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ACCLIMATIZATION OF QUINOA (CHENOPODIUM QUINOA, Willd) AND CANIHUA

(CHENOPODIUM PALLIDICAULE, Aellen) TO FINLAND

MIGUEL L. CARMEN

CARMEN, M. L. 1984. Acclimatization of Quinoa (Chenopodium quinoa, Willd) and
Canihva (Chenopodium pallidicaule, Aellen) to Finland.

Ann. Agric. Fenn. 23: 135—144. (Agric. Res. Centre, Inst. Plant Husbandry, SF-31600
Jokioinen, Finland.)

Quinoa (Chenopodium quinoa, Willd) and canihua (Chenopodium pallidicaule,
Acllen), high quality Andean protein crops, were sown in the field at two localities,
Jokioinen (latitude 60° 49’ N) and Ruukki (latitude 64° 41' N) to study their degree of
acclimatization to Finland. Seventy-six ecotypes of quinoa (including four varieties) and
thirty-five ecotypes of canihua were tested in Jokioinen.

In Ruukki, nine quinoa ecotypes (including two varieties), and six canihua ecotypes
were tested. The grains of these crops have a good balance of essential amino acids, and
their lysine content is about twice that of wheat. About fifty of the quinoa ecotypes and
thirtyfive canihua ecotypes produced matured seed in jokioinen. Five canihua ecotypes
matured, and the Sajama quinoa variety come close to maturity in Ruukki. Selection of
the earlier maturing genetic material has been performed to continue the study of their

adaptation to the different agro-ecological conditions of Finland.

Index words: acclimatization, Chenopodium quinoa, Chenopodium pallidicanle.

INTRODUCTION

General information

Quinoa (Chenopodium quinoa, Willd) and
canihua (Chenopodium pallidicanle, Aellen) ate
crops which have been cultivated in the Andean
regions of South America since long before the
Inca Empire.

Archaeological studies reported by UHLE
(1919) and NUNEZ (1970) cited (p. 12) in TAPIA
et al. (1979), have shown that the quinoa was
already known in 5000 and 3000 B. C., respec-
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tively. Quinoa is cutrently grown for its grain in
the following South American countries: Argen-
tina (North), Chile (Central and North), Bolivia,
Peru, Ecuador and Colombia. Canihua cultiva-
tion is concentrated in the high plateau of Peru
and Bolivia and in the highland region of
Cochabamba (Bolivia).

Quinoa and canihua are normally grown at
altitudes of 2000 to 4000 m above sea level. They
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are frost and drought resistant, and are able to
grow on poor soils with an annual rainfall of
300—400 mm. These crops grow perfectly at
high altitudes where it is not possible to grow
maize, and mature in four to seven months
depending upon the variety (or ecotype).

The quinoa is 0,5—2,0 m high with large
panicles of 1,8—2,2 mm long seeds produced at
the end of the stem. The canihua is 0,2—0,7
m high and its seeds are 1,0—1,2 mm long. The
grains of both crops are edible, and are
important foods in the Andean regions. Their
grain yields vary from 1 to 3 ton/ha according to
the variety and the level of technology.

Saponins (glucosides) in the seed coat produce
a bitter taste. However, these products can be
easily removed mechanically or by washing,
methods already in use (TAPIA et al. 1979). The
saponins contents vary between ecotypes, and in
some of them it is very low. Loamy soils with
good drainage are the most suitable for guinoa
and canihua. They are grown using both tradi-
tional and modern technology. Combine harves-
ters have been used with guinoa (VALIENTE et al.
1981).

Nutritive value

The grains of quinoa and canihua have a high
food value. The high guality of their proteins in
particular has been reported. Tables 1 and 2

Table 1. Nutrient composition of quinoa and canihua gra-
ins " WHITE et al. 1955

(per 100 grams)

Nutrient Canihua Quinoa
Protein (N x 6,25), g 14,1 11,0
Fats (ether soluble), g 4,1 5,3
Fiber, g 10,7 4,9
Ash, g 4,6 3,0
Calcium 126,0 131,0
Phosphorus, mg 461,0 424,0
Iron, mg 18,8 6,8
Thiamine, mg 0,78 0,52
Riboflavin, mg 0,55 0,31
Niacin, mg 1,34 1,60

! All values corrected to 12 % moisture content.
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Table 2. Essential amino acid compositions of quinoa,
canihua and whole wheat. (Calculated to 16,0 grams of
nitrogen) '

WHITE et al. 1955"

Amino acid Quinoa Canihua ~ Whole whear
% % %
Arginine 7.4 7,9 4,3
Histidine 2,7 2,5 2,1
Lysine 6,6 6,0 2,7
Tryptophan 1,1 0.8 1,2
Phenylalanine 3,5 3,6 5,1
Methionine 2.4 1,8 2,5
Therteonine 4,8 4,8 3,3
Leucine 7,1 5,8 7,0
Isoleucine 6,4 6,8 4,0
Valine 4,0 4,6 4,3

Y BLOCK and BOLLING 1951 (quoted by WHITE et al. p. 533)

show the nutrient acd essential amino acid
compositions, respectively (WHITE et al. 1955).
In general, their protein contents are similar or
higher than those of wheat or oats. Their fat
contents are similar to that of oats, but higher
than those of wheat, maize, and rice. They have
higher contents of calcium, iron and vitamin B
complex than wheat, maize, oats and rice. The
lysine content of quinoa and canihua is about
twice that of wheat and is higher than that of
maize, oats and rice. They also have higher
contents of arginine, histidine, threonine, and
isoleucine than wheat. With the exception of
phenylalanine, their contents of the other essen-
tial amino acids — tryptophan, methionine,
leucine, and valine — are about the same -as
those of wheat. WHITE at al. (1955) found in rat
studies that the quinoa and canihua proteins
produced weight gains equal to or supetior to
those obtained with dried whole milk at equal
levels of protein intake. Furthermore mixtures of
quinoa and milk did not produce greater gains
than quinoa alone. This result was confirmed by
QUIROS—PEREZ and ELVEHJEM (1957) who re-
ported from rat studies that guinoa alone pro-
duced as good a growth rate as a combination of
two thirds of the protein from quinoa and one
third from casein. MAHONEY (1975) showed that
a cooked quinoa flour diet improved rat weight



grain by a factor of fours over a wheat diet;
moreover the uncooked quinoa flour diet im-
proved rat weight gain by a factor of 1,5 over the
wheat diet. On the basis of the NEG (nitrogen
efficiency for growth) value, the proteins of
uncooked quinoa and casein can be considered
similar. The NEG can be improved by forty per
cent without significantly changing its amino
acid composition by cooking the quinoa. The
weight gain obtained with the wheat flour diet
was improved by 111 % by replacing twenty per
cent of wheat flour with quinoa flour.

Uses

Quinoa is used in different ways, its main use
being in soups. Quinoa and canihua grain have
no gluten and so they cannot be used alone for
bread-making. Quinoa flour can be mixed with

wheat flour in the preparation of bread and
noodles, the proportion of quinoa flour varying
between ten and forty per cent (LUNA DE LA
FUENTE 1957). High protein cakes and biscuits

~ can be produced by mixing up to 60 % quinoa

flour with wheat flour (WEBER 1978). Quinoa
flour can be used in baby food (BARRIOS 1978).
Flakes, similar to corn flakes, have also been
prepared from quinoa. Quinoa flour has given
good results in feeding trials with chickens, pigs
and ruminants (TAPIA et al. 1979). Stacks, chaff,
gleanings, and bran are used to feed ruminants.
The saponins obtained as a by-product in the
processing of quinoa can be. utilized in the
preparation of products for photography, cos-
metics (shampoo), and the pharmaceutical
industry (synthetic hormones) (TAPIA et al.
1979). Canihua has similar uses.

MATERIAL AND METHODS

Climatic requirements

Temperature, precipitation, and radiation are
three of the most important climatological factors
which affect plant growth. The author calculated
the average total values of temperature (total
sum of degrees-day, °C), precipitation, and
radiation (duration of bright sunshine hours)
cotresponding to the growing period of quinoa
and canihua in Puno, Peru (Refs. to Peruvian
meteorological publications). Puno is one of the
most important areas for these crops in South
America. Also, the average totals of these factors
wete calculated for the growing period of annual
crops in Finland (refs. to Finnish meteorological
publications). Evaluation of the results showed
that the regions situated below latitude 65° N in
Finland could satisfy the climatological require-
ments for growing short and some middle season
varieties of quinoa and canihua. FULLER (1949),
working with seed material from Bolivia, found

out that Chenopodium quinoa is an In-
determinate of day neutral species. The author
has found no studies concerning the photoperiod
requirements of canihua.

Germ plasm selection

In March 1983 the author travelled to Puno, Peru
in order to select the most suitable genetic
material of quinoa and canihua for testing in
Finland.

The guinoa and canihua genetic materials were
selected at Tahuaco Agricultural Experiment Sta-
tion (3 850 m above sea level, 150 km from the
city of Puno), and Illpa Agricultural Experiment
Station (3 815 m above sea level, 20 km from the
city of Puno), respectively. Sixty-two ecotypes
and four varieties out of 1025 quinoa entties in

-the Tahuaco Agricultural Experiment Station

were selected by evaluation of field and germ
plasm records. Included among this material
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were the following commercial varieties: Sajama,
Cheweca, Kanccolla, and Blanca de Juli. The
most promising ecotypes tested in the yield and
frost resistance trials were also included. The
criteria used in the selection of quinoa genetic
material were: short growing period, high yield
and white colour of the grain. Samples of the ten
entries from the most promising variety and
ecotype experiments were obtained from the
Agricultural Experiment Station of the Technical
University of the Altiplano (Camacani, Puno).
An total of seventy—six entries of quinoa were
selected. (These ecotypes are of Peruvian or
Bolivian origin.)

The criteria used to select the 35 canihua
ecotypes were: short growing period, high yield,
and erect type of plant. These included two from
the Agricultural Experiment Station of the Tech-
nical University of the Altiplano (Camacani,
Puno). (These ecotypes are originally from Peru.)

Field experiments

Two collections of germ plasm were carried out
in 1983. One of them was conducted at the

Finnish Agricultural Research Centre, Jokioinen
(Latitude 60° 49’ N, Longitude 23° 30’ E) and
the other at Ruukki Agricultural Research Station
(Latitude 64° 41’ N, Longitude 25° 06’ E) (Figs.
1—3). The Jokioinen comprised
seventy-six entries of quinoa (including four
commercial varieties) and thirty—five entries of
canihua. The Ruukki collection was composed of
nine entries of quinoa (including two varieties)
and six entries of canihua. These collections were
seeded on May 10 and May 15 in Jokioinen and
Ruukki, recpectively. Each entry was seeded in a
plot of four ten-metre rows, and occupied a total

collection

area of fifteen square meters.

The collections required 111 and 15 plots
without replications in Jokioinen and Ruukki,
respectively. A 16-7-13 NPK fertilizer mixture
was applied before seeding at the rate of 400 and
500 kg/ha in Jokioinen and Ruukki, respectively.
The collection in Jokioinen grew on a clay soil,
pH 6,5 and on fine sand, pH 5,7 in Ruukki. The
plants were grown under rainfall conditions. The
two central rows of each plot were thinned in
order to retain ten plants per metre and a
population of about 26700 plants per hectare.

Fig. 1 Quinoa and canihua germ plasm collection. Finnish Agricultural Research Centre
(MTTK), Jokioinen 1983.
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1983

Jokioinen

Fig. 2 Quinoa plants. Germ plasm collection at MTTK

Germ plasm collection at MTTK,

Fig. 3 Canihua plants.

Jokioinen 1983.
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Weeds were controlled manually and mechan-
ically. No disease was observed. Insect control
was applied only in Ruukki. The frosts observed
from May to September in Jokioinen and Ruukki
did not cause any damage to either the quinoa or
the canihua. The following observations were
recorded: germination, plant height, flowering,
seed maturity, and insect and disease attack.
The entire collection in Ruukki was harvested

on September 20; plant samples of quinoa and
canihua were sent to the Institute of Plant
Husbandry, Jokioinen, for study and evaluation.
In Jokioinen, the canihua was harvested (manual-
ly and mechanically) between September 30 and
October 13, while the selection of quinoa pan-
icles was carried out in the field from October 8
to October 27, 1983.

RESULTS

Quinoa (Chenopodium quinoa, Willd)
Jokioinen

The seventy-six ecotypes (including four commer-
cial varieties) grew well under the long day
conditions at Jokioinen. Some of the ecotypes
even showed more vegetative development than
in their natural environment. Average plant
heigh among the ecotypes varied between 1,00
and 1,90 m. All ecotypes flowered, and fifty days
after seeding all of them showed panicle initia-
tion. The ecotypes which reached fifty per cent of
anthesis early were 03-21-271, 03-21-284, 04-02-
099 and 04-02-124.

Panicle size varied between and within the
ecotypes: panicles up to 60 cm long were
observed. A fully developed quinoa panicle is
shown in Fig. 4 (04-02-342 ecotype). Fifty of the
ecotypes produced some plants with fully
matured seed in their panicles (Figs. 5 and 6). A’
total of 1700 panicles with varying amounts of
fully matured seed were selected in the field (Fig.
7).

The commercial varieties Sajama, Kanccolla,
and Blanca de Juli produced panicles with fully
matured seed. Neither disease attack nor signif-
icant insect damage was observed in the ecotypes.
The quinoa seed produced in Jokioinen showed
ninety-four and one hundred per cent of
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germination on the sand and paper tests, respect-
ively (04-02-288 ecotype).

Fig. 4 Panicle of quinoa (04-02-342 ecotype). Germ plasm
collection at MTTK, Jokioinen 1983.



