J. Agric. Sci. Mansoura Univ., 32 (12): 10455 - 10468, 2007

EFFECT OF MULBERRY VARIETIES ON SOME BIOLOGICAL
CHARACTERS OF CERTAIN SILK WORM BREEDS (Bombyx
moriL.)

Khalii, S.1.*; M.A. El-Deeb*; AM.A. Mohs-en*'and M.S.l. Saad™ .
* Plant Protection Dept. Fac. Agric. Zagazig Univ. Egypt
** Plant protection Research Institute

ABSTRACT

The effect of diet mulberry varieties (Kanva-2, Kokuso-27, Mortiana and
Balady) on some biological aspects of certain Bombyx mori L. breeds were studied
under laboratory conditions.

Duration period of larval stage varied significantly between silkworm breeds or
betwsen mulberry varieties. The shortest duration period of larval stage was 28.11
days for CG 16 breed when the larvae reared on Kanva-2 cuftivar. While, the longest
duration period was 33.58 days for JH3 reared on Mortiana.

Also, the larval mortality percentage was clearly affected where the highest
mortality values were recorded in CG16 breed reared on Balady mulberry cultivar
(35.55%). i

Larval body weight was significantly increased in JH3 breed reared on kanva-2
than other mulberry cultivars.

Length and weight of silk gland were significantly increased in larvae fed on
kanva-2 leaves, while these parameters showed insignificant differences between the
tested breeds. Larvae of EM6E fed on leaves of kanva-2 exhibited the highest
percentages of cocooning and pupation. i

Pupal duration and adult emergence % were affected by breed and mulberry
variety. Breed JH3 fed on kanava-2 gave the highest value of pupal weight

Moaritiana muiberry variety and EM6 breed recorded the highest values of
female longevity. Mean while, the superior longevity of male (breed JH3 and Maritiana
variety) was responsed to silkworm breed and mulberry variety,

Adult fecundity was decreased in fernale orison from larvae fed on Balady
variety and CG16 breed. A positive relationship was detected between weight of
pupae and fecundity.

Fertility of female moth increased in CG16 larvae fed on kakuso-27 variety.

INTRODUCTION

The mulberry silkworm, Bomby mori L. is a monophagous species fed
on the mulberry leaves {Morus spp.). The mulberry leaves vary greatly in their
nutritional value according to variety and other factors, Many investigators
found that the biological characters of silkworm were directly affected by
mulberry leaf varieties (Gabriel and Rapusas, 1976; Bheemanna, et al,, 1989
a,b; Qader etal, 1995; Petkov, 1995; Raman, ef. al, 1995; Basavarajappa
and Savanurmath, 1996 and Mahmoud, Sauad, 2000). .

The present work was carried out to evaluate the effect of four mulberry
varieties {i.e. Kanva-2, Kokuso-27; Maritiana and Balady) on some biological
characters of three bivoltine silkworm breeds (CG 16, EMS and JH3).
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MATERIALS AND METHODS

The present study was carried out in the laboratories of sericultural
Hgro-Mier Company, Assuit Governorate, during seasons of 1998 and 1999.

Four mulberry varieties were used i.e. Moritiana, Kokuso-27, Kanva-2
and Batady. Three biovitine silkworm breeds (JH3, CG16, EMB6) were
obtained from Hgro-Mier Company.

The effect of mulberry varieties on some biological characters of the
above mentioned breeds were studied. Each breed was fed on leaves of four
mulberry vetities separately by using 300 silk-worm larvae, for each replicate,
So, larvae of each replicate were kept on a plastic tray (100 x 70 x 15 cm.)
under rearing room at 27 + 2°C and 75 + SRH%.

Mulberry leaves were plucked twice daily for larval feeding, i.e. at 8a.m
and at 4 p.m., thereafter, the leaves were washed, dried and stored until
needed and offered 4 times daily.

The larval bed was cleaned daily. Mature larvae were handily
transferred to the mounting fork. The cocoons were harvested for studying
the biclogical characters. After emergence, each coupie of moth was
impaired in paper sacule for copulation and oviposition.

