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EGG-LAYING HABITS OF A SPINACH LEAF-MINER,
PEGOMYIA HYOSCYAMI PANZER (Diptera)

Krizd Yasumatsu and MITSUHIRO SASAGAWA

INTRODUCTION

The first published record of the infestation of spinach by
Pegomyia hyoscyami Panzer in Japan is found in a booklet made
by Oda and Takimoto (1939), in which the fly is reported in
Fukuola Prefecture. In view of the widespread existence and
abundance of the fly in Northern Kyushu since 1939, there is
reason to believe that it increased markedly some time before
that year. The senior author assumes that this increase may
chiefly be atfributed to the cultivation of some European and
Chinese races of spinach. Before the cultivation of such spinaches,
several weeds of the family Chenopodiaceae were the only prefer-
red host plants to this fly. Thus, a serious menace to the success-
ful cultivation of spinach in almost all the spinach growing areas
came to the senior author’s attention in 1943, leading to observ-
ations on the bionomics of the fly. The present report is a part
of the authors’ investigations which were made during 1943 to
1947 near and in the campus of Kyushu University, Fukuoka.
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given by Professor Teiso Esaki of Kyushu University, Acknowledg-
ment is also due to Dr. Satoru Kuwayama, of the Hokkaido
Agricultural Experiment Station, for his kindness in literature.
Much credit is also due Professor Hajime Yoshii for his kind
suggestion and Mr. Kazuo Yasutomi for his helpful assistance in
material.
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DEGREE OF INFESTATION OR THE NUMBER OF EGGS DEPOSITED
ON A SINGLE HOST PLANT

Experience in previous years and observations in 1943 indicated
that 100 per cent loss of spinach occurred even if one egg of
Pegomyia hyoscyami was deposited on every leaf of spinach plant.
In Table 1 are shown some samples of completely damaged spinach
plants observed in a spinach area near the campus of Kyushu
University in the spring of 1945. Spinach plant No. 1 has 53
leaves with as many eggs as 449. This figure highly exceeds the
highest record of Kemner (1925) who observed one sugar beet
habouring 304 eggs in Sweden. As seen in Table 1, the number
of eggs per leaf ranged from 6.3 to 11.3. Such state of high egg
populations would indicate the complete damage of spinach field,
which, in turn, becomes a source of infestation in other spinaches
growing on the same or a neighbouring farm within the same or
another season. Influences by the recent increased damage done
by Pegomyia hyoscyami, cultivation areas of spinach of foreign
races have become narrowed and received considerable degree of
financial losses.

Table 1. Number of eggs deposited on five plants of an European
race of spinach, Viroflay, which were selected at random
in the spinach area near the campus of Kyushu Universi-
ty in the spring of 1945.

No. of Spinach No.
i Al n a’B Al A ls A B
2 3 6 1
3 4 12 2 6 13 1 3
4 9 36 4 16 5 20 6 24
5 9 45 1 5 1 5 210
6 5 30 212 4 1t 6 1 6
7 7
8 4 32 1 & 18 18
a { g 2 18 1 u
10 5 50 2 20 110
11 4 M 111 1 U
12 3 3 112 12
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13 113 113

15 1 15 1 15 1 15
16 1 16
17

18

19

20 1 20

21 2 42 1 21

22 1 22 1 22

23 1 23

24

25

26 1 26

27

28
29 1 29
30
31

32 i3z
33

34 1
35

36

37

38

39 138

Total 53 44 21 233 16 181 17 106 5 48

Na. of eggs N y o . '
per leaf 8.4 11.0 113 6.3 96

A: Number of leaves. B: Total number of eggs.

PREOVIPOSITION PERIOD AND THE NUMBER OF EGGS LAID

To ascertain the preoviposition period and the total number
of eggs laid by one female, five couples of newly emerged indi-
viduals were isolated in pairs and each pair were confined into
a separate cage which was provided with fresh spinach leaves,
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and the date and number of eggs laid by each female were re-
corded. The flies were fed with honey, and the cages containing
flies were placed near the window partly so as to receive sunlight.
Thus the temperature of each cage was found to be almost equal
to that in the field. The record of these observations are shown
in Table 2.

