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ANNALES AGRICULTURAE FENNIAE, VOL. 16: 103-109 (1977) 
Serla ANIMALIA NOCENTIA N. 92 — Sarja TUHOELÄIMET n:o 92 

EVALUATION OF PREDATOR-PREY RATIO USING CHRYSOPA CARNEA STEPH. 
IN CONTROL OF RHOPALOSIPHUM PADI (L.) 

JORMA RAUTAPÄÄ 

R AITTAPÄÄ,j. 1977. Evaluation of predator-prey ratio using Chrysopa carnea Steph. in 
control of Rhopalosiphum padi (L.). Ann. Agric. Fenn. 16:103-109. (Agric. Res. Cen-
tre, Inst. P est. Inv., SF-01300 Vantaa 30, Finland). 

In laboratory and field-cage experiments larvae of Chrysopa carnea Steph. reduced the 
growth of Rhopalosiphum padi (L.) populations. When the initial predator-prey ratio was 
2 one-day-old larvae per 100 aphids (= 50 aphids per one larva), the aphid index, which 
represents the sum of aphids per shoot on each day of the experiment, decreased by 10 % 
compared with aphid populations where no larvae were present. A predator-prey ratio of 
20 larvae per 100 aphids (= 5 aphids per one larva) caused a 50% decrease in the index. 
In field cages, 0,5 chrysopid eggs per one aphid reduced the aphid index by 11 %, one egg 
by 21 %, three eggs by 51 % and ten eggs by 91 %. About 15-20 times more eggs than 
larvae were needed to achieve the same decrease in aphid populations. 

Index words: predator-prey ratio, Rhopalosiphum padi, Ch?ysopa carnea, biological control. 

Experiments carried out using the green 
lacewing, Ch)ysopa carnea Steph., (Neuroptera, 
Chrysopidae) have yielded promising results for 
the control of aphids and other pests (Dourr 
and HAGEN 1949, DOUTT 1951, LINDGREN et al. 
1968, RIDGWAY and JONES 1968, RIDGWAY 

1969, S HANDS et al. 1972, S HANDS and 
S IMPSON 1972, TULISALO and TUOVINEN1975). 

Once the problems of mass-rearing have been 
resolved large quantities of larvae are available 

(FINNEv 1950, RIDGWAY et al. 1970, TULISALO 

and KORPELA 1973, HASSAN 1974). 
In Finland, the possibility of using C. carnea-

larvae to control aphids in the greenhOuse has 
been studied by TULISALO and TUOVINEN 
(1975) with promising results. The purpose of 

this study was to clarify in laboratory and in 
field cages the predator-prey ratio necessary for 
controlling R. padi with C. carnea. 

MATERIAL AND METHODS 

Aphids descending from one R. padi female 
were reared parthenogenetically on Sisu oats in 
the greenhouse. In order to collect alated aphids 
of the same age, all aphids were removed from 

the ceilings and walls of the mass-rearing cages 
in the evening. Next morning, alated aphids 
flying or crawling on the ceilings were collected 
and used in the tests. 
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arysopid eggs and larvae 

Chrysopid eggs and larvae were obtained from 
mass-rearings maintained by the institute of Pest 
Investigation according to the methods of 
TULISALO and KORPELA (1973). 

Laboratory tests 

In the greenhouse Sisu-oats were grown in 
Multipot 'Plastic pots (0 4 cm, height 5 cm) 
filled with peat, which had been fertilized for 
cereals. When shoots were about 5 cm high, 
they were thinned and only three were left in 
each pot. One alated R. padi was placed on 
each shoot and the plants were covered with 
PVC-cylinders (0 4 cm, height 30 cm). After 
five days the numbers of aphids on the plants 
were counted and one-day-old chrysopid larvae 
were dropped into the cylinders through a hole 
in the top. The number of aphids inside the 
cylinders varied between 10 and 50. The 
rearings were placed in the greenhouse under 
mercury-vapour lamps. Temperature varied 
between 20 and 24°C and the illumination 
period was 16 hours a day. 

Initial predator-prey ratios were selected as 
follows: 

	

Group A 	no larvae 

	

B 	less than 	4 larvae per one aphid 
4-7 
8-11 

12-15 

	

F 	more than 	16 

five experiments (I—V), lasting 8-15 
the Multipot plastic pots and cylinders 

as follows: 

Number of pots and cylinders Duration of 
experiment, 

days in control total 

Experiment 	7 30 	15 
II 	7 30 	10 

.111 	5 28 	10 
IV 	7 27 	8 
V 	5 20 	8 

An index was calculated for each cylinder 
representing the sum of aphids on one shoot on 
each day of the experiment, starting from the 
day the larvae were dropped into the cylinders 
until the end of experiment. This index, 
describing the aphid population, has been used 
before in studying the effect of aphids on cereals 
(e.g. RAUTAPÄÄ1975). 

Field cages 

On May 14, 1976, Pomo-barley was sown 
inside 28 cages (60x 60x 120 cm) in an open 
field. On June 14, the number of shoots was 
reduced to 100 in each cage, and one alated R. 
padi female was placed on each plant. The 
aphids propagated in the cages until July 12, 
when chrysopid eggs were placed among the 
plants. The paper sheets, to which the eggs were 
attached, were cut into strips a few centimetres 
wide and 20-30 cm long. In general, the eggs 
were placed among the plants in ten different 
lots. 

Four cages were selected at random as 
controls without eggs. The other cages 
constituted four groups, six cages in each group, 
according to the initial numbers of chrysopid 
eggs per one aphid, which were 0,5, 1, 5 and 
10 (see Table 3). 

In 
days, 
were 

RESULTS AND CONCLUSIONS 

Laboratory experiments 

Aphid abundance varied widely in the controls 
(Table 1). The largest average aphid index was 
1 116 ± 169 in the first experiment and the 
smallest 233 + 40 in the last one. Aphid 

maximums on one shoot were 105 and 30, 
respectively. This variation in aphid abundance 
was apparently due to differences in the initial 
numbers of aphids on the plants at the start of 
the experiments. 

The same variation can be seen in the 
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Table 1. Aphid indices (sum of aphids per shoot on each day of the experiment) when different predator-prey ratios 
(A—F) were used in releasing C. carnea larvae among R. padi. Indices are means of the single cylinders in five 

experiments 	Predator-prey ratio is expressed as number of aphids per'one larva: A = no larvae, B = less than 4, 
C = 4-7, D = 8-11, E = 12-15, F = more than 16. % = decrease in index in percentages. n = number of single 
cylinders. 

A 13 C D E F 

I 
% 
n 

II 
% 
n 

III 
% 
n 

IV 
% 
n 

V 
% 
n 

1116 + 169 _ 
0 
7 

393 + 	71 _ 
0 
7 

691 + 126 
0 
5 

327± 	61 
0 
7 

233 + 	40 
0 
5 

433 + 81 
61 + 	' 7 

6 
61 + 	4 
85± 	I 

4 
89± 	7 
87 + 	1 _ 

4 
93 + 47 _ 
72 + 14 

5 
126 + 20 
46 + 	9 

6 

499 + 90 _ 

	

55 	 8 + _ 
9 

126 + 20 
_47 68±5 

4 
131 + 33 _ 

	

81 	+ 	5 
4 

188 + 53 
46 + 13 

5 

	

111 	+ 	11 

	

53 	 5 + _ 
6 

+ 704 	111 _ 
37 +10 _ 

5 

	

210 + 	37 

	

+ 	9 
6 

+ 275 	43 _ 

	

58+ 	5 _ 
6 

	

212± 	68 

	

35 + 	21 
2 

	

178± 	37 

	

24 + 	16 _ 
2 

1141 + 46 
0 
2 

172 + 30 
57± 	8 

3 
218 +39 _ 
69 + 	6 

3 

	

250 + 43 	' 
28± 	9 

5 
142 

39 
1 

1105 + 81 
4 
2 

340 + 55 
21 + 10 

6 
424 + 46 
39+7 

6 
293 + 52 
14 + 14 

3 

Table 2. Average decrease in aphid index in, percentage 
units corresponding to the initial predator-prey ratio, ex-
pressed as an average number of aphids per one larva and 
as average number of larvae per 100 aphids at the begin-
ning of the experiments. For explanation of the initial 
predator-prey groups A—F, see Table 1. Figures are 
means for five experiments. 

Predator-prey ratio Decreace of 
aphid index % 

Number of 
cylinders 

Groups Aphidsione larva Larvae/100 aphids 

A no la:-vae no larva 0 31 
B 2,8 36 61+3 19 
C 4,9 20 50+3 27 
D 9,8 10 42 + 3 26 
E 13,4 8 35 + 5 1 
F 19,4 5 20 + 6 11 

average indices for other groups (B — F, Table 
1), too. Because of this variation in aphid 
abundance, a simple correlation between the 
aphid index and the initial predator-prey ratio 
gave no reasonable result. However, when all 
the results obtained from single cylinders were 
combined and classified into groups A — F 
according to the initial predator-prey ratio 
presented under Methods and in Table 1, the 
correlation between the average aphid index 
and initial predator-prey, ratio (see Table 2) 
proved 	highly 	significant 	(r = +0,979, 

DECREAkE OF APHID INDEX;% 

70- 

50- 

LARVAE /100 APHIDS 

100 20 10 6.5 5 4 

APHIDS / ONE LARVA 

Fig. 1. Percentage decrease in aphid index (sum of mean 
number of aphids per shoot on each day of the 
experiment) as a function of the initial predator-prey ratio 
(number of larvae per 100 aphids) at the beginning of the 
experiments. The dots represent the average number of 
aphids per larva and the decrease in aphid index 
presented in Table 2. 
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P < 0,01). The equation Y = -1,9 + 17,3 lne  
X was calculated by using the number of 
chrysopid larvae per 100 aphids as X 
(transformed inc  X + 1), and the percentage 
decrease in aphid index (transformed arc 
sin percetage) as Y. In Table 2 and Fig. 1 the 
predator-prey ratio is indicated both as number 
of aphids per one larvae, and as number of 
larvae per 100 aphids. 
The decrease in aphid index was as follows: 

Larvae per 
I 00 aphids 

Aphids per 
one larva 

Decrease in 
index, % 

1,5 67 5 
2 50 10 
3 33 17 
4 25 22 
5 20 26 

10 10 38 
15 6,5 45 
20 5 50 
25 4 54 
30 3,3 57 
35 2,9 60 

DECREASE OF APHID INDEX; % 

100 

Field-cage experiments 

In control cages containing no chrysopid eggs 
the aphid indices varied between 7 466 and 
364, the maximum numbers of aphids on one 
shoot being 334 and 15, respectively (Table 3). 

Aphid population level also varied in cages 
where different numbers of eggs were placed. In 
cages 5-10 with 0,5 eggs per one aphid the 
indices were 78-7 921, in cages 11-16 with 
one egg per one aphid they varied between 383 
and 6 666, in cages 17-22 with 5 eggs' 
between 28 and 1 473, and in cages 23-28 
with 10 eggs between 48 and 2 846. In some 
of the cages (e.g. 7, 8, 14, 21 and 27, Table 3) 
the aphids were exceptionally abundant 

Table 3. Effect of distribution of C. carnea-eggs on avera-
ge maximum number of aphids on mainshoot and on ap-
hid indices of cages. The initial average number of aphids 
on mainshoot at the moment the eggs were distributed in-
to cages is,indicated. The initial numbers of eggs per one 
aphid were as follows: cages 1-4 no eggs; cages 5-10 
with 0,5 eggs; cages 11-16 with 1 egg; cages 17-22 
with 5 eggs; cages 23-28 with 10 eggs. 

80-

60 

40-

20 

I 	 I 

2 
	

4 	 10 

EGGS / ONE APHID 

Fig. 2. Percentage decrease in aphid index as a function 
of the initial predator-prey ratio (number of eggs per one 
aphid) in field-cages. 

Cage Aphid maximum Aphid index Aphids/shoot 
at the beginning 

1 15 364 2,0 
2 87 1700 1,8 
3 250 2516 7,3 
4 334 7466 5,6 
5 320 4803 1,2 
6 87 1689 5,6 
7 334 7921 12,0 
8 330 6615 4,6 
9 57 794 0,5 

10 4 78 1,0 
11 30 383 1,6 
12 83 1409 0,7 
13 17 495 6,0 
14 334 , 6666 5,6 
15 40 750 0,1 
16 33 604 1,6 
17 4 28 2,0 
18 12 277 3,3 
19 15 161 0,3 
20 20 316 6,0 
21 80 1473 0,4 
22 2 37 1,3 
23 3 48 1,0 
24 3 52 3,3 
25 11 115 0,3 
26 10 187 1,6 
27 200 2846 0,4 
28 17 418 0,7 



C. septempanceata C. carnea 

Decrease in aphid index 
in percentage units 

RAUTAPÄÄ 1972 1975 this study 

Coccinellids or 
chrysopid larvae 
per 100 aphids 

Chrysopid 
eggs per aphid 

1 
5 

10 
15 
20 

7 
31 
52 
68 
78 

17 
59 
84 
93 
97 

0 
26 
38 
45 
50 

1,5 
2 
2,5 
3 

     

compared with other cages in which the egg-
aphid ratio was the same. 

In some of the cages with high aphid 
populations the initial number of aphids at the 
time the eggs were placed in the cages was 
relatively small (cages 21 and 27, Table 3), but 
in others it was high (cages 7, 8 and 14). On 
the other hand, there were cages in which initial 
aphid numbers were high but decreased during 
the experiment and remained low. The results 
can hardly be used in conluding the optimum 
aphid level at the time eggs are placed among 
plants but they do indicate a significant negative 
correlation between the initial egg-aphid ratio 
(X) and the aphid indices ('ne Y) describing the 
population level ('ne  Y = 3,132 — 0,103 X, 
r = —0,539, P<0,01). 

The decrease in aphid index in pertentage 
units as a function of the initial numbers of eggs 
per one aphid was calculated according to  

following formula: X = 100(A — B) / A, 
where X presents the percentage decrease in the 
aphid index, A = value of Y when X = 0 in 
equation presented in Table 3, B = aphid index 
corresponding to a certain number of eggs per 
aphid. 

The index decreased as follows: 

Eggs/aphid Aphid index 
Decrease in 

index, % 

0 135.5 
0,1 1 323 2 
0,5 1 204 11 
1 1 069 21 
2 845 37 
3 666 51 
4 527 61 
5 415 64 
7 259 81 
8 205 85 

10 128 91 

DISCUSSION 

Evidently C. carnea larvae were able to reduce 
population growth in R. padi. However, 
because of relatively limited number of 
experiments and variations in the results 
obtained, no far-reaching conclusions should be 
drawn on the application of C. carnea in 
controlling cereal aphids in the field. The 
predator-prey ratio, which in these experiments 
gave a 50 % decrease in aphid index, was about 
5 aphids per one larva or 3 eggs per one aphid. 
In the greenhouse TULISALO and TUOVINEN 

(1975) succeeded in controlling Myqts persicae 
Salz. and Macrosiphum euphorbiae Thomas on 
green pepper with an egg-aphid ratio of about 
1/1, but the predator-prey ratio of 1/50 
presented by SCOPES (1969) for first instar 
larvae and M. euphorbiae in the greenhouse was 
more favourable than the same ratio in 
experiments by TULISALO and T uoviNEN( 1975) 
or in this study. 

Comparison with previous field-cage 
experiments using Coccinella septempunctata L. 
and cereal aphids (RAuTAPÄÄ 1972, 1975) is 
perhaps not justified but the decrease in aphid  

indices in tCTMS of percentage units 
corresponding to a certain predator-prey ratio 
was as follows: 

These figures are presented only to combine the 
results of three experiments of same type, not to 
compare the usefulness of C. septempunctata and 
C. carnea in controlling R. padi populations. 