All biological parameters of different stages were carried out and
measured throughout the study as follows:
1.Larval stage:

a. Percentage of larval mortality.
b. Larval instar duration period
¢. Weight of full- grown larvae and silk giand at the end of the 5" instar
just before moulting (ten full grown larvae were take at random in
each replicate).
d. Percentage of cocooning.
2. Pupal stage:
a. Percentage of pupation
b. Pupal duration.
¢. Pupal weight.
3. Aduit stage:
a. Percent emergence of adult moths.
b. Longevity of male and r2male moths.
c. Fecundity { No. of deposited eggs / female).
d. Fertility {No. of fertile eggs/ female).
Chemical analysis of mulberry leaves components:
Fresh mulberry teaves of varieties Kanva-2, Kokuso—27 Moritiana
and Balady were subjected to a chemicat analysis to determme the leaf
content of total crude protein, total carbohydrate and humidity (Table 1).

1. Estimation of total nitrogen was carried out according to Koch and Meekin
{1924) method.

2. The total crude protein content of the leaves was calculated by multiplying
total nitrogen by 6.25 {according to formula crude protein = pitrogen
content x 6.25). Kjeldhi methods {A.O.A.C. 1965).
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3.Determination of the total carbohydrates was achieved according to
Bermfeld {1955) methods.

4. Determination of humidity was made by subtracting the difference between
the completely dried (in an oven 105°C till the constant weight ) and fresh
leaves weight. .

Data obtained were statistically analyzed according to Snedecor and

Cochran (1976) and by using software costat program.

Table {1): Total nitrogen, total crude protein, total carbohydrate and
moisture content in four different mulberry varieties.

Components Total Total crude Total Moisture

Varlsty ulberry nitrogen protein (%) carhc();zy)drate ca(n%u;nt
Kanva-2 .27 20.43 23.%4 72.68
Kokuso-27 3.03 18.93 23.70 72.84
Moritiana 315 19.68 25.63 70.07-
Balady 3.05 18.06 24,33 69.65

RESULTS AND DISCUSSION

1-Larval stage :
1.1.Larval duration :

Data recorded in Table {2) declare that, larvae fed on the leaves of
Moritiana var. induced the longest duration period of the 1¥ (5.28 days), 3"
{(6.12 days), 4™ (7.29 days) instars and the total larval duration (32.32 days).
Meanwhile, the shortest period, in general was recorded with Kanva-2 var.
(29.48 days).

Regarding the silkworm breeds, it was noticed that breed JH3 gave the
longest period of the 2™ (4.03 days) and the 4" (7.38 days) instars; whereas,
breed CG16 showed the shortest period.

Significant differences were detected between the tested breeds in 4"
and 5" iarval instars and the total larval duration period.

It could be concluded that the shortest and significant duration period of
larval stage of the three studied silkworm breeds was recorded when the
larval was fed on the leaves Kanva-2 variety; However, the longest one was
recorded for larvae of breed JH3 fed on Moritiana variety leaves.

Accordingly, the duration period of the larval stage varied significantly
from one breed to ancther being the longest pericd (33.58 days) was
recorded for JH3 breed; while, the shortest duration period {30.78 days) was
recorded for CG16 breed. In addition, leaves of mulberry variety has much
more effect in this concern than the role of silkworm breeds and differences
of larvai duration period ranged between (29.48 days) for Kanva-2 and (32.32
days) for Moritiana variety. This variation could be attributed to the nutritional
values of the tested mulberry varieties. For instance, data recorded in Table
(1) revealed that Moritiana leaves contain the highest total carbohydrates
{25.63%) whereas Kanva-2 variety leaves contain the lowest total
carbohydrates (23.34%). On the contrary, Moritiana leaves contain the lowest
moisture content (70.07%) as compared to leaves of Kanava-2 variety
(72.68%).
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Table {2): Larval duration periods of different instars (in days of three silkworm breeds affected by feeding on
different mulberry varieties during autumn season of 1998.

