor-
dering on the oatfields contained nymphs of
several species of the groups Fulgoroidea and
Cicadelloidea. But on 14 June the samples taken
from the oats contained only a single Diplocolenus
abdominalis nymph, obtained at site A 15m
from the ley. Although D. abdominalis nymphs
were numerous in the samples taken from the
leys on 1 July and 17 July, only 4 were obtained
from the oats on the first of these dates and only
one on the second, at a distance of 5 m from
the ley. This shows that the nymphs move into
the oatfield for a distance of a few metres but
do not reach the middle of the field. Nor did
the nymphs of Macrosteles spp., Doliotettix pallens,
Deltocephalus pulicaris, Psammotettix confinis, Arthal-
deus pascuellus, Philaenus spumarius, Stiroma bicari-
nata, Megadelphax sordidula or Favesella pellucida
move moré than a few metres into the oatfield,
according to the present study and other ob-
servations made in the field. However, nymphs
of Macrosteles were found a few times in the
middle of oatfields. These nymphs had probably
hatched from eggs laid in the field the previous
year, which had survived in the soil. Also, once
a nymph of Stiroma bicarinata, a species which
hibernates as the nymph, was found to have
survived in a poorly tilled field until the spring
cereal shot up.

Adults. The mobility of leafhoppers in-
creases when they reach the adult stage. Par-
ticularly when disturbed, they jump further than
they do as nymphs, and as the temperature rises
their leaps and flights increase in length. In-
dividuals of many species apparently take wing
a few days after emergence, but some individuals
and even species spread in other ways.
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The main outlines of the colonization of oat-
fields are shown in Tables 1 and 2. Leafhoppers
can be divided into three types on the basis of
mode of colonisation:

1. Non-fliers travelling in the field layer. Typ-
ical species of this group are the brachypterous
forms of delphacids and Philaenus spumarius. The
specimens of this group usually crawl about in
the field layer, but occasionally or when disturb-
ed, they jump for a few decimetres or metres,
the distance depending especially on age, sex
and temperature. The following species adopt
this mode of spread:

Stiroma bicarinata brachypterous form (Tables
1 and 2). According to variance analysis there
was a significant difference in the numbers of
specimens in samples gathered at different dis-
tances (site A, F = 12,94%*%; site B>,
F = 2].01**%*), and at different times (site ’A”,
F = O.87%**; site ”B”, F = 11.79***) and in
the combined effect of these factors (site ’A”,
F = 7.73%*%%; site ”B’, F = 3.60%***), The brac-
hypterous specimens of S. bicarinata moved into
the oats after emergence, which began on 6 June.
Most of these leafhoppers, however, probably
remained at the sites where they hatched. Those
that migrated to the oatfields seemed to remain
an average distance of about 10 m from the
edge. The females may well have migrated
further than the males.

Megadelphax  sordidula brachypterous form
(Tables 1 and 2). The first brachypterous in-
dividuals of this species were found on 6 June.
There was less movement of brachypterous
specimens from ley to oatfield in this species
than in S. bicarinata. Some individuals, how-
ever, had moved a distance of 25 m in under
4 weeks.

Philaenus spumarius (Tables 1 and 2). Although
the nymphs changed to a new host-plant every



Table 1. Number of leaf hoppers per 240 sweeps at site A at different distances from the border between the ley and
the oatfield, in metres.

14 June 1 July 17 July
Species Ley Oats Ley Oats Ley Oats
—5 5 15 25 35 45| -—5 5 15 25 35 45{ —5 5 15 25 35 45
Macrosteles cristatus (Rib.) - - - = = 1 17 19 15 15 17 2 24 16 26 21 26
M. laevis (Rib.) ............ - - = - = - 2 - - — -3 1 3 - — -
Balclutha punctata (Thb.) ...... 1 1 1 - - - - 1 1 - 2] - — 1 — 1 1
Streptanus sordidus (Zett.) br. .. - - - = = - - - = = = 4 — - - - -
Doliotettix pallens (Zett.) ...... 9%5 6 6 7 1 82 28 12 5 7 9| 21 21 9 — 1 2
Elymana sulphurella (Zett.) ....| — — — — — - - - - —- -/ 52 6 1 1 2 -
Deliocephalus pulicaris (Fn.) ....| — — — — — —_ - = = — 4 — — 1 — 1
Psammotettix confinis (Db.) - - = = - - = - = - =3 - - 1 1 -
P. alienus (Db.) ............ - 1 - - — -7 4 2 1 —| 23 5 3 4 2 2
Diplocolenus abdominalis (F.) 3 - - - - 22 5 3 2 3 6{173 24 6 1 3 3
Arthaldeus pascuellus (Fn.) - - - = = - - = — — —129 14 4 5 13 7
Eoacanthus interruptus (L.) - = = = - - - - - = = 2 - - = -
Philaenus spumarius (L.) ...... - - = = = - - = - — —| 10 4 2 1 - -
Stiroma bicarinata (H.-S.) ma. .. 2 - - - — 3 4 2 3 1| - - 2 - - -
» » br. ........ 18 1 1 — 1 4 21 4 3 1 1 2 3 2 - — —=
Dicranotropis hamata (Bh.) ma. - - = - - - = = 1 = -] = = - - - -
» » br. ...... - 1 - - - I 1 - - — — l — - - — -
Megadelphax sordidula (St.) ma. | 257 — — 1 243 138 148 98 85 72177 3 2 3 8 2
» » br. 7 1 — — — 9 - 1 - — —]146 — 1 — — -
Xanthodelphax flaveola (F1.) ma. - = = - - - 2 4 2 - —f - - - - - —
Javesella pellucida (F.) ma. ....| 62 62 66 37 52 21 71 88 71 87 83 7 34 52 35 47 35
» » br. 7,1 - - - - 1 - - - 1 1 1 - — -
F. obscurella (Bh.) ma. .... 4 — — 1 - 1 2 2 1 - 1| = — — — — 1
Planthappers parasitized by
Elenchus tenuicornis (Kirby) .. 15 4 5 2 1 16 16 20 9 13 11 4 11 22 8 3 6
J- pellucida parasitized by Di-
condylus lindbergi Heikinh. . . .. - 3 1 2 - - 1 4 3 - 3] - — = — - -
M. sordidula parasitized by
Dicondylus helleni Raat. .. .... 1l — — — — 2 4 5 6 3 6 3 - - - - =

few days, they seldom penetrated as far as 5m
into the oatfield. After emergence the adults
moved about in their enviroment, and at site
7B they spread into the oats to an average
distance of more than 15 m in 2—3 weeks (the
differences in numbers of specimens at various
distances from the edge of the field were highly
significant: F = 40.94%*%), The females moved
into the middle of the oatfields in greater num-
bers than the males, and proportion of females
was consequently highest in the central parts
of these fields (see Harkka et al. 1967).

2. Fliers travelling in the field layer or im-
mediately above it. Typical species of this group
are Doliotettix pallens and Diplocolenus abdominalis.
The species of this group usually crawl about
in the field layer and occasionally or when
disturbed, they jump and fly at same time
for a few metres. However, if the temperature
is very high and there are strong vertical currents
of air, as was the case in 1959 and 1960, the

" above mentioned species may move at heights

of up to two or three metres.

Doliotettix pallens (Tables 1 and 2). The first
adults of this species, which hibernates in leys
as the nymph, were found on 29 May. They are
highly mobile, especially in warm weather, and
if the temperature rises above 20°C, as it did
in 1959 and 1960 at the time of dispersal, this
species is abundant at a height of 2 m and was
even caught at 10 m (RAATIKAINEN and Vasa-
RAINEN, unpublished). In 1961, however, disper-
sal seemed to occur in the field layer or immedi-
ately above. it. According to variance analysis,
there was a significant difference between sam-
ples gathered at different distances (site ”A”, F
= 67.73%*%; site ”B”, F = 68.78%**) and at dif-
ferent times (site ”A”, F = 19.69***; site ”B”,
F = 32.16***) and in their combined effects
(site "A”, F = 6.60%**; site "B”, F = 4.q**%),
A high proportion of the individuals of the
species seemed to. move from the leys to oats if
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Table 2. Number of leafhoppers per 240 sweeps at site B at different distances from the border between the ley and
the oatfield, in metres.

14 June
Oats
25

Ley
—5

Species

15 35

45

1 July
QOats
15

17 July
Oats
15

Ley
—5

Ley

25 25

o
o

Macrosteles cristatus (Rib.)
M. laevis (Rib.)
Balclutha punctata (Thb.) .
Streptanus sordidus (Zett.) br. ..
Doliotettix pallens (Zett.)
Elymana sulphurella (Zett.) ....
Paluda flaveola (Bh.)
Limotettix corniculus (Marsh.) ..
Deltocephalus pulicaris (Fn.) .. ..
Psammotettix confinis (Db.)
P. alienus (Db.)
Diplocolenus abdominalis (F.)
Arthaldeus pascuellus (Fn.)
Aphrodes bicinctus (Schrk.)
A. bifasciatus (L.)
A. flavostriatus (Don.)
Evacanthus interruptus (L.)
Chlorita paolii (Oss.)
Philaenus spumarius (L.)
Neophilaenus lineatus (L.)
Stiroma bicarinata(H.-S.) ma. ..
» » br. ..
Dicranotropis hamata (Bh.) ma. .
» » br. ..
Criomorphus albomarginatusCt.ma.
C. borealis (J. Sb.) ma.
Megadelphax sordidula (St.) ma.
» » br.
Muirodelphax denticauda (Bh.)br.
Xanthodelphax flaveola(Fl.) ma.

» » br. ..
Favesella pellucida (F.) ma. ....
F. obscurella (Bh.) ma
Planthoppers parasitized by

Elenchus tenuicornis (Kirby) ..
3. pellucida parasitized by Di-
condylus lindbergi Heikinh.
M. sordidula parasitized by
Dicondylus helleni Raat.

