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Abstract

Groups of pupae aged 1, 2, 4 and 6 days of Spodoptera fittoralis
and Agrolis jpsilon were continuously stored at three cold
conditions of 5, 10, and 15+0.5°C to clarify their viability and
thermal units needed for development until moth emergence
compared with pupae kept at 27+0.5°C till moth emergence were
also carried out.

The obtained results manifested that, Agrotis pupae were more
tolerant for the tested conditions than Spodopters pupae, in the
same time, younger pupae of bath insects remained alive for longer
periods than the oider.

Agrolis pupae, all ages, could be stored alive for 1-17 day
according to the age and temperature. Also, more than 90% of
Spodoptera pupae remained alive for 2-13 day at 10 and 15£0.5°C.

The cold storage of pupae, in this research, inhibited completely
the emergence of Spodoptera moths although the gained degree
day units (149.14) exceeded those needed for 100% moth
emergence in the check (132,30 units). In the same time, these
cold conditions depressed sharply the emergence of Agrotis moths
(15.0-26.7%) which not began before 12 day at 15+0.5° C with
low thermal units (135.4-154.8). Degree day units needed for
emerging 83.6% of the check moths were 199.2 units.

INTRODUCTION

Many of insect pests, as S. /fittoralis and A. jpsilon, are major destructive for
numerous field crops. So, numerous investigations have been carried ocut on both
insects to control them successfully. These researches, to be achieved, need big
numbers of certain stages at certain ages for direct use or storing until needed. Cold
conditions are successfully used for storing different insects as S. /ttoralis, A. jpsilon,
5. cretica and O. nubifalis by Kirollos and Mostafa {1980), Lutfalla.h and Awadallah
(1984) and Abdel-Samea ef a/ (1998). Also, parasitized eggs were successfully stored
by Fevzri& Adem (2001) and Ventura et a/. (2002) and storing pupae by Salem (2006).

The present investigation aimed to clarify possibility of storing, different ages,
of S. littoralis and A. ipsilon pupae at different cold conditions as long as possible in
addition to calculate degree day units required for development and moths

emergance.
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MATERIALS AND METHODS

The present research aimed to clérify effecis of three temperature degrees, 5,
10 and 15+0.5°C on viability of 5. fittoralis and A. ipsilon pupaé aged 1, 2, 4 and 6 day
in addition to calculate their thermal units needed for development and producing
maths.

A culture of each insed was maintained in the laboratory to gain healthy and

“newly pupae which were kept under 27£0.5°C until be used.

Three groups, each 50 of one day old pupae, were separately kept at the three
mentioned low temperatures. By the same way, another groups of pupae aged 2, 4,
and 6 day of both insect species were kept at the same low temperatures. In the same
time, a group of 50 newly pupae were continuously kept at 27+0.5° C (as a check)
until moths emergence. The pupae of each group were kept in a suitable plastic cup,
provided with a piece of cotton wool wet with water as a source of humidity, covered
with a pin notched cover. _

All pupae received a daily inspection to record number of the survivors as well
as number of the emerged moths.

Accumulative degree day units, in this work, were also calcutated using zero
pupal development values as previously reported by Abdin and Eissa (2001) as 10.4° C
for A. ipsilon and 12.3° C for S. littoralis (Hassan, 2005).

RESULTS and DISCUSSION

Data presented in Table (1) indicate that, regardless of age, S. /ittoralis pupae
survived alive for long periods as the temperature was increased, 6-12, 15-35 and 23-
27 day at 5, 10 and 15+0.5 °C, respectively. Mortality percentages with increased
gradually with increasing time with storage until reached 100% according to the pupal
age. These results are in agreement with that of Jarry and Tremblay (1989) who
showed that, as the duration of cold storage increases, living activity decreases and
eventually stops. In this respect, Okinel of al (1996) found that, the percentage of
Diadegma insulare adult emerging from cocoons declined staidly with time spent in
storage at 4°C, Abdel-Samea ef af (1998) alsc pointed to that, Ostrinia nubillis stages
affected negatively by the temperature which is considered an important factor for
development.