‘1830 °1'S ey

Larval 1 P 3" 4" g" Total larval stage
[Silkworm) L‘ L IM
et {CG18E Ml JHy MeaniC G 4EMdJH |MeaniC G {E M4 JHs MeaniC G1dEM4| JHs MeaniCG1e| EMs | JHs Mean|CGr| EMs | JH; Mean|
variety

Kanva-2|5.11[5.065.085.08[ 3 |4 143711 5 6.08566(5.22( 6 , 6 7.4Y647[ 9 | 0 | 8 [8.6626.1130.0430.3129.48
Kokuso-|s 13%5.335.09(520| 4 (4 {4 | 4 | 6 | 5|5 |533[5.02p.027.087.01] 11 |9.27]0.98 10,0832 0531 6231 2031.62
Moritiana|5.24/5.35/5.26(5.28{ 4 | 4 | 4 | 4 | 6 | 6 [6.356.12 [6.89| 7 [7.99/7.209.679.24|9.98(9,63 [31.80031.6933.5832.32
Batady |5.216.255.025.16] 4 |4 ] 4 | 4 1496 |5 /533] 7 | 7 | 7 | 7 [10.0510.21110.8510.37[31. 1632.4631.8731.8
Mean [5.175.245.11__ |3.75] 4 B.0 449[55(55]  |645 7 [7.38  |0.93(943]9.70]  130.7831.4331.74
(SDvar| NS N.S N.S 0.2781" 0.2723" 0.4625*

LSD * L L]

o, N.S N.S N.S 0.1986 0.2502 0.3893
|.SD var.x + * *

D v N.S N.S N.S 0.3972 1.6304 0.7787
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Data of the present work in paralle! with those of Pillai and Jolly (1985),
Silayach and Khokhar {1995) and Mahmoud, Scuad (2000). However, data of
the present work disagreed with those of Gabriel and Rapusas (1976) who
reported that there was no significant difference in the duration period of
larval stage when fed on leaves of mulberry varieties.

1.2. Larval mortality percentage :

Data in Table (3) revealed that the percentage mortality in the first
larval instar significantly affected by silkworm breeds which the highest
values were detected in larvae of breeds CG16 fed on mulberry leaves of
Balady variety. However, the percentage of larval mortality was not affected
by other mulberry varieties, while the second and 3™ instars were not affected
either by silkworm breed or mulberry variety.

The fourth instar was significant affected by mulberry variety where
Moritiana and Balady varieties increased mortality percentage and -not
affected by silkworm breeds,

On the contrary, mortality percentage in the fifth instar was not affected
by muiberry varieties; while significant variations were detected between
breeds.

As for the larval mortality, the obtained data show that significant
differences were noticed between the total mortality percentage and silkworm
breeds, being the highest values (29.80%) were recorded with JH3 breed,
and the lowest (22.91%) recorded with EM6&. Also, larval mortality recorded
the highest values when fed on leaves of Moritiana and Balady varieties.

Mortality of larvae of silkworm could be attributed to the low protein
content of Moritiana and Balady leaves (18-19%) while, protein content in
Kanva-2 variety (that caused the least percent mortality) was relatively higher
{20.43%). in addition, low moisture content in leaves of Moritiana and Balady
(70.07-69.65%) may be aiso a responsible for increasing percent of mortality
as compared with the percent of moisture in Kanva-2 and Kokuso-27 vars.
that ranged between 72.68-72.84%, Table (1).

These results are in partial accordance with those of Hafiz (1992), who
reported that the higher protein content in mulberry leaves caused lower
mortality percentage.

1.3. Larval body weight (g.) :

The obtained data (Table, 4) showed significant differences between
muiberry varieties and silkworm breeds reared. As such, larvae of JH3 breed
showed the heaviest body weight (3.122 g.) however, breed CG16 showed
the lowest one (2.714 g.) regardless of mulberry variety. In addition, feeding
larvae on leaves of Kanva-2 induced the highest significant boedy weight,
regardless of sitkworm breed reared.

The same resuits were also reported by many investigators
(Muhammad, et al,, 1984, Raman ef al, 1995; Karimullah et a/, 1989,
Bheemanna, et. a/.,, 1990; Das and Vijayaraghavan, 1990; Hafiz, 1992 and
Mahmoud, Soad, 2000) who found that the varied effect of feeding larvae on
mulberry leaves of different varieties on the growth and weight of larvae. In
addition, Giridhar and Reddy, 1991; Qader et &/, 1992 and Qader et al,
1995) reparted that the varied larval growth and weight of tested silkworm
breed also detected,
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Table (3): Mortality percentage of different instars larvae affected by feeding sIIkwoLm breeds on different

mulberry varieties during autumn season of 1998.

