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1. Introduction

It is certain that the physiology of insect has to do with the oxygen consumption which is inpependent of
oxygen content in the surroundings. In respiratory metabolism, it is known that oxygen is indispensable together
with carbon dioxide, and respiratory guotient is always expressed as ratio of oxygen to carbon dioxide.

Insects are apt to low oxygen tension through morphological and physiological self-regulation. Many studies
are done on the effects of oxygen tension  on eggs, larvae, pupae, and adults. In & certain insect, oxygen
tension has an influence on respiratory processes, depending dircztly upon the rate of metabolism. Especially the
higher the temperature, the higher the carbon dioxide tension, and the older the age of the insects are, the
more the effects of the high oxygen tension increase.

Tt was been reporied on silkworm by many authors that the effects of oxygen tension do not give rise to the
variation of larval respiration, but the oxygen consumption in diapause eggs is chiefly dependent on them.

Furthermore, many investigators found that the pupal period nnder the conditions of gases containing more
than 10 per cent of oxygen is sometimes the same as that under normal conditions.

There are not any reporis concerning the effects of air pressure on ti;e insect and silkworm ph&siology for a
wholle life cycle. :

In this paper it is designed to investigate more detailed eflects of air pressure on sxlkworm physiology from
egg to adult.

This work was carried out at Debartment of Sericulture, College of Agriculture, Seoul National University,
and a! Sericultural Station, Korea.

II. Review of literatrure

It was studied by many investigators whether or not the respiratory metabolism of eggs, larvae, pupae, and
abults had been zffected by oxygen tension.

Bodine™ reported that both diapause 2nd non-diapause eggs eonsume oxygen at a uniform rate in the oxygen
tensions, ranging from 60 to 160 milimeter Hg. But below 60 milimeter Hg of oxygen temsion, the oxygen
consumption progressively decreages, reaching zero at 2 milimeter Hg. Gaarder™ reported that in the pupae
and nympbs of a certain insect its respirations take place at a constant rate, ranging from 7.36 to 3,96 miligram
of oxygen per liter and 5 per cent to 97 per cent of oxygen. According to Hirstand®, larvae of caddis fly are
able to withstand under both high and low tensions, showing a constant rate of respiration. Also Fraenkel
and Herford'® observed the same results in the blowfly.

Kalmus*® reported that lowering of the oxygen tension may prolong the time required for-pupal development
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In other-reparte the action of high tension of oxygen appesrs to depend upon the metabolic state of the
&genism at the time of exposure. Gubin and Smaragdova'® reported in the bee that the greatest consumption
of metabolic stores occured at respiratory ratio of 50, that is, the ratio at which mortality was lowest, and the
sugar metabolism was greatest at 10,

In silkworm, the effects of oxygen and carbon dioxide had becn reported by Nunome™8%1 Kamioka®t®,
Yamazaki'V, Nittonot6-19!, Kobayashit®=# I:o™, Nishizawa®, Kawase'™, and Usda®s®,

According to Nunome'®, in silkworm, it has be en proved that Krogh’s diffusion theory and the formula of
Fick’s diffusion were applicable to the respiration of silkworm, and that the rate of decrease of the air pressure
was k/d(d=distance from stigma)..

Besides those, in case of diapausing eggs, oxygen consumption was dependent on the oxygen tensions, ranging
from 1 to 99 per cent, and was 3,4 fold of normal rate at 99 ger cent (Nittono"'7),

And in larvae, oxygen tensions did not influence the larval respirtion. Nittono%® and kobayashi'® reported
that normal oxygen consumptions were maintained until the oxygen temsion reacked 10 per cent in the respira-
tion of silkworm pupa.

Nunome'? reported that air pressure took an effect on physiology of egg and larvae and very much on the
injury in the larval respiratory metaholism. When narrow air pressnre wus applied to eggs, the hatchihg ratio
increased, but there was no influence on hatching time.

Recent studies, i1 respiratory metabolism, reported that oxygen tension influences somewhsat on respiratory
enzymes (cytochrome oxidase and terminal oxidase). .

111, Materials and Methods

1. Date and places of the experiments.

In spring rearing season of 1967, these experiments were carried out at Department of Sericulture, College of
Agriculture, S.N.U., and at Sericultural Experiment Station, Suwon, Korea.

2. Incubation, rearing, and storage for pupse

For hatching, the eggs were cxposed tc the constant temperature of 24°C and the moisture of 80 per cent
for i2 days.