Fig. 6 Ripe grain of quinoa (Sajama variety). Germ plasm
collection at MTTK, Jokioinen 1983.

Fig. 8 Grain of quinoa (Sajama variety). Germ plasm
collection at Ruukki Agricultural Experiment Station, Ruuk-
ki 1983.

Ruukki

All nine ecotypes grew well under the climatic
conditions in Ruukki. However they did show
less vegetative development than in Jokioinen.
The average plant height of the ecotypes varied
between 0,55 and 0,88 m. Flowering was
observed in all ecotypes. Sajama variety and
03-21-268 ecotype were the earliest in reaching
anthesis. Furthermore, these ecotypes produced
the biggest panicles which varied between 15 and
18 cm in length at harvest time. Sajama variety
reached the end of the milk stage during the
ripening process, while the 03-21-055 and 03-21-
024 ecotypes reached only the pre-milk stage.

Fig. 7 Selected panicles of quinoa. Germ plasm collection at
MTTK, Jokioinen 1983.

Figure 8 shows a quinoa grain of Sajama variety
produced in Ruukki. Seed development was not
observed in the other six ecotypes. It is necessary
to point out that three of these ecotypes did not
mature in Jokioinen either, and that more than
forty of the ecotypes that matured in Jokioinen
have not yet been tested in Ruukki.

No disease attack was observed. Insect damage
by Mamestra pisi (broom moth), Geometrid
(geometer moth), and Lygus sp. (caprid bug)
were reported. This damage varied between 1
and 3 degrees (scale 0—3 degrees) and was
controlled by spraying insecticide.
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Fig. 5 Ripe grain of quinoa in the panicle chosen from the
selected panicles dried out on shelves at MTTK, Jokioinen
1983.

Canihua (Chenopodium pallidicaule, Aellen)
Jokioinen

All thirty-five ecotypes grew well under the long
day conditions of Jokioinen. Plant height varied
among the ecotypes between 0,40 and 0,60 m.
All thirty-five ecotypes flowered and produced
fully matured seed (Figs. 9 and 10). The 03-21-
095 ecotype was the earliest to mature, 112 days
after seeding. The limited amount of mature
seed produced varied between the ecotypes. Nei-
ther disease nor significant insect damage was
observed. The canihua seed produced in
Jokioinen showed ninety-seven per cent germina-
tion in the paper test (03-21-305 ecotype).

Ruukki

Five out of six ecotypes tested grew well, and
produced fully matured seed. The plants showed
less vegetative growth than in Jokioinen. Average
plant height varied between 0,26 and 0,31 m.

142

Fig. 9 Ripe grain of canihua in the panicle (03-21-095

ecotype). Germ plasm collection at MTTK, Jokioinen 1983.

Fig. 10 Grains of canihua (eighteen different ecotypes). Germ
plasm collection at MTTK, Jokioinen 1983.

No disease artack was observed. The insect
damage varied among the ecotypes between 0
and 2 degrees (scale of 0—3 degrees), and was
controlled by spraying insecticides. The canihua
seed produced in Ruukki showed one hundred
per cent germination in the paper test (03-21-305
ecotype).



DISCUSSION

The results obtained in 1983 have shown that,

quinoa (Chenopodium quinoa, Willd) and
canihua (Chenopodium pallidicanle, Aellen) can
grow and mature up to Jatitude 65° N in Finland
(this includes the agro-ecological regions I, II,
111, and half of region IV). As far as the author is
aware, this is the first report showing that
canihua can grow and mature in the field under
long day conditions. Canihua produced fully
matured seed in Jokioinen and Ruukki. Quinoa
also matuted in Jokioinen. It would be possible
to produce fully matured quinoa plants further
north by using the eatlier genetic material avail-
“able in the collection, and by using those which
would be obtained in the coming years. The
quinoa and canihua genectic material selected
from the collections carried out in Jokioinen in
1983 could be used as a basic material to
continue the selection of plants completely
adapted to the agro-ecological conditions of Fin-
land.

The high nutritional value of quinoa and

canihua has been pointed out. These crops, once

adapted in Finland, have a great potential as

important sources of high quality plant protein

for human and animal nutrition. Therefore,

studies on crop adaption, and later on studies on
cfop management, crop improvement, and indu-
strial utilization deserve continued intetest in the
Finnish agricultural research programme.
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SELOSTUS

Chenopodinum quinoa, Willd ja Chenopodium pallidicaule, Aecllen aklimoituminen Suomeen

MIGUEL L. CARMEN

Maatalouden tutkimuskeskus

Chenopodium quinoa (qQuinoa) ja Chenopodium pallidicaule
(canihua) ovat Andien vuoristossa Eteli-Amerikassa viljeltyji
kasveja. Ne ovat yksivuotisia ja tuottavat runsaasti hyvilaa-
tuista valkuaista seki ihmisravinnoksi ettd kotieldinten rehuk-
si.

C. quinoa kasvaa 0,5—2,0 m:n ja C. pallidicaule 0,2—0,7
m:n korkuiseksi. Kumpikin laji kasvattaa varren latvaan
kookkaita royhyjd, joihin kehittyy pienii, 1,0—2,2 mm:n
lipimittaisia siemenid (kuvat 4 ja 5). Siemenet ovat sybtivii
ja niiden valkuaisen laatu on etenkin niiden runsaan lysiinipi-
toisuuden vuoksi patempi kuin korsiviljojen (taulukort 1 ja 2).

Vuonna 1983 kirjoittaja hankki Suomeen Perusta C. gui-
noan ja C. pallidicaulen jalostusaineistoa, edellistd 76 eko-
tyyppid (jalostetta ja linjaa) ja jilkimmdistd 35 ekotyyppii,
niiden viljelymahdollisuuksien kokeilemiseksi Suomen ilman-
alassa. Pddosa aineistosta kylvettiin Jokioisiin (60° 49’ N)
aitosavimaalle 10.5. Muutamia ekotyyppeji kylvettiin lisiksi
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Ruukkiin (64° 41’ N) hietamaalle 15.5. Canihua korjattiin
Jokioisissa 30.9.—27.10. ja quinoan réyhyjen valinta tehtiin

' 8.10.—27.10.1983. Ruukissa kasvit korjattiin 20.9.

Jokioisissa noin 50 C. gquinoan ja 35 C. pallidicaulen
ekotyyppid tuotti tuleentuneita siemenid. Ruukissa tuleentui
viisi C. pallidicaule ekoryyppii ja lisiksi yksi quinoa lajike
(Sajama) ehti lihes tuleentuneeksi. Kasveissa ei todettu
hallan eiki kasvitautien aiheuttamia vioituksia, mutta Ruu-
kissa tuhoeliintorjunta oli tarpeen.

Tulokset osoittavat, etti C. guinos ja C. pallidicaule
saattavat menestyd ja tuottaa tuleentunutta satoa pitkin
piivin olosuhteissa aina 65° N leveysasteelle saakka. Suomen
olosuhteissa viljeltiviksi soveltuvien lajikkeiden kehittimisek-
si olisi kuitenkin tehtivi lisivalintaa ja risteytyskokeita Jokioi-
sissa kesilld 1983 valikoidulla, aikaisin tuleentuvalla geeniai-
neistolla.
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VARIATIONS IN YIELDS OF SPRING WHEAT, BARLEY AND OATS AS A
CONSEQUENCE OF SOWING TIME DURING THE PERIOD 1970—1979
ON THREE SOIL TYPES

SIMO KIVISAARI

KivisaaRl, S. 1984. Variations in yields of spring wheat, barley and oats as a consequence
of sowing time during the period 1970—1979 on three soil types. Ann. Agric. Fenn. 23:
145-157). (Agric. Res. Centre, Inst. Agric. Chem. Phys., SF-31600 Jokioinen, Finland.)

The effect of sowing time on the yields of spring wheat, batley and oats was studied in a
ten-year| trial at Tikkurila, southern Finland. Six different sowing times at roughly
four-day intervals were studied. The first seed was sown immediately after the soil had
dried sufficiently for cultivation.

The second or the third sowing time appeared to be the most suitable in general, but
there were great variations between the years depending on the weather conditions and
soil type. Very early sowing did not yield the best results, but in a dry year very late
sowing could be even more detrimental.

With [respect to giving good yields, silty clay soil was more sensitive to dry periods
than sandy clay or clay loam soil. The reduction in yields could be very sharp, especially
in dry years, and yields decreased with advanced sowing time. It was possible to obtain
good vyi¢lds from sandy clay soil even in dry years and despite late sowing.

The growing time was unaffected by the sowing time. There were great differences
between|different years: in dry years the growing time was shorter than in wetter years.
In dry years, the growing time was short but the yield was often low, too. In years with
enough rain the growing time was longer and the yields could be better, too. Rain in
June, in| particular, appeared to increase crop yields.

Index wards: wheat, barley, oats, sowing time, growing time, sandy clay, clay loam, silty
clay.

INTRODUCTION.

A great variation in spring cereal yield is typical (KONTTURI 1979). The main reasons for these
of Finnish climatic conditions (POHJANHEIMO  have usually been the dty periods of spring and
and HEINONEN 196]l, POHJANHEIMO 1965,  early summer causing poor germination and
MukuLA 1984). Howeyer, variations in yields are  sprouting (KRITZ 1983). The detrimental effect
often accompanied by vartiations in quality of dry weather becames particularly obvious in
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silty soils. Irrigation has proved to be a beneficial
procedure for increasing yields and improving
quality under such conditions (POHJANHEIMO
and HEINONEN 1960, ELONEN et al. 1967,
KivISAARI and ELONEN 1974).

Because of the usual dry period of late spring
and early summer it is reasonable to attempt to
derive as much benefit as possible from the

moisture existing in the soil from the thawed

snow. The easiest method is to start sowing as

early as possible; the two most important criteria

are then of coutse, the state of the seed bed and

soil temperature. In order to find the optimum
sowing time a long-term field trial was started at

the Agricultural Research Centre in Tikkurila in

1970. The experiment lasted for ten years.

MATERIAL AND METHODS

Time of sowing: There were six different sowing
times.

Sowing Name average sowing time
1. very early sowing 2.5
2. early sowing 5.5
3. early normal sowing 9.5
4. late normal sowing 14.5
5. late sowing 19.5
6. very late sowing 23.5

Very early sowing was done as soon as the top soil
had dried sufficiently that it could be cultivated
and a reasonable seed bed achieved. The fol-
lowing sowing times were at about four-day
intervals. In practice, within the ten-year period
the average date of the first sowing was May 2,
and that of the sixth sowing was May 23. There
was rather a lot of variation, of coutse, between
these dates each year; the first varied from April
22 to May 10, and the last from May 19 to May
28.

Soil type: There were three different soil types in
the trial. Their partticle size compositions and
ofganic matter contents were:

Clay Sile Fine sand Sand Org.
<2 pm 2—20 pm 20—200 pm >200 pm  matter

%
Sandy clay 36 18 36 10 5,7
Clay loam 41 26 29 4 6,6
Silty clay 42 37 16 5 5.7

The trials were on the same sites throughout the
entire ten-year period.
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Crops: The crops grown were spring wheat,
batley and oats. The varieties of wheat were:
Svenno from Svalév in 1970—1971 and Tiht
from Jokioinen in 1972—1979. The variety of
barley was Pomo, a six row variety from
Jokioinen. The varieties of oats were: Pendek
from Holland in 1970 and Ryhti from Jokioinen
in 1971—1979.

Preparation of the seed bed: The plots were
ploughed in autumn. The ploughed fields were
cultivated two or three times with an S-spring
harrow in spring to a depth of about 3—6 cm.

Sowing: A combined drilling machine was used
for sowing. The depth of sced placement at the
first and second sowing was 3—35 cm, at the third
and fourth 5—6 c¢m and at the last two 6—7 cm.
The depths of fertilizer placement were 3 to 4 cm
deeper than the sowing depths.

The seed- rates were 700 germinating seeds/m’
for wheat, 500 seeds/m’ for barley and 600
seeds/m? for oats.

The quantity of fertilizer (20-4-8) was 600 kg/ha,
cotresponding to 120 kg N/ha.

Climatic conditions

During a "normal’ year it is typical of the Finnish
climate that the last two weeks of May and the
beginning of June are dry. In some areas the lack



of precipitation can be very detrimental to the
growth of cereals. However, during the last ten
years the rainfall has often been sufficient to
ensure good crop growth.

Temperatute

The mean temperature of the ten-year period
under study was normal (Table 1). The coldest
yeats were 1976, 1977 and 1978 and the warmest
1972 and 1975, but the differences between the
mean temperatures were not large. Within the
months, however, there were rather large dif-
ferences between the mean temperatures; the
coldest May was in 1974 and the warmest in
1975, the difference being as much as 4,5 °C. It
is obvious that big a difference will affect the

warming of the seed bed and thus the germina-’

tion and sprouting of the crop. There were also
large differences between years in the mean
temperatures in June and July.

Precipitation

The variations in rainfall in summer were large.
On average, the ten-year period 1970—1979 was
somewhat drier than the thirty-year period
1931—1960, which corresponds to the 'normal’
situation. However, in 1972 and 1978 the precip-
itation was well above the mean value of 305 mm
(386 mm and 346 mm, respectively), but in
neither of these cases was the rainfall distributed
evenly: the heaviest rains were in August, and
the other months were drier.

The driest growing seasons were 1971, and
1975 when the rainfall was as little as 205 mm in
the entire five-month period. This is dlmost one
half of that of the rainiest summer (1972) and
only slightly more than that of the rainiest
month — August — in that pasticular year.

Table 1. The temperatures and precipitation in Tikkurila
duting the months from May to September.