Data in the same table revealed that, a big portion (43.9-71.8%) of S. /ittoralis
pupae died after 2 day exposuring to SiO.E; °C. The youngest pupae were relatively
more tolerant for this cooling condition than the older. The pupae stored at 10+0.5°C

were more viable since 80.0-96.9% of 1-4 day old pupae survived for 8 days. On the
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other hand, the pupae aged more than 4 day were more sensitive, only 54.8%
remained alive. All population, eventually, died through the different periods according
to their ages, 35, 33, 25 and 15 days for 1, 2, 4 and 6 day ages, respectively. Keeping
Spodoptera pupae, all ages, of this species at 15+0.5°C allowed 91.2-97.4% to be
alive for the same mentioned period (8 d), in the same time, about 90.0% of 1 and 4
day old pupae alived for 13 day. The majority of pupae stored at this temperature died
through 27 d with no moth emergence, Table (1). Table {(3) Indicates that all check
pupae, of 5. fitoralis, produced normal moths after 9.0 day as recorded by Isa &
Khedr {1974) and Abdel- Samea et. &/, (2006), respectively.

The Spodoptera pupae kept below 12.3° C ( the developmental threshold ), i.e.
at 5 or 10°C, not gained any thermal units except 14.66-87.96 degree days were
gained at 27+0.5° C before cocling, Table (1). Keeping at 15+0.5°C, although the
accumuiative thermal units reached 149.1, no moths were observed at the time in
which the check pupae initiated producing moths (53.3 %) with 117.6 units only after
8 day and terminated the emergence (100 %) on the ninth day with 132.3 units as
shown in Table (3 ).

Concerning Agrotis pupae Table (2) revealed that, they tolerated clearly the
tested cold conditions more than those of Spodoptera species since they remained
alive for 19-27 day at 5+0.5° C compared with 6-12 day only, in the later species,
according to the age. Also, more than 70.0 % of one day old Agrotis pupae, survived
for 13 day at this temperature while about 43.0-70.0 % of the Spodoptera pupae were
killed after 2 day onily. These results are in agreement with findings of Abdin and Eissa
{2001) and Hassan (2005) when they reported 10.4 and 12.3° C as zero developments
for Agrotis and Spodoptera, respectively i.e. the prior insect is more tolerant for cold
conditions.

Data in the same table also pointed to that, percentages of living Agrotis pupae
correlated positively, as in Spodoptera, with the temperature, this result coincide with
that recorded by Salem (2006). All Agrotis pupae stored at 5 or 10+0.5°C failed, as in
Spodoptera, to produce moths. Thus, due to the, extended exposure to temperatures
below developmental thresholds, the pupae eventually died.

Storing at 15+0.5°C, about of 15.0 and 26.7 % of 4 and 6 day old Agrotis pupae
succeeded to produce moths with 135.4 and 154.8 degree days, respectively, Table
{2). Moth emergence at 27+0.5° C initiated with 7.3% after 9 day with 149.4 thermal
units and reached, a maximum of 83.6% with 199.2 units, after three days Table (3).
In this respect, Abdin and Eissa (2001) recorded that 147.12 units were needed for
completing the pupal development at 27°C,
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A general view for all previous data in tables (1-4) reveals that, Agrotis pupae

could be stored alive {100 %), at any of the tested cold regimes, for 1-17 day

according to their age. Also, more than 90.0% of Spodoptera pupae could be alive for
2-13 day at 10 and 15+0.5° C. Storing of Agrotis pupae at 1540.5°C, delayed and, in

the same time, sharply decreased the emergence of adults, 15.0 and 26.7 % moths

only were obtained from 4 and 6 day old pupae with 135.4 and 154.8 thermal units

after 15 and 12 day respectively. No moths were gained after storing the all ages of

Spodoptera pupae at all tested cold regimes.