Even though seV.eral factors may disturb 
chrysopid larvae preying on aphids in cereal 
fields, theoretical calculations _based on the 
results of this study may help in estimating the 
predator-prey ratio needed in fields. When R. 
padi populations start growing on cereals' at the 
beginning of June, the numbers of aphids are 
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relatively small during the first days (R AuTAPÄÄ 
1976) but they increase rapidly. Maximum 
abundance is usually reached three to four 
weeks after the first aphids are found on the 
cereals. The critical period for control, chemical 
or biological, is perhaps the first week after the 
aphids arrive on the cereals. If the average 
number of aphids on one.plant is 0,5 and they 
are evenly distributed throughout the field, the 
total aphid population on one m2  may be about 
250. According to the laboratory and field-cage 
experiments, a 50 % decrease in the aphid index 
describing the aphid population level is achieved 
when the initial predator-prey ratio is at least 
20 larvae per 100 aphids or 3 eggs per one 
aphid. In other words, if the predators consume 

their prey as they did in this study, about 50 
first-instar larvae or 750 eggs will have to he 
distributed over each m2  to achieve a 50 % 
reduction in aphid population. Theoretically, an 
arca of one hectare would need about half a 
million larvae or 7,5 millions eggs. However, in 
cereal ecosystems aphids face a number of 
natural enemies (see, R AUTAPÄÄ 19N and for 
this reason the chrysopids distributed among the 
cereals are not necessarily saddled with the 
whole task of regulating aphid population. 
Even a short delay in population growth in 
cereal aphids, or a little aid given to natural 
enemies would help to keep the aphid 
population level below the economic threshold. 
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SELOSTUS, 

Tuomikirvan torjuntaan tarvittavat harsokorennon määrät 

JORMA R AUTAP ÄÄ 

Maatalouden tutkimuskeskus 

Tuomikirvan torjunnassa tarvittavien tavallisen harsoko-
rennon toukkien ja munien määrää selvitettiin sekä labo-
ratoriokokein että häkkikokein kentällä. 

Kauralla eläneiden tuomikirvojen joukkoon sijoitetut 
harsokorennon toukat hidastivat kirvojen määrän kasvua. 
Kaksi harsokorennon toukkaa sataa kirvaa kohden ai-
heutti sen, että koeajan jokaisena päivänä kasveissa elänei-
den kirvojen yhteismäärä eli kirvaindeksi jäi 10 % pie-
nemmäksi, ja kun toukkia oli 20 sataa kirvaa kohden, 50 
% pienemmäksi kuin kirvojen lisääntyessä esteittä ilman 
toukkia. 

Ohralla eläneiden kirvojen joukkoon häkkeihin sijoite- 

tuista harsokorennon munista kuoriutuneet toukat hidasti-
vat myös kirvamäärän kasvua. Kun munien ja kirvojen lu-
kusuhde oli 0,5/1, väheni kirvaindeksi 11 %, kun häkkei-
hin laitettiin yhtä paljon munia kuin niissä oli kirvoja, vä-
heni kirvaindeksi 21 %, kolme kertaa enemmän munia 
kuin kirvoja pienensi kirvaindeksiä 51 % ja kymmenen 
munaa jokaista kirvaa kohden aiheutti sen, että kirvain-
deksi jäi 91 % pienemmäksi kuin kirvojen lisääntyessä es-
teittä. Munia tarvittiin 15-20 kertaa enemmän kuin 
toukkia samanlaisen vaikutuksen aikaansaamiseksi. 

Harsokorennon käytöstä tuomikirvan torjunnassa käy-
tännön viljelmillä ei vielä ole kokemuksia. 
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ANNALES AGRICULTURAE FENNIAE, VOL. 16 :1 10— 1 16 (1977) 
Seria AGRICULTURA N. 52 — Sarja PELTOVILJELY n:o 52 

THE EFFECT OF SOWING DENSITY AND MECOPROP TREATMENT ON 
COMPETITION BETWEEN WINTER WHEAT AND TRIPLEUROSPERMUM 

INODORUM (L.) SCHULTZ BIP. 

L EILA- R IriTA ERVIÖ 

E RVIÖ, L.-R. 1977. The effect of sowing density and mecoprop treatment on 
competition between winter wheat and Tripleurospermum inodorum (L.) Schultz Bip. 
Ann. Agric. Fenn. 16:110-116. (Agric. Res. Centre, Inst. Plant. Husb., SF-01300 
Vantaa 30, Finland). 

In an experiment studying competition between winter wheat and Tripleurospermum 
inodorum the latter produced its highest yield when sown as a pure stand. The wheat grain 
yield was higher in a dense stand than in a sparse one and decreased in both when the 
wheat had to compete with T. inodorum. Mecoprop reduced the number and weight of T. 
inodorum relatively more effectively in dense than in sparse wheat. The yield of other 
broad-leaved weeds was decreased by mecoprop in wheat stands sown without T. 
inodorum and increased in stands containing it. In sparse pure sown wheat mecoprop 
decreased the grain yield. In stands containing T. inodorum, it increased the yield by 910 
kg/ha in sparse and by 680 kg/ha in dense wheat. The autumn treatment was the most 
effective against T.. inodorum but it lowered the grain yield. Early spring proved the most 
favourable application time for mecoprop. 

Index words: Tripleurospermum inodorum, competition. 

Apart from its natural competitive ability, 
how a plant stands up to competition and turns 
out finally is influenced by environmental fac-
tors. The growth of a crop in relation to weeds 
can be promoted by increasing the growing 
density (GRANSTRÖM 1959, ERVI() 1972). 
Herbicides, on the other hand, diminish compe-
titive ability in weeds or eliminate their harmful 
effect altogether. Earlier studies on competition  

have seldom dealt with the effect of crop densi-
ty and treatment with herbicides on cocompeti-
tors (SuomELAand PAATELA 1962, H AMMERTON 
1970). This question was studied in 1967 at 
the Institute of Plant Husbandry of the Agricul-
tural Research Centre, using winter wheat and 
one of the most important weeds invading its 
stand, Tripleurosperrnum inodorum (L.) Schultz 
B ip. 
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MATERIAL AND METHODS 

The effect of sowing density and mecoprop on 
winter wheat and T. inodorum was studied in a 
field experiment, using a split-plot design and 
four replicas. 

The field was sandy clay and had previously 
lain fallow. Winter wheat, cv. Nisu, and T. 
inodorum were sown in the following stands: 

Sparse wheat 
Sparse wheat 
Dense wheat 
Dense wheat 

100 kg/ha 
100 	+ T. inodorum 17 kg/ha 
200 " 
200 	" 	+ T. inodorum 17 

Mecoprop was applied in the autumn when 
the winter wheat was at the 3-4 leaf stage 
(11th Oct.). In the spring, two applications 
were made when the winter wheat was at  

tillering stage (10th and 29th May). The doses 
of mecoprop were 1,5, 3,0 and 4,5 kg/ha a.i. 
The weeds were counted in June, when T. 
inodorum was at the rosette stage, and harvested 
in August from sampling areas of 2 x 0,25 m2  
per plot. The main weed species in the samples 
were T. inodorum, Galeopsis spp. and Viola 
arvensis. The wheat stems were counted before 
combine harvesting on 31th August. 

The winter wheat overwintered well. May 
was somewhat warmer and more humid than 
usual and suited the stands well. Throughout 
the growing period the temperature promoted 
growth but precipitation was irregular. June and 
July were dry, August rainy. Precipitation in 
May, June, July and August was 53, 19, 39 
and 107 mm, respectively. 

RESULTS 

Sowing density 

The number of wheat stems in the different 
stands was as follows:1 ) 

Sparsc wheat 
Sparse whcat 
Dense wheat 
Dense wheat 

1 ) The figure with the same index letter are not significantly 
different at the level of P = 0,05. 

T. inodorum sown in the stands retarded 
growth of the wheat stems in both wheat  

densities. Its effect was relatively greater in the 
sparse than in the dense stand. 

The wheat sown in pure stands did not 
contain natural T. inodorum. When sown, the 
average population density of T. inodorum was 
349 plants/m2  and it was not affected 
significantly by wheat density. Nor were there 
any differences in the abundance of other broad-
leaved weeds in the wheat stands, the average 
figure being 73 plants/m2. On the other hand, 
in the pure sown stand of T. inodorum there 
were definitely fewer broad-leaved weeds, 41 
plants/m 2 . 

392b  
+ T. inodorum 

	300 a  
510' 

+ T. inodorum 
	446 b  

Table 1. Effect of wheat density on grain yield and yield of broad-leaved weeds in pure sown mixed stands. 

Srand 
Grain yield') 

kg/ha 
Broad-leaved weeds kg/ha') 

T. inodortun Other weeds 

Sparse wheat 	  4280b  Oa  160b  

Sparse wheat+T. inodorunz 	  2840' 3560b 50ab 

Dense wheat 	  5450d  Oa  104ab  
Dense wheat+ T. inodorum 	  4420' 1940b  , 	20a  
T. inodorum 	  — 6520' 210' 

1 ) Figures with the same letter index in the same column are not significantly different at the level of P = 0,05. 
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The yield os the broad-leaved weeds varied 
considerably in the different stands (Table 1), 
and showed that they were somewhat more 
succesful in competing with pure wheat than in 
other stands. Their yield was highest in the 
stands of purely sown T. inodorum. 

T. inodorum gave its highest yield sown as a 
pure stand (Table 1). The grain yield of wheat 
was higher in the dense stands than in the sparse 
ones and decreased in both when T. inodorum 
was present. The harmful effect of T. inodorum 
was particularly evident in sparse wheat and 
caused a 34 % drop in the wheat yield. 

Mecoprop treatment 

Mecoprop treatment reduced the amount of T. 
inodorum in all stands where it occurred (Table 
2). The reduction was most evident in the 
mixed stand of dense wheat and T. inodorum in 
which the latter occurred most abundantly. The 
treatment also lowered the number of other 
broad-leaved weeds in ali stands .except the 
mixed stand of dense wheat and T. inodorum. 

in the dense, mixed stand treated with 
mecoprop, the yield of T. inodorum was only 
1,8 % that of the control (Fig. 1). In other 

Table 2. Effect of wheat density and mecoprop treatment on the number of broad-leaved weeds in pure sown and mi-
xed stands. 

Plants/m2 	1 ) 

T. inodorum Other broad-leaved weeds 

Sparse wheat, untreated 	  
Sparse wheat, mecoprop 	  
Sparse wheat+ T. inodorum, untreated 	  
Sparse wheat+ T. inodorum, mecoprop 	  
Dense wheat, untreated 	  
Dense wheat, mecoprop 	  
Dense wheat+ T. inodorum, untreated 	  
Dense wheat+ T. inodorum, mecoprop 	  
T. inodorum, untreated 	  
T. inodorum, mecoprop 	  

0" 
02  

275b  
160a  

0" 
0" 

812b 

237a  
244b  

.132a  

95 b  
55a  

87b  
72 a  
94b  
582  

61a  
52a  
55b 

27' 

1 ) Figures with the same letter index in the same stand and column are not significantly different at the level of P = 0,05. 

Table 3. Effect of mecoprop application time on the number of broad-leaved weeds in different stands. 

Stand Plants/m2 	1 ) 

T. inodorum Other broad-leaved weeds 

Sparse wheat 	  1 lth Oct. l a 85 b 
10th May 2a 532 
29th May 1a 82b 

Sparse wheat+ T. inodorum 	  Ilth Oct. 30a  72 b  
10th May 167b  48a  
29th May 284' \ 53a 

Dense wheat 	  1 lth Oct. Oa  69' 
10th May Oa 41a 
29th May Oa 55b 

Dense wheat+ T. inodorum 	  1 lth Oct. 18a  80` 
10th May 335` 43b  
29th May 2331' 	- 332 

T. inodorum 	  1 lth Oct. 14' 28' 
10th May 149b 	' 28a  
29th May 233` 24a  

1 ) See explanation in Table 2. 
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stands containing T. inodorum, mecoprop 
likewise decreased the yield in this species 
although the drop , was relatively smaller 
than in the above case. 

Mecoprop treatment reduced the yield of 
other broad-leaved weeds in pure sown stands. 
On the other hand, in stands sown with T. 
inodorum, the yield of other broad-leaved weeds 
was higher in the treated than in the untreated 
stands (Fig. 1). 

The effect of mecoprop on the grain yield 
varied in the different stands. In sparse wheat 
with no T. inodorum, mecoprop reduced the 
grain yield (Fig. 1). In dense, pure sown wheat 
its effect was not significant. In wheat stands 

T. inodorum 

Wheat 

Fig. 1. Effect of .mecoprop treatment on grain yield and 
weight of broad-leaved weeds in different stands. 1 = 
sparse wheat, 2 = sparse wheat with T. inodorum, 3 = 
dense wheat, 4 = dense wheat with T. inodorum. Co-
lumns marked with the same letter in the same stand are 
not significantly different at the level of P = 0,05. 

Wheat 

Fig. 2. Effect of mecoprop application time on grain 
yield and weight of broad-leaved weeds in different 
stands. Figures and letters as in Fig. 1. 

sown with T. inodorum mecoprop treatment 
gave a yield increase of 910 kg/ha in sparse and 
680 kg/ha in dense stand. 

Application time 

In stands sown with T. inodorum the number of 
plants and yield of this weed were reduced most 
by autumn treatment (Table 3, Fig. 2). The 
earlier spring treatment reduced the amount of 
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T. inodorum 

100 

Wheat 

2 	3 	4 	5 
1,5k9/ha 	3,0kg/ha Iffil4,5kg/ha r 

1 
Doses 

6 

2 

T.  inodorum better than the later, and in sparse 
wheat it also reduced the yield of the weed. 
Autumn treatment was less effective against 
other broad-leaved weeds. In pure sown wheat 
stands the number of broad-leaved weeds was 
reduced more effectively by the early than by 
the late spring treatment (Table , 3). In mixed 
sparse stands the spring treatments proved equal 
in effect, while in dense stands the late spring 
treatment was more effective than the earlier 
one. 

Spring treatments were more effective in 
reducing the yield of broad-leaved weeds than 
autumn treatment with the exception of the 
mixed dense stand, in which the difference was 
not statistically significant (Fig. 2). The spring 
treatments were equal in their effect. 

Autumn treatment was aggressive on the 
grain yield in a11 stands (Fig. 2). Compared to 
the early spring treatment, the yield reduction 
was 190 kg/ha in the mixed dense stand and 
varied in the others between 400-460 kg/ha. 
The spring treatments affected the grain yield 
differently in different stands (Fig. 2). In pure 
sown wheat stands the yield was lower with 
early than with late treatments. In mixed stands 
sparse wheat was adversely affected by the late 
spring treatment, which lowered the yield. 

Mecoprop dose 

An increase in the mecoprop dose from 1,5 kg/ 
ha a.i. caused a reduction in the number of T. 
inodorum (Table 4). There was also a decrease 
in other broad-leaved weeds when the dose of 

Fig. 3. Effect of mecoprop dose on grain yield and 
weight of T. inodorum in different stands. Figures and 
letters as in Fig. 1. 

Table 4. Effect of mecoprop dose on the number of broad-leaved weeds in different stands. 

Stan,' Plants/m2 1) 

T. inodorum') Other broad-leaved weeds 
' 

Sparse wheat 	 15 kg/ha 0 82b  
3,0 	- 0 93b 
4,5 	" 0

1) 
57a 

Sparsc wheat+ T. inodorum 	 1  5 	- 256 63 b  
3,0 	- 208a  57 b 

- 4,5 179a  50a  Dcnse wheat 	 1  5 	- 0 71b  
- 3,0 0 42a  

4,5 	- 0 48a  Dense wheat+ T. inodorum 	 1,5 	' `65b 
3,0 	' 208b  48a  
4,5 	- 160a  

44a  T. inodorum 	 1,5 	- 177b  32 a  
3,0 	" 154ab  24a  
4,5 	- 144 24a 

Sce explanation in Table 2. 
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mecoprop was increased to 3,0 kg/ha in dense 
wheat and to 4,5 kg/ha in sparse wheat. In the 
pure sown T. inodorum stand the differences in 
the doses of mecoprop caused no variation in 
the number of broad-leaved weeds. 

The yield of T. inodorum was reduced .when 
the mecoprop dose was increased to 3,0 kg/ha 
in sparse wheat and to 4,5 kg/ha in other stands 
sown with T. inodorum (Fig. 3). On the other  

hand, no differences attributable to the doses 
appeared in the yield of other broad-leaved 
weeds. 