145 2
7

47
6

16 17

14 40

the latter were growing adjacently. Catches
showed that they penetrated at least 20 m into
the oatfield.

Diplocolenus abdominalis (Tables 1 and 2).
Nymphs of this species which hibernates as the
egg, moved in some numbers from the leys to
the edges of the oatfields. After emergence they
dispersed into the oatfields, probably at the
same rate as D. pallens. The average rate of
dispersal into the oatfields was probably at least
20 metres per month.

3. Migrants. The dominant species of oat-
fields or the vast majority of specimens of these
belong to this group. The following are men-
tioned in Tables 1 and 2: Macrosteles cristatus,
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M. laevis, Balclutha punctata and the macropters
of the delphacids Stiroma bicarinata, Dicranotropis
hamata, Megadelphax  sordidula, Xanthodelphax
flaveola, Favesella pellucida, and [F. obscurella (see
RaaTIRAINEN and VASARAINEN unpublished).
These leafhoppers took wing in greatest numbers
when the weather was warm, and most of them,
including the delphacids, seem to fly by day,
although some (e.g. Balclutha punctata) evidently
do so at night, too. Their journeys were fre-
quently as long as a kilometre or more.
Characteristically, the migrants arriving in
the oats were not from the adjacent field but
from further away, examples being M. cristatus
and 7. pellucida at site ”’B”’. They often colonized



the oatfield fairly evenly, except for the very
edge, which often seemed to be less densely
settled. However, there were exceptions, chiefly
attributable to the directions of the winds pre-
vailing during the migration periods and to
obstacles formed by woods, trees and buildings,
the density of the leafhoppers being greater on
the windward than on the lee side.

Dispersal of their enemies into the oats

The present discussion is primarily concerned
with parasites that could be seen on the bodies
of the leafhoppers. Some attention was also paid
to enemies occurring as predators of the eggs.

Elenchus tenuicornis (Kirby) (Strepsiptera, Elen-
chidae). At site ?A” 163 7. pellucida, 2 7. obscurella
and 2 M. sordidula were found to be parasitized
by E. tenuicornis; and at site B’ 355 7. pellucida,
3 7. obscurella, 4 M. sordidula and one S. bicari-
nate. This parasite was very common in the
area, and some 1600 migrating delphacids par-
asitized by it were caught in netting apparatuses
in the period 1958 —1964. Some 9000 parasitized
delphacids were gathered from spring cereals,
and c. 3000 from leys. In this area the main
host of this parasite was . pellucida, but it was
also found in five other delphacids.

E. tenuicornis hibernated in delphacid nymphs
in leys and other grasslands but not on a single
occasion was a parasitized nymph found to have
moved into an oatfield. A small proportion of
the males emerged from the host while it was
still a nymph and remained in the leys or oc-
casionally flew into oatfields. Most of the speci-
mens parasitizing S. bicarinata remained in the
leys, because the specimens of this species were
generally brachypterous, Of those parasitizing
M. sordidula or Dicranotropis hamata, somewhat
more than half apparently migrated from the
leys with their migrating macropterous hosts but
the rest evidently remained in the leys with
brachypterous hosts. More than 90 9%, of the
specimens of 7. pellucida and 7. obscurella were
long-winged, and the parasite moved into spring
cereals with these migrating specimens.

E. tenuicornis colonized the oatfields in almost

the same way as 7. pellucida, this being the host
with which the parasite spread almost exclusively
(Tables 1 and 2). But 7. pellucida parasitized by
E. tenuicornis, migrated later than healthy speci-
mens and were carried by the prevailing winds
to slightly different sites than the unparasitized
J- pellucida. E. tenuicornis did not usually migrate
the oatfields from an adjacent field but from far-
ther away, carried by macropterous leafhoppers.

Dicondylus lindbergi Heikinh. (Hym., Dryinidae)
spread into the oatfields with migrating long-
winged 7. pellucida. The parasitized leafhoppers
evidently migrated at the same time as the
healthy ones and were similarly dispersed in
the fields (Tables 1 and 2).

Dicondylus  helleni Raat. (Hym.,
spread into the fields with long-winged Af. sor-
didula. In this species, too, parasitized leafhop-
pers seemed to migrate at the same time as .the
healthy ones, and dispersal in the fields was
also roughly the same (Tables 1 and 2).

Other dryinids. Dryinids were found in adults of
the species Doliotettix pallens, Diplocolenus ab-
dominalis, Psammotettix alienus and Arthaldeus
pascuellus. At site »By D. pallens bore so many
dryinids that their distribution could be analysed
statistically. The results on 1 July show that of
the D. pallens adults occurring in the leys 20 %,
were parasitized by dryinids, the percentage de-
creasing towards the centre of the oatfield —
19 %, at 5 m from the edge of the oatfield, 2 %,
at 15 m, 6 9%, at 25 m and 0 9, further inside the
oatfield. The differences are statistically signif-
icant and can be interpreted as indicating that
parasitized specimens of D. pallens emerge later

Dryinidae)

than healthy specimens, are less active and may
die earlier. Thus in the oatfields the healthy
leafhoppers were able to establish subpopula-
tions in which the proportions of parasitized
specimens were lower than in the old subpopula-
tions. But the dryinid, which could not be suc-
cessfully reared beyond the pupal stage, is a
mobile species and may subsequently spread by
itself beyond the places to which it was carried
by the host.

Parasitized adults of Diplocolenus abdominalis
and Psammotettix alienus also transported dryinids
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into oatfields. On the other hand nymphs of the
Cicadelloidea group seemed hardly to carry
them at all. Of the 111 Cicadelloidea nymphs
parasitized by dryinids in the two collections,
only one nymph of Diplocolenus abdominalis was
found in the oats, into which it had moved to a
distance of only 5 m from the ley, where there
were plenty of nymphs of D. abdominalis parasit-
ized by dryinids.

Panstenon  oxylus (Walk.) and Mesopolobus
aequus (Walk.) (Hym., Pteromalidae), whose larvae
feed on the eggs of delphacids laid inside the
hollow stems of grasses, were fairly evenly dis-

tributed over the fields at both sites. The two
species were also found in the leys investigated, .
but most of them had presumably migrated into
the oatfields by flight from more remote fields.
These species migrated at roughly the same
time as 7. pellucida, their chief host. 7. pellucida
did not rid itself of these enemies when establish-
ing subpopulations in cereal fields, and the
numbers of internodes colonized by these ene-
mies were always very significantly correlated
with the numbers containing eggs of delphacids
(see RaATIRKAINEN 1967, Table 92).

Discussion

The above three modes of dispersal are com-
mon among leafhoppers. For example, the ex-
periments of IT6 and Mrivasurra (1961) and
MivasHiTa et al. (1964) showed that one plant-
~ hopper and two leafhopper species moved in
vegetation at an average speed of c. 6—7 m per
day. Many other insects spread in a similar way,
but researchers frequently speak of species that
occur in the border of fields. If, instead, atten-
tion had been paid to the manner in which spe-
cies spread, they would have been found to

move in the field layer, at least in a few instances.

Much more attention has been paid to spe-
cies migrating by flight than to those dispersing
in the field layer. For instance, migration of
leafhoppers has been studied in North America
and on ships (see HorLzapFeL and Perkins 1969,
Jounson 1969, DeLong 1971). But far too little
attention has been paid to short-distance and
long-distance dispersal of the types described
above, although these are very important e.g.
for ecologists and for purposes of control.
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SELOSTUS

Kaskaiden ja niiden vihollisten siirtymisesti Lkaurapeltoihin

Mikxo RAATIKAINEN

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Kaskaiden ja niiden vihollisten siirtymistid kauraan tut-
kittiin kahdella salaojitetulla pellolla Laihialla (kuvat 1
ja 2). Naytteet kerittiin kenttdhaavilla eri etdisyyksilts
talvehtimispaikasta kauralohkon keskiosaan piin (taulukot
1 ja 2). Lisiksi kerittiin kenttdhaavilla aineistoa lipi
kasvukauden kaurasta ja neljastd eri ikiisestd nurmesta.
Kaskaiden lentoa tutkittiin eri korkeuksilla olleilla haavi-
laitteilla, ja kentilli tehtiin useina vuosina havaintoja
kaskaiden esiintymisestd viljapeltojen eri osissa.

Toukat siirtyivit joskus kauralohkojen reunaosiin.
Aikuiset ryhmitettiin siirtymistavan perusteella kolmeen
ryhméin:

1. Kasvustokerroksessa siirtyjat. Tilli tavoin liikku-
vat lajit tai lyhytsiipiset yksilét siirtyivit yleensi vain

talvehtimispaikan lihelld oleviin kaurapeltoihin ja asut-
tivat tiheimmin lohkojen reunaosat.

2. Huonot lentijat, jotka siirtyvit kasvustokerroksessa
tai aivan sen ylipuolella. Etenkin limpimialls siilli ne
hyppasivit ja lensivit muutamien metrien korkeudessa
jonkin matkaa. Niaméikin kaskaat asuttivat tiheimmin
kauralohkojen reunaosat. : '

- 3. Varsinaiset lentijat. Talld tavoin liikkuvat lajit tai
pitkidsiipiset yksilot siirtyivit tavallisesti etdilli olleilta
talvehtimispaikoilta kaurapeltoihin ja asuttivat pellon
usein tasaisesti. ‘

Suurin osa tutkituista vihollisista asutti lohkon siten,
ettd tiheys eri osissa oli jokseenkin samanlainen kuin isin-
nin tiheys.
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ORGANIC AMMONIUM SALTS AS NITROGEN FERTILIZERS
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A pot trial was arranged at the Department of Agricultural Chemistry and Phys-
ics from 1966 to 1970 in order to test the value of ammonium oxalate, ammonium
formate and ammonium acetate as nitrogen fertilizers. The fertilizer used as a
standard of reference was ammonium nitrate. The soil was an acid muddy clay
limed with calcium carbonate at 3 different rates.