Table 1. Percentages of alive Spodoptera pupae with different ages (days),after
storing at different low temperature degrees.

Storeing
period 5 £ 0.5° € and ages 10 % 0.5° C and ages 15 # 0.5° C and ages
“ 1 2 4 6 days 1 2 4 & days 1 2 4 & days
1 846 | 667 | 759 | 797 | 1000 | w00 | 00 | oss9 (:2%3) Ll;mgg) (é‘:g& ﬁg‘;
2 22 | 365 | 42 | se1 | w000 | 1000 | 1000 | eas | oo | i | edte | e
3 24 | 95 34 | 503 | 000 | 1000 | sown | me3 | e o | i | g
4 192 [ 78 | 34 | 103§ sz | w00 | w8 | 82 | o | agee | wste | (s
5 12 | 748 14 ss | o7 | w00 | w9 | 26 | oo | o | gren éf :;6)
6 19.2 6.3 3.4 3.2 9.7 9.6 88.9 558 | apen | (4508) (79& (103.92)
7 192 | 83 19 oo | s7 | o1 | ss7 | 562 " 951 6.5 o
giam | rzen | urs) ! poess
8 178 | 48 6.0 9313 | 969 | 800 | s (3?55'; ) (5%‘. '620} assn | (1053
9 15 | 48 g0 | 957 | s | sar | o L:;-zze) (3924. ‘!_38) -
10 77 | oo g0 | o3 | ms | w2 | o 5552';2) 52, {1?5'_26)
1 7.7 85.0 384 778 397 1 a3y (5881.‘578) (87.50) (1?;352
12 35 gs0 | ssa | 778 | a8 - - 93.0 756
. N - (4658) | (61249) | (9056) | (11968)
13 0.0 | ss0 | w4 | 78 | ma | f;i}_ ﬁ‘:m (:31_'2;)_ 125
14 767 | 884 | 756 | 164 (5911_';]} woss | esen | gz
- AEIEIEAEAEAr
l 765 | 855 | 644 | 00 (56;'23L (75«:).?4) u;g:gﬂ {1;;::8]
19 70.0 78.3 46.7 (6555..240) (7?90_;355) (13&1 Jﬁgjgl))
a s6.7 768 8 (7%7.552)_ (82;.1.28) (1?2.?0) (12.';2)
B 667 § 686 | 133 e | casy | en | gene
25 s83 | 609 [ &7 (;1“.'136) 0.0 0.0 0.0
7 ar | a6 | 00 ( 8{75-.38)
29-31 3381'?'7' 3;’;‘7' 0.0
338 s | ‘oo
Total | (147) | (293) | 58y | 88y | 147 | (203 | ses) | 880) | @em | (@om | (w08 | ey

Numbers between brackets indicate accumulative degree days units ( DDU).
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Table 2. Percentages of alive Agrotis pupae with different ages, after storing at
different low temperature degrees.