An increase in the dose of mecoprop caused a 
reduction in the grain yield (Fig. 3), with the 
exception of the sparsely sown pure wheat 
stand, where the highest grain yield was 

' obtained when the mecoprop dose was 3,0 
kg/ha. 

DISCUSSION 

In the pure sown sparse wheat stand there were 
392 stems/m2  and in the dense one 510 
stems/m2. In corresponding mixed stands T. 
inodorum crowded part of the growth space, 
thereby increasing competition and causing a 
reduction in the number of stems per unit arca. 
of 23 % in sparse and 13 % in dense wheat 
(Table p. 111). 

Since the number of wheat plants which 
emerged was not counted, it is difficult to • 
ascertain whether the reduction in stems in the 
mixed stand was due solely to sparse tillering by 
the wheat or also to a reduction in the number 
of wheat plants. Presumably it was due to 
sparse tillering, since competition reduces 
development of shoots and branches (KAmEL 
1959, ERVIÖ 1971, MELA and PAATELA 1974). 
Very vigorous competition also prunes away 
individual plants from stands, but in this case 
the stands were hardly dense enough. It has in 
fact been established that wheat will develop 
main stems even in a stand of 2400 plants per 
m2  (MELA and P AATELA 1974). Had the wheat 
in this experiment produced a main shoot only 
there would have been a total of 1319 
plants/m2  in the densest mixwd stand (Table 2). 

In this experiment the number of other 
broad-leaved weeds was lowest but the yield 
highest in the stand of purely sown T. inodorum 
(Table 2, Fig. 1), in which the individual plants 
grew vigorously. The significance of broad-
leaved weeds as competitors is in fact better 
illustrated by their weight than by their number. 
The competitive ability of plants is often 
measured by their effect on the yield of the  

plant they are competing with (E RVIÖ 1972). 
Since the yield of T. inodorum and other weeds 
was at its highest in the stand of pure sown T. 
inodorum (Table 1), both parties clearly seemed 
matched as competitors. In the wheat stands, 
however, other broad-leaved weeds did not 
succeed as well. Their competitive ability was 
not affected significant by the density of the 
wheat alone (Table I), but competition was 
heightened so much.by  T. inodorum sown into 
the dense wheat stand that yield of the other 
weeds remained at only some 10 % of the 
maximum. 

Distribution was wide in the yield results for 
T. inodorum and thus seemingly large 
differences did not prove statistically significant 
(Table 1). 

The reduction in the yields of T. inodorum 
and wheat in the mixed stands (Table 1) shows 
that both suffered from the competition. T. 
inodorum proved weaker than wheat, showing a 
drop in yield of 45 % in sparse and 70 % in 
dense mixed stand compared to wheat, which 
decreased by 34 % in sparse and only 19 % in 
dense stand. 

Mecoprop treatment weakened the 
competitive ability of T. inodorum, as evidenced 
by the decrease in plant numbers and yield 
(Table 2, Fig. 1). 

The treatment also reduced the number of 
other broad-leaved weeds, but increased their 
yield in stands sown with T. inodorum. This is, 
indeed, understandable since the disappearance 
of T. inodorum allowed those broad-leaved 
weeds that were not suspectible to mecoprop to 
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crowd the empty space and grow luxuriantly. 
The injurious effect of mecoprop on wheat 

was manifest in a reduction in yield in sparse 
pure sown wheat (Fig. 1). On the other hand, 
in mixed stands the mecoprop application 
increased grain yield by restraining growth of 
T. inodorum. The other broad-leaved weeds 
were mainly annuals and were best suppressed 
in the spring. The early spring treatment proved 
more effective than the late one in the sparse  

wheat stand sown with T. inodorum. 
K ÖYLIJÄRVI (1974) likewise considers an early 
spring treatment with mecoprop to be most 
advantageous economically. On the other hand, 
earlier studies (GRANSTRÖM and M ArrsoN 
1964,    GRANSTRÖM and DAHLKVIST 1966,     
MATIKAINEN and P IETILÄINEN 1966) and the 
results of this experiment in a dense wheat stand 
sown with T. inodorum showed that mecoprop 
treatment is also suitable in late spring. 
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SELOSTUS 

Kylvötiheyden ja mekopropin käytön vaikutus syysvehnään ja saunakukkaan [Tripleurospermum 
inodorum (L.) Schultz Bip. 

LEILA-RIITTA ERVIÖ 

Maatalouden tutkimuskeskus 

Kylvötiheyden ja mekopropin käytön vaikutusta syysveh-
nään ja saunakukkaan selvitettiin kasvustoissa, joihin kyl-
vettiin molempia lajeja yksinään tai seoksena. Suurin sau-
nakukkasato kehittyi lajin puhtaassa kasvustossa. Vehnän 
jyväsato oli suurempi tiheässä kuin harvassa kasvustossa 
ja väheni molemmissa saunakukan kilpailun vaikutukses-
ta. 

Mekopropin käyttö vähensi saunakukan lukumäärää ja 
painoa suhteellisesti enemmän tiheässä kuin harvassa veh-
nässä. Muiden rikkayrttien paino väheni mekopropin vai- 

kutuksesta saunakukattomissa vehnäkasvustoissa, mutta 
lisääntyi sekakasvustoissa, sillä mekoproppia kestävät rik-
kayrttilajit käyttivät saunakukalta vapautuneen kasvutilan 
ja rehevöityivät. 

Mekoproppikäsittely pienensi jyväsatoa harvassa veh-
nässä. Saunakukkaa sisältäneissä kasvustoissa se lisäsi jy-
väsatoa 910 kg/ha harvassa ja 680 kg/ha tiheässä veh-
nässä. Syksykäsittely tehosi parhaiten saunakukkaan, 
mutta pienensi jyväsatoa. Edullisin mekopropin levitys-
ajankohta oli varhainen kevät. 
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ANNALES AGRICULTURAE FENNIAE, VOL. 16: 117-131 (1977) 

Seria ANIMALIA NOCENTIA N. 93 — Sarja TUHOELÄIMET n:o 93 

CONTROL OF APHIDS ON SWEET PEPPERS, CHRYSANTHEMUMS AND ROSES 
IN SMALL GREENHOUSES USING THE LADYBEETLES COCCINELLA 

SEPTEMPUNCTATA AND ADALIA BIPUNCTATA (COL., COCCINELLIDAE) 

MATTI HÄMÄLÄINEN 

H ÄMÄLÄINEN, M. 1977. Control of aphids on sweet peppers, chrysanthemums and 
roses in small greenhouses using the ladybeetles Coccinella septempunctata and Adalia 
bipunctata (Col., Coccinellidae). Ann. Agric. Fenn. 16: 117-131. (Agric. Res. Centre, 
Inst. Pest Inv., SF-01300 Vantaa 30, Finland). 

Larvae of Coccinella septempunctata and Adalia bipunctata released on chrysanthemums and 
sweet peppers infested with the green peach aphid, MRus persicae, prevented the aphid 
population growth and decreased aphid numbers. A. bipunctata larvae were more effective 
on sweet peppers and C. septempunctata larvae on chrysanthemums. 

Effective control of MRus persicae was gained in less than two weeks when one first 
instar larva of A. bipunctata was released to each 5-10 aphids on sweet peppers, and one 
larva of C. septempunctata to about 50 aphids on chrysanthemums. 

Larvae of both species were ineffectual in controlling the rose aphid, Macrosiphum 
rosae, on roses. This was mainly due to poor ability in the first and second instar larvae to 
remain on the rose plants and search. 

Adults of both species were rather ineffectual in controlling aphids during spring and 
summer since möst of them flew off the plants soon after introduction. However, C. 
septempunctata adults proved effective in controlling aphids on chrysanthemums in auturnn. 

Egg-laying by the adults released in greenhouses was irregular and scanty, and 
hatchability was rather low. Adults of A. bipunctata laid eggs more readily than C. 
septempunctata. 

It does not appear to he possible to establish a self-perpetuating ladybeetle population 
in the greenhouse to prevent aphids from reaching destructive numbers during the entire 
growing season. Control is best gained by inundating the greenhouses with eggs several 
times during the growing season. 

Index words: Coccinella septempunctata, Adalia bipunctata, effectiveness, adults, larvae, bio-
logical control, greenhouse, MRus persicae, Macrosiphum rosae, sweet pepper, chrysanthe-
mum, rose, predator-prey ratio. 

Several pests cause notable damage to 
greenhouse cultures in Finland. The two-spotted 
spider mite, whitefly and aphids are the most 
harmful pests (MARKKULA 1969, MARKKULA and 
TIITTANEN 1977a). In commercial greenhouses, 
biological control agents are being used 

increasingly against spider mites and whiteflies 
(MARKKULA 1977), but aphids are still 
controfled solely by insecticides. 

In many countries research has focussed 
recently on the possibility of using natural 
enemies in controlling aphids in greenhouses. 
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The bulk of the experiments were carried out in 
experimental greenhouses at the Institute of Pest 
Investigation. Simultaneous tests were arranged 
in two to four separate greenhouse compart-
ments1 ), each 9 m2  of area (25 m3). Two 
control experiments were carried out in 
commercial greenhouses, one on chrys-
anthemums and one on roses. The tests were 
conducted during 1972, 1974, 1975 and 
1976. 

Experiments on sweet pep-
p e r s. The number of plants in one 
experimental greenhouse varied from 12 to 34 
in the different tests. The cultivar used was 
Pedro. The plants were planted at intervals of 
30-50 cm, according to the common practice. 
Three of the control tests were conducted soon 
after planting, when the plants were 15-30 cm 
high, and four used more sizeable plants, 50-
70 cm high. Only the larger plants formed a 
uniform leaf canopy. Ali tests were performed 

1) later referred to as the "greenhouse" 

The effectiveness and suitability of chrysopids 
has been tested e.g. by SCOPES (1969) and 
TULISALO and TUOVINEN (1975), of syrphids by 
B ONDARENKO ( 1975), of cecidomyiid midges by 
B ONDARENKO (1975) and MARKKULA and 
TIITTANEN (1977b), and of parasitic wasps by 
LYON (1968), SCOPES (1970) and TREMBLAY 
(1974). The effectiveness of ladybeetles for 
aphid control in greenhouses has been under 
evaluation in, for instance, Great Britain 
(GURNEY and H USSEY 1970, GURNEY 1971), 
the Soviet Union (A DASHKEVICH 1975), and 
France (G. I PERTI pers. COMM.). GURNEY and 
HUSSEY (1970) evaluated the efficiency of 
Coleomegilla maculata (de Geer), Cycloneda 
sanguinea (L.), Coccinella septempunctata L. and 
Adalia bipunctata (L.) larvae against the green 
i'each aphid, Myus persicae (Sulz.) on 
chrysanthemums and against the cotton aphid, 
Aphis gossypii Glov. on cucumbers. C. sanguinea 
proved to be the most efficient predator on both 
plants. ADASHKEVICH ( 1975) summarized briefly 

work done.  by N. I. Yershova on the efficacy of 
C. septempunctata, Adonia variegata (Goeze) and 
Semiadalia undecimnotata (Schn.) against Aphis 
gossypii on cucumbers, of which C. sep-
tempunctata proved the most efficient. 

in Finland experiments were started in 1970 
to study the effectiveness and suitability of 
ladybeetles in aphid control in greenhouses. A 
few preliminary results with C. septempunctata 
larvae were reported by MARKK ULA et al. 
(1972). The present paper describes further 
experiments with larvae and adults of C. 
septempunctata and A. bipunctata against Myus 
persicae on sweet peppers (Capsicum annuum L.) 
and chrysanthemums (Chusanthernum mori-
folium Ramat.) and against the rose aphid 
Macrosiphum rosae (L.) on roses (Rosa sp.). 

The main purpose of the experiments was to 
find out the effect and behaviour of both larvae 
and adults on different plants, and the 
developmental stage most suited to their 
introduction. 

GENERAL METHODS 

during summer, from late May to late August. 
Natural daylight prevailed in the greenhouses. 
Mean weekly temperatures in the greenhouses 
varied from 19-27°C in the course of the 
different tests. 

Experiments on chrysanthe-
m u m s. Two experiments were conducted on 
the spring crop (March-June) and four on the 
autumn crop (August-November). About 150 
seedlings (c. Tuneful) were planted in each 
experimental greenhouse between 10 and 12 
cm apart. The growing stand was not 
darkened; for this reason only the autumn crop 
produced flowers. The size of the plants during 
the tests varied from 15-50 cm. Mean weekly 
temperatures ranged from 19 to 24°C during 
the autumn crop and between 19-26°C during 
the spring crop. 

Experiments on roses. There 
were 24-32 plants planted at intervals of 30 
cm (c. Junior Miss or Mercedes) in each 
experimental greenhouse in different tests. The 
growing stand was about 40-60 cm high and 
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rather sparse. Ali four experiments were carried 
out between April and August, during which 
time the mean weekly temperatures varied from 
20 to 25°C. 

Infection, and counting the 
aphid s. In experimental greenhouses the 
plants were infested with aphids manually, 
either by introducing a few virginoparous 
females or by placing an infested leaf with a 
mixed aphid population on each plant. In 
commercial crops the infestation was natural. In 
some Cases successive tests were performed on 
the same plants. The number of aphids was 
either reduced or increased artificially between 
the tests if necessary for the test arrangements. 
For some tests the aphid numbers were adjusted 
so that they were ffie same on ali plants at the 
start. 

In some experiments on peppers the number 
of •aphids were counted from three leaves on 
each plant. The leaves were selected at random, 
one from the top, one from the middle and one 
from the lower part of the plant. 

At the beginning of each test the total 
number of aphids on the plants was also 
counted to ascertain the original predator-prey 
ratio. In all the experiments on roses and in 
some on peppers the total number of aphids was  

counted from 8--12 sample plants in each 
greenhouse. On chrysanthemums the number of 
aphids was counted from 20 plants in each 
greenhouse; the plants were selected at random 
for each count. 

Introducting and counting 
the predator s. The ladybeetles were 
introduced ontd the plants as eggs, first-instar 
larvae or adults. Eggs were introduced on a slip 
of paper or leaf with an egg cluster; and larvae 
were transferred to the top of each plant using 
an artist's brush. 

Adults were released evenly on all plants. 
The adults used were either field-collected or 
2-4 week old laboratory-produced adults. The 
numbers of predators and their developmental 
stages were always counted from all plants and 
greenhouse structures. 

In some of the tests other aphid enemies 
intervened. The greatest problems were caused 
by the cecidomyiid midge Aphidoletes 
aphidimy (Rond.) on peppers and roses and 
the chalcid wasp, Aphidius matricariae (L.) on 
peppers and chrysanthemums. Although larvae 
of A. aphidimp,a and parasitized aphids were 
picked off the plants daily, they had a marked 
influence on the effect of control in some cases, 
which is discussed in detail later. 

EXPERIMENTS AND RESULTS 

Sweet peppers 
Efficacy of larvae 

In three experiments the efficacy of larvae 
against Myr\us persicae in small-sized sweet 
peppers at the beginning of aphid infestation 
was tested. 

Larvae of A. bipunctata released in a 
predator-prey ratio of 1:5 yielded good control. 
By a release ratio 1:10, A. bipunctata larvae 
also decreased aphid numbers by half in ten 
days, but larvae of C. septempunctata could not 
prevent aphid increase. A release ratio of 1:20 
was also inadequate with A. bipunctata. In ali 
experiments the pupation rate was low in 
predators, 0-10 % (Table 1). 

In an experiment on very heavily infested 
plants, the larvae of both species stayed on the 
plants well, and pupation rate was higher than 
in the previous experiments. Neither species was 
able to decrease the aphid numbers, A. 
bipunctata larvae had, however, greater effect in 
suppressing the aphid population growth (Table 
2). The larvae stayed mostly on the top part of 
plants. During a check, fourth instar larvae were 
situated on the plants as follows: 

A. bipunctata C. septempunctata 

Top part 	  71,0% 87,0% 
Middle part 	 18,0 12,0 
Lower part 	 11,0 1,0 
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Table 1. Effectiveness of larvae on small sweet peppers during the initial phase of My;us persicae infestations. At the ti-
me the predators were released the number of aphids on all plants was equalized. 