Table 2. Preoviposition period and the number of eggs laid by five
mated females of Pegomyia hyoscyami (Observation made
in 1943).

No. of .
individuals 1 2 3 ¢ °

Date M N M N M N M N M N

Emerged Emerged

18. v.
19. v. Emerged Emerged
20, v, Emerged
2L v. '
22, v,
23. v.
24, v.
25. v. 4 13
26, v.
27 v, Y a0 11 29
28, v, i 3
29, v. ’ 3 5 %12
30, v. 29 72 4 28 7 43
3L v, 1 1 12 33 2 10
1. vi. 2 36
2. vi. 1 3 2 4 1 4
3. vi
4. vi. * (A} 1 i ' 2 7
5. vi. *{(B)
6. vi. *(D)
7. vi. *(C)
8. vi
9. vi. * (E}
Total 15 47 13 K3l 32 77 32 113 12 64
Preo};reil]_)i(())sdltmn 7 days 7 days 11 days 11 days 12 days

* Asterisk denotes the date of death. Upon dissection the female still
contained some well-developed eggs. (A: 15 eges, B: 22 egps, C: 28
eggs, D: 14 epgs, E: 30 aggs, M: number of egg-masses, N: num-
ber of eggs).
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Generally, the mating took place on the day of emergence,
sometimes just after emergence. A series of experiments showed
that the virgin females or females fed with sugar solution only do
not deposit any eggs. The food of the flies in the field is partly
the nectar of flowers. As shown in Table 2, the preoviposition
period varied about 7 to 12 days. Of course this period has a
close connection to the nutrition of the female and the temperature
of the environment. For example, Cory (1916) recorded 4 days
in U. 8 A, and Hille Ris Lambers (1933) observed 5 days in
Holland. The maximum number of eggs laid per female was 113.
Zolkk (1932) counted 112 eggs which were deposited by a single
female in Estonia. According to the experiment made by Bremer
and Kaufmann (1931) in Germany, the maximum number of eggs
deposited per female was 191 under laboratory conditions.

NuMBER OF EGGS IN A SINGLE EcG-Mass

Number of eggs in a single egg-mass varies considerably.
For example, Vassiliev (1914) in Russia wrote 2 to 12 eggs
" (average 4-5 eggs) comprising one egg-mass. Rambousek (1925)
in Cechoslovakia recorded 1 to 18 eggs in a single egg-mass.
Kemner (1925) in Sweden recorded 1 to 12 eggs in an egg-mass.
Takiguchi (1948) in Japan reported 1 to 7 eggs comprising one
egg-mass. On April, 15, 1945, the authors collected a number of
leaves of Chenopodinm centrorubrum in the field and observed the
number of eggs comprising one egg-mass. The results are sum-
marized in Table 3.

Table 3. Number of eggs in a single egg-mass of Pegomyia hyoscyami.

No. of No. of No. of No. of No. of No. of
egys egg-Masses egae egg-1masses epgs egE-1masses

1 7 7 25 13 1

2 12 R - 12 14 —

3 _ 9 8 15 -

4 58 10 4 16 s

5 58 11 2 17 1

6 40 12 —

Average 4.8 eggs per an egg-mass.
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HosT PranNTs oN WHICH THE FrMary Fry Derosrrs Her EGes

Approximately thirty species of plants have been recorded as
hosts of this fly. These plants are distributed in six families, viz.,
Chenopodiaceae, Solanaceae, Caryophyllaceae, Polygonaceae, Com-
positae and Rosaceae. The fly has been found to oviposit on six
species of plants in Korea and Japan, namely Afriplex subcordala
var. japonica (Koidzumi), Befa vulgaris Linng, Bela vulgaris var.
Rapacea C. Koch, Chenopodium centrorubrim Nakai, KRochia
scoparia Schrader and Spinacia oleracea Linné. Among the races
of Spinacia such races as Ujo, ]apanese‘ Kairvooba, firomaru, Long
Standing, Viroflay, Hollandia and Munsterland have been observed
to be oviposited and infested. So far as the authors observations
go, the fly does not oviposit on the leaves of the Japanese race
of spinach. Such races mentioned above are either European,
Chinese or hybrids between those and the Japanese races. On
April 28th, 194D, a single egg-mass of the fly was found on
the leaf of Commelinag communis Linné (Commelinaceae) in the
spinach field, but the larvae could not continue their normal growth
and all died 8 days after hatching. Thus in Northern Kyushu
the fly oviposits exclusively on the plants belonging to the family
Chenopodiaceae.