The various types of nitrogen fertilizer proved to be almost equally good. In
1968 and 1969 ammonium nitrate gave a better yield than ammonium acetate,
and in the last year of the experiment ammonium nitrate was clearly better than the
other nitrogen fertilizers.

In apparent recovery percentage of nitrogen was highest in the treatments
receiving ammonium nitrate, but the difference from the other nitrogen fertilizers
was a mere 4—>5 per cent. In the plants receiving ammonium oxalate and ammonium
formate the uptake of calcium and magnesium was reduced.

The various types of nitrogen fertilizer caused no distinct changes in the acidity
of the soil or the solubility of the nutrients.

Amonium salts are formed when the organic
acids in the wastes from the chemical processing
of wood are neutralized with ammonia. It was
proposed that these salts might be used as fertil-
izers. From the agricultural point of view it was
important to ascertain the value of the organic
ammonium salts as nitrogen fertilizer, and to be
sure that they had no harmful effects. Pot trials

were conducted at the Department of Agri-
cultural Chemistry and Physics for 5 years. In
these trials ammonium oxalate, formate and
acetate were compared with ammonium nitrate,
the nitrogen fertilizer usually employed in pot
trials and also in the field in the form of nitro-
chalk.

Method

The trial was started in spring 1966, The pots
used were 6-litre plastic pails, each containing
5 litres of soil. The trial soil was acid muddy clay
from Tikkurila, with the following properties:
volumetric weight 1.25, humus percentage 4.62,
pH 5.1, minerals leaching into acid ammonium
acetate: P 7.1 mg/l, K 457 mg/l Ca 2010 mg/l,
and Mg 709 mg/l.
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The treatments were as follows:

1. No nitrogen fertilizer .
2. Nitrogen. 1000 mg/pot in the form of ammonium
nitrate, NH,NO, 3499 N

3. » in the form of ammonium
oxalate, (NH;),CoOy4.
H,0 12.79%N
4. » in the form of ammonium
formate, HCOONH, 22.29%, N
5. » in the form of ammonium

acetate, CH;COONH,
182 9% N



Lime dressing at the start of the experiment:

A No lime
B CaCO,4 12 g/pot
C CaCOy, 24 g/pot

The nitrogen fertilizers were applied annually
in the spring at sowing. At the same time 1.77 g
of Ca(H,PO,)H,0O and l.sss g of KCI per
pot were applied as basic fertilizer. An addi-
tional 2.000 g/pot of MgSO ,.7H,0 was applied

in spring 1969. The lime dressing was given
only at the start of the experiment. The chemi-
cals used were of analytical grade.

The test plant used every year was Pendek
oats, harvested when ripe. The growth periods
were 96 days in 1966, 104 in 1967, 100 in 1968,
90 in 1969, and 105 in 1970.

The pots were watered daily with de-ionized
water, as needed.

Results

Yields. Fig. 1 shows the grain yields and total
yields (grain - straw) by years at the different
levels of lime. Without nitrogen fertilizer the
yield was low, except in the first year, when the
nitrogen reserves in the soil were used up. The
diagram shows that the differences between the
various types of fertilizer were small. The great-
est variations occurred in the treatments that
had received the largest amount of lime.

No statistically definite differences occurred in
the grain yields with the various types of fertil-
izers during the first two years. In 1968 and
1969 ammonium nitrate gave significantly bet-
ter yields than ammonium acetate. In the last
year the difference between the results with
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Fig. 1. Grain yields (G) and total yields (G + S) in
g per pot per year at different levels of lime dressing.
— — — no nitrogen. ammonium nitrate

SN

O——0 ammonium oxalate, ®——e ammonium formate,
A——A ammonium acetate

ammonium nitrate and with the organic am-
monium salts was significant both for grain
yield and for total yield.

The only significant difference between the
various levels of lime dressing was in the total
yields of the third year (1968). There were no
significant differences in the grain yield due to
the level of lime dressing.

The 5-year averages in g per pot for the vari-
ous types of nitrogen fertilizer and for the index
figures were as follows:

Grain yields Total yields

1 6.2 15.4

2 52.2 100 98.s 100

3 47.s 91 90.0 )|

4 48.3 92 90.7 92

5 475 91 89.9 91
L.S.D.5% 3. 7.2 .

On average, ammonium nitrate produced
the best results. There were no significant dif-
ferences between ammonium oxalate, formate
and acetate.

To ascertain any differences in ripening, the
dry matter contents of the total yields at. the
time of harvesting were determined. These de-
terminations were made for the last 3 years only.
The results are given as 3-year averages in
Table 1. The figures show that the dry matter
content was low when there was no nitrogen
fertilizer. No significant differences can be ob-
served between the dry matter values after
treatment with the various types of nitrogen
fertilizer. Lime dressing slowed down ripening.
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Table 1. Dry matter contents of the total yields at
harvest (%).

. CaCO g/pot
Type of N fertilizer 0 12 24 Mean
None .............. 44.9 4la 4l.7 42.6
ammonium nitrate’ 50.6 47.5 47.9 48.6
ammonium oxalate 48.2 47.9 47.2 47.8
ammonium formate .. 50.2 48.2 46.8 48.4
ammonium acetate 49,5 47.5 46.4 47.8
Mean .............. 48.7 46.4 46.0
L.8.D.5 9% liming l.8
N fertilizer 1.2

Amounts of nutrients taken up in the crops

‘The contents of N, P, K, Ca and Mg in the
grain and straw yields were analysed every
year. From the plants grown without nitrogen
fertilizer it was not possible to determine any
mineral content apart from that of nitrogen
owing to the low yield.

Table 2 shows the apparent recovery per-
centages of the nitrogen fertilizer per year. The
variations were fairly large, especially for am-
monium acetate. The best average result was
obtained ‘with ammonium nitrate, but the 4—
5 9, difference from the others is not significant.
Lime dressing did not affect the apparent recov-
ery of nitrogen: the average values were 77 9,
‘with no lime, 79 %, with 12 g of CaCOj3 per
pot, and 76 Y, with 24 g of CaCOj per pot.

The only differences between the various
nitrogen fertilizer treatments were in the uptake
of calcium and magnesium. The following table
shows the average amounts of Ca and Mg taken
up by the crops in mg/pot during the entire
5-year period of the experiment.

In the treatment with ammonium nitrate
calcium and magnesium were taken up in
greater amounts than in the treatment with
ammonium oxalate. For magnesium the differ-
ence was actually significant in the plants grown
on ammonium oxalate. Ammonium formate was
almost as good as ammonium nitrate with regard
to magnesium.

Liming increased the utilization of phosphor-
us, potassium and calcium very clearly (Table
3). But with respect to magnesium, the higher
level of lime dressing was too high.

Sotl analyses

The pH and the electrical conductivity of the
pot soils were determined every year after har-
vest. Fig. 2 shows the pH water figures annually
at the various levels of lime dressing. The dif-
ference between the various levels of lime dress-
ing was in the region of 0.5 pH. No statistically
significant differences were observed between
the various types of nitrogen fertilizer.

The various nitrogen fertilizers and lime dress-
ing caused no significant differences in the
electrical conductivity fiigures measured at the
end of the growing season.

At the completion of the experiment a soil
sample was taken from each pot, and the
amounts of phosphorus, potassium, calcium and
magnesium leaching into the acid ammonium
acetate were determined. The results of the
analyses are shown below, in mg per litre, as
averages of all the samples at the beginning

Mg Ca and end of the experiment.
nitrate  ........ .00 176 127
oxalate ................ 158 118 ,
formate ............000n 171 125 P K Ca Mg
acetate .............0.. 166 115 Beginning ...... 7.1 457 2010 709
LSDS5Y% v 11 8 End ............ 12.3 147 2490 537
Table 2. The apparent recovery perventages of fertilizer nitrogen at different levels of lime dressing in the years
1966 —1970.
No lime 12 g/pot CaCO 24 g/pot CaCO M.
N type 66 67 68 69 70 66 67 68 69 70 66 67 68 69 70
ammonium Nitrate ................ 69 77 62 81 85 80100 87 71 91 83 88 80 81 79 8l
ammonium oxalate .............. 66 90 72 67 78 85 94 67 71 77 65 8% 85 61 81 77
ammonium formate .............. 75 84 71 80 77 59 93 82 76 80 71 73 80 70 74 76
ammonium acetate .......e.a.nnn 65 85 77 73100 57 87 76 70 79 72 79 83 65 70 75
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Table 3. Uptake of P, K, Ca and Mg by yields, mg/pot
(means of 5 years).

Liming P K Ca Mg
None .............. 154 1232 132 120
12 g/pot CaCO, 169 1339 173 126
24 g/pot CaCO, .... 175 1332 198 117
LSD5% .......... 10 73 17 7

The type of nitrogen fertilizer had no effect
on the content of any nutrient analysed. Lime
increased the amount of soluble calcium very
significantly. The figures show that the phos-
phorus was plentiful. The crops utilized the
soil’s own reserves of potassium and magnesium.

H
PHu 0
.Or
\,
s

6.0 \ -

5.0 N

4.0
W

P

70

0.0 " . s
YEAR 66 ‘68 70 66 ‘68 *70 66 ‘68
LIMING Og/pot 12g/pot 24g/pot

Fig. 2. Yearly pHyater figures at different levels of
lime dressing. Symbols the same as in Fig. 1.