Larval st nd vd th th
instar 1 2 3 4 5 Total larval stage
Silkworm ] 7 [" E
Mbl,'lilel::::y G14EMs, JH;MGE"FGMEMs JH, Meaqh:GmEM. JHa ean\CG1 EM;/JH; Mean)CG14EMs) JH: earw CG1s{ EM;y { JH; Mean
variety S
Kanva-2 11.56610.772.66 1.66 3.08 2.11 1.814.35 2.17 ]1.49[1.95p.2 4.87|12.463.28 17.77]17.77/28.44121.32)
KO';‘;SC* 3.3310.9911.11} 1.813.3301.7911.64; 2.25 |3.80[2 362,36 2.84 12.9812.5913.17] 2.91 [8.403.4013.76| 5.19 [26.9917.6526.5523.73
Moritiana(2.22[2.3312. 65 2.36 1.82{3.19 2.57 .633.54i 4.04 |5.4414.492. 65/ 8.8115.62(1.88 30.77129.6632. 5530.99
Balady |3.44/2.663.333.14 12.62{3.41] 3.00 40[3.52(4.164.95/5.453.42] 4.60 [8.3516.5313.41 5.55[26.5531.6631.25
Mean ([263]1.692.41 1.9212.83 3.5503.44] 3.7213.622.8 7.614.753.08 7.77122.91[29.8
LSD var. N.S N.S N.S 1.3231™ N.S 4.1736*
LsD . " e
breed 0.6922 N.S N.S N.S 1.437 2.9498
LSDvarx 4 3g46¢ N.S N.S N.S NS 58999
breed
NS (Not significant) * Significant ** Highly significant
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1.4. Length and weight of silk gland :

Data recorded in Table (4) showed insignificant differences between
silkgland larvae of tested breeds fed on leaves of different mulberry varieties
either silkgland length or weight; however, differences between mulberry
varieties concerning silkgiand length are significant, where larvae fed on both
kanva and Moritiana gave the longest sikgland (29.36 & 29.28 cm)
respectively.

As for the silkgland weight, larvae fed on Kanav-2 gave the heaviest
sitkgland {0.9063 g.}.

It can be concluded that nutritional value of the leaves of Balady variety
may contribute in reducing the growth and weight of the silkgiand of larvae.
The chemical analysis of the leaves of tested mulberry varieties (Table 1)
cleared that the leaves of Balady contain the fowest percentage of protein
{18.06%), carbohydrate (24.35%) and moisture (69.65%) as compared to the
other three varieties. This conclusion is in accordance with that of Qader et
al. (1995), Qader and Haque (1996).

2. Pupal stage :
2.1.Cocooning percentage :

Obtained data (Table 5) revealed that mean cocooning percentage is
greatly affected by both silkkworm breed and mulberry variety, where larvae
reared on Kanva-2 leaves induced the highest percentage cocooning
(96.33%) in general. Concerning silkworm breeds, EM6E breed showed the
highest percentage (94.35%). Anyhow, the highest absoiute cocooning
percentage (97.57%) was recorded for JH3 breed fed on Kanva-2; while, the
lowest one (89.26%) was recorded for the breed (JH3) fed on Balady leaves.

The differences between breeds and varieties were mostly significant.
The same trend was also reported by many investigators (Gabriel and
Rapusas, 1976 and Bheemanna et af., 1989a,b,¢).

2.2. Pupation percentage :

Data obtained indicate that feeding silkworm larvae on the leaves of
Kanva-2 induced the highest values (88.46%), the lowest one was recorded
for breed CG16 (85.03%). Generally, the highest pupation (92.50%) was
detected for larvae of breed EM6 where fed on Kanva-2 leaves.

2.3. Pugal duration :

It is clearly that from the same Table (5}, feeding larvae of the tested
breeds on the leaves of Kokuso-27 and Kanva-2 showed significant short
duration period of pupal stage (10.52 and 10.62 days). In addition, JH3 larvae
have the least duration period (10.67 days).