On release of prcdators 10 days after release 

Aphids/ plant % of larvae 
pupated 

Predator-prey ratin, Aphids/plant Mean Range 

A. bipunctata 	  15 50 2 + 	1,6 0— 	32 0 
1:10 100 56± 	18,0 2— 314 8 
1:20 100 317± 89,8 23— 880 10 C. septempunctata 	 1:10 100 140 + 25 0 _ 	, 40— 280 6 
1:20 100 1440±261,0 600-3200 0 Control 	  100 2220 + 430,1 450-3400 

Table 2. Effectiveness of larvae against My-kus persicae on heavily infested sweet peppers. 

A. bipunrtala C. septempunctata 

Mean 	 Range Mean 	 Range 

Aphids/plant 1 ) on release 	  
Predator-prey ratio on release 	 
Increase of aphid population in 10 days 	 
% of larvae pupated 	  

4100 + 610 	1300-11300 
1:410 
240 % 
73% 

3200 + 550 	100-8100 
1:460 
460 % 

43% 

1) Based on 3 leaf count 

C. septempunctata larvae kept mostly to the 
upper surface of the leaves. During the check 95 
% of the larvae were on the upper surface and 
only 5 % on the under surface of leaves. The 
corresponding percentages for A. bipunctata 
larvae were 32 and 68 %. 

A considerable proportion of full-grown C. 
septempunctata larvae moved away ftom the 
plants for pupation, 53 % of the pupae recorded 
in the greenhouse were on plants and 47 % on 
walls or other surfaces. On the other hand, 
almost ali (99,6 %) of A. btpunctata pupated on 
plants. 

Efficao, of adults 

A. bipunctata. Two to three weeks old adults of 
A. bipunctata taken from laboratory cultures 
were released on sweet peppers in two 
greenhouses: 

5 beetles/plant in greenhouse 1 
2 beetles/plant in greenhouse 2 
Greenhouse 3 was an untreatcd control 

At the time of introduction there were about 
500 aphids (410-680) per plant. 

About 50 % of the beetles had disappeared 
from greenhouses 1 and 2 in three days (Figs. 1 
and 2). .Those that stayed longer laid eggs. 
Eggs were laid on almost ali plants (Table 3), 
mostly on the undersides of middle leaves. Egg 
cannibalism by the adults was common, about 
10 % of the eggs were eaten in both 
greenhouses. A greater number of larvae 
pupated and adults emerged in greenhouse 2 
due to greater quantities of aphids on plants 
(Figs. 1 and 2). The newly-emerged adults laid 
eggs, but they were not evenly distributed on 
plants (Table 3). The larvae hatched pupated in 
11-12 days. At this phase the test was 
discontinued. 

In greenhouse 1, where the initial predator-
prey ratio was about 1:100, the number of 
aphids remained quite low for one month. The 
number of aphids started to rise at the same 
time as the second generation adults 
disappeared from the plants and the eggs laid 
by them had not yet hatched (Fig. 1). 
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Fig. 1. Introduction of adult Adalia bipunctata to combat My7,us persicae on 
sweet peppers, 5 beetles/plant (Greenhouse 1). Dynamics of predator and prey 
populations. Mean number of predators and aphids per plant. Cf. Table 3. 
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Fig. 2. Introduction of adult Adalia bi punctata to combat Myr,us persicae on 
sweet peppers, 2 beetles/plant (Greenhouse 2). Dynamics of predator and prey 
populations. Mean number of predators and aphids per plant. Cf. Table 3. 
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Fig. 3. Fluctuation in Myt,us persicae numbers (mean per plant) on sweet 
peppers without predators. Cf. Figs. 1 and 2. 

Table 	3. Introduction of adult Adalia bipunctata on 
sweet peppers. Data on egg-laying and percentage hatch 
of eggs. Compare with Figs. 1 and 2. 

Greenhouse 1 
5 adults/plant 

Greenhouse 2 
2 adults/plant 

INTRODUCED 
ADULTS 
Eggs laid / plant 71,8± 11,2 32,3 + 3,4 
Eggs / released adult 14,4 16,2—  
% of plants with eggs 100 95 
Hatching % of eggs 25,1 37,6 

EMERGED ADULTS 
Eggs laid / plant 22,9 + 9,2 27,1 + 10,1 
% of plants with eggs — 64 41 
Hatching % of eggs 34,5 47,7 

In greenhouse 2 the initial predator-prey 
ratio was about 1:250. This was not sufficient 
and the aphids multiplied many times during the 
next month. High aphid numbers enabled a 
greater predator population to be established in 
the second generation as compared with that in 
greenhouse 1, but the aphids had increased to 
such numbers that the plants were destroyed. 
The second generation of larvae did not cause 
the rap'id decrease in aphids (Fig. 2), which was 
due to the plants withering and dying. In the 
control greenhouse, aphids multiplied rapidly 
(Fig. 3). 

The predators did not eat as much on ali 
plants. In greenhouse 1 about 2/3 of the plants 
were almost completely free of aphids at the  

end of the test, but the rest were heavily 
infested. This was mostly due to the fact that 
the second generation adults did not lay eggs on 
ali plants, and the young larvae did not move 
from plant to plant because the growing stand 
was sparse. 

C. septempunctata. Laboratory produced, 1-2 
weeks old, adults of C. septempunctata were 
relea'sed on sweet peppers in three greenhouses 
in following predator-prey ratios: 

Predator-prey 
	 Aphids/plant 

ratio 	 Mean 
	 Range 

Greenhouse 
1 1:23 82+ 7,0 33-130 
2 1:38 132+20,0 49-264 
3 1:55 194;32,7 57-390 
4 Control 170;29,5 48-340 

After two days 57, 62 and 60 % of the 
beetles were still on the plants, after five days 
17, 26 and 21 % and after 12 days 7, 2 and 2 
%. The beetles had no effect in suppressing the 
aphid population growth. Three leaf counts 
showed that the aphids increased 40-60 fold 
in ali four greenhouses. 

No eggs were laid in greenhouses 2 and 3, 
but several egg clusters were laid in greenhouse 
1 10-12 days after the introduction. 
However, 'the larvae hatched too late to 
decrease the aphid population. 
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mparison of introductions of egg and adult A. 
bipunctata 

Sweet peppers planted in four greenhouses were 
infested with 100 aphids on each plant. The 
following day eggs or adults of A. bipunctata 
were placed on the plants as follows: 

Control plants were kept in pots in a fifth 
greenhouse. The adults were 2-3 weeks old 
and were laboratory bred. 

The eggs placed in the three greenhouses 
hatched within two days, but the percentage 
hatched was rather small, 24-37 %. The bulk 
of the adults disappeared from greenhouse 4 in 
a few days. Eggs were, however, laid, and the 
larvae hatched in 5-8 days from the time the 
adults were released, or only 4-6 days later 
than in the greenhouse where eggs were placed 
manually (Table 4). 

	

Greenhouse 1 
	

10 eggs/plant 

	

2 
	

30 eggs/plant 

	

3 
	

60 eggs/plant 

	

4 
	

5 adults/plant 

Table 4. Comparison of the introduction of eggs and adults of Adalia bipunctata on sweet peppers against My.us 
persicae. Data on ladybeetles. Cf. Fig. 4 on the aphid populations. 

Greenhouse 1 Greenhouse 2 Greenhouse 3 Greenhouse 4 

Eggs/plant 10 30 60 Adults / plant 	 5 
Larvae hatched/ plant 3,4 + 0,6 11,0 + 	1,6 1 5,4 + 2,4 Adults left/ plant 
Hatching % of eggs 34,2 36,5 25,6 after 1 	 1,4 (28 %) 
Predator-prey ratio 3 days 	 0,5 (10%) 
at hatch 1:45 1:15 1:10 8 	 0,1 	(2%) 
Pupae / plant 2,6 + 0,4 3,0 + 0,4 0,2 + 0,1 Eggs laid/ plant 	45,8 + 4,7 
Pupation % 76,8 27,4 1,4 Larvae hatched/plant 	11,1± 1 4 _ 	, 

Hatching % of eggs 	24,3 
Pupae / plant 	 2,5 + 0,6 
Pupation % 	 22,4 
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Fig. 4. Comparison of egg and adult introduction of Adalia bipunctdta on 
sweet peppers to combat /Vlygus persicae. Number of aphids (mean per 3 leaves) 
in greenhnuses, where eggs or adults were introduced on August 6. Cf. Table 4 
for ladybeetles. 
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In greenhouse 3 where the larvae aphid ratio 
was about 1:10 at time of hatching (August 7), 
complete control of aphids was achieved (Fig. 
4). When aphids became scarce the larvae 
disappeared or died and the pupation rate was 
low (Table 4). In greenhouse 1, with a ratio of 
about 1 :45, the larvae were not able to decrease 
the numbers of aphids and large numbers of 
aphids gave rise to a high pupation rate. In 
greenhouse 2 and 4 the aphid population was 
about the same throughout the experiment (Fig. 
4). In greenhouse 4 the decrease in the aphid 
population was caused by larvae hatched from 
eggs laid by the females released. After the 
larvae started to pupate, aphids increased again. 

Aphidoletes aphidimyk9 larvae attacked 
greenhouse 1 on August 8-9 and caused a 
temperary retardation of aphid population 
growth. A. aphidimyv was also present in 
greenhouse 4 between August 11-14 at the 
same time as the A. bipunctata larvae hatched. 

Chrysanthemums 

Effica91 of larvae 

C. septempunctata larvae released on an autumn 
crop of chrysanthemum in a predator-prey ratio 
of 1:43 gave good control of My7,us persicae, as 
did also A. bipunctata larvae when released in 
ratios of 1:16 and 1:75 (Table 5). Aphid 
numbers decreased rapidly, and no C. 
septempunctata reached pupal stage. A greater 
number of A. bipunctata pupated when there 
were more aphids on plants at the time of 
introduction (Table 5). 

A. bipunctata larvae released on a spring crop 
during the initial phase of aphid infestation 
(77±10,1 aphids/plant) in a predator-prey 
ratio 1:39 decreased aphid numbers to an 
average 17±4,3/plant, but the aphids increased 
rapidly when the ladybeetles started to pupate 
10-11 days after introduction (Fig. 5). The 
pupation rate was 13 %. The adults which 
emerged disappeared from plants in one week 
without having laid eggs. 

Afterwards C. septempunctata larvae were 
released on plants infested with an average of 
217+43,7 aphids/plant in a predator-prey 
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ratio of 1:43. Aphids decreased to 5 + 1,3 per 
plant in two weeks (Fig. 5). When aphids 
became scarce the larvae disappeared from the 
plants, and only 3 % pupated in the greenhouse. 
The - adults which emerged disappeared fr6m 
plants and no eggs were laid. 

C. septempunctata larvae released on heavily 
infested spring chrysanthemums in a predator-
prey ratia of 1:150 were also able to reduce 
aphid nuMbers from about 1 000+150 to c. 
400+45 in two weeks. Five days after 
introduction the larvae had already cleared the 
top whorl from aphids. 30 % of the larva 
pupated in the greenhouse. 

Efficacy of adults 

On autumn crop. Adults of both species 
were tested on an autumn crop. The beetles used 
had emerged in nature in the summer and were 
stored for 2 months at 5-7°C before use. One 
week before release the adults were transferred 
to 12°C and were fed with honey water. Only 
C. septempunctata adults proved effective (Table 

6). Some of the C. septempunctata adults which 
disappeared from plants went to hide below the 
soil bed structures, and reappeared on the plants 
when aphids became abundant again. 

C. septempunctata adults were also released on' 
an autumn crop in a commercial greenhouse 
(600 m2, several chrysanthemum ,cultivars). 
Altogether 1 000 adults were released on or 
around about 30 infested plants (3-30 aphids 
on each) in different parts of the greenhouse. 
Although most of the beetles soon flew away, 
some beetles stayed on infested plants and fed 
on aphids, and the aphid population remained 
at the same level for two weeks, after which the 
aphids started to increase and chemical control 
was required. 

On spring crop. Adults of A. 
bipunctata were released on a spring crop, 
together 'with larvae of the same species. The 
effect of adults alone is therefore not seen 
directly, but a comparison of Figs. 5 and 6 
shows that when adults and larvae were 
released together control was more rapid. This 
is presumably due to the voracity of adults, 
because aphid consumption by larvae is small 

Table 6 Effectiveness of adults against My .us persicae on autumn crop of chrysanthemums. 

C. septempunctata 
2 adults/plant, 	1:12 

C. septempunctara 
2 adults/plant, 1:50 

Days from 
release 

Aphids/plant 
adults 	left 

Aphids/plant 
% adults left 

Mean Range Mean Range 

Release 23 + 4,3 0-64 100 100 + 8,8 55-160 100 
2 15,2 36,4 
4 82 + 14,2 18-230 29,8 
6 4 + 0,6 0-10 4,2 
8 3 + 0,4 0— 7 5,3 	1 )  6 + 0,9 0— 12 9,9 

12 3 + 0,4 0— 	7 7,7 
21 2 + 0,2 0— 	9 4,0 

A. bipunctata A. bipunctata 
2 adults/plant, 1:16 2 adults/plant, 	1:39 

Release 32 + 4,6 4-76 100 78 + 9,0 16-163 100 
2 12,5 
4 65 + 10,4 2-140 3,42) 
6 5.5 + 9,5 2-125 1,2 
8 67 + 9,6 7-132 2,7 42 + 6,5 01110 0,42) 

I) After that, 15,3 % of the adults released were found from the greenhouse (see text ). 
2) In addition, several adults of C. septempunctata recorded on plants, the decrease in aphid numbers was mosdy caused by them. 
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Fig. 5. Introduction of ladybeetle larvae on spring crop of chrysanthemums. 
Dynamics of 114.yus persicae populations. Mean number of aphids per plant with 
S. E. values. For the predators see text. 
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Fig. 6. Introduction of Adalia bipunctata larvae and adults on spring crop of 
chrysanthemums. Dynamics of Myus persicae populations. Mean number of 
aphids per plant with S. E. values. For the predators see text. 

during the first few days. Four days after 
introduction, however, only 2 % of the adults 
were left on the plants and altogether only 3 
egg clusters were laid. After pupation (pupation 
rate 8 %) and disappearance of the adults the 
aphids started to increase rapidly. Three adults 
and one larvae were released on each plant 
when aphids had increased to an average of 
405+52,9/plant (Fig. 6). The predator-prey 
ratio was thus about 1:100. The adults stayed 

on the plants better possibly due to the greater 
abundance of aphids: after one day 47 % and 
after five days 12 % of the adults were left on 
the plants. However, only one egg cluster was 
laid. Pupation rate was 15 %. Only a temporary 
decrease in aphid numbers was achieved. 

On spring chrysanthemum the population 
growth of Myus persicae was rapid in the 
absence of natural enemies. Aphids multiplied as 
follows: 
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Aphids/plant 

Mean Range 

April 28 	 82+ 	11,1 34— 149 
May 	5 	 256+ 20,7 132— 317 
May 10 	  1295+160,0 649-1900 
May 14 	 2050-145,7, 1100-2500 

Compare with Figs. 5 and 6. For aphid 
population growth on auturnn chrysanthemums 
see Table 5. 

Roses 

Efficary of larvae 

C. septempunctata larvae disappeared froin 
plants, most of them as early as during the first 
instar, or at latest in the second instar. Only in 
one case did two larvae mbult to third instar on 
plants. The larvae disappeared from the plants 
as rapidly irrespective of the numbers of rose 
aphids per larvae on the plants, and no control 
of -  aphids was achieved. There were about 
140-160-aphids per plant at release of the 
predatorS, and the predator prey ratios tested 
were 1:4, 1:30 and 1:150. 

A. btpunctata larvae stayed on the plants 
slightly better but though they s1owed down the 
aphid increase toi  some extent, they were not 
able to decrease aphid numbers. When first 
instar larvae were released on plants infested 
with an average of 125+24,9 aphids/plant in a 
predator-prey 'rad° 1:12, about 30 % of the 
larväe were left on the plants after four days 
(2nd and 3rd instar),. and 7 % of them pupated 
on plants 11-12 days • after introduction.' 
During that time the aphids had rnultiplied 4 

times. In control plants, the increase• was about 
6 fold. 