Month
Year v VI vt i1 X1 ' Mean

Temperature °C

1970 9,5 16,7 164 154 9,8 13,6
1971 10,5 14,1 17,0 15,5 8,8 13,2
1972 9,3 16,5 20,0 16,6 103" 14,5
1973 10,2 17,0 20,1 15,0 74 13,9
1974 . 7,2 14.6 15,9 14,7 12,4 13,0
1975 11,7 13,6 17.8 16,3 13,0 14,5
1976 10,8 13,0 15,6 14,8 7,7 124
1977 9,6 14,2 146 144 8,0 12,2
1978 10,3 14,6 14,9 14,3 9,1 12,6
1979 10,7 16,0 14,9 16,1 9,8 13,5
1970—79
mean 10,0 15,0 16,7 15,3 9,6 13,3
1931—60 9,3 14,3 17,0 15,4 10,4 133
Precipitation mm Total
1970 25 13 120 31 78 267
1971 9 21 25 90 62 207
1972 37 44 87 174 44 386
1973 40 24 15 32 117 228
1974 39 48 63 69 91 310
1975 46 11 45 48 57 207
1976 27 39 64 48 59 237
1977 25 48 125 30 78 305
1978 5 44 64 127 106 346
1979 26 45 93 62 77 303
1970—79
mean 28 33 71 71 77 280
1931—60 40 48 73 75 69 305

The most important months for germination
and sprouting ate undoubtedly May and June.
The variation in the rainfall within those months
was relatively large (Talbe 1). The driest May was
in 1978, the precipitation being only 5 mm,
while the wettest May was in 1975, the rainfall
being nine times higher. The difference between
the maximum and minimum rainfall in June was
not so large.
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RESULTS

Total yields

The sowing time had a great effect on the yields
of spring cereals (Fig. 1). The most beneficial
time was the second or third one. Very early
sowing never gave the best yield, but the dif-
ferences in the average yields between the first,
second and third sowings were not large. Very
late sowing appeared to be more detrimental

than very early sowing; the latest sowing time
resulted in the poorest average yields, in all of
the crops and in all three soil types.

Soils containing large quantities of silt are

. known to have poor moisture characteristics. This

is apparently the main reason why the poorest
average yields were obtained from the silty clay

YIELD kg/ha
3000)- L g
o
000k L L
N
3000 . L »
N
~.
\,
2000} \, L L
woool  SPRING WHEAT L BARLEY — OATS
1 L 1 A1 1 L 1 1 1 ] ] 1 1 i i
2 3 4 5 6 2 3 . 5 & T 2 3 4 5 6

Fig. 1. The average grain yields of spring wheat, barley and oats on sandy clay (O
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Table 2. The average yields (kg/ha) of crops calculated as means of the six sowings from the years corresponding to
the maximum mean yield (Max.) and minimum mean yield (Min.). The corresponding year in parenthesis.

Wheat Barley Oats
Max. Min. Max. Min. Max. Min.
Sandy clay 5770(—74)  2900(—79) 6580(—76)  3230(—73) 7180(—76) 3420(—78)
variation 5980— 3860— 6920— 4480— 7820— 5080—
5340 1500 6220 1820 5900 720
Caly loam 5820(—74) 2430(—73) 6820(—76) 2380(—73) 6510(—76) 2440(—78)
variation 6200— 3040— 7260— 3620— 7440— 3860—
4700 1860 6160 960 4560 500
Silty clay 4140(—74)  740(—73) S070(—76)  700(—73)  4890(—77)  1140(—73)
variation 4900— 1200— 6440— 1660— 5880— 1780—
3000 320 3340 120 3060 380
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plots. Even the maximum yields were essentially
lower than those from the clay loam and sandy
clay. This is evident from the mean values of the
whole material (Table 2). The variation between
the maximum and minimum yieds was greater
among the crops grown in the silty clay soils than
those grown in clay loam or sandy clay soils.
The figures show that, in Finland, the crop
production 'in silty clay soils is rather uncertain
under unfavourable weather conditions, but
under certain favourable conditions it is possible
to get good yields from them. The good yields,
particularly those of 1974, 1976 and 1977, show
that the soils have the potential for high yields,
but the problem is apparently how to ensure that
the high water retention capacity of silty soils can
be utilized for the crop. instead of allowing it to

evaporate.

Relative yields

The average values of yields calculated as means
of the six sowings show the general tendency of
the effects of sowing time.They do not, however,
tell anything about the variations in the grain
yields and the possible factors causing these
variations. We can thus inspect the yields from
each year, and analyse the factors affecting the
yield formation. In the following (Figs. 2a—2j),
the yields are presented as relative values. The
yield (kg/ha) resulting from the first sowing is
expressed as a value of 100 and the following
yields are calculated on the basis of this. The
precipitation during the sowing is also presented

in the Figures.

1970 (Fig. 2a). The total rainfall in summer 1970
was sightly less than 'normal’ (Table 1). June was

Fig. 2a—2j. The relative yields of spring wheat, barley and oats according to the sowing time on the three soil types. The ylcld
of the first sowing equal to 100. The precipitation during the sowing time presented above.

1970

PRECIPTATION, mm
20

15

REL. [10
YIELD | g

130

6.5

120

110

9 DAYS AFTER FIRST
4 SOWING

Yield of the first sowing (kg/ha):

90
1. 3620= O O sandy clay
2. 4660 =« + clay loam
80 3. 1140 = x x silty clay
spring wheat
70 -
;4. 95420= O— — —O sandy clay
o 3. 5320=+— — —>» clay loam
60 6. 2320 =x— — —x silty clay
batley
4660 = O---neee O sandy clay

2480 =x-roroeee x silty clay
oats

7.
8. 4720= -+ clay loam
9

40

197
PRECIPITATION, mm x

20 !
REL. ¥ \
YIELD H i
150 FF100 ) \
! \
H \
\
140 f " T |
E T A 155 2158,

| /
: 2

130 -
120

10

i
]
]
]
i
Il
]
'
1
1
1
i
!
]
'
i
I
'
/

L
23 DAYS AFTER

100
FIRST SOWING

1. 5160

2. 3500

80 2220
4. 6560

70 F 5. 4220
6. 1500

60 7. 6080
8. 4300

9. 2300

L

149

Yield of the first sowing (kg/ha):



REL.
YIEL

120

110

100

90

80

50

&0

REL.
YIELD

120

10

90

80

0

60

1972

PRECIPITATION, mm

20

D

1974

RECIPITATION, mm
20

5
10
5

TET——_23 DAYS AFTER

FIRST SOWING
Yield of the first sowing (kg/ha):

i 4540
2. 4940
3. 4900
4. 5680
5. 5840
6. 9560
7. 5680
8. 6000
9. 6120

150

1. KYLVOKERRAN
SATO (kg/ha}
{SL=100)

Yield of the first sowing (kg/ha):

1. 5960
2. 6140
3. 4980
4. 5880
5. 6160
6. 5000
7. 5900
8. 5740
9. 4740

REL 15

110

100

1873
PRECIPITATION, mm

18 22 28
DAYS AFTER FIRST SOWING
90 )

80

70

v

Yield of the first

\
T Ay
60 sowing (kg/ha): \
\
L 4240 i
50 - 2. 2800 4
3. 880 |
w0 4. 4480 4
5. 3480 %
6. 1660
0 - \
7. 4640
8. 3400 \
% L9 1540
l\
0 - x

1975

PRECIPITATION, mm

15 A
r10
REL. T '
YEL LY L1 il I
224, x ! 205.
180 A
160 -
140
120
100 L o
23N, 28 DAYS
“, AFTER FIRST
80 \SOWING
60 | Yield of the first sowing (kg/h
1. 3700
W 2. 4020
3. 1180
4. 3900
3. 4080
6. 1940
7. 3720
8. 3280
9. 1800



1977
PRECIPITATION, mm

REL. PRECIPITATION, mm
YIELD 20
15
130 10 REL. 10
5 YIELD|F 5 ]
1o | 7 L. [t r]
6.5 ‘ 305. 25 8.5 165. 245, 305.
. 315, 120
10
. m
100 20 DAYS AFTER FIRST °
SOWING 100 .
% | »  Yield of the first sowing (kg/ha): % QS}EFIER FIRST
1. 5200 90 Yield of the first sowing (kg/ha):
2. 5280
s r 3 3520 im0
80
4. 6920 4020
1T s. 6800 oo
6. 6440 70 F seeo
7. 7820 5180
8. 7440 - |
9. 5420 €0 s
5580
50
%
L
1978 1979
PRECIPITATION, mm PRECIPITATION, mm ,
r 10 10
REL. REL. 5
YIELD|f 5 ' YIELD)
120 -
10.5. 235, 285.
120,
10
1o
100
19 DAYS AFTER FIRST
1
0 DAYS AFTER FIRST . SOWING ‘
SOWING . 90 - Yield of the first sowing (kg/ha):
Yield of the first sowing (kg/ha):
* 1. 3340
1. 3800 80 2. 3800
V2o 460 3. 3120
8 T3 3460
0 r 4. 4480
4. 5180 5. 5580
70 5. 4560 6 5200
6. 4320 0 |
7. 5060
60 v 7 4900 8. 4940
8. 3680 s L 9. 4340
9. 4120
50
W -
40
30 r
30
20 F
20 ’
10
10

3 408401586P 151



quite dry, only 13 mm of rain, while July was
wet, 120 mm of rain. The scarcity of water in
June obviously caused the especially low yields
from silty clays.

The rains from 21.—22.5. caused some disper-
sing of the silty clay and thus some reduction in
the yields of the fifth sowing. But meanwhile,
the improved water content in the soil enhanced
germination and sprouting of the sixth sowing.
1971 (Fig. 2b). The 1971 growing season was the
driest of the entire ten-year period, like 1975,
the rainfall being only 207 mm. In spite of this
the results from sandy clay were good but poor
from the silty clay. The sowing time was very dry
and it apparently caused a very sharp reduction
in yields from silty clay and clay loam soils after
the third sowing. The good yields from sandy
clay soils are obviously due to its rather good
water fretention properties.

1972 (Fig. 2c). Summer 1972 was the wettest
during the entire ten-year period. The time of
sowing was also rainy. The abundant rains obvi-
ously caused the relatively good yields from silty
clay soils, particulatly those from the first two
sowings. The heavy rains on 21.5. and 26.5.
caused some dispersing of soil surface, particular-
ly of silty clay plot.

1973 (Fig. 2d). The yields from 1973 were small
as a whole, those from silty clay mainly negli-
gible in spite of the rather rainy sowing time.
However, the poor yields were obviously partly
due to the dispersing rains of May 16—19. In
consequence, the sprouting of the fourth and
fifth sowingsremained vety poor. Another factor
might have been the high temperature in June;
it was almost three degrees higher than normal
(Table 1), while the rainfall at the same time was
relatively low. These two factors might have
reduced the growth of crops.

1974 (Fig. 2¢). The yields from 1974 were almost
the best during the entire ten-year period. It is
obvious that the 17 mm of rainfall on 8.5. was
beneficial to the crops, especially to those of the
fourth, fifth and sixth sowings, by improving the
moisture conditions in all of the soil types.
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Actually, there was no difference between the
average yields from the first sowing and those
from the fifth sowing, although there was an
interval of more than three weeks. On the other
hand, the heavy rain caused a serious dispersing
of silty soil and a subsequent reduction in the
yield from the third sowing.

1975 (Fig. 2f). This year, together with 1971, was
the driest during the entire period. This caused
the very small yields from the silty clay plot in
spite of the rather high rainfall during sowing.
Moreover, the rains in June were very scanty,
only 11 mm (Table 1). It is worth nothing that the
yields of wheat and barley from sandy clay did
not decline after the first sowing, thus showing
the good capacity of the soil to retain water even
under rather dry conditions.

1976 (Fig. 2g). The yields from 1976 were high
on average. The reason is obviously that the
rainfall was relatively evenly distributed during
the whole growing season (Table 1). Further-
more, the temperature was not high and this
partly might have been due to a rather high
yield, too. Another factor may be that in the
spring the soil was easy to cultivate. The plough-
ing in autumn 1975 was done under good
conditions simplifying preparation of the seed
beds in spring.

1977 (Fig. 2h). The results from 1977 were also
rather good. There were no very big differences
in the yields as a result of the sowing time, only
the average yields from the sixth sowing were
smaller than the others.

1978 (Fig. 2i). May was very dry in 1978, there
was only 5 mm of rainfall. In June there was 44
mm of rain (Table 1) but almost all of this was
during the later part of the month. The germina-
tion and sprouting were thus very much depend-
ent on the capacity of the soil to retain the early
spring moisture for the plants. The early sowings
were rather early and thus the yields from the
eatliest sowings were relatively good, but de-
clined with later sowing times. The reason for
this is clearly that the dry period lasted from
almost the beginning of May up to the middle of



June. Another factor which caused low /yields of
oats was the large number of aphids.

1979 (Fig. 2j). In 1979 the sowing was started
vety late, on May 10. This was due to the heavy
rains, which did not permit an eatlier start. A
consequence of the lateness was that thete were
only five sowing times. The entire sowing period
was very dry, as it had been the preceeding year,
too, and the consequence was that the sprouting
of the last sowings was vety poor.

Growing time

The growing time was almost unaffected by the

time of sowing (Table 3). In Table 3 only three

hatvesting times are shown, instead of six. The
stands of the first and second sowings were
harvested on the same day, those from the third
and fourth sowings on the same day, and those
from the fifth and sixth sowings on the same
day. This meant that the growing times for the
crops from the second, fourth and the sixth
sowings were a little too short, while the crops
from. the other sowing times were harvested as
fully mature. Thus the fully comparable figures

in Table 3 are those representing the growing
times of the first, third and fifth sowings, and
those "representing the growing times of the
second, fourth and sixth sowings, respectively.