Discussion

The results show that ammonium oxalate,
ammonium formate and ammonium acetate
gave yields 8—9 per cent lower than those ob-
tained with ammonium nitrate. The difference
was probably due to the fact that in ammonium
nitrate half the total nitrogen was in the form of
nitrate, whereas in the other fertilizers now being
compared the nitrogen was all in the form of
ammonium nitrogen. A similar difference has
been found in a comparison between nitrochalk
and ammonium sulphate in field experiments
(SaLoNEN 1958).

The percentages of apparent recovery of
fertilizer nitrogen in this experiment were high
in comparison with similar values in the field
(e.g. KamLa 1965). This is due to the adequate
supply of water during the growing season and
to the fact that pot trials generally produce high
yields. The recovery percentages of the organic
ammonium salts were 4—5 per cent lower than
those of ammonium nitrate.

Plants given ammonium acetate and am-
monium oxalate took up less calcium and mag-
nesium than those given ammonium nitrate.

The various types of nitrogen fertilizer caused
no harmful changes in the soil used as substrate.
In the soils receiving ammonium nitrogen ex-
clusively, the increase in soil acidity was not so
distinct in the present experiment as it had been

in previous investigations (SALONEN et al. 1968).

From the standpoint of commercial practice,
the tendency of organic ammonium salts to
absorb water and their low nitrogen content are
severe drawbacks. For this reason their use as
nitrogen fertilizers cannot be regarded as prac-
ticable in present-day conditions.
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SELOSTUS

Orgaaniset ammoniumsuolat typpilannoitteina

JorMa KAHARI

Maatalouden tutkimuskeskus, Maanviljelyskemian ja -fysiikan laitos, Tikkurila

Vuosina 1966—70 jirjestettiin Maanviljelyskemian ja
~fysitkan laitoksella astiakoe, jossa selvitettiin ammonium-
oksalaatin, -formiaatin ja -asetaatin kiyttSkelpoisuutta
typpilannoitteena. Vertailulannoitteena oli ammonium-
nitraatti. Koemaa oli hapan liejusavi, jota kalkittiin kol-
mella eri médrilli kalsiumkarbonaattia.

Eri typpilannoitteet osoittautuivat lihes yhtd hyviksi.
Vuosina 1968 ja —69 ammoniumnitraatti antoi parem-
man satotuloksen kuin ammoniumasetaatti, ja viimeisena
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koevuotena ammoniumnitraatti oli selvisti paren{pi
kuin muut typpilannoitteet.

Ammoniumnitraattia saaneissa koejisenissi typen
ndenndinen hyviksikidyttoprosentti oli korkein, mutta
ero muihin typpilannoitteisiin oli vain 4—5 9%-yksikkoi.
Ammoniumoksalaattia ja -formiaattia saaneissa kasvus-
toissa kalsiumin ja magnesiumin otto oli heikentynyt.

Eri typpilannoitteet eivit aiheuttaneet mitdén selvid
muutoksia maan happamuuteen tai ravinteiden liukoi-
suuteen.
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Fine clay has a variable mineral composition, the mica content being 23—51 %,
vermiculite 7—20 9, chlorite 13—33 9(, and amorphous materials 15—34 %,.

In coarse clay and silt the following ranges were found: mica 18—26 9%, and
0—15 9%, vermiculite 1—9 9%, and 1-—3 9, chlorite 3—21 9, and 9—12 9%,, amor-
phous materials 3—27 9%, and 1—59%,, K feldspar 11—159 and 14—20 9%,, Na
feldspar 13—21 %, and 23—26 9%, Ca feldspar 4—7 %, and 6—8 %, and quartz

12—17 9%, and 26—37 %, respectively.

The variation of the properties of soil minerals affected the accuracy of the
quantitative determinations. However, the use of chemical methods gave additional
information about soil minerals already identified by other means. ‘

According to DTA and X-ray examinations
the clay soils of Finland contain trioctahedral
mica and its weathering products hydromica and
illite as their main components. Vermiculite
and chlorite exist both alone and as mixed-layer
minerals with mica. Quartz, feldspars and am-
phiboles are also found in the clay fraction of
Finnish soils (Soverr 1956).

The results obtained with the methods men-
tioned are only semiquantitative. The fact that
soil clays are usually mixtures of several miner-

als makes quantitative analysis difficult. In
some cases a component may escape notice
completely if the investigation is made with
only one method (vaN DER MAReL 1966).

Chemical methods for the analysis of clay
minerals have been developed lately, and
quantitative analytical techniques have been
presented (ALEXIADES and JacksoN 1966). The
aim of this study was to test the applicability
of these chemical methods to the analysis of the
mineral composition of Finnish soils.

Materials and methods

The samples were collected from three soils
of different origin (Table 1).

The pretreatments for the mineralogical ana-
lysis included H,O, digestion and dithionite-
citrate extraction to remove organic matter and
free iron, respectively (MEHRA and JACksoN
1960). Fine clay (<< 0.2 . equivalent spherical
diameter) was separated with a centrifuge, coarse

clay (0.2—2y) and silt (2—20u) by gravity
sedimentation (Warrring 1965). Differential
thermal analysis curves were obtained with a
Gerdtebau Netsch apparatus. A Mg-saturated
300 mg sample equilibrated over saturated
Mg (NOjy), was diluted with 200 mg of calcined
kaolinite, which was also- used as an inert sub-
stance. The heating rate was 10 °C/min.
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Table 1. Soil samples.

Particle size distribution %

Site i Depth :
Locality Horizon em  PHeac, O C <02 022 220  20—200 =~ 200
Vassor .....vinirennnenenn. Ap 0—20 3.7 3.0 16 24 46 13 1
(63° 177N ... .ccoviiinnn, B 20—30 3.2 2.8 18 28 44 8 2
21°55'E)  tiiieeiniinnnn. C, 30—50 3.4 3.2 12 28 46 11 3
C, 50—70 4.7 4.0 18 33 44 5
Tikkurila .................. Ap 0—15 5.3 2.3 17 19 26 34 4
60°17"N  ....iviiennnnn. B1 15—23 5.7 0.7 34 35 17 13 1
25°03’E) ...iiiiiinaan, B, 25—42 5.9 0.8 39 43 12 12
C 60—90 5.9 0.9 39 49 9 3
Jkaalinen .................. Ap 0—I15 4.3 L7 4 10 31 42 13
(61°46"N ..............n. B, 15—32 4.8 0.3 7 15 41 31 6
22°58°E) .. B, 32-—50 51 0.5 17 29 34 16 4
C 50—70 5.3 0.5 15 31 45 8 1

X-ray diffractograms were prepared with a
Philips diffractometer with Ni-filtered Cu
radiation at a speed of 2°/min. Oriented prepara-
tions of K- and Mg-saturated samples were
made for X-ray analysis (WraITTING 1965). To
test the expanding minerals the Mg-saturated
samples were sprayed with water-diluted gly-
cerol on the slide and dried at 50 °C.

Total K, Na and Ca were determined by
atomic absorption spectrometry according to
BerNas (1968) using NH g -saturated samples.
The sample and standard solutions contained
0.5 %, La to eliminate interference and to prevent
the formation of La precipitate they were made
1.2 N with respect to HGI.

CEC determinations for vermiculite analysis
were made in percolating tubes with neutral
1 N solutions of Ca, Mg, K and NH, chlorides.

For determination of quartz and feldspars in
coarse clay and silt fractions, the method of
selective dissolution analysis devised by Kiery
and Jackson (1965) was adopted. To obtain
the conversion factors to feldspars, two K
feldspars and three plagioclases of Finnish
origin were ground and coarse clay and silt
fractions were prepared by centrifuge and
gravity sedimentation. In addition, five sand

fractions from southern Finland were treated
to remove phyllosilicates by pyrosulphate fusion,
then ground and submitted to size fractionation.
The factors for converting the K,0, Na,O and
CaO in the fusion treatment residue of the sand
preparations to the feldspars were calculated on
the assumption that the amounts of K, Na and
Ca dissolved from each of the component feld-
spars during size fractionation are the same as
were with the feldspar minerals studied. To
determine factors for calculation of quartz,
three samples were fractionated and analysed.

Amorphous materials were determined with
0.5 N NaOH according to the method proposed
by HasmoTto and Jackson (1960). Si and Al
were determined by atomic absorption spectro-
metry.

The minerals were calculated according to
ALex1ADES and JacksoN (1966), on the assump-
tion that the potassium content of mica is 7.5 9,
as proposed for trioctahedral mica. The water
content of amorphous SiO, and Al,O; was as-
sumed to be 10 9, and their weight loss in the
temperature range 300—950 °C was taken as
8 %. Chlorite was calculated assuming the
weight loss to be 14 %,. All determinations were
made in duplicate.

Results

For qualitative evaluation of the minerals in
the separate fractions DTA and X-ray techni-
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ques were used. According to the DTA curves
(Fig. 1) the fine clay in all profiles seems to con-
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Fig. 1. DTA curves of the soil samples studied.

tain vermiculite, as shown by the shoulders at
temperatures of 130 and 240 °C typical of ver-
miculite (e.g. BARsHARD 1948). These reactions
were clear in coarse clay, and even in silt there
was some sign of the reactions caused by ver-
miculite. Some humus is still left in the samples
taken from the plough layer, despite the H,O,

digestions, as shown by the exothermic reactions
at 300—400 °C. The shape of the clay mineral
peak, with its maximum at about 540 °C, is
very variable and depends on the pal:ticle size
and origin of the sample. It is evident that it
would be difficult to estimate different clay
minerals from this peak. The peaks overlap and
the presence of micaceous minerals and chlorite
is probable (e.g. Sover: 1956). The DTA method
does not give any indication of the presence
of quartz in fine clay, while in coarse clay the
quartz reaction is visible at the temperature
573 °C and in silt the amount of this mineral
is apparently relatively high. The slight or absent
endothermic reaction at about 850 °C indicates
that the mica present is not muscovite but bio-
tite (e.g. Soveri 1950). The exothermic reac-
tions are most evident in the fine-clay samples.