The same initial predator-prey ratio of 1:12 
was-  used in another experiment which was 
started when the roses were alteady quite 
heavily infested, -an average of 372+24,5 
aphids/plant. After five days 9nly- 13 % of the 
A. bipunctata larvae were left and a total of 5,5 
% had pupated on plants. Simultaneously 
Aphidoletes aphidinlyv invaded the greenhouse 
and the larvae decreased the aphids. In spite of 
the- great numbers of A. aphidimp,a larvae on 
the plants, `the number of aphids was about the 
sa.me (379+25,5) after 12 days when the 
ladybeetle larvae had pupated. Without the 
interference- of A. aphidinyvt, the numbers of 
aphids would have multiplied many times. 

Efficary of adults 

Adult C. septempunctata collected from hi-
bernation sites in late May were released in a 
commercial greenhouse (120 m2, c. Minicold 
and Belinda), where there was an initial rose 
aphid population. 

Altogether 2 000 beetles were released in 
two stages on the infested plants. The first 
introduction, 500 beetles, was carried out when 
there were 8 infested plants at one end of the 
greenhouse (about 60-80 aphids/plant). Some 
of the beetles flew away immediately and after 
four days only 2 % were left on plants, the 
others having flown a_way and disappeared, and 
more plants were infested. A further 1 500 
adults were introduFed when there were 35 
infested 'plants. Again, about 2 % of the beetles 
were left on the 'plants after four days, and 
infestation had spread to 46 plants, after which 
the gr-eenhouse was tr-eated with insecticide. 

DISCUSSION 

The results indicate that ladybeetle larvae are 
more effective 	controlling aphids than the 
adults. This is because the adults do not stay on 
the plants but tend to fly out of the greenhouse, 

especially if aphids are not very plentiful. A 
number of the adults released on plants 
disappear inimediately after introduction. 

Laboratory produced adults seem to stay on 
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the plants better than beetles collected outside. 
C. septempunctata collected in the field and 
released in spring on roses were especially likely 
to leave. On the other hand they stayed on 
chrysanthemums quite well in autumn, and were 
also effective in controlling aphids, whereas 
adult A. bipunctata disappeared rapidly and 
were ineffective. 

Laboratory produced A. bipunctata adults 
seem to lay eggs more readily than those of C. 
septempunctata when introduced in greenhouses. 
A. bipunctata laid considerable more eggs on 
sweet peppers than on chrysanthemums. On 
sweet peppers the numbers of eggs laid were 
also small, only about 20-30 eggs/female 
released, which represents only a fraction of the 
potential fecundity of the beetles. However, the 
eggs were laid evenly on the plants, in the Same 
way as the adults were released. 

Due to the unwillingness of adults to stay on 
the plants and their failure to lay eggs, it is not 
worthwhile introducing the ladybeetles as 
adults. This was also concluded by GURNEY and 

_H USSEY (1970). 

Comparison of larvae 

HÄMÄLÄINEN et . al. (1975) recorded that larvae 
of C. septempunctata are potentially more 
voracious on My.us persicae than larvae of A. 
bipunctata. However, the present experiments 
indicate that A. bipunctata larvae are more 
effective as predators of Myus persicae on sweet 
peppers, whereas C. septempunctata larvae are 
more effective on chrysanthemums. This seems 
to be due to varying ability in the larvae to stay 
and search on different growing stands. A. 
bipunctata larvae stayed on peppers better than 
C. septempunctata larvae. This was also shown in 
an earlier experiment (ANON. 1973). A. 
bipunctata larvae stayed and searched mostly on 
the undersides of pepper leaves, where most of 
the aphids are located, whereas C. 
septempunctata larvae kept on the upper sides of 
the leaves. The behaviour of A. bipunctata 
larvae makes them more efficient. On infested 
peppers the aphids are usually distributed all 
over the plants. Larvae placed at the top of the 
plants first clear the top part from aphids, thus 

protecting the developing flower buds, the most 
vulnerable parts of the plant. The larvae are less 
efficient in controlling aphids on the bottom 
leaves, which are less harmful to the plants. The 
aphids can, however, move rapidly from 
infested bottom leaves to other parts of the 
plants. 

On chrysanthemums the aphids are usually 
located on the top whorl and on te upper 
surface of top leaves, but the lowest leaves are 
also often infested. C. septempunctata larvae are 
especially effective in clearing aphids from the 
top parts of plants. 

Neither species proved effective on roses. 
This is mainly due to the poor ability of first 
and second instar larvae to stay and search on 
plants (see also ANON. 1973). Especially the 
small C. septempunctata larvae were easily 
dislodged from plants. Once they fall to the 
soil, the small larvae seldom find their way back 
to the aphids, which are` mostly located on the 
flower buds or on the young shoots. The bulk of 
rose foliage is free from aphids. It is well known 
that ladybeetle larvae fail to locate prey before 
actual contact (f.i. BANKS 1957) and that small 
larvae are rather poor at searching (B OLDYREV, 
and WILDE 1969, DIXON 1970, WRATTEN 
1973). Third and fourth instar larvae, especially 
those of A. bipunctata, stay better on roses 
(ANON. 1973). However, in greenhouses most 
larvae disappear from roses before they have 
developed to the more enduring instars. 

In a preliminary experiment (MARKKULA et 
al. 1972) partial success was reported in 
controlling rose aphids in a commercial rose 
crop (c. Junior Miss) using C. septempunctata 
larvae. There were, however, only a few 
infested plants in different parts of the 
greenhouses, and predators were placed on the 
same plants several times in very unfavourable 
predator-prey ratios, even 5:1. The control 
method used in the preliminary experiment was 
very time-consuming and out of the question for 
practical application. 

The natural habitat of the two ladybeetle 
species seems to be reflected in the effectiveness 
of larvae on different plants. A. bipunctata, 
which is mainly from arboreal habitats, does 
better on ''bushy" sweet pepper and rose stands, 
whereas C. septempunctata, which mainly inhabit 
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fields, does better on thick chrysanthemum 
stands. In general, A. bipunctata larvae seem to 
stay on plants better than larvae of C. 
septempunctata (see also ANON. 1973). The 
poorer retention of C. septempunctata on plants 
may also be due to greater manoeuverability. 
Fourth instar C. septempunctata larvae usually 
leave the plants to pupate elsewhere. According 
to H ODEK (1973 p. 80-81) the high retention 
of A. bipunctata larvae on arboreal plants is due 
to their morphological characteristics, such as 
the shape of the body and the pronounced 
adhesive organ on the 10th abdominal segment, 
and to behaviour. P u-rmAN (1964) found that 
when larvae of A. bipunctata are disturbed they 
cling tenaciously to leaves, whereas Coccinella 
spp. tend to curl up and drop off. 

Predator prey ratio 

My7,us persicae multiplies more rapidly on sweet 
peppers than on chrysanthemums (cf. 
MARKKULA et al. 1969, MARKKULA and 
TIITTANEN 1974, and results Ori the control 
plants in the presmt paper). Thus larger 
numbers of predators are required for complete 
control of aphids on peppers. One first instar 
larvae of A. bipunctata to 5-10 aphids is 
required on peppers, whereas 1 C. 
septempunctata larvae to about 50 aphids is 
adequate on chrysanthemums in spring. In 
autumn aphid multiplication is slower, and even 
fewer predators may be sufficient on 
chrysanthemums. This was, however, not tested 
with C. septempunctata. 

In practical sweet pepper cultures 
temperature is more or less equal to that in the 
present experiments. On the other hand, on 
practical chrysanthemum cultures the aim is to 
keep the temperature at 15-17°C, which is 
lower than in the present experiments, where 
aphid multiplication was thus "abnormally" 
rapid. It .may be anticipated that at an ideal 
chrysanthemum growing temperature the 
ladybeetles would be at least as effective as in 
the present tests (see D UNN1952). 

The 	adequate predator-prey ratios d e- 
termined in the present test compare well  

with those records published earlier. G URNEY 

and H USS EY (1970) gained good control of 
Myus persicae on chrysanthemums. and Aphis 
gossypii on cucumbers by releasing second instar 
Cycloneda sanguinea larvae at a predator prey 
ratio of 1:20. AQASHKEVICH (1975) reported 
that good control of aphids was gained in ten 
days when first instar C. septempunctata larvae 
were released on cucumbers infested with Aphis 
gossypii in predator-prey ratios of 1:50 and 
1:100. The effectiveness of Adonia variegata 
and Senziadalia undecimnotata larvae was less 
marked. 

Predator introductions 

The experiments show that it is difficult or 
impossible to obtain a self-perpetuating 
ladybeetle population in greenhouses which 
would keep the number of aphids below the 
economic threshold throughout the whole 
growing season. If larvae are released in 
sufficient numbers to obtain good control of 
aphids, the larvae disappear or die when aphids 
become scarce and only a few pupate in the 
greenhouses. The adults which emerge soon 
clisappear from plants, particularly because the 
aphids ure still scarce. If a less favourable 
predator-prey ratio is used at the introduction, 
pupation rate is higher, but the aphids remain 
abundant and rapidly increase to destructive 
numbers while the beetles are still pupae. A new 
A. bipunctata generation was however born and 
the ladybeetles were able to prevent aphid 
increase on peppers for one month when adults 
were released in the greenhouse in a predator-
prey ratio of 1:100 (Fig. 1). 

The best way to obtain rapid control is to 
flood the plants with large numbers of larvae. 
This should be done before the aphids have 
reached destructive numbers. Control should be 
initiated when there are, at most, 50-100 
aphids per plant on chrysanthemums, and 100-
300 aphids on green peppers. Larval 
development lasts about 10-12 days in A. 
bipunctata and in C. septempunctata 12-14 days 
at temperatures usually prevailing in 
greenhouses during summer time. In the course 
of their development larvae can reduce or 
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almost wipe out an aphid population, but some 
aphids always survive during the pupal period 
of the predators, which lasts about 4-7 days. 
New releases may become necessary in a few 
weeks. 

This method of successive releases is similar 
to that proposed for the control of aphids on 
sweet peppers by lacewing larvae by TULISALO 
and TUOVINEN (1975). 

Introducing movable larvae on plants is very 
time-consuming and impractical. If the larvae 
are released at second instar, as was done by' 
GURNEY 	and HUSSEY (1970), the larvae 
hatched should be provided with food before 
being released, which is also very impractical. 
The best way is to introduce the predators as 
eggs, which are cemented on leaves or papers in 
clusters in rearing jars. Newly hatched egg 
clusters may also be introduced, before the 
larvae disperse 12-24 hours after hatching. 
New eggs should not be intr,oduced before the 
larvae have pupated for fear of cannibalism. 

When releasing eggs, the hatching 
percentage should be considered so as to obtain 
a sufficient larvae population. In the present 
tests hatching percentage in A. bipunctata eggs 
was rather low, about 25-40 %. In similar 
conditions the hatching percentage in C. 
septempunctata eggs is a little higher, 40-60 % 
(unpublished data). At high temperatures (30-
40°C) a very low hatching rate may be 
expected in A. btpunctata eggs (see HÄMÄLÄINEN 
and MARKKULA 1977). 

Thus for commercial needs, vast numbers of 
eggs are required. This calls for the 
development of economical methods of mass 
producing ladybeetks, using either their natural 
prey or artificial diets. 

This study is part of a project supported financially by 
the Foundation for Research on Natural Resources in 
Finland and the National Research Council for 
Agriculture and Forestry (Academy of Finland). 
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SELOSTUS 

Kirvojen torjunta kasvihuoneissa leppäpirkkojen avulla' 

MATTI HÄMÄLÄINEN 

Maatalouden tutkimuskeskus 

Seitsenpiste- ja kaksipistepirkkojen soveltuvuutta kirvojen 
torjuntaan selvitettiin pienissä noin 9 m2  kasvihuoneissa. 
Paprikalta ja krysanteemilta torjuttiin persikkakirvoja ja 
ruusulta ruusukirvoja. 

Aikuiset leppäpirkot pysyivät huonosti kasveilla, ei-
vätkä ne pystyneet torjumaan kirvoja kyllin tehokkaasti. 
Tehokkaita olivat ainoastaan krysanteemeille syksyllä siir- . 
retyt seitsenpistepirkot. 

Torjunta onnistui paremmin toukkia käyttäen. Kaksi-
pistepirkon toukat vähensivät persikkakirvojen määrää 
paprikoilta tehokkaammin kuin seitsenpistepirkon toukat. 
Paras torjuntatulos saatiin, kun kasvustoon siirrettiin 1 
kaksipistepirkon 1-asteen toukka 5-10 kirvaa kohti. 
Krysanteemilla olivat seitsenpistepirkon toukat tehok- 

kaampia. Yksi toukka 50 kirvaa kohti oli riittävä peto-
saalissuhde. Kumpikaan leppäpirkkolaji ei ollut tehokas 
ruusukirvojen torjunnassa, koska niiden toukat eivät pysy-
neet riittävän hyvin ruusuilla. 

Xasvihtioneisiin ei pystytä saarnaan pysyvää ja jatku-
vasti lisääntyvää leppäpirkkokantaa, joka pitäisi kirvojen 
määrän kurissa koko kasvukauden. Siksi kasvihuoneisiin 
on siirrettävä torjuntaeliöitä useita kertoja kasvukauderi 
aikana. Käytännöllisintä on siirtää kasveille leppäpirkko-
jen munaryhmiä. 

Ennen kuin leppäpirkkoja voidaan käyttää kasvihuo-
neissa on kehitettävä halpa menetelmä 1.eppäpirkkojen 
munien massatuotantoon. 
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COOL STORAGE OF COCCINELLA SEPTEMPUNCTATA AND ADALIA 
BIPUNCTATA (COL., COCCINELLIDAE) EGGS FOR USE IN THE BIOLOGICAL 

CONTROL IN GREENHOUSES 

MATTI HÄMÄLÄINEN and MARTTI MARKKULA 

HÄMÄLÄINEN. M. & MARKKULA,M. 1977. Cool storage of Coccinella spetempunctata 
and Adalia bipunctata (Col., Coccinellidae) eggs for use in the biological control in 
greenhouses. Ann. Agric. Fenn. 16: 132-136. (Agric. Res. Centre, Inst. Pest Inv., SF-
01300 Vantaa 30, Finland). 

At 35°C, a greater percentage of Coccinella septempunctata eggs hatched than those of 
.Adalia bipunctata. On the other hand, a lower temperature of 10°C was more suitable for 
A. bipunctata eggs. 

C. septempunctata eggs could be stored for one week and A. bipunctata eggs for two 
weeks at 10°C without any marked decrease in hatchability. Cool storage even increased 
hatchability in A. bipunctata at 35°C. Eggs of neither species can be stored at 6,5°C and 
3°C; only a few hatch after such storage. 

Index words: Coccinella septempunctata, Adalia bipunctata, eggs, cool storage, temperature, 
development time, hatchability. 

If ladybeetles are used in the biological control 
of aphids in greenhouses, the most practical and 
useful method of introducing them is as eggs 
(HÄMÄLÄINEN 1977a). To obtain enough 
predators, probable hatching percentage of the 
eggs must be known. Consequently, tests were 
set up to study hatching in Coccinella 
septempunctata L. and Adalia bipunctata (L.) 
eggs at temperatures most likely to occur in 
greenhouses. 

At room temperature, the egg stage lasts only 
a few days and if this could be prolonged 
artificially, it would allow greater flexibility in 
handling and delivering the eggs. To this end  

the possibility of storing eggs at cool 
temperatures, without decreasing hatchability, 
was tested. 

The possibility of cool storage has been 
studied for many biological control agents for 
use in greenhouses (see e.g. SCOPES et al. 1973, 
TULISALO and TUOVINEN 1975). SHANDS and 
SIMPSON (1972) stored C. septempunctata eggs 
from 1 to 6 days at 10°C before distributing 
them on potato fields. They did not, however, 
report the effect of cool storage. on hatchability. 
FRAZER et, al. (1974) reported that ladybeetle 
eggs may be safely stored at 10°C for ten days. 
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MATERIAL AND METHODS 

Egg clusters were obtained from laboratory 
cultures of C. septempunctata and A. bipunctata 
maintained on green peach aphids (Myus 
persicae Sulz.) and pea aphids (A9,rthost:phon 
pisum Harris). Average daily temperatures in the 
laboratory varied from 22 to 26°C. 