The finding that the growing time was
unaffected by the time of sowing very much
departs from the common belief that a delay of a
certain number of days in sowing in spring time
automatically delays the harvesting in autumn by
several days, and the delay in autumn will be

. longer than that in spring. According to the

results a delay of a certain number of days in
sowing in spring cotresponds approximately to a
delay of the same length in autumn.

The differences existing between the growing
times within the years were large. In a very dry
year, like 1973, the growing times were short.
That was the case in another dry year, 1975, too.
This means that once there is lack of water the
crop will mature eatlier than under conditions
when there is no scarcity of water. In the years
when there was no shortage of water and the
yield was good, the growing time was long;
1974, 1976 and 1977 are examples of this.

Table 3. The means of the growing times (in days) of the crops according to the

sowing times. The shortest and longest growing time in parenthesis. Thc
corresponding year is marked underneath.

Time of sowing Spring wheat Barley Qats
1. 118,7 103,4 108,1
(105—142) (94—118) (95—125)
year (—73 —74) (—72 —7 (—73 —74)
2. . 114,1 9.8,8 103,6
.(97—134) (87—110) (87—118)
year (—73 —74) (—73 —74) (=73 —77)
3. 118,9 100,0 108,6
(103—134) (87—113) (87—128)
. year (—72, —73 —74, —77) (—73 —74) (=73 —77)
4, 1144 . 95,5 104,1
‘ (98—131) (82—106)  (82—125)
year C (=73 —77) (—73 —74) (—73 —77)
5. 116,5 102,2 1114
(93—131) (88—115)  (88—130)
year (=73 —74) (—73 —71) (=73 —77)
6. - 111,4 97,0 106,9
(88—126) (82—110) (82—125)
year (—73 —74) (=73 —=71) (=73 —77)
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The differences between the shortest and
longest growing times were 38 days for wheat, 28
days for barley and 43 days for oats. The fact that
such large differences exist even within the same
variety clearly shows that grain production in
Finland is shadowed by a rather large risk due to

the uncertainty of favourable weather conditions.
Under certain circumstances, when the growing
period happens to be advantageous, it is possible
to produce good yields, but there will always be a
risk because of the poor predictability of the
weather. '

DISCUSSION

Great variability is normal for Finnish crop
production (POHJANHEIMO 1961), due to the
variability in the weather conditions and to the
uncertainty of weather forecasting (MATTSON
1983). Similar results were recently presented by
MUKULA (1984) in his study of the yield varia-
tions in Finland starting from the beginning of
19th century. o

The factor minimizing the growth of crops in

Finland is very often the lack of soil water. As
ELONEN et al. (1965) have shown it is possible,
particularly in dry years, to increase yields by
irrigation of silty and silty clay soils. The shortage
of precipitation as such is not, in fact, 2 factor
limiting growth; it is more likely that a great part
of the precipitation falls during autumn and
winter and is thus useless for crops. In this study,
during the entire ten-year period under inspec-
tion on average of 44,1 % of the rainfall fell
during the months from May to September,
ranging from 33,4 % (in 1974) to 60,0 % (in
1978).

When the yields were small, as in 1971 and
1973, there was little precipitation. But, on the
other hand, high precipitation as such was not a
guarantee of a high yield; there must be enough
moisture in the soil, particularly during the most
intensive growing stage in June. If this is the
case, it appears that sowing can be done rather
late without a great loss of yield. Although in
1974 the latest sowing was done almost one
month after the first one, the differences in
yields wete small. In some cases the yields from
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the latest sowings were even bigger than those
from the first sowings. Normally, as far as the
average figures can be looked on as normal
values, the effect of the sowing time was that the
best yield was from the second or third sowing
but descended thereafter (Fig. 1). However, the
results from 1974 also show that under favour-
able conditions the sowing time can be extended
without too serious effects on the yields and that
the growing time is not always the biggest
limiting factor for good yields.

Soils containing large amount of silt are par-,
ticularly sensitive to drought. As shown by
ELONEN et al. (1967) and AURA (1983) these soils
can dry rapidly and deeply in the soil profile
under certain weather conditions. The rapid
drying is mainly due to the pore size distribution
in silty soils, which favours a high rise of water
from lower soil layers to the surface by capillary
action. These effects can lead to a total loss of the
ctop.

The silty soils are thus sensitive to drought.
Rain will, however, improve their productivity.
There was a statistically significant correlation
between the yields and the rainfall during the
growing season:

May June July August
Sandy clay -0,06 0,23 -0,02 0,13
Clay loam 0,08 0,44 0,23~ 0,09
Siley clay -0,01 0,70 0,40°*  0,23™

There seems to be a discrepancy between the
results represented in Figures 2a—2j and the
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Fig. 3. The maximum yields of the crops on the three soil
types presented with the precipitation in May and June.

above correlation coefficients. There was no
correlation between the- rainfall in May and the
yield. On the other hand, the Figures clearly
show that a certain amount of rainfall during the
sowing time obviously had some effect on the
yield. This fact was evident almost every year.
The disctepancy is only an apparent one. It was
noted that the same rainfall could affect the
yields in two ways: by dispersing the seed bed of
a previous sowing it caused a decrease in yield,
but improved the soil moisture conditions for the
next sowings and this caused an increase in the
yield. In June the dispersing effects of rains were
not so detrimental and therefore the coefficients
are clearly positive. It is obvious, however, that

also these rains had some dispersing effect but
this apparently was of a minor importance.

The soil moisture conditions alone do not
determine the yield formation; air temperature
clearly also has an effect (EVANS et al. 1980). In
1973 the maximum yields from silty clay plots
wete smaller than those in 1971 although the
rainfall in 1973 was greater. Apparently the
mean temperatute difference in June in those
years had some effect on yield, as in 1974 and
1976.

The fact that very good yields were obtained
from silty clay plots during certain years shows
that this type of soil can be capable of good crop
production. The prevention of the useless
evaporation is obviously the fundamental ques-
tion; they are poor soils if the evaporation cannot
be prevented. The high rate of capillary action
dries the soil quickly and so the roots are not
longer able to penetrate into the hardened soil.

The positive effect of preventing detrimental
evaporation from the soil surface was clearly-
shown by POHJANHEIMO (1965). By covering the
soil surface with a 7—8 cm sand layer he was able
to increase the yield of spring wheat from 3 600
kg/ha to 7 000 kg/ha. For barley the correspond-
ing increase was from 5 400 kg/ha to 10 300
kg/ha.

The question of soil moisture relationships is
closely connected with the soil structural proper- .
ties of the surface, which are, of course,
connected with soil cultivation in the field. It is
very probable that by improving soil tillage
methods the soil moisture relations can be en-
hanced even in soils which are now classified as
sensitive to drought. In this study, the cultiva-
tion procedures were similar in all three soil
types. It is therefore not known whether the
results would have been different if the cultiva-
tion method has been fitted according to the soil
type. Future research work should therefore aim
to find methods to prevent excess evaporation,
particularly from those fields susceptible to water
loss.
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SELOSTUS

Kylvoajan vaikutus kevitvehnin, ohran ja kauran satoihin kolmella eri maalajilla Tikkurilassa
vuosina 1971—1979

SIMO KIVISAARI

Maatalouden tutkimuskeskus

Kasvukauden lyhyyden ja sademiirin epitasaisen jakautumi-
sen vuoksi kylvoajalla on Suomessa titked merkitys kevitviljo-
jen sadolle. Hyvin aikaisin kylvettiessi maa on kylmid ja
varsinkin savimaat muokkautuvat huonosti mirkyyden takia.
Jos kylvot jisivit kovin mybhdisiksi, alkukesin tavanomainen
kuivuus heikentdi itimistd ja orastumista. Paras kylvoaika on
silloin, kun maa on kuivunut riittivisti ja muokkautuu siten
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kunnolla, mutta on vieli riittivin kosteata nopeaén ja
tasaiseen itimiseen ja orastumiseen.

Tikkurilassa vuosina 1971—1979 jitjestetyssi 10-vuotisessa
kenttikokeessa tutkittiin kylvoajan vaikutusta kevitvehnin
ohran ja kauran satoihin hietasavella, hiuesavella ja hiesusa-
vella. Kylvbaikoja oli kuusi.

Optimaalinen kylvdaika vaihteli eri vuosina. Vaihtelua



lisistvit ennen kaikkea keviin ja kesin sdit, mutta se oli
riippuvainen myds maalajista. Keskimidriisesti edullisin kyl-
,voaika oli hieta- ja hiuesavella joko toinen tai kolmas
kylvbaika, jotka vastasivat toukokuun pdivid 5. ja 9. Hiesusa-
vella edullisin kylvbaika oli keskimiirin toinen eli 5. touko-
kuuta.

Erityisesti touko- ja kesikuun sateet vaikuttivat voimak-
kaasti satoon. Toukokuun sateet edistivit itimisti ja. orastu-
mista, mutta saattoivat myds liettdd aikaisempia kylvoji, ja
alentaa siten satoa. Kesikuun sateet lisisivit satoa etenkin
hiuesavella (r = 0,44™) ja hiesusavella (r = 0,70™). Kasvuajan
pituus oli riippumaton kylvbajasta. Kuivina vuosina kasvu-

kausi jii yleensi lyhyeksi ja sato vihiiseksi. Edullisissa kos-
teusoloissa kasvuaika yleensi piteni ja lisdsi varsinkin aikai-
sempien kylvokertojen satoa. Jos kylvd tehtiin my6hidn,
pidentynytkdin kasvuaika ei aina lisinnyt satoa. Ero pisim-
min ja lyhimmin kasvuajan vililld oli kevitvehnilld keski-
miitin 36 vrk, ohralla 25 vtk ja kauralla 38 vrk.
Tulosten perusteella on suositeltavaa pyrkii niin aikaiseen
kylvoon kuin maan muokkautuvuuden perusteella on mah-
dollista. Erittdin mydhiistd kylvod ei voida suositella savimail-
le, mutta ei kovin aikaistakaan. Tosin tietyissi hyvin edullisis-
sa oloissa tillaisistakin kylvdistd saatiin varsin hyvid satoja.
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MICRONUTRIENT CONTENTS OF DIFFERENT PLANT SPECIES GROWN SIDE BY SIDE

1
TOIVO YLARANTA and MIKKO SILLANPAA

YLARANTA, T. and 'SII_LANPM, M. 1984. Micronutrient contents of different plant species
grown side by side. Ann. Agric. Fenn. 23: 158—170. (Agric. Res. Centre, Inst. Soil Sci.,
SF-31600 Jokioinen, Finland.)

Different plant species (one vatiety of each) including root and grain crops, grasses and
legumes were grown during two seasons side by side at nine sites in various parts of
Finland. ~

The mictonutrient contents of ctops varied widely from one ctop to anothet. The least
vatying micronuttient was Cu, the highest mean content of which was only fourfold
compared to the lowest. In the case of other micronutrients the respective figures were:
Fe and Zn 7-fold, B 21-fold, Mn 35-fold, and Mo 46-fold.

The highest B contents were found in legumes and in the tops of root crops and the
lowest in grain crops with straws containing somewhat more B than grains. Likewise, in
the case of Cu the highest contents were measured in legumes. The lowest were found in
the underground parts of some root crops and in the straws of the grain ctops. Potato
tuber, onion bulb and swede root are very low in Fe, Mn, Mo and Zn while pea stalk and
sugar beet tops are rich in most of these. In addition, some grasses and clover, especially
when cut at an early stage, contain these elements in abundance, Zn often being an
exception. Quite a high Zn contents were typical of grains.

Considerable differences also existed between the micronutrient contents of vatious
parts of plants. Among the crops studied the most heterogenous in this respect were the
pea and sugar beet.

The tesults also indicate the complexity involved and difficulties in interpreting the
results of plant analyses in estimating the micronuttient status of respective soils.

Index wotds: micronutrient content, boron, copper, iron, manganese, molybdenum,
zinc, cereals, timothy, red: clover, rape, rye grass, pea, onion, turnip, catfot, potato,
beet, swede.

INTRODUCTION

Estimation of the status of plant available micro-
nutrients of soils in usually based on soil anal-
yses, plant analyses or on a combination of both.
These analyses are based on fundamentally dif-
ferent principles and the micronutrient fractions
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to be analyzed are obtained by different means,
i.e. the same fractions do not appear in the two
types of analyses. Plant analysis holds a theoreti-
cal advantage over soil analysis in that the
micronutrient fractions found in plants have



indeed been in the soil in forms available to
plants while soil analysis is to be considered as an
attempt to imitate plants. A more detailed
treview on the theoretical and practical advantages
and limitations of the two types of analyses is
presented in FAO Soils Bull. 48, chapters 2.3
and 2.6 (SILLANPAA 1982).

This study attempts to offer further informa-
tion on the behaviour of various plant species
(and parts) with respect to their micronutrient
absorption and thus, on interpretation of the
results of plant analyses. So far, comprehensive
interpretation systems have been developed for
only relatively few plant species. Very little is
known about the differences between plant varie-
ties and no general agreement has been reached
as to which parts of different plants should be
analyzed. Further, to meet the condition of
comparability, samples to be used for plant
analysis must be taken when the plants are at the

same physiological age. Analyses of samples
collected at different stages of growth are not
comparable and may give a misleading estimate
of the micronutrient status of soils (YLARANTA et
al. 1979). This limits the sampling to a very short
period, which from a practical point of view, is 2
serious drawback to the use of plant analysis.