X-ray analyses (Fig. 2) show that the samples
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Fig. 2. X-ray dlffractograms of the soil samples studied.

Treatments Mg = magnesium-saturated, Mg gl =

magnesium-saturated and treated with glycerol, K=

potassium-saturated, K 500 °C = potassium-saturated
and heated at 500 °C for 1 hour.
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Table 2.

Conversion factors used to calculate feldspars from fusion residue. Variation coefficients (%) are given

in parentheses.

Size fraction Residue K,0O to

Residue K,0O to

Residue Na,0O to Residue CaO to

© K feldspar K,O K feldspar Na feldspar Ca feldspar
20—2 l.20 (6.7) 7.16 (7.3) 9.07 (4.7) 6.7 ( 8.1)
2—0.2 l.7s (7.4) 10.81 (7.8) 11.16 (3.6) 10.58 (11.3)
Table 3. Fusion residue percentages for calculating quartz.
Size fraction Fusion residue %
w K feldspar Na feldspar Ca feldspar Quartz
20—2 9l.s 88.4 88.4 90.8
2—0.2 65.1 56.2 56.2 84.2

contain mica, vermiculite, primary and second-
ary quartz, feldspars and minor
amounts of amphiboles, as indicated by the
peaks of reflections appearing in the diffracto-
grams (WrrrinG 1965, Sovert 1956). The com-
ponents of mixed-layer minerals seem mainly
to be mica and vermiculite but to some extent
also chlorite. Although the glycerol treatment
of Mg-saturated fine clay samples causes a
slight change of reflections towards lower angles,
the change is not characteristic of montmoril-
lonite. The presence of montmorillonite as a
component of mixed-layer minerals is probable,
however, in the fine clay of the Tikkurila profile.
No sign of the presence of kaolinite was found.

The minerals identified by the DTA and
X-ray methods were then studied quantitatively

chlorite,

by chemical analysis. In addition, amorphous
materials were determined. The conversion
factors for calculating feldspars and quartz
from the residue of selective dissolution analysis
are presented in Tables 2 and 3. The factors
give the results as end-member feldspars con-
taining 16.9 %, K,0, 11.8 %, Na,O and 20.2 9,
CaO. The variation of these factors for samples
of different origin tends to increase with decreas-
ing particle size. The relatively great variation
coefficients for Ca feldspars seem to be because
of its easy weathering and thus differences in
resistance to fusion.

The mica content of the fine clay fraction of
the samples studied varies from 23 to 51 %,
(Téble 4). In the coarse clay fraction the con-
tent of mica is somewhat lower and in silt much

Table 4. Mineral composition of the samples (% of dry métter).

Particle size fraction Fine clay Coarse clay Silt
. = g |4 s & o g g & &
Isfézality Mineral § 'é':, Fé E ‘g 'g‘ 'g % 3 £ -a -% 'f} —z% :: 32 8
and_ horizon EE 255|583 28 g Egf 5% 25 ¢
25638 |8585 48 38 2| £83 555 3868 2
Vassor Ap | 2043132096 12216 16 12 14 4 13 98 10 41926 630 96
B 16 42 1420 92{ 119 9221213 412 91 11 41825 6 27 92
C, [ 18431520961 219 3261214 413 93 9 42025 628 92
Gy, 1541181993 219 327 1113 413 92 11 52025 626 93
- Tikkurila Ap |17 37231794 62515 61418 417104 1 8 7 316 24 8 37 104
o B, 105116 18 95| 72613 31319 516 102| 211 8 116 24 8 35 105
B, 951151792) 62413 31520 617 104| 31510 1 1423 7 32 105
(o] 850141587 52413 31521 715103 21511 11424 7 28 102
Tkaalinen Ap 723193483 71821 71316 417103; 1 612 21524 633 99
B, 132916 2785 62021 51317 415101 3 7 9 11524 6 35 100
B, 11 30 17 23 81| 82118 41318 414100 311 9 11425 6 30 99
C 14 31 1723 85| 92417 31219 413101 3 9 9 11526 628 97
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lower than in fine clay. The profile at Tikkurila
which has the highest clay content also has the
highest content of mica. In the Tikkurila and
Ikaalinen profiles there seems to be a tendency
for the mica content to increase with depth.

The content of vermiculite determined from
its ability to fix K is highest in the fine clay
fraction of the Vassor profile but lowest in the
coarser fractions of the same profile.

The fine clay fraction is relatively rich in
chlorite and there is not much variation between
different profiles. In the coarse clay this varia-
tion is distinct, whereas in the silt the differences
are relatively slight. The surface layer of the
profiles seems to be especially rich in chlorites
In most fractions but in some cases the reverse
is true. For example, the silt of the Tikkurila
profile, where, according to the X-ray diffracto-
grams primary chlorite is also present, has a
high content of chlorite in the deeper layers.
The comparatively low values of chlorite in the

~ Vassor coarse clay is probably a reflection of the
very high values of amorphous material, which
in these samples is mainly silica and presum-
ably does not contain so much water as is
assumed in the calculations. The fine clay in
all profiles is composed of a relatively large
amount of amorphous componénts. In the
coarser fractions of samples from Tikkurila and
Ikaalinen the content of this constituent is much
lower.

Feldspars and quartz were determined quan-
titatively in coarse clay and silt. The presence
of these minerals in the fine clay was checked by
X-ray analysis of a Na,S,0, fusion. The sum
of these minerals in fine clay was estimated to
be less than 5 9.

The amount of K-feldspar ranges from 13 to
15 9, in coarse clay, being a little higher in the
silt (14—20 9%,). Na feldspar occurs in larger
quantities, ranging from 13 to 21 9 in coarse
clay and from 23 to 26 9, in silt. There is less
variation in the values of Ca feldspar within and
between the profiles. The composition- of the
average plagioclase of the samples resembles
that of oligoclase.

The content of quartz in silt is about one

% . Mica % Quartz
504V TI 504
4 - =
0 40 VTI
30 VTI 30+
201 20
VTI Vol
10 H__I 104
FC cc s cc
% . %
> Chlorite K-feldspar
30- 304
VT VTl
20V TI - 204 VTl
oo L[l
FC cc s cc s

| Amorphous materials % Na-feldspar
304V TI VT 304 VTI
VTI
204 204
.
FC cc S cc 3
% Vermiculite % Ca-feldspar
30 304
204V TI 204
101 VTL 10 vt VT
—r— I_rh
FC cc S cc s

Fig. 3. Comparison of the average mineral contents of

profiles from three localities, Vassor (V), Tikkurila (T),

and Ikaalinen (I) and in three particle size fractions,
fine clay (FC), coarse clay (CC) and silt (S).

third of the fraction decreasing to 12—17 per
cent in coarse clay and to traces in fine clay. The
quartz content mostly seems to decrease with
depth.

The differences in mineral composition be-
tween the profiles studied are small as com-
pared with the differences between particle size
fractions within each profile as shown in Fig. 3.

In fine clay the amounts of mica, amorphous
materials and vermiculite are larger than in
coraser fractions, whereas the distribution of
chlorite seems to be less affected by size frac-
tionation. The amounts of quartz and of K, Na
and Ca feldspars increase with increasing par-
ticle size at the expense of the other four miner-
als. These tendencies are most pronounced for
quartz and mica.
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Discussion

Qualitatively, the soil profiles studied mostly
had the same mineral composition as the Fin-
nish soils presented by Sovert (1956). Chemical
method revealed, in addition, the presence of
considerable amounts of amorphous material,
especially in the finest fractions.

ScuEerFER et al. (1961) were of the opinion that
in quantitative estimates of soil minerals compar-
ison with so-called standard minerals is not jus-
tified, and van pErR MAREL (1961) stated that it
is not possible to estimate illite from the K con-
tent. The discoveries, that illite may be regarded
as a mixed-layer mineral (e.g. ArRNoLD 1960)
and that hydrobiotite, a weathering product of
biotite, is an interstratified mica- vermiculite
(FarMer and Wirson 1970), have made it pos-
sible to overcome some of the problems involved.

Because of the variation in the porperties of
different minerals, the factors used in calcula-
tions are still approximations. The ideal phlog-
opite contains 9.4 9, K and biotite 7.6 %, (DEER
et al. 1967). The value 7.5 %, K proposed by
ArLex1aDES and JacksoN (1965) thus takes into
account some loss of potassium. Vermiculite
also varies in its exchange capacity, a property
which is used for its quantitative estimation.
The value 154 me/100 g refers to standard mi-
nerals (ArLexiabpes and JacksoN 1965). The
14 9%, water content of chlorite used in the
calculations is a theoretical value based on a
chemical formula. Also, in determining chlorite
the average correction used is based on the as-
sumption that amorphous materials’ contain
8 per cent of water. The method used for estima-
tion of amorphous materials may also dissolve
poorly crystalline minerals or those composed
of very small crystals (Post and WaiTE 1967).
This is indicated by the great increase of ma-
terials dissolved in NaOH in the finest fraction.
That a specific type of material is dissolved is
indicated by the fact that further boiling beyond
2.5 minutes only slightly increases the dissolu-~
tion of Al and Si.

Feldspars vary in their resistance to dissolu-
tion, depending on the chemical composition.