The differences between treatments were mostly significant. Data of
the present work are in partial accordance with those of Silayach and
Khokhar {(1995) who reported that the duration period of pupal stage ranged
between 11.96-13.6 days. However, data of Alvarez (1993) are relatively
higher than the data of the present work as the author recorded 15.4 days as
a mean duration period of pupal stage. This wide variation could be attributed
to the silkworm breed and the mulberry variety or to the two fagtors together.
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Table (4): Average weight of the larvae three silkworm breeds and weight and length of their silkgland as affected

by feeding on mulberry varjeties during autumn seasons 1998.

r

Larval instar Larval body weight (g.) Sitkgland length (cm.} Silkgland weight (%!
Sitkworm
breeds CGy | EM; JH; | Mean | CGys | EM; JH, | Mean | CGy EM; JH, Mean
Mulberry variety
Kanva-2 3.948 | 3.902 | 3.518 | 3.789 | 30.00 | 31.26 | 26.83 | 29.36 | 0.9156 | 0.8916 | 0.9118 | 0.8063
Kokuso-27 2420 | 2402 | 3.274 | 2.698 | 28.40 | 27.53 | 29.93 | 28.62 | 0.7325 | 0.7730 | 0.8253 | 0.7769
Moritiana 2295 | 2.659 | 2.653 | 2.535 | 29.53 | 29.06 | 29.26 | 20.28 |0.5693 | 0.5840 | 0.5693 | 0.5742
Balady 2.196 | 2.402 ] 3.046 | 2.548 | 23.93 | 25.46 | 26.60 | 25,33 | 0.6506 | 0.6142 | 0.6140 ] 0.6263
Mean 2.714 | 2.841 | 3.122 27.96 | 28.33 | 28.15 0717 | 0.715 | 0.730
LSD var, 0.1246* 0.9628*" 0.2887*"
LSD breed 0.0820* N.S N.S
| LSD var.x breed 0.1640* 2.2300* 4.6957*
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Table {5): Biological aspects of pupal stage of three silkworm breeds affected by feeding on four mulberry

varieties during autumn season of 1998.

Larval instar Cocooning (%) Pupation {%) Pupal duration (days Pupal weight (g
Silkworm
breeds CGys EM;: JHs Mean | CGys EM, JH, Mean | CGy, EM, JH, Mean | CGy EM, JHy Mean
Muiberry variet
Kanva-2 9389 [ 9754 | 9757 | 9633 | 84.70 | 9250 | 88.20 | 8846 | 1063 | 11.06 | 1016 | 1062 | 1.421 | 1.196 [ 1.338 | 1.318
Kokusg-27 90.37 1 9541 | 8969 | 91.82 | 87.50 | B7.79 1 8265 | 8598 } 9.93 | 1066 | 10.95 | 10.52 ) 0.824 | 1.110 | 1.190 | 1.074
Maritiana 89.58 | 91.32 | 90.77 | 90.56 | 84.25 | 86.35 | 83.89 | 84.83 [ 13.46 ] 11.03 ; 10.76 [ 11.75 | 0.939 | 1.001 [ 1.052 | 0.997
Balady 9608 | 9313 | 8926 [ 92,82 | 83.68 | 87.54 [ 865.38 [ 85.86 | 11.80 [ 11.06 | 10.80 | 11.22 | 0.860 | 0.844 | 1.125 | 0.943
Mean 92.48 | 94.35 | 91.82 85.03 | 88.55 | 85.28 11.45 ] 10.95 ; 10.67 1.036 ) 1.037 ] 1.181
LSD var. 0.9663" 2.3403" 0.3258** 0.1886™
LSD breed 1.5070** 2.4568" 0.3616™" N.S
LSD var.x breed 3.0042* Ns 0.7232*" N.S
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2.4. Pupal weight ;

Data also revealed that the highest pupal weight {1.181 g.) was noticed
in JH3 breed followed by breed EM6 (1.037 g.) then breed CG16 (1.036 g.)
without significant differences between CG16 and EM6 breeds. In addition,
feeding larvae on Kanva-2 leaves caused significant increase in the pupal
weight recorded (1.318 g.).
3.Adult stage :

3.1. Percent emergence of adult moth :

The percentage of adult moth emergency {Table 6) showed significant
differences befween mulberry varieties and between silkworm breeds. For
instance, the highest values were recorded for larvae fed on mulberry variety
Kanva-2 {95.36%) with EM6 breed (94.59%).