Eggs were taken from fertilized females only. 
In calculating egg mortality, no individual non-
fertile eggs in a cluster were separated from 
fertile eggs whose development had been 
interrupted for the one reason or another. An 
attempt was made to reduce the effect of 
cannibalism by removing hatched larvae from 
the eggs developing more slowly in a cluster. 

Egg clusters were isolated in vials and within 
16 hours of being laid were placed in cool 
temperatures of: 

3°C ± 0,5°C 85-95 % R.H. 
6,5°C ± 0,5°C 85-95 R.H. 
10°C + 0,5°C 80-90 % R.H. 

They were stored for one, two or three weeks, 
after which they were transferred for hatching 
at: 

20°C + 0,5°C 80-90 % R.H. 
28°C ±. 0,5°C 80-90 % R.H. 
35°C + 1,0°C 30-40 % R.H. 

or 80-90 % R.H. 
For control, development time and hatchability 
of non-stored eggs were also tested at 20, 28 
and 35°C. Development time and hatchability 
of eggs kept constantly at 3, 6,5 and 10°C was 
also recorded. Each hatching trial consisted of 
500-1000 eggs from at least 10-20 different 
females. 

RESULTS 

Development time and hatchability of eggs at 
different temperatures 

In both species the development time of the 
eggs was about the same, 2-3 days at 28 and 
35°C, and about 5 days at 20°C. Only at 10°C 

10° 	15° 	20° 	25° 	30° 	35° 
TEMPERATURE 

Fig. 1. Development time of Coccinella septempunctata and 
Adalia bipunctata eggs at different temperatures. 

was there a marked difference in the 
development time between the species: eggs of 
A. bipunctata hatched in about 15 days and 
eggs of C. septempunctata in 21-22 days (Fig. 
1). 

Results showing the hatching percentage of 
eggs were analogous. The hatching percentage 
of C. septempunctata eggs at 10°C was rather 
low, 12 %, but that of A. bipunctata almost 

normal", 58 %. On the other hand at 35°C C. 
septempunctata eggs hatched almost "normally", 
62 %, but A. bipunctata eggs poorly, 7 % 
(Tablel ). 

Eggs of neither species hatched at 3 and 
6,5°C. 

Table 1. Percentage hatch in Coccinella septempunctata and 
Adalia bipunctata eggs at different temperatures (R.H. 
80-90 %). 

C. septempunctata A. bipunctata 

10°C II,/ 58,0 
20°C 80,1 66,4 
28'C 75,2 65,5 
35°C 61,8 6,8') 

I ) 9,5 % at R.H. 30-40 % 
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Cool storage of eggs 

Eggs that were stored at 3 or 6,5°C for one or 
two weeks hatched rather poorly when 
transferred to 28 and 35°C (Table 2). 

Storage at 10°C had a less detrimental effect 
on hatchability. One week's storage decreased 
hatchability of C. septempunctata eggs signifi-
cantly (P 0,05) only at 20°C, but two weeks' 
storage decreased it significantly at all tempera-
tures. After three weeks' storage only about 10 
% of the eggs hatched at ali temperatures (Fig. 
2). 	Cool storage at 10°C decreased slightly, 
but not significantly, the hatchability of A. 
bipunctata eggs at 20 and 28°C, and increased 
the hatch significantly at 35°C (Fig. 2). The 
time of storage could not be prolonged beyond 
two weeks because the eggs hatch in about 15 
davs at 10°C. 

Cool-stored eggs of both species hatched 
within 0,5-2 days of being transferred to 28 
and 35°C. The longer the period in cool 
storage, the more rapidly the eggs hatched. At 
20°C C. septempunctata eggs hatched in 3-4 
days after one week's storage, in 2-3 days after 
two weeks', and in 0,5-1 days after three 
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Fig. 2. Percentage hatch of Coccinella septempunctata and 
Adalia bipunctata eggs at 20, 28 and 35°C after cool 
storage at 10°C for one, two or three weeks. 
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Table 2. Percentage hatch in Coccinella septempunctata and 
Adalia bipunctata eggs at 28 and 35°C after cool storage 
at 3 and 6,5°C. — means no record. 

C. septempunctata A. bipunctata 
Storage at Hatch at Hatch at 

3°C 28°C 35°C 28°C 35°C 

1 week 5,0 9,8 0,0 
2 weeks 0,6 0,0 0,0 

6,5°C 28°C 35°C 28°C 35°C 

1 week 33,2 9,9 29,5 0,0 
2 weeks 3,1 0,0 0,0 0,0 

weeks' storage. A. bipunctata eggs hatched at 
20°C in 2,5-3,5 days after one week's storage 
and in 1 day after two weeks' storage. 

Size of egg dusters 

Both species lay their eggs in clusters of varying 
size. Sometimes, however, females lay eggs 
singly in different parts of the rearing units. The 
average number of eggs in clusters were: 

Average Range 

C. septempunctala 27,1 3-81 1114 
A. bipunctata 13,9 2-65 1892 
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DISCUSSION 

A. bipunctata eggs developed markedly faster 
and hatched in a higher percentage at 10°C 
than C. septempunctata eggs. At 35°C the 
development of A. bipunctata was slightly 
slower than that of C. septempunctata, and the 
hatching percentage was very low. These 
results, as well as records on the development 
period of larvae and pupae (HÄMÄLÄINEN 1977 
b) suggest that A. bipunctata is adapted to a 
lower temperature regime than C. septem-
punctata. Observations in the field support this; 
A. bipunctata appears and starts to reproduce 
earlier in spring than C. septempunctata. 

Our results showing the development period 
of C. septempunctata eggs at different 
temperatures coincide well with those of 
JÖHNSSEN (1930), HoDEK(1958) and SETHI and 
ATWAL (1964). Some records on A. bipunctata 
are, hovewer, conflicting: GURNEY and HUSSEY's 

(1970) values for the development of A. 
bipunctata eggs, 3 days at 16 and 21°C and 2 
days at 24°C, appear strangely short compared 
with JÖHNSSEN'S (1930), ELLINGSEIVS (1969) 
and the present results (Fig. 1). 

There are also some.  discrepancies concerning' 
the hatchability of eggs at different 
temperatures. The hatch of C. septempunctata 
eggs at 35°C was not very much worse than 
that at 20 and 28°C. The opposite was noted 
by SETHI and ATWALL (1964) in India and 
JÖHNSSEN (1930) in Central Europe. 

JOHNSSEN (1930) found that only 16,7 % of 
A. bipunctata eggs hatch at 11-13°C (100 % 
R.H.) in 15 days, and BANSCH (1964) 
recorded no hatch at 12°C (100 % R. H.). 
High humidity might be the reason for this. 
SETH' and ATwALL (1964) found slight 
differences in the hatchability. of C. 
septempunctata eggs between the relative 
humidities of 40, 70 and 90 %. According to 
them, high temperature combined with low 
humidity and low temperature combined with 
high humidity were more favourable for the 
survival of eggs than the alternative 
combinations. In the present studY also A.  

bipunctata eggs hatched slightly better at 35°C 
and 30-40 % R.H. than at 35°C and 80-90 
% R.H. 

The results of cool storage indicate that it is 
not feasible to store coccinellid eggs at 
temperatures as low as 3 or 6,5°C, because 'of 
the poor hatch obtained after such storage. At 
10°C C. septempunctata eggs can be stored for at 
most one week without any marked decrease in 
hatching percentage. Also SHANDS and SIMPSON 

(19 72) -stored C. septempunctata eggs for 6 days 
at most at 10°C before releasing them on 
potato fields in Maine. A temperature of about 
8-9°C might also be suitable for storage. This 
should be studied further. 

A. bipunctata eggs can safely be stored for 
two weeks at 10°C without any marked 
decrease in hatchability. After two weeks' 
storage the eggs are, however, really ready to 
hatch. It is noteworthy that preceding cool 
storage improves the hatch of A. bipunctata eggs 
at 35°C. The high temperature seems to be 
more harmful to the development of embryo. 
Eggs that have advanced in embryonic 
development are probably better able to 
withstand the detrimental effects of the high 
temperature. 

Hatching percentage in coccinellid eggs is 
generally rather low, even without their 
undergoing the effects of storage. When egg 
clusters are introduced in greenhouses, their 
numbers may be further reduced by 
cannibalism, dropping to the soil, and by ants 
(see TULISALO and TUOVINEN 1975). Thus a 
rather low egg/larva ratio may be expected. 
During hot spells cool-stored A. bipunctata eggs 
are more likely to survive in the greenhouses 
than eggs that have riöt been stored. 

This study is part of a project supported financially by 
the Foundation for Research on Natural Resolirces in 
Finland and the National Research COuncil for 
Agriculture and Forestry (Academy of Finland). 
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SELOSTUS 

Leppäpirkkojen munien varastointi kylmässä biologista torjuntaa varten 

MATTI HÄMÄLÄINEN ja MARTTI MARKKHLA 

Maatalouden tutkimuskeskus 

Torjuttaessa kirvoja kasvihuoneissa leppäpirkkojen avulla 
on käytännöllisintä siirtää kasvihuoneisiin leppäpirkkojen 
munia. Riittävän petomäärän saamiseksi on tiedettävä 
munien kuoriutuvuusprosentti. 

Tutkimuksessa selvitettiin seitsenpiste- ja kaksipistepir-
kon munien kehitysaikaa ja elinkyvyn säilymistä eri läm-
pötiloissa sekä mahdollisuuksia varastoida munia kylmäs-
sä. Munien kehitysajan pidentäminen mahdollistaa niiden 
joustavamman käytön ja siirtämisen tuotantoyksiköstä 
kasvihuoneisiin. 

Kaksipistepirkon munat säilyttivät elinkykynsä parem-
min alhaisessa lämpötilassa (10°C), mutta seitsenpistepir-
kon korkeassa lämpötilassa (35°C). 

Munia ei voida varastoida 3 eikä 6,5°C:ssa, koska 
kuoriutuvuus jää hyvin vähäiseksi. Sen sijaan 10°C:ssa 
voidaan kaksipistepirkon munia säilyttää kaksi viikkoa ja 
seitsenpistepirkon munia viikon verran kuoriutuvuuden 
merkittävästi alenematta. Varastointi kylmässä parantaa 
kaksipistepirkon munien muutoin 'heikkoa kuoriutuvuutta 
korkeassa lämpötilassa (35°C). 
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CLEANING NEMATODE-INFESTED POTATOES WITH SODIUM 
HYPOCHLORITE, NaCIO 

MARJA LEENA SARAKOSKI 

SARAKOSKI, M. L. 1977. Cleaning nematode-infested potatoes with sodium 
hypochlorite, NaCIO. Ann. Agric. Fenn. 16: 137-140. (Agric. Res. Centre, Inst. Fest 
Inv., SF-01300 Vantaa, Finland.) 

Cysts of the potato cyst nematode, Globodera rostochiensis (Woll.) Mulvey & Stone, and 
infested potato tubers were treated with solutions of sodium hypochlorite, NaCIO and 
calcium hypochlorite, Ca(C10)2  and with a mixture of the two. Sodium hypochlorite with 
1 % available chlorine proved the most effective against cysts, larvae, and eggs. A stronger 
solution (2 % available chlorine) did not speed up the disintegration of the organisms. 
When the containers were agitated during the treatment, infested tubers were rendered 
clean of nematodes by sodium hypochlorite. The NaCIO treatment had no harmful effect 
on tubers with short or fairly short sprouts. 

Index words: potato -cyst nematode, Globodera rostochiensis, nematode, potato, sodium 
hypochlorite, calcium hypochlorite. 

INTRODUCTION 

Cysts of the potato cyst nematode, Globodera 
rostochiensis (Woll.) Mulvey & Stone, are easily 
transported from an infested field on the surface 
of potato, tubers. For this reason it is generally 
prohibited to use potatoes from infested fields as 
seed. Since an incipient nematode infestation 
easily passes unnoticed, these prohibitions often 
prove inadequate to prevent the nematokfrom 
spreading. Consequently, it was considered 
worthwhile experimenting to find a method of 
cleansing seed potato tubers of nematodes. Such 
a procedure would guarantee us a seed potato 
which does not spread the potato cyst 
nematode. 

Sodium hypochlorite, NaC10, a common 
bleaching agent and disinfectant, has been used 
to surface sterilize nematodes (FEDER et al. 
1955). In this context it has been noted that 
even low concentrations of NaC10 are 
adequate to dissolve the nematode cuticle. The 
cuticle of cystforming nematodes is also 
susceptible to NaC10, although less so than that 
of other species (EssER1972). On the basis of 
these observations by other authors, the present 
study was performed to determine the effect of 
NaCIO on potato cyst nematodes and potato 
tubers. 
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MATERIALS AND METHODS 

The potato cyst nematodes used in the NaCIO 
experiments were females of the brown stage 
which had been stored at +4°C for one year. 
The potato varieties Bintje, Prevalent, Provita, 
and Stina formed the tuber material. Most of 
the tubers were taken directly from storage and 
bore sprouts a few millimeters in lenght. Only a 
part of the Provita material had been sprouted 
earlier, and bore 3-5 cm sprouts. 

The aquenous solutions of NaCIO and 
Ca(C10)2  were technical grade preparations. 
The picrolonic acid (Sigma Chemical Company, 
St. LouiS) was a 0,016 % aqueous solution 
which had been kept at +4°C. In the 
preliminary experiments, which were aimed at 
determining the durability of cysts, the cysts 
were immersed in solutions of NaCIO, 
Ca(C10)2  and a 1:1 solution of the two. The 
solutions contained 1 % available chlorine. 
Solutions of NaCIO with 0,5, 1,0 and 2,0 % 
available chlorine were used for estimating the 
minimum concentration of chlorine capable of 
dissölving cysts. 

The experiment proper was designed to 
investigate the cleansing effect of NaCIO on 
infested potato tubers. Tubers were immersed in 
NaCIO solutions with 1 % and 2 % available 
chlorine and in water for two hours. With the 
exception those of the variety Prevalent, the 
containers were agitated every 15 minutes. 
After treatment, 50 ml aliquot was taken from 
each container and centrifuged (G oores et al. 
1972) to determine any eggs and larvae 
liberated from the ruptured cysts. Silt from the 
vessels was collected on a woven fabric sieve 
and dried at +30°C, after which intact cysts 
were extracted from it by the ethanol method 
(ANDERSSON 1970). 

Dried tubers were brushed with a soft brush 
and the detached material garthered on a petri 
dish. Cysts found on these and the cysts 
extracted from the silt were subjected to 
picrolonic acid treatment (C LARKE et al. 1966) 
for the determination of the larval content of 
the cysts. Finally, the tubers were left to sprout 
in an airy room with good illumination. 

RESULTS AND DISCUSSION 

NaCIO proved more efficient in destroying the 
cysts, eggs, and larvae of the potato cyst 
nematode than either Ca(C10)2  or a mixture of 
NaC10 and Ca(C10)2  (Table 1). The NaCIO 
solution containing 1,0 % available chlorine 
broke the cysts and killed their contents in two 

hours. With 0,5 % chlorine, the disruption was 
incomplete and with 2,0 % chlorine the result 
did not differ markedly from that with the 
solution containing 1,0 % available chlorine. 
This agrees with the results of WOOD and FOOT 
(1975). 

Table 1. The effect of NaCIO and Ca(C10)2  on cysts of the potato cyst nematode. 

Solutionl) 
General appearance-of cysts after: 

0,5 h 1,0 h 2,0 h 

NaCIO 

Ca(C10)2  

NaC10+ 
Ca(C10)2  

cysts almost 
disintegrated 
cysts 
discoloured 

loured, some 
disintegration 

cysts disco- —"— 

cysts 
disintegrated 
cysts almost 
disintegrated 

eggs and larvae 
dead 
cysts disintegrated 
eggs and larvae dead 

') Each contained 1 % available chlorine 
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Table 2. Treatment of infested tubers with NaC10: numbers of eggs, larvae, and cysts recovered from container and 
the surface of tubers after treatment (mean of two replicates + s.e.m.). 