164

In the method in which five sand fractions were
used to determine the conversion factors it was
found that sodium adsorption during fusion
was not correlated with the calculated K feld-
spar content of the samples. Thus the correction
for the appearant increase for Na feldspar (Kie-
Ly and JacksoN 1965) was neglected and con-
version factors were calculated from the Na,O
content of the fusion residue itself. The lower
value of this factor compared to that proposed
by Kiery and JAcksoN is thus explained. K
feldspar was found to be less soluble during
fractionation than the sample used by KierLy
and JacksonN, whereas Na and Ca feldspars
were more soluble. The quartz samples studied
were more soluble than that employed by
KieLy and Jackson.

Because of the variation in chemical proper-
ties of minerals it is clear that the estimations
cannot be very accurate, although there are not
many values to compare. KerANEN (1946)
reported that the mica and K feldspar in the
clay fraction of Finnish soils together amounted
to 40—70 %, a range which coincides with the
total amount of these minerals in the profiles
studied here. According to the analyses made by
WikranDErR and Lotse (1966), the clay in
Swedish cultivated soils contains 70—90 9
illite, a range which is high as compared with
the mica values found in the present study. If
illite is considered to be a mixed-layer mineral
and to contain all the vermiculite and chlorite
in the sample, the values would be comparable.
The vermiculite values are in the same range
as the Swedish estimates.

The contents of amorphous SiO, and Al,O4
are surprisingly high, which is against the as-
sumption of BEUTELSPACHER and van der MAREL
(1961) based on electron microscopy that Fin-
nish glacial clay contains only small amounts
of amorphous constituents. ALEXIADES and
Jackson (1966) found the highest values of
amorphous materials to be about 20 %, in the
samples they studied. Thus the content of
amorphous materials in the samples analysed is



really high and the importance of this com-
ponent deserves more clarification. ‘

The finding that fine clay contains only

small amounts of primary minerals is in agree- -

" ment with the results of Tamm (1929) that there
is little formation of grains below 0.2 . when
feldspars are ground. The contents of primary
minerals based on chemical estimations are
higher than those obtained by Soverr (1956)
using the X-ray method. He found that the
feldspar content of fine (<< 1p) clay varied
from 5—7 %, and that of silt from 13—31 %,.
The corresponding figures obtained by chem-
ical methods are 29—43 9, in the coarse clay
and 44—51 9%, in the silt fraction. KERANEN
(1946) estimated the amount of quartz in the
clay fraction at 16—20 %,, and Soverr (1956)
found the quartz content of the 1—2 y fraction
to be 9—159%, and in silt 17—38 9. Thus
estimations of the quartz content agree with the
earlier results.

- The sums of the minerals analysed in the
fractions range from 81—96 9, in fine clay to

91104 9% in coarse clay and 92—105 9, in
silt. If the small amount of primary minerals in
fine clay is taken into account, the values be-
come closer to 100 9, but there is still uniden-
tified material in the fractions. The difference
is probably due to the use of some averages in
the calculations of the amounts of the minerals
which in fact may vary in their properties. In
the coarser fractions the sums tend to be higher
than 100 9%,. The presence of amphiboles and
possibly some other minerals in the coarser
fractions makes the sums still higher. Even
though the errors due to variation in the pro-
perties of minerals which limit the accuracy of
other methods have not been completely elimin-
ated in the chemical method used, it is obvious
that the value of the additioal information
obtained with this method should not be under-
estimated.
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SELOSTUS

Kemiallisten menetelmien soveltuvuus suomalaisten maiden mineraali-

koostumuksen miirittimiseen

Jouko Srerora

Maatalouden tutkimuskeskus, Maantutkimuslaitos, Tikkurila

Termisen (DTA) ja réntgenanalyysien tulosten perus-
teella tiedetdan Suomen savien olevan mineraalikoostu-
mukseltaan trioktaedrisen kiilteen rapautumistuloksia,
hydrokiilletts ja illiittid. Vermikuliittia ja kloriittia esiintyy
sellaisenaan sekd seoshiloina kiilteen kanssa. Lisdksi on
Suomen savissa kvartsia ja maasilpii.

Edelld mainituilla analyysimenetelmilli saadut tulok-
set ovat puolikvantitatiivisia. Kemiallisia menetelmii on
viime aikoina kehitetty mineraalikoostumuksen selvitti-
miseen, ja tdssa tydssi on haluttu saada selvyyttd niiden
soveltuvuudesta savien analysoimiseen.

Kolmesta profiilista otetuista néytteistid erotettiin kaksi
savifraktiota (< 0.2 ja 0.2—2 p) sekd hiesu (2—20 u)
ja niiden mineraalikoostumus selvitettiin DTA- ja ront-
genmenetelmilli. DTA -menetelmilld voitiin néytteistd
identifioida kiillemineraaleja ja vermikuliittia kaikissa
lajitteissa sekd kvartsia karkeassa saveksessa ja hiesussa.
Réntgenanalyysilld todettiin lisdksi priméirinen ja sekun-
dddrinen kloriitti seki kalimaasilpi ja plagioklaasi. Ke-
miallisten analyysien tulosten mukaan on tutkittujen
niytteiden hienossa saveksessa kiillettd 23—51 9, ver-
mikuliittia 7—20 9%, kloriittia 13—23 9, sekd amorfisia
aineksia 15—34 9. Lissiksi on hienossa saveksessa primaa-
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risii mineraaleja alle 59,. Karkeassa saveksessa ja hie-
sussa olivat mineraalien méirit seuraavat: kiillettd 18—
269 ja 0—159, vermikuliittia 1—99% ja 1—39%,
kloriittia 3—21 9, ja 9—12 9%, amorfista ainesta 3—27 9,
ja 1—59, kalimaasdlpaa 11—159% ja 14—209%,
natriummaasilpad 13—21 9, ja 23—26 9, kalsiummaa-

" salpad 4—7 9 ja 6—8 Y ja kvartsia 12—17 9, ja 26—

37 9. Merkille pantavaa on kvartsin ja maasélpien puut-
tuminen hienossa saveksessa ja niiden esiintyminen kar-
keassa saveksessa sekid miairin edelleen lisddntyminen
hiesussa, kun taas kiilteen, vermikuliitin ja amorfisen
aineksen miirit vastaavasti alenevat.

Kemiallisten analyysien perusteella laskettujen mine-
raalien summat vaihtelivat 81—105 9, analyysiin punni-
tusta kuiva-aineesta. Mineraalit poikkeavat siten ominai-
suuksiltaan niin, ettd keskiarvoja kertoimina kiayttien
tehdyt laskelmat eivét anna tarkkaa tulosta. Saadut arvot
ovat kuitenkin vertailukelpoisia muilla menetelmilld saa-
tuihin nihden, paitsi ettd maasilpien madrit olivat suu-
rempia kuin réntgentutkimuksilla savistamme todetut
miirit. Kemiallisia menetelmis voidaan pitdd soveltuvina
lisaselvityksen hankkimiseen saviemme mineraalikoostu-
muksesta.
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Pests were considerably less abundant than usual in 1971. According to responses
to inquiries, the average abundance, in terms of a 5-value scale, of all pests was 2.1,
whereas in the years 1964—1970 it had been 2.5. Only Phyllotreta vittula was more
abundant than usual. Of the apples 13 9, were damaged by Gydia pomonella and
18 94 by Argyresthia conjugella. Pests with extremely low abundance included Macro-

siphum avenae, Plutella maculipennis, Meligethes aeneus and Pegomya betae.

The present survey, like the previous ones
(e.g. Markkura 1971), is based chiefly on
replies to inquiries sent to the advisers of agri-
cultural associations. Inquiries were sent to 211
advisers, and replies were received as follows:

Replies % Communes 9%
Spring Inquiry ............ 160 76 203 46
First Summer Inquiry ...... 160 76 197 45
Second Summer Inquiry .... 163 77 197 45

Autumn Inquiry .......... 157 74 185 42

A general estimate of the abundance of pests
over the whole growing season was given by 147

advisers from 144 communes. A five-value scale
was used- for this purpose (MarkkuLA 1969). In
the year under review the country was divided
into 437 rural communes, 26 country towns and
52 cities, a total of 515 communes.

In May—August temperatures were normal
but September was somewhat cooler than usual.
In May—]July precipitation was below the
average but in August considerably above it,
and in places double the normal value. Septem-
ber had less rain than usual. The grdwing season
as a whole can thus be described as average in
temperature but drier than usual.

Results and discussion

According to the replies, the average abun-
dance of pests was 2.1 for the whole growing
season. In the seven-year period 1964—1970,
when the average was 2.5, only 1965 had an
estimate as low as this. Observations made by
investigators at the Department of Pest Inves-
tigation also suggest that the abundance of pests
was exceptionally low.

Only Phyllotreta vittula caused greater losses
than-in the years 1964—1970 (Table 1). It

caused damage to the shoots of spring cereals in
southern and central Finland. At about the
same time there were a few night frosts, the
effects of which may have been confused with
those of the cereal flea beetle.

Brevicoryne brassicae was as abundant as in the
previous year in southern and central Finland.
The damage done was slight, but insecticides
had to be used in places. The species was much
less abundant than in 1950—1952,. its peak.
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Table 1. Results of questionnaires. Severity of damages reported, using a scale 0—10. The frequency of damage
show the percentages of cultivations in which damage was found in the observation area.