These results are in parallel with those reported by Silayach and
Khokhar (1995) who stated that the percent emergence of-adult silkworm
ranged between 95 to 98.73%. Similarly, Shaheen et al., (1992) stated that
the nutritional value of mulberry leaves offered to silkkworm larvae affected
significant the percentage of adult emergence. Also, Bheemanna ef al.,
{1990} stated that percent emergence of adult sitkworm differed from one
mulberry variety to another.

3.2. Male longevity :

The mean longevity (days) of male moth arisen from iarvae of silkkworm
fed on the tested mulberry varieties was slightly affected (insignificant);
meanwhile, significant differences were detected between the silkworm
breeds where the highest value was recorded for breed JH3.

3.3. Female longevity :

Obtained results clear that both mulberry varieties and silkworm breeds
induced significant effect on the female longevity manifested. Generally, the
highest values (13.58 days) were recorded for breed EM6 when fed on
variety Moritiana. 3.4. Fecundity :

Data in Table (6) indicate that the highest mean number of eggs laid
per female (428.02 eggs) was recorded for breed EMS followed closely by
breed JH3 (427.04 eggs). Concerning mulberry varieties, it is cbvicus that
feeding larvae on the leaves of Moritiana and Kokuso-27 induced the fertility
of female moth recording : 431.66 and 430.66 eggs/female, respectively. The
highest female moth fecundity (449.0 eggs/female) was recorded for breed
EM6 when fed on the leaves of Kokuso-27. Differences between treatments
were significant in most cases.

Obtained data show positive significant correlation coefficient between
the weight of pupae and fecundity. The conclusion is in agreement with that
of {(Jayaswal et af, 1991; Shaheen et al, 1992 and Narayanswamy and
Gowda, 1989) who detected positive significant correlation between the two
parameters. The varied number of eggs/female according to the variety of
muiberry leaves previously fed to the larvae recorded in the present work is in
agreement with that of Pillai and Jolly (1985).
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Table (6): Biological aspects of emerged adulit moth of three silkworm breeds as a fffected by feeding on different

mulberry varieties during autumn season of 1998,

Ii-::vt;l Emergency (%) Male longevity (days) | Female longevity (days) Fecundity Fertility (%)
Silkworm

braeds | o | EM, | JH, EM, | JH; [Mean EM, | JH; [Mean EMe | JH, EM, | JH
Mutberry s
variety

Kanva-2 193.26|97.49]95.34 429|487 10.33]11.75 431.58|443.95 95.63195 57
Kokuso-27 |91.72]95.03/88.79 4.2014.61 11.48]10.58]11.24 449.00]436.08] 96.76]95.77
Moriiana |95.49]92.76 88.66 4.29]411 13.58]11.64]12.10 430.33]431.33 94.67|04.69
Balady 88.88]03.00190.37 437495 13.34[11.75 391.16(397 50 93.79(94.66

Mean  [92.34|94.58]90.79 4.29[463 12.18[11.43 428.02|427.04 85.31]95.17

= 0.912 [0.525 0.633]0.795

LSD var. 25467° NS 0.8952" 86279 0.8337°
LSD breed 2.3242" 02313 0.4631° 8.0996" 0.8936"
LSD varx . e

o N.S N.S 0.9264 16.2000 N.S

* r = correiation between female pupal weight, fecundity and fertility

2002 Jquedaq (24) Z£ “aun Binosue 19§ ouby
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3.5. Fertility percentage :

The mean percentage of fertile eggs/female moth resulted from larvae
of the three breeds fed on leaves of the tested mulberry varieties nearly
similar with the exception that of breeds : EM6 and JH3 when fed on the
leaves of Balady and Moritiana varieties (Table 6). Yet, the best result in this
concern was recorded for breed CG16 fed on different mulberry varieties
(96.44 10 96.94%). Raju et al, (1990) reported that percentage of fertility of
laid eggs clearly differed due to mulberry varieties and silkworm races.
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