As to the relation of Pegomyia hvoscyemi to its host plants,
Cameron (1914, 1916) gave interesting studies. In this connection
the authors made the folloWing three experiments, the results of
which are summarized in Tables 4, 5 and 6. _

Experiment 1: To determine whether adults of Pegomyia
hyoscyami, reared from larvae which had fed on the leaves of
Chenopodium centrorubrum, would oviposit mainly on the same
plant, about 18 mated females were confined in a breeding cage
containing potted plants of Chenopodium centrovubrum, Atriplex
subcordata var. japonica and the Japanese race of Spinacia oleracea.

Table 4. Number of eggs deposited by Pegomyia hyoscyvami females
reared from Chenopodinm centrorubrum.

Date of Chenopodium Atriplex subcordala Japanese race
ov1pos:tmn centrorubrum var. japonica of spinach
22, v. 9 6

23. v. 13 20
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24, v 11 11 0
26, v 13 14 0
27. v 0 4 0
30. v 1 0
3L v 2 0
Tatal 55 53 0

The differences in the number of eggs deposited on three
different plants are significant (P<70.01). Pegomyia hyoscyani
reared on Chenopodium centrorubrum did not oviposit on the
Japanese race of spinach.

Experiment 2: To determine whether adults of Pegomyvia
hyoscyami, reared from larvae which had fed on the leaves of
Atriplex subcordala var. japonica, would oviposit chiefly on the
same plant, about 36 mated females were confined in a breeding
cage containing potted plants of Atriplex subcordata var. japowica,
Chenopodium centrorubrum and an FEuropean race of spinach,
Viroflay.

Table 5. Number of eggs deposited by Pegomyia hyoscyami females
reared from Atriplex subcovdata var. japonica.

Date of Atriplex subcordata Chenopodium Spinach,

oviposition var. japonica centrorubrum Vivoflay

22, v, 11 7 0
23, v, 14 19 0
M. . B 14 )
25, v. 29 13 1
26. v. 34 o 0
27. v. 3 6 0
28, v, 0 10 0
29, v. Z 12 3
30. v, 9 10 0
3L v. 0 0
1. vi. 0 n
Total 137 108 4

The differences in the number of eggs deposited on three
different plants are highly significant (P<0.05).
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Experiment 3: To determine whether adult Pegomyia
hyoscvami, reared from larvae which had fed on the leaves of an
European race of spinach, Vireflay, would oviposit chiefly on the
same plant, about 31 mated females were confined in a breeding
cage containing potted plants of Viroflay, the Japanese race of
spinach and Chenopodium centrorubrum.

Tahle 6. Number of eggs deposited by Pegomyia hyoscyami females
reared from Vireflay.

Date of Spinach, Japanese race Chenopodinm
oviposition Viroflay of spinach centrorubrum
25, v. 0 0 6
26. v. 5 1 8
27. v. 6 0 14
28, v, 0 0 10
29, v. 4 0
30. v. 0 0
S 1w P 0 0
Total 17 1 49

The differences in the number of eggs deposited on three
different plants are highly significant (P<"0.05). The deposition
of one egg on the Japanese race of spinach would be accidental.

As can be seen from Tables 4, 5 and 6, the order of egg-
laying preference for Pegomyia hyoscyami females is; Afriplex
subcordata var. japonica > Chenopodium centrorubrum > European
race of spinach, Viroflay. Further it is evident that the fly does
not oviposit on the Japanese race of spinach at all or the larvae of
this fly cannot complete their life-history in the Japanese spinach.
This fact would indicate that the females will not oviposit on the
Japanese race of spinach even -if host plants are entirely absent
in the field.