Potato 
variety 

Treatment solution 
(available C12 ) 

Larvae and eggs in 
treatment solution 
/50 ml 

Cysts in silt of 
container 

Larvae hatched 
from cysts 

Cysts on tuber 
surface after 
.treatment 

Larvae hatched 
from cysts 

Bintje 1 water 2,50+ 	1,50 134,00± 2,00 1904,00+1690,00 2,00+1,00 93,00+ 93,00 

, NaC10 (1 %) 
" 	(2%) 

0 
0 

0 
0 — 

0 
0 

— 
. 

Bintje II water 13,00+ 	13,00 102,00+ 0 1584,50+ 	33,50 0 
NaC10 (1 %) 203,00+ 	35,00 0 	' — 0 

" 	(2%) 315,50+250,50 ,, 	0 — 0 — 
Bintje III water 56,00+ 	31,00 278,50+ 	7,50 2644,00+ 840,00 7,00+1,50 218,50+163,00 

NaC10 (1%) 1407,00+136,50 0 — 0 — 
" 	(2%) 736,00+ 	34,00 0 — 0 — 

Prevalent water 1,00+ 	0 97,00+ 2,00 664,50+ 	134,50 10,50+3,50 2,50+ 	2,50 
NaCIO (1 %) 135,50+ 	8,50 2,00+ 	2,00 22,50+ 	22,50 7,50+4,50 63,00+ 61,00 

" 	(2%) 163,50+ 	7,50 0 — 0,50+0,50 0 
Provita water 21,50+ 	3,50 189,00+ 	7,00 1345,00+1294,00 5,50+3,50 71,50+ 	62,50 

NaCIO (1 %) 0 0 — 0 
" 	(2%) 0 0 — 0 — 

Provita') water 22,00+ 	4,00 8,00+13,00 216,50+ 	213,50 3,50+2,50 131,00+131,00 
NaC10 (1 %) 40,50+ 	0,50 0 — 0 — 	, 

" 	(2%) 26,00+ 	13,00 . 	0 — 0 — 
Stina water 0 145,50+35,50 519,50+ 404,50 0 

NaC10 (1 %) 170,004- 	91,00 0 — — 
" 	(2%) 314,00+ 	10,00 0 — 

Sprouted in advence 

The sodium hypochlorite solutions used in 
the treatment of infested tubers yielded large 
numbers of nematode eggs and larvae, whereas 
the water controls yielded only a few larvae 
(Table 2). This suggests that the cysts had 
disintegrated during the NaCIO treatment. On 
two occasions, the centrifuging of the 50 ml 
samples was delayed which accounts for the 
deviating results for the varieties Bintje (I) and 
Provita (Table 2). Apparently the eggs and 
larvae had dissolved completely in the solutions. 

Intact cysts were encountered mostly in the 
silt from the water controls (Table 2). The 
tubers of Prevalent were an exception. This was 
possibly due to the fact that these containers 
had not been shaken during the treatment. The 
same trend appeared in the number(s) of cysts 
on the surface of the tubers after treatment. The 
water controls yielded cysts for ali varieties, 
whereas the treated tubers were generally clean 
(Prevalent was again an exception) (Table 2). It 
is very likely that agitation hastens the 
disintegration of cysts in the NaCIO and  

mechanically removes cysts from tuber surface. 
The sodium hypochlorite had no ill effects on 

the germination of potato tubers. The tips of the 
shört sprouts on the tubers turned black during 
treatment, but no difference was noted between 
their germination and that of the water treated 
lot. (Preliminary we had already noticed that 
the germination of tubers was not affected even 
when the treatment was extended to four 
hours). Only the long sprouts of Provita, which 
had been sprouted prior to the experiment, died 
during the NaC10 treatment. In a matter of a 
few weeks, however, the dead sprouts were 
replaced by new ones. 

Both research done in New Zealand (WooD 
et al. 1975) and the results of the experiment 
above suggest that sodium hypochlorite 
treatment is a practicable method of cleansing 
seed potato tubers. To date, the method has not 
been used on large quantities of potatoes 
anywhere'. In New Zealand, however, marked 
progress has been made in the practical 
application of the methöd. With relatively small 
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expenditure, eighty tons of potatoes can be 
treated per day (information by letter from F. 
H. WOOD, June 4th, 1976). 

Since the potato cyst nernatode seems to be 
spreading to new important potato growing  

areas, clean seed potatoes are urgently needed. 
Sodium hypochlorite treatment is a possibility 
deserving consideration on large seed potato 
farms, whether they have a record of G. 
rosto-chiensis infestation or not. 
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SELOSTUS 

Peruna-ankeroisen saastuttamien perunoiden puhdistaminen natriumhypoldoriitilla 

MARJA LEENA S ARAKOSKI 

Maatalouden tutkimuskeskus 

Peruna-ankeroisen, Globodera rostocbiensis (Woll.) Mul-
vey & Stone, kystat siirtyvät saastuneesta pellosta erittäin 
helposti siemenperunoiden mukana. Siksi yleensä kielle-
tään käyttämästä siemeneksi saastuneessa pellossa kasva-
nutta perunaa. Koska ankeroissaastuntaa on etenkin alku-
vaiheessa tavallisesti hyvin vaikea havaita, saattaa peru-
na-ankeroinen varotoimenpiteistä huolimatta levitä sie-
menperunassa. Sen vuoksi on aiheellista kehittää menetel-
mä, jolla perunat voidaan tarvittaessa puhdistaa. Vasta 
tällöin voidaan taata, ettei ankeroinen leviä siemenperu-
nan mukana. 

Peruna-ankeroisen kystoja sekä saastuneita mukuloita 
käsiteltiin eri vahvuisilla natrium- ja kalsiumhypoldoriitti-
liuoksilla (NaCIO ja Ca(C10)2) sekä näiden seoksella. 
Natriumhypoldoriittiliuos, jossa vapaata klooria oli 1 %,  

osoittautui tehokkaimmaksi-sekä kystojen hajoittajana et-
tä munien ja toukkien tuhoajana. Vahvempi (2 %) liuos ei 
nopeuttanut prosessia. Miedommassa (0,5 %) NaCIO-
liuoksessa, samoin kuin Ca(C10)2-liuoksessa sekä edellä 
mainittujen seoksessa oli kystojen hajoaminen hidasta ja 
osittain epätäydellistä. 

Peruna-ankeroisen saastuttamat mukulat puhdistuivat 
täydellisesti NaC10-liuoksella, jossa vapaata klooria oli 1 
%, kun käsittelyastioita ravisteltiin kokeen aikana useaan 
otteeseen. On todennäköistä, että ravistelu nopeuttaa ha-
joamista sekä irrottaa mekaanisesti kystoja perunoiden 
pinnalta. H aitallisesti hypokloriittikäsittely vaikutti aino-
astaan voimakkaasti itäneisiin perunoihin (idut 3-5 cm). 
Niihinkin kehittyivät uudet idut muutamassa viikossa. 
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& KETTUNEN, L. Maataloustuotteiden kulutusen-
nusteet vuoteen 1985. Maatal. Tal. Tutk.lait. Tied. 
37: 1-46. 

KETTUNEN, L. Consumption of agriculturar products in 
Finland in 1981. J. Scient. Agric. Soc. Finl. 
48: 386-394. 
Hintapäätökset maataloustuotannon ohjailussa. Maa-
tal. hall. Aikak. 1976, 1: 7-12. 
Maataloustuotannon ja kulutuksen pitkän aikavälin 
näkymät. Maatal. Tal. Tutk.lait. Tied. 36, 2: 1-11. 
Tuontihelpotuksia kehitysmaiden maataloustuotteille? 
Maatal. Tal. Tutk.lait. Tied. 36, 3: 1-7. 
Kainuun maataloustuotanto hoitaa myös työllisyyttä. 
Kainuun Sanomat 22. 9. 1976. 
Onko Suomen maataloudella tulevaisuutta. Katsaus, 
Kulttuurikeskus, Kriittinen korkeakoulu 1976, 3: 16. 

MÄKI, S. Maataloustuotteiden kokonaismarginaalien 
kehityksestä vuosina 1971-74. Maatal. Tal. Tutk.-
lait. Tied. 36, 5: 1-11. 
Kasvavat hintaerot - maataloustuotteiden kokonais-
marginaalitarkastelua vuosilta 1971-74. Maatalous 
69, 3:49-50. 
Kokonaismarginaalien kasvu hidastunut v. 1975. P el-
lerv o-seur an Markkinatutk lait Tillats. 1976, 
3: 10-12. 

NEVALA, M. An Econometric Model for the Finnish Egg 
Industly. J. Scient. Agric. Soc. Finl. 48: 427-521. 

ROUHIAINEN, J. Indeksiehdon soveltaminen kansain-
välisillä perushyödykemarkkinoilla ja sen mahdolliset 
vaikutukset Suomen kuluttajahintatasoon ja kauppata-
seeseen. Maatal. Tal. Tutk.lait. Tied. 36, 4: 1-15. 
Hintatuen sijasta parantamaan maatalouden rakennet-
ta. Käytännön Maamies 1976, 1: 13-16. 

SIREN, J. Kotieläintuotteiden tuotantokustannusten 
muodostuminen. Maatal. Tal. Tutk.lait. Tied. 36, 
6: 1-14. 
Ostotarvikkeiden hintamuutokset ja tuotannon kan-
nattavuus. ,Käytännön Maamies 1976, 2: 21-23. 
Maataloustuotteiden tuotantokustannukset. Käytän-
nön Maamies 1976, 5: 15-17. 
Kananmunien tuotantokustannusten muodostuminen. 
Kanatalous 1976, 2: 16-17. 

ToRvELÄ, M. Maataloustutkimuksen tavoitteista. 
Maatalous 69, 2: 28-29. 
Maatalousyksikön koko. Tuottava Maa 1: 250-259. 
Helsinki. 
& ELOMAA, A. Maataloustutkimuksen organi-
saatiosta ja suunnittelusta Neuvostoliitossa. Maatal. 
Tal. Tutk.lait. Tied. 36, 1: 1-14. 
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& JÄRVELÄ, H. Eri tuotantosuuntaa harjoittavien 
kirjanpitotiloj'en tuloksia tilivuosilta 1972-74. Erip. 
Maatal. Tai. Tutk.lait. Julk,. 34. 14 p. 
& KETTUNEN, L. Maataloustuotannon kokonais-
suunnittelu. Tuottava Maa I: 374-400. Helsinki. 

Maatalouskeskusten Liitto, Helsinki 

Association of Agricultural Centres, Helsinki 

ANON. Katetuottomenetelmän mukaisia laskelmia. 
Maatalouskeskusten Liitto. Suunnitteluosaston monis-
tesarja A. 1976, 66 p. 
Käyttötaloudellisia laskelmia. Traktori ja erikoisko-
neet. Maatalouskeskusten Liitto. Suunnitteluosaston 
monistesarja B. 1976, 10 p. 
Työteknillisiä laskelmia. Nurmiviljely. Maatalouskes-
kusten Liitto. Suunnitteluosaston monistesarja C. 
1976, 43 p. 
Työteknillisiä laskelmia. Viljanviljely. Maatalouskes-
kusten Liitto. Suunnitteluosaston monistesarja D. 
1976, 24 p. 
Työteknillisiä laskelmia. Perunan viljely. Maatalous-
keskusten Liitto. Suunnitteluosaston monistesarja E. 
1976, 9 p. 

AUTIO, M. Omatoiminen elementtirakentaminen. 
Käytännön Maamies 1976, 2: 49-53. 
Kotitekoiset rakennuselementit. Teho 5: 18-21. 
Båsundersökningen i Finland 1965-1969. Special-
medd. 57 "Golv i Djurstallar", Lantbr.högsk., Inst. 
Lantbr. b}ggnadsteknik (LBT) Lund 1976: 36-45. 

I ISAKKILA, M. Viljanviljelyn kustannukset. Pellervo 77, 
11: 6-7. 
Maidontuotannon kannattavuus T-tarkkailun tulosten 
pohjalta. Karjatalous 52, 9: 17-20. 
Sokerijuurikkaan viljely. Pellervo 77, 13: 12-13. 

JYSKE, j. J. Kasvinsuojelu. Käytännön Maamies 1976, 
5:29-31, 6: 10, 7:22, 8:26-27, 9:65. 
Hukkakauran tunnistaminen. Maatalouskalenteri 
61: 134-136. 
Hukkakauralaki parempi myöhään kun ei milloinkaan. 
Maatalous 69, 3:61-62. , 

K NUTH, S. Säilörehun korjuun koneketjut. Karjatalous 
4: 39-41. 
Pian syödään jouleja ja ajetaan kilowateilla. Käytän-
nön Maamies 1976, 1: 22-23. 
Voiko maata viljellä kyntämättä? Käytännön Maa-
mies 1976, 2: 29-30. 
Osa-aikaviljelyä omilla vai vierailla koneilla. Käytän-
nön Maamies 1976, 4: 37-40. 
Viljan kylmäilmakuivatus viisas ja varma vaihtoehto. 
Käytännön Maamies 1976, 5: 53-56. 
Paljonko poutapäiviä puintiin? Käytännön Maamies 
1976, 7: 24-27. 
Varastoi väkirehu lajittumatta ja pilaantumatta. Käy-
tännön Maamies 1976, 9: 49-52. 
Auringon lämpö lisäämään kylmäilmakuivurin tehoa. 
Käytännön Maamies 1976, 11: 31-33. 

Oma vaiko rahtisekoitin tehdasrehun vaihtoehtona? 
Rehumestariuutiset 3-4. , 
SI-järjestelmään vuoden 1978 alusta. Maatalouska-
lenteri 61: 202. 
Avo-ojien on aika väistyä. Maamies 1976, 1: 8-12. 
Koneet kevätkuntoon. Maamies 1976, 2: 26-29. 
Ei yhtä reseptiä. Maamies 1976, 5: 16-17. 

SALLASMAA, S. Lannoitus ja kalkitus. Maatalouskalen-
teri 1977: 120-129. 
Paljonko lannoitteita kannattaa käyttää? Karjatalous 
52, 11:23-24. 
Hukkakauran leviämisvaara suuri sadonkorjuuvaihees-
sa. Suomenmaa (Elovakka liite) 169: 15. 

SEPPÄNEN, H. Kotoista vai ostosiementä. Käytännön 
Maamies 1976, 3: 371-39. 
Aukkoisten nurmien paikkatts ja pikanurmen perusta-
minen. Suomenmaa 24. 4. 1976. 

SIITONEN, M. Maatila on liikeyritys. Pelto-Pirkan 
Päiväntieto 1976: 137-140. 
T-tarkkailu paljastaa tuotantokustannukset. Käytän-
nön Maamies 1976, 7: 8-9. 
Tuloksia T-tarkkailusta. Koti 8: 244-245. 
Maatilatalouden järjestäminen ja suunnittelu. Tuotta-
va Maa 1: 276=289. Helsinki. 
Yhteispelillä se sujuu. Monitilatoimintako tie taloudel-
liseen tuotantoon? Teho 8: 6-7. 
Nurmirehuvarasto tuotantorakennuksen tärkeä osa. 
Käytännön Maamies 1976, 9: 19-20. 