Although the micronutrient contents of differ-
ent plant species have often been reported (e.g.
BERGMANN and NEUBERT 1976) the data, almost
without exception, originate from dissimilar soils
and growing conditions, consist of divergent
varieties and, therefore, are not strictly com-
parable. In an attempt to eliminate these dis-
truptive factors and to improve the comparability
between the various plant species of this study,
crops were grown side by side at nine sites and
analysed in one laboratory by the same
methodology. The results obtained refer to typi-
cal Finnish growing conditions.

MATERIAL AND METHODS

The trials were carried out at nine sites in
different parts of Finland (Fig. 1.). The soils
consisted of clay soils (sites 2, 3 and 5), a sandy
loam (site 1), finesand (sites 4 and 6) and
organogenic (sites 7, 8 and 9) soils (Table 1).

Table 1. General soil properties and extractable micronutrients of top soils at

The soils were sampled (0—20 c¢m, 10 sub-
samples from each site) before implementing the
trials. Texture was determined by the pipette
method (ELONEN 1971), organic C with a Leco
CR-12 catbon determinator (SIPPOLA 1982) and

the experimental sites.

Electr.
Particle size distr. (%) cond.
,002 ,02 Org.C pH 108 Micronutrients (mg/1)
Site <,002 —,02 —,2 >,2 mm % (CaCly) cm B Cu Fe Mn Mo Zn
1. Hime Res. Station 15 24 26 35 1,7 5,3 .9 ,88 2,3 200 63 ,108 1,9
2. Sata-Hime Res. Sta. 36 48 11 5 3,8 5,1 2,0 49 3,1 340 77 ,084 3,8
3. S.W. Finland Res. Sta. 34 19 46 1 1,7 4,0 1,6 47 5.9 610 11 ,040 1,9
4. S. Savo Res. Sta. 4 8 74 14 4.4 4.8 1,5 ,65 2,3 370 14 ,016 42
5. Inst. of Soil Science 70 21 8 1 4,7 4,5 1,8 1,29 6,3 1230 14 ,020 2,5
6. Central Finland Res. Sta. 4 9 84 3 1,5 4,8 9 48 1,2 170 82 ,096 5,9
7. Xainuu Res. Sta. — — — — 47 4,1 1,3 1,49 12,0 1410 8 ,002 2,0
8. N. Savo Res. Sta. 26 42 26 6 16 4,6 4,2 ,21 5,3 2130 34 ,074 8
9. S. Ostrobothnia Res.

Sta. 28 44 28 — 19 4,9 2,3 1,59 2,6 1240 93 ,030 24,6
Mean 4,7 1,8 .84 4,6 856 44 ,052 5,3
+ 5 0,4 1,0 ,50 3,3 678 35 ,039 7.4

4 408401586P
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Fig. 1. Locations on experimental sites, 1 = Hime Res.
Station, 2 = Sata-Hime Res. Sta., 3 = S. W. Finland Res.
Sta., 4 = S. Savo Res. Sta., 5 = Inst. of Soil Science, 6 =
Central Finland Res. Sta., 7 = Kainuu Res. Sta., 8 = N.
Savo Res. Sta., 9 = S. Ostrobothnia Res. Sta.

pH (CaCl,) from 0,01 M CaCl, suspension (v/v
1: 2,5) two hours after stirring. The micronutri-
ents Cu, Fe, Mn, Mo and Zn were extracted from
the soils with acid ammonium acetate-EDTA (0,5
M CH,;COONH,, 0,5 M CH,COOH, 0,02 M Na,
EDTA, pH 4,65; LAKANEN and ERVIO 1971) and
hot water soluble B by a modified BERGER —
TRUOG (1944) method (SiPPOLA and ERVIO
1977).

The trials at each site consisted of the fol-
lowing crops with 5 x 5 m rows and 12,5 cm
spacing: Spring wheat (variety Apu); Winter
wheat (v.Vakka); Oats (v. Tiitus); Barley
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(v. Otra); Rye (v. Aitta); Timothy (v. Tammis-
to); Red clover (v. Venla); Turnip rape (v.
oleifera DC., v. Span); Italian rye grass (v.
Barmultra tetila); Pea (v. Ville). The following
crops had a 1 x 5 m row with 50 cm spacing:’
Onion (v. aggregatum, v. Rijnsburger); Turnip
(v. Petroski); Catrot (v. Nantes 20 Notabene);
Potato (v. Pito); Red beet (v. rubra, v. Rubia);
Sugar beet (v. saccharifera Lge, v. AaBeCe);
Swede (v. napobrassica, v. Mustiala).

Winter crops were sown in 1976 and summer
crops in 1977. An attempt was made to carry out
the trials for two years, 1977—78, at all nine
sites. Some of the crops, howevert, were succesful-
ly grown at seven or eight sites only. To guaran-
tee satisfactory growth the experimental fields
were fertilized before sowing. The compound
fertilizer (350 kg/ha, 15-15-15) was placed in the
rooting zone, except in case of grass crops which
were fertilized after each cutting by the broadcast
method. Each yield received fertilizer nutrients as
follows:

N 53 kg/ha S 8,8 kg/ha
P 23 Mg 25
K 44 Cl 42,0 "
Ca 33 B 0,11 ’e

Firstly, the nutrient contents of the edible
plant parts were analysed. In case of grain crops,
however, the straw, as well as the stalks of pea
and turnip rape and both the aboveground and
underground parts of swede and sugar beet were
analysed separately. In the case of grasses one
half of the plots were cut for silage before
flowering, the other half was allowed to mature
further then harvested as dry hay. Red clover was
sampled at the stage of full flowering. The fresh
growth yields of timothy and red clover were also
sampled.

Three samples, about 100 g DM, of each crop
were analysed separately. There were no prob-
lems in sampling of grasses or grain crops. In the
case of root ctops, e.g. carrot, the following
procedures were adopted: seven roots of medium



size wete washed with tap water, brushed and
" then rinsed with deionized water. The roots were
cleaved into four equal parts, of which one from
each root was cut into pieces not exceeding 1
cm’, and dried at 60 °C. The ashing at 450 °C,
prepatation and dilution of the ash is described
by SILLANPAA (1982). The Cu, Fe, Mn and Zn

contents of plants were measured with an atomic

* absorption spectrophotometer, B by a modified

azomethine-H method (BASSON et al. 1969,
JOHN et al. 1975, SIPPOLA and ERVIO 1977) and
Mo by the zinc dithiol method (STANTON and
HARDWICK 1967).

RESULTS AND DISCUSSION

- Boron. The hot water soluble B contents of the
soils at the nine sites of this study average

0,84+0,50 mg/l (Table 1) which is somewhat -

‘higher than the Finnish average (0,55+0,28
mg/l) presented in a global micronutrient study
(SILLANPAA 1982). It also slightly exceeds the
world average (0,73 £0,75 mg/1). This is mainly
due to the relatively high B status of soils at Sites
9 and 7 (South Ostrobothnia and Kainuu Re-
search Stations). At other sites the soil B contents
correspond those of typical Finnish soils except at

Site 8 (North Savo Research Station) where a very

low soil B value (0,21 mg/l) was recorded. The
relatively wide variation of soil B values is
naturally reflected in the plant B contents also.

In general, the content of hot water soluble B
of Finnish soils has been increasing during recent
years. According to soil testing statistics (KAHARI
1983) their average B content has increased from
0,484 mg/l in 1976—80 (124952 samples) to
0,588 in 1981—82 (60447 samples). This is
understandable on the basis of the fact that
almost all Finnish compound fertilizers contain
0,03—0,2 per cent boron. '

The. B content of monocotyledon plants is
generally lower than that of dicotyledons. Thus
the lowest B contents (1—4 ppm in DM) were
measured, from grain crops; straws having a
somewhat higher B content than grains (Fig. 2).

Potatoes (~6 ppm) and grasses (5—11 ppm)
were also relatively low in B. Leguminous crops

and root crops (especially tops) had the highest B
contents. A considerable difference between the
two parts of the pea, the stalk (29,4 + 10,2 ppm)
and the seed (7,5+1,0 ppm), is notable. The
difference between the highest and lowest mean
was 21-fold. .

One of the very rare studies where the micro-

_ nutrient contents of plants grown on the same

soil ate compared is that of BERTRAND and WAAL
(1936) concerning boron. Their results (ppm in
DM):

4,3 Carrot

Barley 2,3 Onion 25,0
Rye 3,1 Pea 21,7 Tummip 49,2
Wheat 3,3

are generally in agreement with those of the
present study although they present a B content
which is higher for the turnip and lower for the
onion than the respective figures in this study.

Obviously, the present B data represent quite
a satisfactory B status although some of the
figures are slightly on the low side. The lowest B
values of different plants were almost always
measured from Site 8 material and often
approach the critical deficiency level. For exam-
ple, BRANDENBURG and KORONOWSKI (1969)
give B contents of 25—40 ppm for tops and 15
ppm for roots of healthy sugar beets. The
corresponding figures for B-deficient plants are
13—20 and 13 ppm, and those from Site 8 20
and 13 ppm, respectively. In the case of turnip
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Fig. 2—7. Two-year averages (& &s) of micronutrient
by side at nine sites. Crops grown succesfully at eight
2.

roots the B contents of healthy, B-deficient and
Site 8 plants are 18—22, 8—15 and 16 ppm,
respectively.

Copper. The average acid ammonium acetate
— EDTA (AAAc—EDTA) extractable copper of
the soils of this study (4,6+3,3 mg/l, Table 1)
corresponds well with the respective data for
Finland (4,31+2,68 mg/l) presented in a global
study (SILLANPAA 1982) and is somewhat lower
than the average for the whole of the interna-
tional material (6,00+7,05 mg/l). The relatively
wide variation of soil Cu in this study is mainly
due to two sites: the lowest figure (1,2 mg/I)
from Site 6 (Central Finland Res. Sta.) and the
highest (12,0 mg/l) from Site 7 (Kainuu Res.
Sta.). However, compared to the international
material (min. 0,1 and max. 99,9) the variation
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contents of different parts of 17 crops grown side
sites © or at seven sites ™ only are indicated in Fig.

range is narrow. None of the present soil Cu
values. indicates Cu deficiency although that of
Site 6 is close to the critical range, which for the
extraction method used is considered to be
0,8—1,0 mg/l (SILLANPAA 1982).

The Cu content of various plant species is
subject to less variation than that of most other
elements (Fig. 3). The difference between the
lowest and the highest mean, swede root and
fresh growth of red clover, is only about fourfold.
In addition, the internal variation within differ-
ent plant species and patts is quite narrow; the
standard deviation seldom exceeding one third of
the mean.

The highest Cu contents were found in le-
guminous crops, pea and red clover, usually
between 6 and 17 ppm. Grasses had somewhat
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lower Cu contents, varying from 4 to 9 ppm.
Most grains wete at this Cu level too, but straws
contained 2—3 ppm less Cu than grains. In the
case of oats, both the grain and the straw, were
at a low, 2—5 ppm Cu level. Root crops are
rather heterogeneous with respect to their Cu
content. Of roots swede was the pootest in Cu
(about 3 ppm) and red beet the richest (about 8
ppm). The tops of swede and sugar beet
contained 1,6—2,0 times as much Cu as their
£o0ts.

In general, the plant Cu data of this study may
be slightly on the low side. For example, BEESON
et al. (1947) found the Cu content of 17 grass
species ranged from 4,5 to 21 ppm. The average
Cu contents of timothy were reported by ZAC-
HERL et al. (1965), SCHILLER et al. (1967) and

LAKANEN (1969) as 6,9, 6,4 and 6,3 ppm,
respectively. In the last mentioned study the
range was from 1,9 to 12,5 ppm. Somewhat
lower Cu contents of hay ranging from 0,8 to
10,4 (aver. 3,8) ppm have been reported from
Poland by GLINSKI and KRUPINSKI (1969).
Iron. The AAAc—EDTA extractable soil Fe in
the nine sites of this study, 856678 mg/l
(Table 1) exceeds that of the Finnish soils in the
global stydy, 569367 mg/l (SILLANPAA 1982).
Even the latter was higher than that of any other
of the thirty countries involved in the study. The
world average was 166+ 157 mg/l. In addition,
the AAAc—EDTA extractable Fe content of
2015 Finnish soils (677 £656 mg/l) reported by
S1PPOLA and TARES (1978) was lower than that of
the present study.
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Fig. 4.

The lowest Fe contents were found in onion
bulb, potato tuber and in the underground parts
of some root crops, averaging generally 30 to 55
ppm, with the exception of red beet roots (Fig.
4). Contrary to their low root Fe contents, the
tops of swede and sugar beet are rich in Fe
exceeding three to four times the root Fe con-
tents. Relatively low Fe contents were also meas-
ured from grain crops, especially from grains
which contained from 52 (batley and rye) to 66
ppm (winter wheat) iron on the average. The
respective mean Fe contents of straws were about
20 ppm higher varying from 69 to 86 ppm.

The Fe content of grasses varies widely de-
pending on the species and on the physiological
age of the plant. In general, rye grass contains
twice as much Fe as timothy and more than any
other crop studied here. Further, plants analysed
at a young physiological age (fresh growth,

164

silage) contain more Fe on dry basis than the
mature crop (hay). The decrease of Fe with
increasing age may be quite substantial. For
example, in an experiment with wheat (YLARAN.
TA et al. 1979) the Fe content decreased from 120
ppm level in early June to 40 ppm level in
August.

Leguminous' crops, red clover and pea, are
quite rich in Fe. The pea stalk contains almost
twice as much Fe as the seed. This may be partly
due to contamination by soil, which in the case
of Fe is more difficult to control than that of
other micronuttients (sece SILLANPAA 1982). This
concerns especially those parts of the plant which
are exposed to contamination by soil dust raised
by wind, the spattering of rain or other plant-soil
contacts.