Numbers of

observations Severity of damage Frequency of damage
1971 1971 1964—70 1971 1964—70
CEREALS
Phyliotreta vittula (Redtb.) etc. .......... ...t 148 1.3 1o 29 20
Macrosiphum avenae (F.) ..o 97 Lo 1.7 18 27
Rhopalosiphum padi (L.) .coovieini i 117 0.9 l.2 .10 16
Oscinella frit (L.) vvvrviniia i 98 0.8 1.3 12 17
Elateridae ... ..o viii i s 82 0.7 1.2 9 17
FORAGE PLANTS :
Amaurosoma SPpP. ... ieii i 139 L2 L 25 35
APIOn SPP. vt 83 1o 1.3 15 19
ROOT CROPS AND VEGETABLES
Hylemya antiqua (Meig.) ..ooiivvevnenneneenn., 127 l.s 2.2 19 26 -
Halticinae, crucifers ..........coiiiineiivennn. 136 l.e 2.3 38 43
Hpylemya brassicae (Bché) and H. floralis (Fall.) .. .. 103 I.e 2.3 28 31
Pieris brassicae (L.) €tC. .. niiiiiiiiianiiiae 79 l.a Lo 25 31
Trioza apicalis Forst. .o ovvviiveeiiiiinnen o 96 l.a ls 24 27
Plutella maculipennis (Curt.) ......ovvvevievnnnn, 91 L2 l.s 19 23
Phaedon cochleariae (F.) ... 81 Lo l.s 19 24
Psilarosae (F.) «o v 71 0.8 la 10 13
Mamestra brassicae (L.) ......cooiiiiiiiinnn, 49 0.7 1.5 14 24
Brevicoryne brassicae (L.) ... ool 45 0.6 — 16 —
TURNIP RAPE
Meligethes aeneus (F.) v .iiiiiiiieiiannnanennn 58 Ls 2.0 38 47
SUGAR BEET
Lygus rugulipennis Popp. etc. ... 101 l.s 2.4 43 54
Chaetocnema concinna (Marsch.) ................ 103 1.7 1o 44 42
 Pegomya betae (Curt.) ....... P 115 l.a 2.2 46 52
Silpha opaca L. .. ..o 81 l.a 1.2 31 39
PEA
Cydia nigricana (F.) ... .. ciiiiiieeinennennn. 66 l.s 2.1 37 35
APPLE
Cydia pomonella (L.) .....ooveiiennnininns 84 2.0 2.5 36 39
Argyresthia conjugella Zell. ...................... 78 1o 3.3 32 44
Aphis pomi Deg. ..o vi i s 71 1.5 l.s 29 26
Panonychus ulmi (Koch) ...................... 58 l.s ls 30 22
Lepus europaeus Pallas and L. timidus L. .......... 82 l.3 1.7 10 14
Hyponomeuta malinellus (Zell.) .................. 66 I.2 1.7 24 25
Microtus agrestis (L) «. oo, 70 l.2 le 101 16
Arvicola terrestris (L) oo i 60 0.5 : 5
Psylla mali (Schmidbg.) ...........c....oon 61 0.8 la 14 18
Xyleborus dispar (F.) .....ooiiiii i, 50 0.2 0.5 3 5
BERRIES . .
Cecidophyopsis ribis (Wettw.) ...t 129 1o 2.2 25 33
Stenotarsonemus fragariae (Zimm.) .............. 124 .o 9.4 31 28
Tetranychus telarius (L.) ..o oiien 80 l.g : 26
Incurvaria capitella Cl. ... ... 98 1.7 2.0 19 26
Aphididae, Ribes species ..........coooiiiiiin 101 l.s 2.0 26 29
Anthonomus rubi (Hbst) ...t 82 l.s 1.7 27 27
Byturus urbanus (Lindb.) .......... ..ot 79 l.a 1o 25 31
Nematus ribesii (Scop.) and Pristiphora pallipes Lep. 112 1.2 1.e 16 19
Pachynematus pumilio Knw. ......... ... .ot 88 1a l.e 19 25
Rophodia convolutella (Hbn.) ..............cvvvt. 63 0.8 la 14 15
PESTS ON SEVERAL PLANTS
Deroceras agreste (L.) etc. ..ooviieiieieiaiiiinns 55 0.9 1.5 26 25
Hydroecia micacea (Esp.) .....ccccoevivaniionns 67 0.8 1 17 23
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years. The cabbage aphid is one of those pests
that only rarely, at lorig intervals, cause signifi-
cant losses in this country.

Stenotarsonemus fragariae and Tetranychus tela-
rius did less damage to strawberries than in 1970,
one of the peak years of these two pests (MARK-
kuLA 1971). Even in 1970 the losses were less
than the average for 1964—1970. Tetranychus
telarius is the most serious pest of greenhouse
crops, but its occurrence outdoors seems to be
highly dependent on weather conditions.

The abundance of Hyponomeuta malinellus con-
tinued to decline. The severity figure for the
destruction was 4.1 in 1969 and 1.4 in 1970, and
a mere l.2 in the year under review. A similar
decline could also be observed in the occurrence
of the species H. evonymellus. The seasons of high
occurrence of these species previously coincided
quite clearly (see Junnikkara 1960), and it

will obviously be several years before the next

peak of abundance occurs.

The damage caused to apples by Cycfia po-
monella and Argyresthia conjugella was less heavy
than usual. That caused to pea by Gydia nigri-
cana was normal. The following table shows the
percentages of damaged apples and damaged
pea pods.

1964— Replies
1970 “1970 1971

Cydia pomonella .. ..... PR 13 15 19 79
Argyresthia conjugella .. ...... 18 14 29 72
Cydia nigricana ............ 13 10 13 60

Several pest species were far less abundant
than usual e.g. Macrosiphum avenae, Amaurosoma
spp-, Plutella maculipennis, Meligethes aeneus, Pe-
gomya betae, Hydroecia micacea and Deroceras agreste.

During 1971, information was received about
one pest new to Finland. This is Eriococcus spu-
rius (Mod.) on wych elms (Ulmus glabra). This
brings the number of known pests of cultivated
plants in Finland to 1102.
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Viljelykasvien tuhoelidimet 1971

MarTTi MARKKULA

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Tuholaisten runsaus oli huomattavasti tavanomaista
vahdisempda. Keskimddrdinen runsausluku oli katsaus-
vuotena 2.1 ja vuosina 1964—1970 2.5. Ainoastaan ohra-
kirppaa esiintyi tavanomaista runsaammin. Omenakii-

ridinen vioitti tiedusteluvastausten mukaan 13 9 ome-
noista ja pihlajanmarjakoi 18 9.

Yksityiskohtainen katsaus on julkaistu Koetoiminta
ja Kiéytidnto -lehdessd n:o 1/1972.
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ARCTIC BRAMBLE (RUBUS ARCTICUS L)),
A NEW CULTIVATED PLANT

ANNIKKI RYYNANEN

RyyNAnEN, A. 1972. Arctic bramble (Rubus arcticus L.), a new cul-
tivated plant. Ann. Agric. Fenn. 11: 170—173.

The possibilities of growing the arctic bramblel, Rubus arcticus L., under cultivated
conditions have been studied at the North Savo Fxperiment Station (lat. 63° N.)
of the Agricultural Research Centre. In the spring of 1972 plants of two arctic
bramble varieties will be available on the market for the first time. These plants
were clonally propagated from two strains, which had been selected, during 10
years of continuous research, from a collection of wild arctic bramble plants ob-
tained from all parts of Finland. The varieties have been named *Mespi’ and
’Mesma’. Because fruit development is dependent on cross-pollination with another
strain, it is necessary that both varieties be planted near each other. ’Mespi’ is, how-
ever, the more desirable of the two varieties.

Under optimum conditions arctic bramble yields are about 40—50 kg/a (a =
0.01 ha). The harvest season extends over a period of approximately 2 months. The
berries are relatively small, weighing about one gram.

Introduction

The excellent aroma and flavor of the berries Research on the arctic bramble was begun in

of the arctic bramble (Rubus arcticus L.) are
widely known. Unfortunately, the total harvest
of these berries has been gradually decreasing
during the past few decades. This is largely due
to the decrease in the areas of habitat for the
wild berries as more and more land is converted
into cultivated fields or used for new housingsites.
Therefore, a clarification of the cultivation
potential of the arctic bramble is of consider-
able current interest.

the 1930°’s at the North Savo Experiment
Station (lat. 63° N.) of the Finnish Agricultural
Research Centre under the direction of Mr.
M. Sarminen. These studies virtually ceased
during the war years of the early 1940°s and
were begun again in 1960. The research has
now reached the stage where, with the first
marketing of plants of selected varieties in the
spring of 1972, the practical cultivation of the
arctic bramble can be begun (RyvniAnen 1971).

Distribution of the arctic bramble

Arctic bramble grows wild in a belt which
almost completely circles the sub-polar region

of the northern hemisphere (Hurtén 1950). In
subarctic Eurasia it is found primarily in the

1 The author suggests that the name »nectarberry» should henceforth be used for R. arcticus, because varctic bramble»
actually means the Canadian R. acaulis Michx. Unlike the R. arcticus, the berries of the R. acaulis Michx. have no aroma.

170



zone between 60° and 70° N latitude. In North
America species closely related to R. arcticus are
found. Their fruits, however, lack almost com-
pletely the distinctive aroma and flavor of the
Eurasian arctic bramble. In Fenno-Scandina-

via the species occurs principally in Finland
where it is found throughout the country but
primarily in the central area between the 62°
and 66° N latitudes (SaastaMOINEN 1930).

Morphological characteristics
(ref. VaaramMA 1965)

The underground structure of
the arctic bramble plant consists primarily of
a much-branched horizontally spreading root-
stock which has the ability to develop adventi-
tious buds. The horizontal roots grow at a depth
of 3—5 cm branching irregularly. Arising from
these there are small rootlets, feeder roots,
which grow both laterally and downward. The
spread of the root system may be several meters.
The diameter of individual roots is only about
1—1.s mm. With its widely spreading, mean-
dering type of root system and its capacity to
develop new shoots from adventitious buds,
the arctic bramble is able to spread quite rap-
idly.