S ISSONEN, L. Vihannestilanteemme tänään. Puutarha 
79, 11:467. 
Vihannesvarastot on taas .arvioitu. Puutarha 79, 
12: 509. 
Keskikesän tehtäviä avomaan vihannesviljelmillä. 
Puutarha-Uutiset 28, 29: 617. 
Varastot kuntoon. Puutarha-Uutiset 28, 39: 797, 
810. 
Viljelysopimuksen vaikutuksesta avomaan vihannesten 
viljelyyn ja markkinointiin. Puutarha-Uutiset 28, 
41: 847-848. 
Pohjoisen viljelmiä kiertämässä. Puutarha-Uutiset 28, 
50: 1037-1038. 
Marjanviljelijällä ei ole menekkivaikeuksia. Koti 37, 
2: 61. 
Marjatarhan kevättyöt. Koti 37, 3: 104. 
Mitä mausteita. Koti 37, 4: 132-133. 
Kevennystä pihatöihin. Koti 37, 5: 170-171. 
Kodin ikkunalle vihanneskrassi ja ruohosipuli. Koti 
37, 5: 172. 
Marjatarhan kevät. Koti 37, 5: 147. 
On mansikka-aika. Koti 37, 6-7: 197. 
Rikkakasvit, Koti 37, 6-7: 209. 
Kesä kauneimmillaan. Koti 37, 8: 240-241. 
Onnekas omenavuosi. Koti 37, 9: 264. 
Vihannekset säilöön. Koti 37, 9: 285. 
Syksy on luonnon kylvöaikaa. Koti 37, 10: 302-
303. 
Kukkivat huonekasvimme. Koti 37, 11: 346-347, 
335. 
Kukat ovat osa Joulua. Koti 37, 12: 370-371, 384. 
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Pellervo-Seuran Markkinatutkimuslaitos, Helsinki 

The Marketing ResearCh Institute of Pellervo-Society 
(PSM), Helsinki 

Suoviljelysyhdistys, Karjalan koeasema, Tohmajärvi 

Society of Peat Cultivation, Karelia Experimental Station, 
Tohmajärvi 

H ONKANEN, S., H 0 RELLI, P., KUJALA,M. & P ITKÄLÄ, 
K. Eräiden viljely- ja luonnonvaraistuotteiden sato, 
tuotanto, markkinointi ja pakastamismahdollisuudet 
Sisä-Suomessa. Pellervo-Seuran Markkinatutk.lait. 
Julk. 18. 

VARMOLA, R., KÖPPÄ, T. & TAURIALA, J. 
Ammattitiedon leviäminen maataloudessa viljelijän ja 
neuvojan näkökulmasta. Pellervo-Seuran Markkinan-
tutkiait. Julk. 19. 

Sokerijuurikkaanviljelyn Tutkimuskeskus, Salo 

Research Centre of Sugar Beet Cultivation, Salo 

ALASTALO, 0., KLEEMOLA, S., K URRI, P., LINDROOS, 
R. & METTALA, J. Sokerijuurikkaan viljelytekniikka. 
52 p. Salo. 

BRUMMER, V. Mihin pillerisiemenen käytöllä pyritään. 
SaSon Uutiset 18, 1: 2-4. 
Pohjankartano - SvT:n uusi koetila ja tuleva sijoitus-
paikka. SaSon Uutiset 18, 3: 22-25. 
Syrjäyttääkö Salohill Monohillin. SaSon Uutiset 18, 
4: 2-7. 
Kohti sokeriomavaraisuutta. Tuottava Maa 2: 400-
415. Helsinki. 
& ERJALA, M. Maan liukoiset typpivarat. SaSon 
Uutiset 18, 1:24-28. 
& KÖPPÄ, P. Juurikasvit. Kasvinviljelyoppi 2: 204-
224. Rauma. 

ERJALA, M. Typen seurantakokeet lannoittamattomilla 
juurikasmailla. SyT:n tutkimusseloste 5: 1-4. 

HELLE, J. Olkien hyödyntäminen. Juurikassokeri 12, 
3: 14-18. 

Suurpaali teollisen olkienkäsittelyn raaka-aineensaan-
nin turvaajana. Juurikassokeri 12, 4: 10-12. 
Syksyn -76 sokerijuurikkaan korjuunäytöksistä. Juuri-
kassokeri 12, 4: 20-24. 

METTALA, J. Rikkakasvitorjunnan tehostaminen. SaSon 
Uutiset 18, 1: 9-17. 

NUORMALA, N. Tuloksia herbisidien havaintokokeista 
1976. SvT :n tutkimusseloste 6: 1-30. 

RAININKO, K. Mallien ruokintakokeita. SaSon Uutiset 
18, 4: 8-10. 
Nurmi- ja vihantarehukasvit. Kasvinviljelyoppi 
2: 223-235. Rauma. 
Nurmet. Kasvinviljelyoppi 2: 235-287. 
Peltovaramme ja niiden käyttö. Tuottava Maa 
2: 20-31. Helsinki. 
Ei laidun hoidotta kasva I. Lihantuottaja 4: 18-19, 
5: 10. 
Sammalen torjunta nurmikossa. Puutarha 79, 
5: 156-157. 

H EIKKILÄ, R., H UILAJA, J. & LAMPILA,M. Säilörehu, 
heinä ja ohra teurasmullien ruokinnassa II. Koetoim. 
ja Käyt. 33: 1. 
, H UILAJA, J. & LAMPILA, M. Säilörehu, heinä ja 
ohra teurasmullien ruokinnassa III. Koetoim. ja Käyt. 
33: 27. 
Naudanlihan tuotanto kotovaraisilla rehuilla. Karjalai-
nen 102, 83:6. 

JuoLA, P. Maissinviljely vaatii erikoiskoneet. Saroilta 
1976, 4: 2. 
Kevätvehnä ruista yleisempi viljelyskasvi P-Karjalas-
sa. Karjalainen 102, 83: 6. 

Työtehoseura, Helsinki 

Work Efficieng Association, Helsinki 

ANON. Kone- ja työkustannukset maatilojen keskinäisessä 
työavussa. Teho 8: 22-23. 

ANTTILA, R. Eläinsuojan rakenne vaikuttaa karjan 
puhtauteen. Teho 5: 24-25. 
Toiminnallinen suunnittelu eläintiloja rakennettaessa. 
Teho 8: 36-38. 
Säilörehun käyttö ja vesien pilaantumisen estäminen. 
Teho 12: 16-18. 
Säilörehun puristeneste käy lannoitteena. Länsi-Savo 
130:5. 
Laakasäilö käyttökelpoinen vaihtoehto. Aamulehti 
130: 7. 
Säilörehun käyttö tärkeä karjan ruokinnassa. Karjalai-
nen 102, 135: 5. 
Säilörehun käytön lisäys edellyttää uutta tekniikkaa. 
Savon Sanomat 145: 7. 
Tuontivalkuaisen korvaaminen kotoisilla rehuilla. Kai-
nuun Sanomat 137:2. 
Säilörehua varaa lisätä. Pellervo 77, 13: 18-19. 
Karjarakennuksen suunnittelun perusteita. Karjatalous 
52, 3:4-8. 

HOLMA. M. Lannoitteiden kuljetus ja käsittely uudistuu. 
Teho 4: 6-12. 
Lietelannan levitys löytämässä uusia uria - levitysvau-
nut lähikuvassa. Teho 5: 38-41. 
Voidaanko lannan hajuja hillitä? Teho 10: 42-44. 
Paljonko eri lannanpoistomenetelmät maksavat. Kar-
jatalous 52, 11: 14-17. 
& TERTSUNEN, V. Säilörehun korjuuta tutkitaan. 
Teho 12: 8-15. 

H OLMBERG, K., WUOLIJOKLE. & ÄIKÄS,T. Traktorin 
tärinä - tekninen ja fysiologinen ongelma. Teho 
12: 34-35. 

KALLIO- MANNILA, R. Polttoturpeen nosto, käsittely ja 
käyttö maatilalla Työtehoseur. Julk. 189: 1-128, 
11 liitettä. 
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& NuRmisTo,U. Lannanpoistoa koskevat tehokortit. 
Työtehoseur. Julk. 190: 1-11, 49 liitettä. 
, MAJURINEN, J., H AAJANEN, M. & T OLONEN, Y. 
Tuulienergian käyttömahdollisuudet. Työtehoseur. 
Julk. 187: 1-238. 

L ISKOLA, K. Lupaava heinänkorjuumenetelmä. Teho 
4: 32-34. 
Konstit on monet - heinänkorjuussakin. Teho 
12: 18-21. 
Kone poimimaan herukoita? Teho 12: 22-23. 
Lupaavia tuloksia heinäkatoskokeilusta. Sähköviesti 
38, 2: 10-11 
Korjuumenetelmien valinta eri suuruisille nurmialoille. 
Nurmipäivät työnäytöksineen Kangasalla 28.-29. 7. 
1976: 7-11. 
& LOUNASHEIMO, P. Viljelijät kertovat kuinka 
kevättöihin ryhdytään viljanviljelytiloilla. Teho 
4: 20-25. 

T. Irtolannoitteen työketjujen taloudellinen 
vertailu. Teho 4: 17-19. 

NURMISTO, U. Lannanpoisto vaikuttaa eläinsuojan 
suunnitteluun. Teho 5: 14-16. 
Sisäverhouslevyt kotieläinrakennuksissa. Karjatalous 
52, 3: 20-23. 

SALON EN,V. Rengassokat vertailussa. Teho 4: 30-31. 
Jatkotutkimus: Rengassokat vertailussa. Teho 8: 39. 
Kaasuja navettailmassa. Teho 10: 44-45. 

S EISE, A. Kuljettimia viljan vaakasuoraan siirtoon. Teho 
4:26-27. 
Perunan varastoinnista. Teho 8: 20-21. 
Rehunsekoitus tilalla. Teho 10: 46-49. 

S UONINEN, A. & TERTSUNEN, V. Maatalouskoneet 
turvetyömaalla. Teho 3: 42-45. 

TERTSUNEN, V. Maatalous energian tuottajana ja 
kuluttajana. Teho 12: 4-7. 

UOTILA,P. J. Miksi irtolannoitteisiin? Teho 4: 3. 
Irtolannoitteen varastoinnin kehittäminen. Teho 
4: 13-16. 
Maatilan talousrakennusten kehittämisen tarve. Teho 
5. 5. 
Monitilatoiminnan tausta ja elinkelpoisuus. Teho 8: 5. 
Linjanvetoa Työtehoseura - maatalouden rationali-
soija. Teho 10: 16-17. 
& S EISE, A. Viljan kuivauksen kustannukset vuonna 
1976. Teho 8: 28-29. 
, LISKOLA, K. & TERTSUNEN, V. Traktorin ja 
leikkuupuimurin työtunnin hintalaskelrnai. Teho 
8:24-27. 

_ , NISSI, T. & HOLMA, M. Lannoitteiden 
siilovarastoinnin kehittämistutkimus. Työtehoseur. 
Julk. 188: 1-109. 

Valtion eläinlääketieteellinen laitos, Helsinki 

State Veterinaly Medical Institute, Helsinki 

ESTOLA, T. & NEUVONEN, E. Experience of the effica9, 
of equine influena vaccinations. Nord. Vet.med. 
28: 353-356. 

KANGAS, J. Minerah in Mink Feed and Factors Affecting 
the Mineral Balance. The lst Intern. Scient. Congr. in 
Fur Anim. Prod. April 1976. 
Pentutulos suomalaisilla minkkitarhoilla vv. 1966-
1975 ja penikoimishäiriöihin vaikuttavista tekijöistä. 
Turkistalous 4: 192-194. 
Turkiseläinten ruhojen talteenotto. Turkistalous 
12: 460-461. 
, JUOKSLAHTI, T., FINNE, L. & S JÖGARD, B. 
Tetrasykliinin vaikutus raudan imeytymiseen. Turkis-
talous 1: 46-47. 

KOIRANEN, L. Utaretulehduksen yleisyys Suomessa. I. 
Mastiittiprosentin määrittäminen ja bakteriologinen 
tutkimustulos. Suom. Eläinlääk.l. 82: 64-72. 
Mastiitin yleisyys Suomessa. II. Tulosten tarkastelua. 
Suoni. Eläinlääk.l. 82: 185-189. 
Aiheutetun stafylokokkimastiitin kliininen ja bakterio-
loginen kulku. Suom. Eläinlääk.l. 82: 327-332. 
Utaretulehduksen ehkäisy. Pellervo 77, 14: 28-29. 
& 	STABEL -TAUCHER, R. Suomalaisen maidon 
jodipitoisuus. Suom. Eläinlääk.l. 82: 543-549. 
& STABEL-TAUCHER, R. Iodine content of Finnish 
milk. Acta Agric. Scand. 26: 185-188. 
, TANHUANPÄÄ, E. & VÄHÄVAHE, T. Koe 
intramammaarivalmisteiden antibioottien erittymises-
tä maitoon. Lääkeuutiset 2 • liite 3-7. 

LASTIKKA, L., VIRSU, M-L., H ALKKA, 0., ERIKSSON, 
K. & - ESTOLA, T. Coniomitosis in rats affected by 
Mycoplasma or macrolides. Med. Biol. 54: 146-149. 

NEUVONEN, E. Occurrence of antibodies to group specific 
Chlamydia antigen in cattle and reindeer sera in Finnish 
Lapland. Acta Vet. Scand. 17: 363-369. 

NISKANEN, A. & NURMI, E. Effect of starter culture on 
staphylococcal Enterotoxin and Thermonuclease 
Produktion in chy Sausage. Appi. and Environment 
Microb. 31: 11-20. 

NURMI, E., S EUNA, E. & RAEVUORI, M. Prevention of 
salmonellosis in broiler chickens by the flora of the 
alimentaly tract of chickens. Collected reports of the 
2nd Congr. of Intern. Soc. For Anim. Hygiene, 
Zagreb. p. 389-394. 

RAEVUORI, M. Studies of Bacillus cereus as a food-
poisoning organism with special reference to the effects of 
certain preservatives on growth of bacterium. Academic 
dissertation. Coll. of Veter., Med. Helsinki. 

SCHULMAN, A. Best mulig miljö for slaktegrisen gir 
minst sjukdom. Svineavlsnytt medlemsblad for Norsk 
Svinavelslag 3: 30-31. 
Sikalailman laadun merkitys eläinten terveydelle. Sika 
4: 9-10. 
Porsasanemian ennaltaehkäisy. Sika 3: 13-14. 
, S.CHILDT, R. & HATAKKA, M. Takuuaikana 
kuolleiden välitysporsaiden kuoleman syistä. Suom. 
Eläinlääk.l. 82: 11-19. 

SEUNA, E. & RAEVUORI, M. Kastolevymenetelmä 
raakamaidon laatuluokittelussa. Summaty: The use of 
contact-dip-slide method for the determination of 
bacteriological quality Gf raw milk. Suom. Eläinlääk.l. 
82: 443-450. 
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Valtion maatalouskemian laitos, Helsinki 

State Institute of Agricultural Chemistry, Helsinki 

ANON. Valtion maatalouskemian laitos 1972. 
Maatilahall. Tied. 376. 

RAUTAPÄÄ, J., MYLLYMÄKI, A., SILTANEN, H. & 
MATTINEN, V. Endrin, DDT and PCB's in Finnish 
soils. J. Scient. Agic. Soc. Finl. 48: 181-186. 

SILTANEN, H. & ROSENBERG, C. Investigations on 
pesticide residues, 1971. Publ. State Inst. Agric. Chem. 
11. 

Valtion maatalouskoneiden tutkimuslaitos, Helsinki 

Farm Machine?),  Research Institute, Helsinki 

916 P eittauslaite Teho 
917 Sukkela 1400-etukuormain 
918 B auknecht-Finlux-astianpesukone malli GS 561 
919 Kockums 850-kuormatraktorin käyttöominaisuudet 
920 Farendlose-lieriöniittokone malli RS 151 
921 Lautasäes Fiskars FDH 32 
922 Fiskars-aura, 3-teräinen, malli Agrosta 
923 Bizon Super-ajopuimuri 
924 Metsurin polvisuojusten kestävyys 
925 K.E.W.C. 90-korkeapainepesulaitteen pikakoetus 
926 P ottiputki 
927 Raju-valssimyllyn pikakoetus 
928 H ydrovåg THV 1500-kuormainvaaka 
929 Raket-raivaussaha, malli RS 52 E 
930 Mc Connel PA 6 kaivuri-kuormain 
931 Jaakko-viljaelevaattorit 
932 Rehu-Junkkari-rehunvalmistimen pikakoetus 
933 Claas Markant 50-paalain 

Tiedote: 
24/75 P arsinavettatutkimus 1973 . . . 75. 

Valtion maitcitalouskoelaitos, Jokioinen 

State Institute of Daily Research, Jokioinen 

ANTILA, P. Eräitä näkökohtia lehmänmaidon proteiinien 
terveydellisistä vaikutuksista. Valt. Maitotal.koel. 
Tied. 126. 21 p. 

- & ANTILA,V. Cholesterol in Finnish milk and different 
milk products and relationship between fat and cholesterol 
content. Valt. Maitotal.koel. Tied. 124. 14 p. 

ANTILA, V. Defects in Fermented Milk Products. The 
Technology and Manufacture of Fermented Milks. A 
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