Stoseing 5+0.5% C and ages 10+0.5° C and ages 15+0.5° C and ages
period
(day) 1 2 4 6 days 1 2 4 6 days 1 2 4 6 days
1 100.0 100.0 1000 100.0
100.0 100.0 100.0 99.0 160.0 100.0 100.0 100.0
(21.1) (37.8) 710y b (1042
2 100.0 100.0 100.0 100.0
100.0 97.0 98.6 82.7 100.0 100.0 100.0 100.0
{25.8) (92.4) {75.60) {108.8)
3 100.0 100.0 100.0 i00.0
100.0 §7.0 58.6 74.5 100.0 100.0 100.0 1000
30.4 (47.0) 802 | (1134
4 100.0 86.0 517 46 .6
978 924 95.8 4.5 96.6 100.0 100.0 96.6
35.0) | (5L6) (84.8) (118.0)
5 ' 100.0 82.0 467 6.6
97.8 92.4 54.3 B2.7 96.6 100.0 100.0 BO.O
(386) | (56.2) 189.4) (122.6)
6 100.0 78.0 450 450
933 92.4 88.6 60.0 96.6 10C.0 106G.0 75.0
{44.2) (60.8) 54.0) 122.2)
7 90,0 72.0 40.0 41.7
933 5.9 87.1 57.2 96.6 100.0 100.0 68.3
988y | {654y 138,67 (131 .5)
8 56,2 &L.0 316 40.0
86.7 833 8.4 50.0 96.6 1¢0.0 100.0 55.0
{534 (70.0) (103.2) (136.4)
9 512 62.0 25.0 40.0
86.7 75.8 75.7 44.5 966 100.0 100.0 55.0
(580} (74.6) (107.8; (1410}
10 76.2 580 166 367
82.2 69.7 67.2 q2.7 96.6 100.0 100.0 550
{62.6) (79.2) (1124 {145.6)
11 76.2 48.0 150 6.7
80.0 62.1 54.3 5.4 80.0 100.0 100.0 35.0
(67.2) | {(83.8) (12 | 50
12 75.0 42.0 15.0 26.7*
733 52.4 458 327 6.7 100.0 100.0 26.7
(71.8) (88.9) £121.6) £154.8%
13 75.0 28.0 15.0
733 34.8 4.3 300 75.0 100.0 100.0 233
{76.9) {93.0) {126.2)
15 7.3 16.0 15.0%
62.2 333 s 200 66.7 1000 93.2 100
(85.6) (102.2) 1354)
17 65.0 14.0
55.6 25.7 243 11.8 63.3 100.0 a1.7 ag
{%4.8) 111.4)
18 61.2 4.0
533 21,2 114 2.8 61.7 933 . 633
{104.0) (120.6)
21 225
42.2 136 14 0.0 583 93.3 48.4 0.0
(113.2)
23 87
333 7.5 0.0 53.3 91.7 398.3
{1224
25
17.8 0.0 31.7 88.3 250 co
7 6.7 5L.7 88.3 183
29-31 43.3- 55.0- 8.3
0.9
26.7 28.3 17
33-35 10.0-
15.0-5.4 0.0
1.7
¥ 0.0 0.0
Total (16.6) (33.2) (66.9) {99.6) (16.6) (33.2) (66.4) (99.5} {1224) {120.6) (1354 (154.8)

* Moth emergence (%)
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Table 3. Percentages of alive Spodoptera and Agrotis pupae and accumulative degree
days at 27+0.5 °C.

Alives ( % )
Insect
1 2 3 4 5 6 7 8 9 10 12d
Spodopter 46.7 0.0
100.0 | 3000 | 1000 | 1000 | 1008 | 1000 | 1000
a 53.3+ 100
littoralis | a7 | o4y | @y | sam | @5 | ey | cozs | gue | asn
Agrotis 855 18.2 0.0
1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 9.4
ipsiton 7.3 67.3* 83.6*
(199.2
(166 | 332 | oy | e | (83.0) | (596) | (1162) [ (1328) | (149.4) | (166.0)
)]

Table 4. Percentages of Spodoptera and Agrolfs pupae, degree days and moth
emergence (%) at 5, 10 and 15 4+ 0.5 °C,

Species +0°5°C Alives ( % ) Dbu Emerg. (%)
Spodoptera 5 66.0-84.0(1) -- ‘ 0.0
littoralis
10 95.0 - 100.0 (2-5) - 0.0
75.6 — B8.9 (4-21) -
15 100.0 (4-7) 33.3-98.6 0.0
91,2 - 98.3{8-14) 49.2 - 114.6
71.8 - 88.5 (13- 53.6 - 127.9
17
Agrotis 5 o 90,0 -100.¢ {1-7) 0.0
80.0 - 86.7 (2-11)
ipsiton 10 100.0 (3-17) 0.0
90.0-96.6 (4-23)
75.0-83.3 (5-27)
15 100.0 (3-6) 44.2 -113.4 15.0 - 26.7
71.3-82.0 (4-15) 56.2 - 85.6 J

Numbers between brackets represent lifespan in days.
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