Fe contents in Finnish timothy varying more
than in this study, i.e. from 25 to 262 ppm
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(aver. 81 ppm), were reported by LAKANEN
(1969). Both higher and lower Fe contents in
timothy and other crops have been reported
elsewhere (e.g. FLEMING 1963, RUSSEL and DUN-
CAN 1956, KAHARI and NISSINEN 1978).
Manganese. As shown by SILLANPAA (1982) the
AAAc—EDTA extraction method as such is a
very poor indicator of the Mn status of soils. This
is true especially on the acid soil range,
pH(CaCl,) <7, where it gives Mn values, which
are much too low. When combined with pH
correction, however, it is a useful method. The
AAAc—EDTA  extractable soil Mn values
ptesented in Table 1 are raised substantially by
pH correction, i.e. from 44+35 to 219+112
mg/]. The latter values are somewhat on the low
side in the international compatison.

The lowest plant Mn contents were measured
in potato tuber, <10 ppm on a dry basis (Fig.
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5). Moreover, the underground parts of some
root crops (swede, turnip and carrot) were poor
in Mn, mostly 10—40 ppm, while others (sugar
beet and red beet) had Mn contents mote than
three times as high. In root ctops Mn seems to be
concentrated mainly in the tops, as the high
contents of swede tops and especially those of
sugar beet tops indicate. With respect to Mn,
various grain crops also behave differently. The
average Mn contents of grain vary from 24 ppm
(barley) up to around 80 ppm (wheats). A similar
difference can be noted in the case of straws,
even though at a somewhat higher Mn level.
In the pea, Mn seems to be concentrated in
the stalk (133 + 100 ppm) while the seed contains
little it (21 +8 ppm). Considerable variations in
the Mn contents of pasture species exist both
between the species and between different
cuttings. In general, rye grass contains more Mn
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than the respective samplings of timothy, and
late cuttings more than eatly cuttings. Fresh
gtowths of red clover and timothy are much
richer in Mn than the respective species as dry
hay.

Compared to most other micronutrients the
variation of Mn contents between the plant
species (35-fold difference between the lowest
and highest mean) is wide. It is apparent that the
internal variation within each plant species is
mainly due to variation in the soil pH of
different sites. Thus, the highest Mn contents of
almost every crop were measured from samples
originating from Sites 3 and 7 (S.W. Finland and
Kainuu Res. Stations) with the most acid expet-
imental soils (pH(CaCl,) 4,0 and 4,1, respec-
tively). The lowest Mn values usually came from
Sites 1 and 2 (Hime and Sata-Hime Res. Sta-
tions) with the least acid soils (pH 5,3 and 5,1,
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respectively). On the whole, the internal varia-
tions in Mn contents (or in pH) cannot be
considered wide. For example, in the global
study by SILLANPAA (1982) the wheats grown on
acid soils (pH(CaCl,)~4) on the average
contained about ten times more Mn than wheats
grown on alkaline soils (pH~8).

In general, based on the figures given in the
literature, the Mn contents of plants in this study
do not indicate Mn deficiency nor toxicity.
Molybdenum. AAAc—EDTA extraction has sel-
dom been used for determining plant available
soil Mo. However, comparable results from larger
materials have been published by SILLANPAA et
al. (1975) and SIPPOLA and TARES (1978). Both
of these studies concern Finnish soils and, on the
average, their Mo levels, 0,052 and 0,047 mg/l,
respectively, cortespond well to those of the
present study (0,052+0,039 mg/l, Table 1).
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The lowest Mo contents wete found in the
underground parts of root crops, all averaging
less than 0,2 ppm (Fig. 6). Grain crops are also
relatively low in Mo; the mean values for grains
lying between 0,2 and 0,4 ppm, and straws
between 0,4 and 0,6 ppm. The means for
pasture species vatied from 0,41 ppm of timothy
(dry bhay) to 1,34 ppm of rye grass (silage, 2.

. cut). The very highest Mo contents wete found in
pea, the stalk containing 1,24+1,20 ppm and
seed 1,84 +1,43 ppm.

The difference between the lowest and the
highest mean Mo content of plants, carrot root
and pea seed, was 46-fold, which is the widest
among the six micronutrients of this study. Wide
“variations of Mo contents also exist within the
plant species studied. As in the case on Mn these
vatiations ate largely due to variations in soil pH
which is a strong regulator of Mo availability. Its

effect, however, is opposite to that of Mn avail-
ability. Thus, the lowest Mo contents of the 31
different plants and plant parts were, with only
two exceptions, found in samples which orig-
inated from Site 7 (Kainuu Res. Sta.) where in
addition to low soil Mo the soil was extremely
acid (Table 1). In addition, with two exceptions
the Kainuu plant Mo contents were below 0,1
ppm. For the above reasons the next lowest plant
Mo values came from Sites 3 and 5. In the global
study (SILLANPAA 1982) the effect of pH was very
clear. The Mo content of wheats grown on
alkaline soils, pH(CaCl,)~8, was tenfold com-
pared to those grown on acid soils (pH~4).
The general level of Mo in the plants of this
study seems to be quite similar to those reported
from other Finnish materials. For example, in a
study by PAASIKALLIO (1978) the mean Mo
content of about 2000 timothy plants collected

167



before flowering was 0,47 £0,58 ppm, which is
equal to that of the Ist cut silage timothy in this
study, lower than those of the 2nd cut fresh
growth but higher than that of dry hay. The
figures for timothy (0,62+0,63 ppm) given by
LAKANEN (1969) ate of the same magnitude. In
an international comparison (SILLANPAA 1982)
the Finnish materials (both original and pot
growth wheats) were slightly, but, clearly on the
low-Mo side. Against this background it seems
likely that the experimental soil at Kainuu (and
possibly at S.W. Finland Res. Sta.) was not able
to supply plants sufficiently with Mo. At other
sites Mo deficiency seems unlikely.

Zinc. Excluding the exceptionally high Zn value
from Site 9 (24,6 mg/l, S. Ostrobothnia Res.
Sta.) the AAAc—EDTA extractable soil Zn val-
ues given in Table 1 correspond well with the
respective Finnish Zn data in the global study
(SILLANPAA 1982). In the latter material the soil
Zn data from Finlad are slightly on the high side
in the international comparison.

The lowest mean Zn contents among the
plants was meéasured in potato tuber (16+4
ppm, Fig. 7). The undetground parts of most
root crops wete also low in Zn, the mean
contents varying from 19 to 29. Red beet root,
however, was an exception having a Zn content
of 52 +37 ppm. Only slightly higher Zn contents
than that of root crops were found in the straws
of the grain crops averaging 21—35 ppm. In
grain the respective figures were higher varying
from 37 to 56 ppm. Of the grasses timothy
contained mote Zn than rye grass but both are
relatively poor in Zn. Legumes, red clover and
pea (especially the stalk) are quite rich in Zn.
However, the highest mean Zn content (109 %69
ppm), seven times as high as the lowest (potato),
was measured in sugar beet tops.

As could be expected on the basis of the soil
data (Table 1) the plants grown at Site 9 had
higher Zn contents (with only two exceptions)
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than plants grown at any other site. In general,
the Zn contents of plants in this study seem to be
at the normal Finnish level. For example, theZn
contents of timothy reported by LAKANEN (1969)
and KAHARI and NISSINEN (1978) were of the
very same magnitude as those in this study, i.e.
30,8+13,2 ppm and 32,0%8,5 ppm, respec-
tively. In an international comparison (SIL-
LANPAA 1982) the average Zn level of Finnish
wheats sampled at the mid-tillering stage
(27,0%5,6 ppm) was almost equal to the world
average (27,4+11,3).
General remarks. The data on all six micronutri-
ents demonstrate clear dissimilarities in the ability
of different plant species to absotb micronutri-
ents from the same soils under equal conditions.
Although some species seem to absorb generally
more micronutrients than others, their ability to
absorb these applies usually to certain micronu-
trient(s) only, and seldom to all of the six.
Further, the differences in the micronutrient
contents of different parts of the plants as well as
the variation in the content with the physiologi-
cal age of the plant are additional factors com-
plicating the interpretation of the results of plant
analyses, and this, preventing their large scale
use in estimating the micronutrient status of
soils. A

It must be realized that the results presented
here refer to very typical Finnish growing condi-
tions. If the plants had been grown on strongly
alkaline soils, for example, the relationships
between micronutrient contents would be differ-
ent. For example, in a global comparison study
(SILLANPAA 1982) the averager Mn content of
wheats grown on soils with pH(CaCl,) about 4
exceeded those grown on alkaline soils (pH> 8)
by a factor of approximately ten. Respectively,
the Mo contents of wheats grown on alkaline soils
were over tenfold compared to those grown on
acid soils.
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SELOSTUS

Viljelykasvien hivenravinnepitoisuuksien vertailu

TOIVO YLARANTA ja MIKKO SILLANPAA

Maatalouden tutkimuskeskus

Tutkimuksessa pytittiin saamaan vertailukelpoista tietoa eri
viljelykasvien ja niiden osien hivenravinnepitoisuuksista seki
kasvianalyysitulosten kdyt6std maan hivenravinnetilanteen ar-
vioinnissa.

Hivenravinnepitoisuuksien vertaamiseksi kasvatettiin eri
kasvilajeja rinnakkain kahden kasvukauden ajan yhdeksilli,
eri puolilla Suomea sijaitsevalla koepaikalla. Kokeissa olivat
mukana lihes kaikki tirkeimmit viljelykasvilajimme. Koe-
maat, joihin kuului seki hienoja ja karkeita kivenniismaita
etti eloperidisii maita, olivat melko happamia. Niiden
pH(CaCl,) vaihteli 4,1:sti 5,3:een. Koemaiden uuttuvien
hivenravinteiden pitoisuudet vastasivat muutamin poikkeuk-
sin suomalaisten viljelymaiden keskimirdisti tasoa. Kuuden
hivenravinteen (boori, kupati, rauta, mangaani, molybdeeni
ja sinkki) pitoisuudet miiritettiin korjuuasteen saavuttaneista
kasveista.

Kasvilajien hivenravinnepitoisuudet vaihtelivat suuresti.
Vihiten vaihtelua todettiin kuparipitoisuuksissa, joissa vihi-
ten ja eniten kuparia sisiltineiden kasvilajien vilinen ero oli
vain nelinkertainen. Muiden hivenravinteiden pitoisuuksissa
vastaavat erot olivat: rauta ja sinkki 7-kertainen, boori
21-kertainen, mangaani 35-kertainen ja molybdeeni 46-ker-
tainen.

Kortkeimmat booripitoisuudet mitattiin palkokasveista ja
juurikasvien naateista ja alhaisimmat viljoista. Viljojen oljet
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sisilsivit jonkin verran enemmin bootia kuin jyvit. Palkokas-
veissa todettiin my&s korkeimmat kuparipitoisuudet. Vihiten
kuparia sisilsivit eriiden juurikasvien maanalaiset osat ja
viljojen oljet.

Perunan mukulan, sipulin ja lantun juuren rauta-, man-
gaani-, molybdeeni- ja sinkkipitoisuudet olivat erittiin alhai-
set, kun taas herneen varret ja sokerijuurikkaan naatit sisélsi-
vit runsaasti useimpia ndistd neljisti hivenaineesta. MyGs
erdissi nurmiheinissi ja puna-apilassa oli runsaasti rautaa,
mangaania ja molybdecnid varsinkin kasvien ollessa aikaisella
kehitysasteella. Korkeat sinkkipitoisuudet olivat tyypillisid
viljojen jyville.

Myés eri kasvinosien hivenravinnepitoisuuksissa oli huo-
mattavan suutia efoja, etenkin herneessi ja sokerijuurikkaas-
sa. Hetneen varret sisilsivit nelji kertaa niin paljon booria ja
kuusi kertaa niin paljon mangaania kuin herneen siemenet.
Sokerijuurikkaan naattien rauta-, sinkki- ja molybdeenipitoi-
suudet olivat nelji-kuusikertaisia juuren pitoisuuksiin verrat-
tuna.

Tulokset vahvistivat kisitystd siitd, ettd kasvianalyysien
tuloksiin vaikuttavat hyvin monet eti tekijit. Samalla tuli
korostuneesti esille, miten vaikeaa on tulkita maan hivenra-
vinnetilannetta pelkistidin kasvianalyysien tulosten perusteel-
la.
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Research note

EFFECTIVENESS OF MECHANICAL OVIPOSITION BARRIERS AGAINST THE CABBAGE

ROOT FLY, DELIA RADICUM, IN THE LABORATORY

ILKKA HAVUKKALA, MARTTI MARKKULA and MARJA PIRILA

HAVUKKALA, I., MARKKULA, M. ‘and PRiLA, M. 1984. Effectiveness of mechanical
oviposition barriers against the cabbage toot fly, De/ia radicum, in the laboratory. Ann.
Agric. Fenn. 23: 171—175. (Agric. Res. Centre, Inst. Pest Inv., SF-31600 Jokioinen,
Finland.)

The effect of mechanical bartiers around the stems of cabbage and radish on oviposition
and larval penetration by the cabbage root fly, Delia radicum, was studied in the
laboratory. Foam-rubber collats 3 cm thick, Sphagrum moss, and wood ash sprinkled
around the plant stem were tested. Only the collar reduced oviposition significantly. Ash
on radish increased the number of eggs laid into the leaf nodes. Larval penetration was
not hindered by moss, but dry foam-rubber collars and ash reduced the number of larvae
reaching host plant roots at a depth of 3 cm in the soil. Collars displaced oviposition site
laterally from the plant stem. Collars and ash seem suitable for the control of the
cabbage root fly on small cabbage plots in home gardens. ‘

Index words: cabbage, radish, Anthomyiidae, Deliz radicum. egg-laying, mechanical
barriers, non-chemical control, larval mortality, larval penetration, collar, ash,
Sphagnum, soil type, soil moistness.