REASON OF RECENT INCREASE IN POPULATION OF PEGOMYIA
HYOSCYAMT IN NORTHERN KvyUsHU

‘ Obgervations of the dates of adult emergence of this fly from
both field-collected and laboratory-reared puparia indicated that in
1944 adults of the overwintered generation emerged during Agpril
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to the beginning of May, and those of the first generation during
the middle to end of May and at the beginning of June and the
second generation (Table 7, A) during October to the beginning
of November, though some puparia of this generation overwintered
and gave rise to adults in the following April-May (Tabie 7, B).
In April and May adult flies can easily find the native host plants
for oviposition, viz. Atriplex subcordata var. japonica and Chenopo-
divem  centrorubrum, but in the autumn those plants are not
available in the field. Therefore flies emerged in September and
October cannot oviposit their mature eggs. Thus it is presumably
only these overwintered puparia of the second generation that
give rise to the spring adults. These relation may easily be
recognizable by Table 7.

Table 7. Life-history of Pegomyia hyoscvami in Northern Kyushu,
1945-1946. @ : eggs, —: larvae, - : pupae, O adults,

teTelolle |
R ‘
HERRRERNE
0|0 : :
es o0 i j
e e A T S N S
looojpooo
ses 0000
B N T | NI

_ R i i R
ne v v | ovi|vin VIII‘IX x |xtjxnl 1 |

As indicated in the introduction of this paper, Pegomyia
hyoscyami has become increasingly troublesome throughout the
spinach growing areas of Northern Kyushu since 1939. Namely
some time before that vear the cultivation of some European
and Chinese races or hybrids between European and Japanese
races of spinaches was begun. Such spinaches were cultivated
in the field from QOctober to the following May. Thus adult flies
became to oviposit their eggs both in the spring and autumn.
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This is the reason why populations of this flv have become in-
creased markedly since 1939.

DISTRIBUTION OF EGGS IN THE SPINACH FIELD

In market-garden areas in Fukuoka Prefecture it is the custom
to plant spinach in long, comparatively narrow strips. In order
to obtain informations on the distribution of Pegomyia eggs, four
widely separated areas of spinach were selected. In all instances
where this was observed, however, the crops examined were
uniform as regards the condition of the plants. Area No. 1 was
subdivided into 45 subdivisions of equal size, likewise No. 2 into 25,
No. 3 into 30 and No. 4 into 20 subdivisions respectively. Records
of the egg populations on each subdivision were kept and in this
way the distribution of eggs could be investigated. The results
are shown in Tables 8, 9, 10 and 11.

Table 8. Distribution of eggs of Pegomyia hyoscyami in the spinach
field No. 1 (Observation made in the autumn of 1946).

]
Division ofI o Strip No. . Total no.
each strip 1 2 3 4 5 6 7 8 g of eggs
i
1 3 0 4 3 5 2 4 8 4 33
2 3 2 4 9% 1 9 0 5 5 38
3 1@ 5 7 7 10 W 2 2 10 82
A 9 8 8 3 7 7 4 8 6 | 59
5 4 14 7 8 6 2 0 12 17 70
Total mo. | 53 59 39 30 20 40 10 35 41 | 282

_of eggs

Table 9. Distribution of eggs in the spinach field No, 2.

Strip No. |

Division of ___ - i N ! Total no.
each strip 1 9 3 4 5 of eggs
o o C - ) -
1 , 35 76 52 33 33 229
2w 99 32 37 31 291
3 : 74 126 3 B3 61 ‘ 357
4 ' 50 68 40 37 75 r 270
5 59 84 33 83 57 i 316
- Total no. 310 453 188 255 957 1473
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Table 10. Distribution of eggs in the spinach field No. 3.

| = -
Division of | _ .Stnp No. | Total no.
each strip ; 1 2 3 4 5 6 i of eges
1 32 7 20 0 0 0 59
2 0 8 1 8 13 ! 48
3. 0 0 0 o 19 20
4 16 22 6 1 9 27 ' 81
5 | 6 11 6 14 25 10 72
" Total no. | ‘ P 5 g
ofegs Y A6 e &

Table 11. Distribut_ion of eggs in the spinach field No. 4.