Rearing methods;

Instar i Younger instar { Advanced Instar
e 1
Temperature °C v 25 ! 23
Humidity % l 85 70
Feeding hours a day : 7 i 5

Storage for pupae; The pupae are stored vnder natural cundiuons.
3. Varieties used.

Varieties used in thi= cxperiment are -all recommended in Korea.
Experimert on egge: Sulsk, Soyang, Moran, Taedong, Suwon 101, Suwon 102, Sulak x Soyang, 101 x 102,
Experiment oa larvee and pupae: F; hybrid, Sulak x Soyang.

4. Investigative method.

&, Sampling methods:
The larvae were sampled at 10 A.M. everyday and this was repeated 15 times. They were marcotized with



ethyi ether for 10 minutes, and dissected immediately. Sampling was made on 10 larvae per 2 block after third
instar. A larva was seperated into silkgland, digestive organ, and others, and they were kept in desicator at the
temperature of 60°C.
b, Processes:

Protein was analyzed by micro kjeldahl method. Fat was analyzed by soxlet aparatus. Sugar was analyzed by
Hane's ioéomctric titration method. Somogyi's method were used for omitted-protein. Ash was obtained by
general method.

5. Treatment of pressure.

The pressure was from 1 to 10 pound/inch square with vacuum pump. Desicator was used in low pressure
and sutoclave in high.

IV, Result and Discussion.

1. Comparisons of air pressures among races at ihe stage of egg.

As hown in Table 1, Suwon 101, Suwon 102, and F1 hybrid of them were very Jow in hatching ratio and
practical ratio, the facts show that they might be special characters among races. The characters cancerned
with long period of incubation. Geneially, it is appearent that the period of incubation depends direcdy upon
temperature. Chinese racea are relatively better than Japanese in hatching ratio.

Table 1. Hatching ratio and practical hatching ratio.

\ Ratio(%) - Hatching ratio Practical batching ratio
. L ‘ .
~ Blocks P _ _ _ ) (pound/in.

_Races —__ -inlrfl{ 1p L_ 2p ] 1p Control! 1p l 2p | 1p ,l_,‘q)
i T . T
Sulak | %64 %64 954 967 628 o017 552 a3y
Soyang ;9.5 9.8 98 9.3 .7 .3 %53 8.2
Moran i 88.1, 99.5 98.9 9.4 8.7 633 825 8L7
80.1

Taedong 5.1 97.00 8.2 9.2 54.5 744 38.8 .3
Suwon 101 {743 .7 716 9.0 154 5.1 13.6  40.4

Suwon 102 o707 880 8l 81 S.1 5.1 &7 T2
Sulak x Soyang [ sesl 9.4 9.0 oo1 82.5{ 69.5 82.80 94.0
101 x102 | 8.8 811 8.0 822 5.8 745 55.9 75
Total i 707.5  769.90 707 9i 752.0 508.00 626.9 483.9 620.0
1 | 8.4 9.2 8.5 9.0 6.5 79.6 6Ll 77.5

Table 2. Analysis of variances for hatching ratio.

[ Sources ! d. £. [ MS i F
Races l 7 l 46.35 ! 1.81
Trearments i 3 437.31 : 18.02**
Errors } 21 i 24.26 '

** Significant atlevel. o
Teble 3. Analysis of variances for practical hatching ratio. )
Sources | d. i. § MS i F
Races 7 ; 259.63 2.30
Treatments 3 i 3376.06 29.96%¢
Errors 21 I 112.67

*¢ Significant at 19 level.



From the *~hle 2 and 3, it can be seer that there are not apy differences among varieties, but there are

among pressures,

The hatching ratio is considerabiy increased owing to the little change of pressure.

2. Effects of various air pressures on silkworm eggs.

Temperature and humidity influence the hatching ratio, hatching ability and period of incubation in eggs. As
shown in Talbe (4-6) and Figure (1-3) eflects of various air pressures were different in hatching ratio, and

practical ratio.