INTRODUCTION

The cabbage root fly, Delia radicum (L.), is an
important pest of crucifer vegetables in Finland.
It is controlled preventively by dressing the seeds
or by drenching the roots of seedlings before
planting (VARIS and TUTTANEN 1982). In the
eatly 1900s, before the advent of pesticides,
non-chemical, natural methods were widely
used, e.g. bartiers around the stems of young

plants to deter egg-laying and to prevent the .

penetration of larvae through the soil into the

roots. These old methods ate now being re-
examined (FINCH and WHEATLEY 1980, HAVUK-
KALA 1982, 1983) because of their potential as
alternatives to the use of pesticides (e.g. MARK-
KULA and TITTANEN 1982).

This report presents the results of laboratory
experiments on the effects of mechanical bartiers
on egg-laying and larval penetration by Delia
radicune under controlled laboratory conditions.
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MATERIAL AND METHODS

The experimental flies came from a culture of
larvae sampled from radish in June 1980 at the
Agricultural Research Centre, Vantaa (Grid 27°E
668:39, latitude 60°15’'N) in the south of Fin-
land. Larvae were reared on radish in pots of
moist sand at 18 + 2°C, 40—60 % R.H., LD
16:8. Species were determined at the pupal stage
and transferred to emerging cages. Adult flies
were given a dry diet, a sugar solution and pure
water (cf. HAVUKKALA 1982).

Flies 9—10 days old were used in the oviposi-
tion tests. The experimental cages were 32 x 32 x
60 cm high, with net walls and wooden frames.
Two plastic pots (16 cm high, J 12 cm) each
with a 7-week, c. 15 cm cabbage seedling, variety
Ditmarsker, were put into the opposite corners of
the cage. The topmost 2 cm of the soil in the pot
was sieved sand with a grain size of 1—3 mm.
One pot was the control, the other had been
treated by adding a 3 cm layer of air-dried
Sphagnum moss to 4 cm from the plant stem or
by placing a foam-rubber collar (8 x 8 cm and 3
cm thick) around the base of the plant.

Each cage contained 20 females and 15 males.
The numbers of eggs laid at 0—3 cm and over 3
cm from the plant stem were counted every two
days by the flotation method (cf. HAVUKKALA

1982) and a new layer of sand and a new barrier
replaced. The locations of the plants in the cage
were arranged at random in the four replicates
and in the five successive examinations of each
cage over 10 days.

Oviposition experiments with radish, variety
Non plus ultra, were performed in the same way
using 4-week, c. 7 cm plants in 10 cm x & 9 cm
pots. The treatment consisted of sprinkling a
2—3 cm thick layer of wood ash (grain. size <
0,6 mm) around the plants. Eggs were also
counted from the leaf nodes, which were partly
filled with ash in the treated plants.

The larval penetration of mechanical barriers
was examined using pots 6 cm high and 9 cm in
diameter, on the bottoms of which was a 3,5 x
3,5 x 1,5 cm piece of freshly cut swede, ina 2 cm
layer of moist sand sieved to the grain size 1—3
mm. On top was a 3 cm layer of sand (control),
ash, Sphagnum moss or a foam-rubber collar.
The upper layer was either dry or moistened with
25 ml water. Ten eggs less than 3 days old were
transferred onto the surface of each pot, which
was then covered with plastic foil and kept at
18+2°C. After 15 days the number of larvae
that had reached the swede and survived was
counted.

RESULTS

Oviposition
The plant protected by a foam-rubber collar
received 66 % fewer eggs than the control plants.
-Only slightly fewer eggs were found on
moss-protected plants than on the control plants
(P < 0,1), and ash had no effect (Table 1).
On untreated and moss-treated cabbage 89 %
and 96 % of the eggs, respectively, were laid
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within 3 cm of the plant stem. On untreated and
ash-treated radish 81 % and 95 % of the eggs,
respectively, were laid within 3 cm of the plant
stem. Only the foam-rubber collar caused a
lateral shift in the site of oviposition; 57 % of

. the eggs were laid outside the batrier at distances

> 4 c¢cm from the stem.



Table 1. Oviposition of the cabbage root fly, Deliz radicum,
on cabbage and radish seedlings in the laboratory. Values are
means * S.E. of eggs/day/20 females during 5 successive
counts at two-day intervals, n=20. P gives significance of
Wilcoxon’s signed-ranks test for matched pairs. -

Treatment Eggs + S.E. P
Cabbage

Control 546 = 60

Collar 183 + 37 < 0,01

Control 208 + 32

Sphagnum 181 x 17 < 0,1
Radish

Control 287 = 63

Ash . 345 + 80 N.S.

On radish the ash treatment caused a statis-
tically significantly larger proportion of egg-
laying into leaf nodes; Wilcoxon test, T = 14,
n = 16, P < 0,01 (Fig. 1).

Larval penetration .

Analysis of variance showed that barriers varied
in their penetrability and that dry barriers were
more effective than moist ones. In the analysis
the data. was transformed to vx + 0,5 F =
24,5,n = 3,24,P < 0,00l and F = 7,2, n =
1, 24, P < 0,013, respectively. Moss proved
ineffectual, but dry collars and ash reduced the
number of larvae found in the swede.
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Fig. 1. Oviposition sites of cabbage root flies, Deliz radicum,
on. radish c¢. 7 cm high with and without ash sprinkled
around the stem. See text for details. Bars denote the
proportion of the total eggs laid; vertical bars give the S.E. (n
= 5, calculated from arcsin (p''?) transformed data).

Substrate Penetration in %
dry moist
Sand 652 72a
Sphagnum 62a 63a
Collar 13b 33a
Ash Oc 18b

The percentages have been corrected for egg
mortality. Within each column different letters
denote statistically significant differences; Mann-
Whitney’s U-test, n = 40, P < 0,05).

N

DISCUSSION

The differences in the numbers of eggs laid in
various barriers partly reflect their variable moist-
ness. Moist- substrates are sites .of oviposition
preferred by D. redicume (SCHNITZLER 1969,
SOMME and RYGG 1972). The foam-rubber collar
worked best in reducing oviposition. However, in
warm weather in the field, the protection offered

by the foam-rubber collar against the desiccation

of eggs and newly-hatched larvae may offset
some of the controlling effect indicated in the _

laboratory experiments. About 26 and 35 %
reductions in eggs found on collar-protected
seedlings have been reported in field expetiments
(HAVUKKALA 1982).
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The moistness of the soil is crucial for its
penetration by larvae. According to READ (1965)
only 5—10 minutes exposure to a dry substrate
significantly lowered the mortality and survival of
freshly emerged larvae. In the field the mortality
of young latvae has been estimated to be 0—27
% (HUGHES and SALTER 1959) and 14 %
(ZOHREN 1968).

The thickness of the soil to be penetrated
before reaching the root is important, too. Only
50 % of D. floralis larvae are able to penetrate a
3 cm layer of sand (SOMME and RYGG 1972), in
contrast to 65—72 % of D. radicum in this
study. Thus, a good mechanical barrier is one
that makes the flies oviposit further from the
main root, such as the foam-rubber collar.

The grain size of the soil also affects both the
number of eggs laid (HAVUKKALA 1982) and the
number of larvae penetrating to the roots: larvae

find it easier to penetrate coarse sand. Field
observations seem to support this, too: there
tends to be less serious damage in clay fields than
in sandy soils (e.g. REUTER 1901, WADSWORTH
1917, JORGENSEN 1957).

The poor penetration of the larvae through the
ash layer may be due to direct toxic effects of the
alkaline ash or to its small particle size (mechan-
ical effect). Latvae may also fail to orientate
themselves in a substrate that absorbs the attrac-
ting volatiles from the roots (biochemical effect).
The latter explanation seems to hold at least for
the wheat bulb fly, De/z coarctata (Fall.) (SCOTT
and GREENWAY 1984). It might be possible to
utilize this phenomenon by mixing charcoal into

- the soil around the cabbage roots, and thus

increase the mortality of larvae by lengthening
the time spent searching for the root after
hatching.

CONCLUSIONS

Laboratory experiments show that moss is unsuit-
able as an oviposition bartier. Ash is an effective
batrier to larvae, but on radish may increase
~ oviposition into the leaf nodes. The foam-rubber
collar has the advantage of both reducing the
number of eggs laid and displacing them lateral-
ly from the plant stem. Both the collar and ash

seem suitable control methods against the cab-
bage root fly in small plots cultivated for home

- consumption.
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SELOSTUS

Munintaesteiden teho kaalikirpisii vastaan

ILKKA HAVUKKALA, MARTTI MARKKULA ja MARJA PIRILA

Maatalouden tutkimuskeskus ja Helsingin yliopisto

Kaalikirpiset ovat kaalikasvien pahimpia tuholaisia Suomes-
sa. Niitd torjutaan nykyisin ennalta ehkdisten peittaamalla
siemenet tai kisittelemilli esikasvatetut taimet torjunta-
aineella istutuksen yhteydessi.

Viime vuosina Maatalouden tutkimuskeskuksen tuhoeliin-
osastolla on selvitetty biologisten ja bioteknisten menetel-
mien kehittdmisti tiydentimiin ja korvaamaan kemiallisia
torjuntakeinoja avomaan viljelyksilli. Timi tutkimus on osa
ndistd selvityksisti.

Mekaanisten muninta- ja toukkaesteiden tehoa kaalikasvien
suojaamiseksi kaalikirpistoukkien, Deliz radicum, vioituksil-
ta tutkirtiin laboratoriossa. Keriikaalin ja retiisin suojaamiseen
kokeiltiin 3 cm paksuja vaahtomuovikauluksia, rahkasammal-

ta ja puutuhkaa taimen tyvelle ripoteltuna. Vain vaahtomuo-

" vikaulus vihensi munintaa selvisti. Tuhkan ripottelu retiisille

lisast munintaa lehtihankoihin., Rahkasammaleella ei ollut
vaikutusta munintaan, eiki se hiirinnyt toukkien kaivautu-
mista juuristoon. Kuivat vaahtomuovikaulukset ja tuhka sen
sijaan estivit tehokkaasti vastakuoriutuneiden toukkien pai-
syd juuristoon 3 cm:n syvyydelle.

Niiden tulosten ja aiemmin suoritettujen kenttikokeiden
perusteella rahkasammalsuojuksia ei suositella kaalikirpisen
torjuntaan. Sen sijaan huolellisesti asetetut vaahtomuovikau-
lukset ja riittdvin usein toistettu tuhkakisittely sopivat kaali-
kirpisen torjuntaan kotipuutarhoissa. Retiisilli tuhkan teho
saattaa olla riittimitdn.
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Research note

RING SPOT OF ARONIA MELANOCARPA, A DISEASE CAUSED BY AN ISOMETRIC

VIRUS TRANSMISSIBLE VIA SAP AND SEED.

KATRI BREMER

BreMer, K. 1984. Ring sﬁot of Aronia melanocarpa, a disease caused by an isometric
virus transmissible by via sap and seed. Ann. Agric. Fenn. 23: 176—182. (Agric. Res.
Centre, Inst. Plant Pathol., SF-31600 Jokioinen, Finland.)

A virus disease which caused ring spot symptoms on the leaves of Aroniz melanocarpa
cv. Wiking was found in southern Finland. The virus could -be- transmitted with
difficulty via sap from flowers and young leaves of A. melanocarpa to Chenopodium
murale and C. quinoa. The virus was transmitted via seed in experimental infected C.
murale, but not via soil. The virus infected 16 herbaceous plants and Sorbus aucuparia.
C. murale and C. quinoa were suitable test plant. The virus was inactivated in sap at
60—62 °C, by diluting to 10, and after about 18 days storage at room tempetature.
The virus had isometric particles with a diameter of 29—30 nm.

The virus did not react to antisera against apple mosaic, Prunus necrotic ring spot,
cucumber mosaic and seven NEPO viruses. The virus does not seem to spread easily in
nature, because only one bush was infected in a period of ten years. The source of the
virus is not known.

Index words: Aronia melanocarpa, isometric virus, ring spot, sap transmissible, seed
transmissible, virus disease.

INTRODUCTION

Aronia melanocarpe (Michx.) Ell. is a common
ornamental plant in Finland. In Russia some
cultivars of A. melanocarpa with big berties are
cultivated for juice production. The department
of Horticulture of Helsinki Univetsity introduced
into Finland a cultivar, Wiking, which is suitable
for berry production. The original material,
about 20 bushes has been grown on Viikki farm
since the early ’70s. The propagation material for
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farmers was released through the Production
Unit for Healthy Plants of the Agricultural
Reseach Centre. The bushes were thus inspected
twice a year and tested. All bushes were
symptomless until August 1981, when ring spot
symptoms wete observed on a few branches of
the bush. The symptoms spread quickly and in

August 1982 the whole bush was infected.

A. melanocarpa has been experimentally



infected with the apple stem grooving virus (van
det MEER 1976) and with the apple chlorotic leaf
spot virus (SWEET 1980), but as far as the author

knows, this is the first report of a virus naturally -
infecting A. melanocarpa.