The arctic bramble is a perennial plant with
upward-angling or vertical annual herbaceous
aerial 10—30 cm long. Over-
wintering buds develop at ground level in the

stems

axils of scaly leaves which occur at the woody
base of shoots and branches. The stems are
spineless. L eaves have three serrated leaf-
lets. The lateral leaflets often differentiate small
lobes. The center leaflet is generally rhomboid
in shape. The leaflets are sessile or short-petioled.
The petiole of the entire leaf, however, is rela-
tively long. Stipules are fairly large and el-
liptical, sometimes nearly round, and persistent.
The leaves often develop brownish-red antho-
cyanin color in the summer and at senescence
turn completely red. The terminal region of the
shoots and especially the flower stalks have
numerous red glandular hairs. The remainder
of the shoot is sparsely covered with short
fleecelike hairs, and the leaves are somewhat
hairy.

The flowers are fairly regular, perfect,
and have a long peduncle. Ordinarily they oc-
cur singly or, less frequently, in pairs at the
crown of the shoot or in the leaf axils. The
receptacle is hemispherical and the pointed
sepals recurved. The petals, usually 6—7, are
large (flower diameter is about 2 cm) and
broadly elliptical. Their color is bright red,
later turning pale. Stamens are curved at their
center. Flowering occurs during June, July,
and August.

The fruit of the arctic bramble is an ag-
gregate, closely resembling the common red
raspberry (Fig. 1). A fully developed berry con-
sists of 15— 30 aggregated individual stone fruits.
The ripe berries may be red, yellow, green, or —
most frequently — mottled red. The calyx and
receptacle remain attached to the ripe berry

when it is picked. The berries have an unusually
delicate slightly acid aroma and flavor. The
vitamin C content is approximately 25 mg/
100 g of berries (Larsson 1970).

Fig. 1. Ripe berries of R. arcticus.

171



The first arctic bramble varieties

The plants to be marketed, were clonally
propagated from two arctic bramble selections
from strains collected throughout Finland and
studied during the past 10 years. The varieties
have been named ’Mespi’ and Mesma’. Be-
cause arctic bramble fruit development is de-
pendent on cross-pollination with another
strain, growers must plant both varieties (Tam-
misoLA and RyyNANEN 1970). The pollinating
agents are bumblebees and honeybees.

’Mespi’ is from Piikki6 in southwest Finland.
Its leaves are somewhat circular in shape.
The petiole of the center leaflet is often clearly
longer than those of the lateral leaflets (Fig. 2).
Flower buds are short, and the calyx
is as long or longer than the corolla. The f1o w-
er is medium-sized having a diameter of about
20 mm. The stamen filaments are often quite red,
the anthers are dark yellow. The stamens are

numerous and closely encircle the pistil. The
anthers contain pollen in abundance. The calyx
is sparsely hairy (Fig. 3). The fruit isrelative-
ly large, averaging slightly over 1 g in weight,
and is bright red when ripe. Seeds are small,
averaging 1.75 mg in weight, and the calyx is
also small. The berries have a strong, pleasingly
sweet aroma and flavor. "Mespi’ is the more
important variety for fruit production, Mesma’
is the pollinating variety.

"Mesma’ is from Maaninka in North Savo.
The leaflets of the leaves are rather nar-
row and sharply pointed. The leaflet petioles
are generally short (Fig. 2).Its flower buds
are slightly longer than those of Mespi’. The
calyx and corolla are equal in length. The
flower diameter is about 21 —22 mm. Petals
are often partly doubled. Stamens are many and
attached to the flat receptacle (Fig. 3). Fila-

Fig. 2. On the left a sprout of "Mespi’, on the right Mesma’.

Fig. 3. On the left a flower of "Mespi’, on the right *Mesma’.
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ments are white or faintly pink and are some-

what flattened. The anthers are light yellow and -

rather large. Pollen is quite abundant. The calyx
is almost glabrous. "Mesma’ begins flowering a
few days earlier than ’Mespi’. Its pollinating

characteristics are good. The fruit is quite
large and dark red in color. Its flavor is some-
what acid. Both the seeds and the calyx are a
little larger than those of "Mespi’.

Productivity of the varieties

The productivity of "Mespi’ and ’Mesma’ are
illustrated by the results obtained in a 1970 fer-
tilizer experiment. Plants for the experiment
were set out in the spring of 1967, The fertilizer
treatments, which were applied in the spring
of 1970, were 0, 4, and 8 kg/a rates of Garden
Super-Y-fertilizer.

Fruit yields and weights per fruit are given in
Table 1. Yields obtained were relatively high.
Considering the age of the planting, the plants
covered entirely the ground area of the plots.
"Mespi’ outyilded *Mesma’. In several other
experiments *Mespi® has been even more clearly
higher yielding than Mesma’, and it has been
less variable in yield fr om year to year. The
harvest period for arctic bramble lasts about

Table 1. Yields and fruit size of two arctic bramble
varieties as affected by three rates of fertilizer.

ilizer *
Variety Fe'rta::: * Yields 51?::(;2; Weight/
kg/a ke/a in yield  fruitg
*Mespi’ 0 33.0 — l.1s
4 51.7 57 la1
8 56.9 72 l.a2
‘Mesma’ .... 0 30.6 — 0.97
4 43.5 42 l.25
8 44.2 44 1l

* Garden Super-Y (119% N —119 P,00—22%
K,0)

two months. Berries should be picked at least
once a week.

Fertilizer application increased yields and
fruit size. High rates of fertilizer, however, can
impair fruit flavor and cause excessive vegetative
growth particularly if the nutrient balance is
unsuitable.
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Mesimarja (Rubus arcticus L.), uusi viljelykasvi

ANNIKKTI RYYNANEN

Maatalouden tutkimuskeskus, Eteli-Savon koeasema, Karila, Mikkeli

Mesimarjan (Rubus arcticus L.) viljelymahdollisuuksia
on tutkittu Maatalouden tutkimuskeskuksen Pohjois-
Savon koeasemalla (63° pohj. lev.) erikoisesti vuodesta
1960 lahtien. Kevailld 1972 tulevat ensimmiiset mesi-
marjan taimet myyntiin. Taimet ovat klooneja kahdesta
mesimarjakannasta, jotka on valittu noin 10 vuotta jatku-
neiden tutkimusten perusteella ympiri Suomea kootusta
luonnonkantamateriaalista. Myyntiin tulevat taimet ovat
lajikenimelt4ddn "Mespi’ ja Mesma’. Edellinen on perisin
Piikkiostd, jalkimmiinen Maaningalta. Marjojen muodos-
tuminen edellyttii mesimarjalla ristipslytystd vieraan
kannan kanssa. Siksi on viljelyyn otettava molemmat lajik-
keet. ’Mespi’ on niistd kuitenkin varsinainen paiviljely-
lajike. Mesimarjan satokausi on n. 2 kk.

Lajikeominaisuuksia

’Mespin’ lehdet ovat hieman pyéreimiiset. Keskileh-
dykdn ruoti on usein selvisti pitempi kuin sivulehdykéi-
den (kuva 2).

Kukkanuput ovat lyhyet, verhié teriéti pitempi tai
yhtd pitkd. Kukka on keskikokoinen, halkaisija noin
20 mm. Heteitten palhot ovat usein melko punaiset, pon-
net limpimin keltaiset. Heteiti on paljon ja ne ovat
supussa. Ponsien lokeroissa on runsaasti siitepélys. Verhis
on heikosti karvainen (kuva 3).
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Marjat ovat suhteellisen suuret, keskipaino hieman
yli 1 g, vériltddn heledn punaiset, Siemenet ovat pienet.
Verhi6 on my6s pieni. Marjan aromi ja maku on voima-
kas, miellyttivin makea.

’Mesmalla’ ovat lehtien lehdykit kapeahkot, melko
terdvikirkiset. Lehdykéiden ruodit ovat yleensi lyhyet
(kuva 2).

Kukkanuput ovat hieman pitemmit kuin *Mespilla’.
Verhi6 on yhti pitkd kuin teris. Kukan halkaisija on noin
21—22 mm. Terilehtid on usein osittain kerrotusti. He-
teitd on paljon laakeassa kukkapohjuksessa (kuva 3). Pal-
hot ovat valkeat tai heikosti punertavat, leveihkst. Pon-
net ovat vaalean keltaiset, melko suuret. Siitepslyd on
hyvin runsaasti. Verhi on melkein kalju. Kukinta alkaa
muutamia piivid aikaisemmin kuin ’Mespilla’. Lajik-
keen polyttijaiominaisuudet ovat hyvit.

Marjat ovat melko suuria, viriltian tummahkon pu-
naisia. Maku on hapahko. Seki siemenet etti verhid
ovat hieman suuremmat kuin *Mespilla’.

Esimerkkinid *Mespin’ ja ’Mesman’ sadoista esitetdin
lannoituskokeen tulokset vuodelta 1970 (taul. 1). Koe-
alue on istutettu kevallda 1967. Lannoitus (puutarhan
super-Y) on annettu kevialld 1970.

Lannoitus lisdsi satoa ja marjan kokoa. Suurehkot lan-
noitemiirit saattavat kuitenkin heikentéi marjojen makua
Jja rehevdittis kasvustoa liiaksi, varsinkin jos ravinnesuh-
teet eivit ole sopivat.
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779 Hydrein-aura, 4 X 16 in, malli Stenomat

780 Tietoja markkinoillamme olevista moottorisahoista
781 Bauknecht-Finlux-astianpesukone, malli GS 55
782 Asea-Skandia-astianpesukone, malli DM 12

783 Varsta-kelasilppuri, malli 1100

784 Tuhti-kelasilppuri, malli 1100

785 Weckmanin traktoriperivaunu YL 1

786 5 kelasilppurin kiyttéominaisuudet

787 BM-Volvo-SM-kuormatraktorin pikakoetus

788 6 ajopuimurin kiyttdominaisuudet

789 Teli-Lokkeri-kuormatraktorin pikakoetus
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