Table 4. Data of hatching ratio, practical ratio, and hatching power.
A. Hstching ratio (%)

- Reces

\Blidu;'—mp —5p —3P,—2p[—1p c l ip ! 2p

)
3p ! 5p | 10p ,Mixec'l P

sulak [ 8.7 88.3 &7.5 9.4 8.3 or.y 9.2
soyang | 87.4 90.1 90.4 94.2 93.7] 96.5 96.9

94.6 93.8 92.§

92.9: 91.4 5.4
6 941

B, practical ratio (%)

sulek . 56.7] 8.7 8.0 85.9, 86.7] 87.0 92.3{ 75.2 3.9 714
soyang 67.1 80.1) B81.6 83.»1! 89.1] B84.7] 905} 82.0x 71.7 72.1
C. hetching power
sulak . 883 s4g| 738l ss6 487 57 sig 731 75| 799
soyang i 7462 613] 607 581, 559I 643, 574I 637} 663 7]
Analysis of variance., for hatching ratio
Sources { af | M5 F
Races I 1 33.14 6.61
Treztments : 11 46.10 3.64**
Rejii.ations 2 27.41 2.17
Lrrot 57
** Significant at 1% level.
Fig. 1. Hatching Ratio -Fig. 2. Hatching power.
Sy Sl alk
“% } >y S ¥ "\a.
lnr-

- 5w C (2550
Lo ® High p.

—-30-

me-T3 34 €123 e



Table 5. Hatching power

Sources i d f | MS F
Races ! 1 { 2085.70 2.88
Treatments u 2730.54 4.05%
Regplications -2 1613.43 2.58

Errors 57 673.85
) *+ Significant at 1% level.

Table 8. Analysis of variances for ‘practical lmu:hihg ratio

Sousces ‘ . f MS F
Races 1 707.31 3.22
Treatments 11 912.47 4.14%
Replications 2 591.27 2.7
Errors 57 . 219,58

*# Significant at level.

It is very interesting fo note that the hatching ratio in #ir pressure (high and low: pound per in.a square) is
high.

‘When the low pressize was compared with high it is inclined that the former seems to be worse than the
latter, this means that the decrease of pressures caused lack of oxygen contents. Therefore, the egg physiclogy
depends not oniy upon temperature, humidity, and light, but also upon air pressure.

Fig. 3 Practica] ratio
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3. Rem.nng cxperiments under severs! kinds of pressure at larval stage.

Data on rearing experiments

A. Cocoon weight (g) Using variety: Sulak x Soyang
= Blocks ]
e '—Mp —SP’—ap’—zp ~1p! C | 1p} 2p | 3p | 5p | 10p |mixedp
Replications
1 | 214 197 2.1 2.2 2.07 2.4 274’ 2.97 2.0.%; 2.24 195 217
1 | 1.94 2.16 2.23 2.17 2.32 2.23| 2.39 2.06| .05 1.62 2.06 2.13
| | 1.98 193 2.11 2.ﬁ 2.45 2.4o| z.as' 2.14 1.9 2.05 1.50: 1.5
Total ] 5.94 6.06 6.47 6.60 6.84) 7.05 6.96 6.57] 6.24 6.21 5.91]- 6.22
{ ] i ]
z | 158 207 234 220 2.28 295 2.99 219 208 207 13 207
B. Cocoon layer ratio (%)
I 18.4 19.6 1.7 181 2.2 w7 212 20 27 7.6 14 2
1 19.3 18.7 211 2.0 2.3 2.8 217 17.5 18.2 19.9i 2.1 19,
| 16.9 19.0 21.4 2.6 I7.} 24.C 189 23.6 19.3 28.5 18.6 19.9
Tatal | 506523 6.9 617 o6 6.5 618 611 0.7 610 5.3 614
z {18.2 191 201 206 205 218 0.6 204 209 203 199 w5
C. Fresh cocoon ratio
I !' o 92] 53] 8q &9 %0 & 89
I { 85 79 ssl ‘ 91 87 85 85 &8 &0
| 67 g 8 91! 87 87 8] 8] 79 77 87
Total 5 234 ml 2620 265 271 287} 267 263 259 25¢ 247! 253
‘ | i 1 i |
2 # s 8] 2 9 9 8 8 s 85 g
2. Cocoon weight and eocoon layer ratio.
Table 7. Analysis of variance for cocoon weight.
Sources I d f MS F
Replications i 2 70.36 1.34
Treatments | 1 236.77 4.51%*
Errors i 18 52.52
** Significant at 1% level
Table 8. Analysis of variace far cocoon leyer ratia
Sources | d f ! MS F
Replications | 2 | 296.78 2.29
Treatments -1 ’ 441.93 3.42%
Errors [ 18 ; 129.22

Significant at 1% level.