METHODS

Virus transmission

_Graft transmissions to woody indicators were
carried out by implanting a piece of bark
beneath a bark flap in some test plants, and by
grafting small twigs (bottle grafting) on some
plants; 2—3 plants from each "species were
grafted in each way. Woody test plants orig-
inated from the Long Ashton Experimental Sta-
tion and from the Swedish University of Ag-
ricultural Sciences, Institute of Plant Protection,
Alnarp. Sap transmission from flowers and young
leaves of A. melanocarpa was accomplished' by
manual inoculation to carporundum  dusted,
herbaceous test plants. Test plants were kcpt for
24 hours in a dark, cool place before and after
inoculation. The inoculum was prepared by
grinding flowers or leaves in 2 % nicotine in
water. To prepare the inoculum from herbaceous
test plants, 0,1 M phosphate buffer, pH 7,0 was
used in the ratio 1 ml/mg leaves. Four or five
plants of each species were inoculated and one
plant inoculated with the buffer served as a
control. Test plants were kept in a glasshouse and
woody plants in a cool house dunng thCII
dotmancy.

Soil transmission

Soil samples were collected at various depths
down to 30 cm below the infected A. mels-
nocarpa bush. Soil samples were mixed with
stetilized soil in the ratio 1:1. Seeds of Nicotiana
tabacum, C. murale, C. quinoa and Cucumis
sattvus were sown into the mixture.

Properties in vitro

The sap for these tests was prepared from the
leaves of C. gqwinoa inoculated 10—15 days
earlier and showing the first systemic symptoms.
The leaves were ground in 0,1 M phosphate
buffer, pH 7,0 (1 mg/ml) and the sap was
strained through double layers of muslin.

The dilution end point was determined by |
using tenfolds dilutions of sap from C. guinoa in
phosphate buffer. The thermal inactivation point
was determined by heating 2 ml lots of sap from
C. guinoa at vatious temperatures for ten min-
utes in a water bath. Three tests were cartied out
using different times.

Tests with antisera. Sap expressed from infected
C. quinoz leaves and mixed with phosphate
buffer was tested against antisera with agar gel
double diffusion tests. The gel contained 0,7 %

Difco agar, 0,85 % NaCl and 0,02 % NaN,..

The wells were 5 mm in diameter and spaced 6
mm apart.

Antisera were kindly supplied by Drs. Arne
Thompsen, Lyngby, Denmark, D. Z. Maat,
Wageningen, Holland and J. I. Cooper, Oxford,
United Kingdom.

Electron microscopy. Infected C. guinoa leaves
were cut into 3—5 x 1 mm pieces, which were
prefixed in 2,5 % glutaraldehyde in 0,1 M
phosphate buffer for one hour at 5 °C. Fixed
tissues were rinsed in phosphate buffer contain-
ing 0,5 % sucrose, postfixed for two hours with
osmium tetroxide in 0,1 M phosphate buffer (pH
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- 7,2). The sections were .cut from Epon 812
embedded samples and stained with uranyl a-
cetate and lead citrate. The sections were exam-
ined with transmission microscopes, Jeol 100 S

RESULTS AND

Virus transmission.

Sap transmission was attempted from flowers,
leaves and berties of the infected A. melanocarpa
bush using dithiocarbamate, mercaptoethanol
and nicotine buffers. The transmission was suc-
cessful, though with difficulty, from flowers and
young leaves eatly in the spring and using
nicotine as a buffer. Sap transmission was not
successful at temperatures above 30 °C in glass-
house. Graftings on the Rosacese plants grew
well together and virus symptoms appeared early
in the spring if the plants were grafted the
previous autumn. )

Seed transmission of the virus was tested from

seeds of infected C. meurale. Seeds collected at

three different times and ground in phosphate
buffer (2 ml/l g seeds) were inoculated into
young C. guinoa plants. The test was repeated
twice. Clear symptoms appeared in C. guznoa.

About sixty seeds of infected C. murale plants
were grown for several weeks in the glasshouse.
No symptoms appeated on the plants but the
virus could be detected in them by sap transmis-
sion.

Soil - transmission. Seedlings of C. mzurale, C.
quinoa, C. sativus and N. fabacum were grown
for two or three months in soil taken from
beneath the infected bush. Sap transmissions on
C. quinoa were carried out twice, one and two
months after sowing, from roots of the test
plants. No symptoms appeared in either test on
C. quinoa. The occurtence of possible nematode
vectors in this soil was not investigated, so
nematode transmission of the virus is not ex-

cluded.
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and Jeol 100 B, operating at 80 kV, at the
Department of Electron Microscopy, University
of Helsinki.

DISCUSSION

Properties i vitro.

The virus was infective in C. guinoa sap after
heating for ten minutes at 60 °C but not at
62 °C. The dilution end point was between 107
and 10™. The virus remained infective at room
temperature (18—23 °C) for 17—18 days.

Serological tests.

No reactions were obtained when infective sap
from C. gquinoa was tested in gel diffusion tests
with antisera against the following viruses: apple
mosaic, Arabis mosaic, cherry leaf roll, cucumber
mosaic, Prunus necrotic ring spot, raspberry ring
spot, strawberry latent ring spot, tobacco nec-
rosis, tobacco rattle, tobacco ring spot, tomato
black ring. :

Electron microscopy. Electron micrographs of
thin sections showed isometric particles in the
cytoplasm. Particles were atranged in rows form-
ing bigger groups. Only some cells contained
particles. The diameter of the particles (50 parti-
cles measured) measured from the micrographs
was 29—30 nm. (Figs. 1, 2.)

Host plaﬁts and symptoms

The following plants were inoculated by grafting:
A. melanocarpa (seedlings and cuttings of
healthy plants), Malus x domestica cvs.: Cox
Orange, Gravenstein, Lord Lambourne, Russian
seedling R 12740 7A and Spy 227, M.
platycarpa, M. purpurea, Pyrus communis cv.
Beurre Hardy, seedlings of Prunus avium, P.



Figs 1 and 2. Electron micrographs of Aromza ring spot virus particles in cytoplasm. Bar represents 100 nm in Fig. 1 and 100 nm

in Fig. 2.

persica, P. padus, Sambucus racemosa, Sorbus
aucuparia and Chaenomeles japonica.

The following spring all inoculated A. me/-
anocarpa plants showed clear and typical symp-
toms, which consisted of yellow, yellowish-green
spots, lines and ring spots (Fig. 3). Symptoms
appeared again every spring and remained clear
during the whole summer. Also the bush that
had been infected naturally, has been showing
symptoms every summer. Flowers and berries
have been normal. The number of berries was
reduced. The size of the bush has not been
greatly affected.

Spy 227 showed small, yellow spots on the
youngest leaves. Other plants were symptomless.
The virus could be recovered by sap transmission
to C. guinoa ot C. murale from the young leaves
of A. melanocarpa and S. aucuparia. S. aucupar-
72 was symptomless. Spy 227 showed symptoms,
but the virus could not be recovered from it.

Twenty-two herbaceous plants were inoculated
with sap from C. murale and C. guinoa : 16
species were infected and the virus could be
recovered from them: the infection was latent in
three species and seven species were not infected.

Fig. 3. Leaves of A. melanocarpa infected by the ring spot
virus. The leaf on the right is healthy.

Fig. 4. Symptoms of the Aronia ring spot virus on the leaves
of C. murale. The plant on the right is healthy.
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Table 1. Herbaceous host plants of the Aronza virus

Host plant species and cvs. Local symptoms Local symptoms appea-

red after inoculation in

Systemic symptoms Recovery of the

virus from unin-

days oculated  leaves
by sap transmis-
sion to C. quinoa
Brassica napus oleifera — — — +
Capsicum annuum — — — —
Celosia argantea, cv. — — — —
Toreador
Chenopodium amaranthico- small, yellow spots which la- 6—7 yellow spots +
lor ter grow together, forming
large yellow spots
C. foetidum — — — —
C. murale yellow dots and spots which 5—6 yellow spots, narrowing and +
enlarge, forming yellow twisting of the leaves, cur-
areas (Fig. 4). ling of the top
C. quinoa yellow, sunken spots which — yellow spots, curling of the +
enlarge into ring spots and top and leaves
later become mnecrotic with
brown or red centres. Spots
concentrate near the veins,
which shorten and cause cur-
ling of the leaves
Cucumis sativus, ov. Atda  — — — —
C. sativus, cv. Muromi on the first leaves, round 6—7 —_ +
yellow spots with diameters
2—3 mm
C. sattvus, cv. Subetb OE — — — —
Cucurbita maxima, cv. — — — —
Vegetable Marrow
Datura stramonium — — — —
Gomphrena globosa — — — —
Nicotiana clevelandii yellow mottling —8 yellow mottling +
N. glutinosa round, sunken, grey spots 5—6 yellow mottling and crinkle +
N. megalosiphon yellow mottling 7—8 faint mottling +
N. tabacum, cv. Samsun  patterns of yellow, concen- 6—8 patterns of yellowish green +
tric ring spots and lines rings, spots and lines
N. tabacum, cv. White ring spots formed of nectotic 8—9 ring spots +
Burley dot lines
Petunia hybrida, cv. faint yellow mottling 9—12 yellow mottling +
Reststo Rosa
Phaseolus valgaris, cv. round, black ring spots 4—6 — —
Prelude
Physalis floridana dark and yellow green mot- 6—8 — +
tling
Solanum melongena, — — — +

Vinca rosea
Triticum aestivum, cv.
Linna
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Of three inoculated cucumber cultivar one was
infected, but showed only local symptoms. The
symptoms in herbaceous plants faded quickly if
the temperature in the glasshouse remained near
30 °C for several houss per day. Futhermore the
inoculation did not succeed on hot days.

The infected plant species and symptoms are
presented in Table 1.

Attempts to find the source of the virus.

As the A. melanocarpa bushes were symptomless
for about ten years and the first infection
occutred in 1981, the virus most probably came
from the vegetation on Viikki farm. Besides
other A. melanocarpa bushes grew next to the
infected bush an apple tree and 2 little further
on several apple, pear, plum and cherry trees.
Several hundred metres away there were some .
racemosa bushes and S. aucuparia trees with ring
spot symptoms. Several P. padus trees, which
also grow in the vicinity, are all symptomless. To
find the possible source of infection, some twigs
were taken from these bushes and trees and
grafted onto healthy A. melanocarpa plants.
Symptoms appeared only in those A. mzel-
anocarpa plants on which twigs from S. sucupar-
7z with ring spot symptoms were grafted. The
!symptoms consisted of spots, lines and ring spots
undistinguishable from those caused by the A.
melanocarpa ring spot virus. Sap transmission
from S. aucuparia leaves with ring spot symp-
toms caused local spots on C. guinoa leaves.
These symptoms in S. @ucuparia were probably

caused by the apple chlorotic leaf spot (cf. SWEET
1980), because the A. melanocarpa vitus was
latent in §. aucuparia. ;
According to the observations in plant
nurseries which propagate ornamental cvs. from
A. melanocarpa, the ting spot virus disease did
not occur there. Random graft transmissions
from otnamental A. melanocarpa plants did not
reveal any virus infection either. So the A.
melanocarpe ting spot virus is rare and does not
seem to be of any economic importance at the

present.
Acknowledgements. — The author is grateful to Mrs Kirsti

Nieminen for her technical assistance.

REFERENCES

Meer, F. A. van der 1976. Observations on apple stem
grooving virus. Acta Hort. 67: 293—304.

SWEET, J. B. 1980. Fruit tree virus infections of woody exotic
and indigenous plants in Britain. Acta Phytopath. Scient.
Hung. 15: 231-—238. ‘

Manuscript received September 1984

Katri Bremer

Agricultural Reseatch Centre
Institute of Plant Pathology
SF-31600 Jokioinen, Finland

Present address:

University of Helsinki
Department of Plant Pathology
Viikki

SF-00710 Helsinki, Finland

181



SELOSTUS

Marja-aronian rengaslaikkuviroosi.

KATRI BREMER

Maatalouden tutkimuskeskus

Valittaessa lihtdaineistoa terveraimituotantoa varten Helsin-
gin yliopiston Viikin marja-aroniapensaista (Aroniz melano-
carpa) havaittiin yhdessi pensaassa virustautia, joka aiheutti
keltaisia tai kellanvihreiti pilkkuja, juovia ja rengaslaikkuja
lehtiin. Marjojen lukumairi oli vihentynyt sairaassa pensaas-
sa.

Virus saatiin siirtymiin puristemehussa marja-aronian ku-
kista ja nuorista lehtisti Chenopodium murate ja C. quinoa
testikasveihin, joista virus voitiin siirti edelleen 15 ruohovar-
tiseen kasviin. Oksaymppiykselld virus siirtyi vain pihlajaan,
se ei aiheuttanut pihlajassa oireita. Virus siirtyi siemenissi.
~ Viruksen ldimménsietoraja oli 60—62 °C ja laimennusraja
10, Virus siilyi infektiokykyiseni puristemehussa 17—18 vtk
huoneenlimmossi.
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Virushiukkaset ovat pydreitd, 29—30 nm lipimitaltaan.
Virus ei reagoinut Pranus mecrotic ring spot-, omenan mo-
saiikki- eikd kurkun mosaiikkiviruksen antiseerumin kanssa.
Mybskiin seitsemin NEPO-ryhmin virusten antiseerumien
kanssa ei ilmennyt positiivista reaktiota.

Marja-aronian rengaslaikkuviroosi ndyttéi levidvin hitaasti
luonnossa, koska 10 vuoden aikana vain yksi pensas on
saastunut. Taudin merkitys lienee hitaan levidmisen vuoksi
vihiinen. Viruksen tartunpan lihdettd ei tunneta. Koriste-
aronioista tautia ei tavattu.

Timi on ensimmiinen tieto virustaudin esiintymisestd
matja-aroniassa luonnossa.
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