3 |
Division of i ] __ Strip No. © “T'otal no.
each strip ‘ 1 9 3 4 of eggs
1 . owm 30 23 6 150
2 | 106 12 60 23 201
3 ! 50 3 53 9 ‘ 115
4 50 ¢ 32 34 116
5 80 8 114 32 ‘ 234
o i e .
Total no. i ,
 of emes 377 5? 282 _104 816

The difference in the number of eggs between the subdivisions
is either likely significant or insignificant, [t is, therefore, clear
that there is no evidence of any tendency of the distribution of
Pegomyia eggs in the spinach area. In other words, the adults
neither prefer nor select the border or inside of spinach area in
depositing their eggs. This fact is most likely to be ascribed to
a permanent source of infestation which exists internaily to the
areas themselves.

RELATION BETWEEN THE TIME GF SOWING OF SPINACH AND
THE NUMBER OF EGGs LAID

As to the relation between the time of sowing of spinach
and the number of eggs laid by Pegomyia hyoscyami, the authors
give summaries of observations made by several entomologists in
the following lines.
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Wilke (1922) in Germany :(—Early sown beet seems to suffer
more than late-sown.

Kleine (1933} in Germany :—The correctness of the practice
of late sowing, which is often adopted, is confirmed.

Blunck {1925} in Germany :—Instead of late sowing, advised
by Kleine, the author suggests early sowing, so that the
plants may not be attacked when yet tender seedlings,

Blunck (1927) in Germany :—Although it is true that late-sown
beet remains free from attack by the bectAly, it is necessary
to sow early in North Germany, owing to the losses in weight
and sugar-content consequent on late sowing.

Rambousek and Neuwirth (1931} in Czechoslovakia :—In two
adjoining fields heet sown late escaped injury, whereas that
sown early was severely infested.

Roebuck, Baker and White (1945) in England :—-Infestation by
the first generation was avoided if sowing was delayed until
mid May in 1945, such latesown crops were not attacked
to any extent by the later generations.

In order to ascertain whether such relation may exist also in

Northern Kyushu, the following field experiment was undertaken.
In the spring of 1947 seeds of Viroflay were sown side by side in
four narrow strips in four different dates (March 15, March 25,
April 4 and April 14) before emergence of adult flies of the over-
wintered generation, and the date and number of eggs laid by
Pegomyia hyoscyami were recorded. The results are shown in
Table 12.

Table 12. Number of eggs of Pegomyia hyoscyami deposited on
four groups of spinach plants which were sown in
narrow strips side by side at different dates in 1947,

Date of sowing

Date of
oviposition 15. iji. 25, i, 4. iv. 14. iv.

26. iv. 13 eggs ¢} 0 ]
27. iv. 19 "0 0 0
28, iv. 18 0 0 0
29, iv. 14 0 0 0
30. iv. 9 0 0

L v 0 1 12 0
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3 v 0 4 3 0
4 v 2 14 3 0
5. v 0 6 0 0
6. V. } 3 0 0
8 v 3 0 2 0
2. v. 9 0 12 0
14 v. 0 4 0 2
T;‘;ti‘g;s“' 71 51 22 2

Thus the results have clearly shown that the number of eggs
deposited on the leaves of spinach by the adult flies depended
upon the time of sowing of its seeds. Attention must here be
called that the larger the leaves the more the eggs or the younger
the plants the fewer the eggs.

RESUME

Hitherto not a single detailed observation on the egg-laying
habits of Pegomyia hyoscyami Panzer has been performed in Japan.
The present investigations have been carried out near and in the
campus of the Kyushu University, Fukuoka, Northern Kyushu,
during 1943-1947. The results are set out in nine chapters given
above. The most important conclusion to be derived from the
authors’ investigations is the fact that the fly does not oviposit on
the leaves of the Japanese race of spinach and the cultivation of
some European, Chinese or hybrids between those and the Japanese
races initiates a marked increase in its population. Some bearing
of the results on measures for controlling this fly will be evident
to any one who reads the contents.
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