Fig 4. Cocoon Weight Fig §. Cocoon Layer Ratio
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As shown in Table(8-7) and Figure(4-5), high pressures did not aﬂ.ect, but low pressures remarkabiy did
the cocoon weight and the cocoon layer ratio. The reason that there is no differences among theatments by :he
analysis of variance are considered because of the short period of treatment.

b. Fresh cocoon ratio. Fig 8. Fresh Cocoon ratio

Table 9. Analysis of variance for fresh cocoon

Sotrces !d.flMSi F

Replications | 2 | zre2! 107
Treatments 11 264.04 1 10.23%*

Errors ;18 25.81 Fide
** Significant at 1% level. ' ,’_,//\
As shown in Table 9 and Figure 6, it appears that 7ol '~*~---:.\\

there are remarkable differences among the average of ) .
the values obtained from the treated larvae. It means . %\
that the change of air prossurs causes to the low vitality por
and abnormal nutrition metabolism.

It shows that cocoon quality of treated larvae is inferior e d
to that of control. The effect of high pressure was not
appeared clearly.

4. Quantitative analysis of treated larvae R L A
with pressure. Lrw P Mo P

Water, protein, fat, carbohydrate, etc. are present in larvae. They are supposed to cause vari;ﬁon in the
chemical compuositions of the silkworm, for the differences of air pressure affect the growth of larvae. '



Table 10. Quantilative analysis of silkworm.

Control High Pressure Low Pressure
Body. Digesti- . Silkgland| Body. Dige. sillgland [Dody. Digestive. silkgland;
protein (%) 4763 44.88 75.38 40.37 50.44 BL75 44.34 4744  86.49
Fats (%) 29.64 12.91  8.8%/34.62 12.39  8.02/25.83 12.44 7.5
Suger (%) 5.66 573 580 7.10 7.25 7.3l 4.8 566  4.35
Ash (%) 490 1440 424 383 1389 477 541 140 3.8
Fig. 7-1. Amount of Fat Fig. 7-2. Amount of protein
801
754
701
651 ]
551 =
501 =
45 =
40 =
F—
25 =
= 30 =
== VW]l % "=
Body Digestive = =__
Organ Body Digestive B8llk
Qresn Gland

Control High Low

. PZZ.

In Table 10 and Figure 7, it appears that fat contents show remarkable differencs among the tissues.
Especially, silkgland contains little amount of fat. It is evident that the small amount of fat in silkworm body
trensfers to silkglands.

Axnd it is of important means for silk formation that there are more protein content in the silkgland than in
the other tissues. On the other hand, in sugar and ash there were no differences among treatments. This might
be due to the fact the air pressure uniformly affected the nutrition metabolism.

5. Silkworm pupae and air pressure.

Pupation and emergence play an important role of siliworm physiology. These phenomena are dependent
almost entirely upon temperature, oxygen, carbondioxide, etc.

Various air pressure were treated to pupae, obtaining the interesting results. )

As shown in Table 11 and Figure 8, the resulis suggest that air pressures affected the duration of pupa. It
was delayed more by pressure than by atmospheric pressure, while it was shortened by high pressure.

These results are similar to those of Kalmus@, that the development of pupae in Drosophila was prolonged
in low oxygen tension.



Table 11. Pressure and emergence
Control High(1 pound/in. sg.) Low(1l pound in. sq.) .
female male female male female male
—;lt day 0 4 7 13 0 2
2nd day 9 35 25 31 2 27
3rd day 41 1 18 6 48 21

{

Fig. 8. Pressure and period of emergence
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The writer and others may assert that time of ‘emergence is regulated by air pressure, and there should be
respiratory metabolism advantzge to pupa, laying ability.

V. Conclusions.

This work was carried out to investigate the effects of air pressures (low and high pressures: 1 to 10 pound

per inch square) on the physiology of silkworm, Bombyz mori L.
TLe results may be summarized as follows:

1. Among silkworm varieties, the effects of air pressures on the eggs were of no differences at ail.

2. Narrow air pressures ranging from -1 to 1 pound per inch square resulted in high hatching ratio, and the
short hatching period, but it was closely associated with the time of treatment.

3. The effects of air pressure, ranging from 1 to 10 pound per inch square on the weight of cocoon and cocoon
layer ratio observed.

4. In silkworm larvae, the air pressure affected respiratory metabolism and larval vitality. Especially low pres-
sures extremly injured the larvae. : . .

5. It was meaningful for the silk formation that the protein content of silkgland was more or less increased.

6. Ait pressure did not influence the fat content of silkgland.



7. Air pressure affected the emergence perioG of pupae, low pressures prolonged its period, but ‘high pressures

shortened.
8, The silkworm physiology depencs not only upon temperature, humidity, and light but also upon air pressure.
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