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ABSTRACT spp.) meal found abundant and easily available compared to mulberry

This article focuses on the effects of the use of aquatic plants on the
growth parameters of silkworm larvae in their artificial feeding. Due to
the difficulty of obtaining mulberry leaves, different feeds and substances
to be substituted for this food source were tested in various researches. In
this study, the silkworm larvae were fed with the diet containing different
proportion of azolla (Azolla caroliniana) meal and duckweed (Lemna

leaves in nature. The study aims at defining an appropriate combination
of mulberry leaf meal, azolla meal and duckweed meal and the effects of
these artificial feeds on the growth rate of silkworm larvae. Consequently,
it was determined that 25%, 50%, 75% substitution of azolla meal and
duckweed meal up to the 3" instar (12" day) did not affect the growth and
survival rates of silkworm larvae.
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1. Introduction

Aguatic plants have many potential benefit areas such as cheap food sources for human and animals and fertilizer due to their
high nutritive value and short-term proliferation. The water fern azolla, in symbiosis with blue-green algae is remarkable with
its easy cultivation, high productivity and nutrient-rich value (Singh & Subudhi 1978). The growth rate of different azolla species
were researched in different environments and doubling time was observed as 3-7 days (Tran & Dao 1973; Talley et al. 1977).
Azolla has been reported to contain 25-35% crude protein, 10-15% mineral, amino acids, 14.3% crude fibre (FAO 1989;
Kathirvelan et al. 2015; Ara et al. 2015) and also vitamins (vitamin-A, vitamin B12, B-Karoten), minerals, probiotics and
biopolymers (Kamalasanana Pillai et al. 2005; Katayama et al. 2008; Kathirvelan et al. 2015). In addition, it has been shown
that azolla in dried and fresh form is used as feed for fish (Gokcinar & Bekcan 2015), pork, chicken, duck, cattle and food source
for human (FAO 1989; Indira et al. 2009; Leterme et al. 2010; Gauri-Mahadevappa et al. 2012; Kathirvelan et al. 2015; Rana et
al. 2017).

Similar aquatic plant, duckweed includes up to 43% protein, 5% lipid, small amount of fibre and high amount of easily
digestible dry matter (Leng et al. 1995; Saha et al. 1999). Duckweed as a natural protein source has a valuable amino acid profile
similar to animal protein (Hillman & Culley 1978). It has potential using as a supplementary feed source in feeding of livestock,
poultry and fish.

Another herbal product, mulberry leaf is the most important nutritional source in silkworm rearing. In last years, poor
environmental conditions and the decrease of mulberry tree cultivation areas have negatively affected rearing of silkworm which
is valuable product. These challenges in feeding silkworm lead to do further research on alternative nutrient sources. Due to the
difficulty of finding mulberry leaves in the desired period in feeding silkworm, the researches have been recently concentrated
on substituting easily available matters such as bovine milk, hen's eggs (Helaly 2018), royal jelly (Nguku et al. 2007) soybean,
mushroom (Mahmoud 2013), soybean meal, corn meal (Pallavi et al. 2011) and Spirulina algae powder (Sahay et al. 2011) for
mulberry leaves. Feeding materials have determinative effects on not only the developments of silkworm larvae but also the
quality and productivity of cocoons in positive way. Besides the quality of cocoons and silk, these improvements reflect on by-
products such as silkworm pupae (Ravikumar 1988; Seidavi et al. 2005). Indeed, silkworm pupae is also used as a valuable
nutrient source for human (Yang et al. 2010) and animal such as fish (Radha & Geetha 2018) and poultry (ljaiya & Eko 2009).
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The aim of this research was to define an appropriate combination of the artificial feeds used in the trial and to determine
their effects on the growth rate of silkworm larvae. For this reason, silkworm larvae were fed with the meals of mulberry leaf,
azolla, duckweed and their different combinations. These mentioned aquatic plants are found abundant and easily available
compare to mulberry leaf in nature. Thus, it was possible to conduct the research without considering the period of silkworm
rearing dependent on mulberry leaves growing season either the plants growing season.

2. Material and Methods

A wooden frame of the size of 2 m x 2m x 0.2 m was covered by a tarpaulin. By preparing a mixture made of 20 kg flower soil,
3 kg cow dung and 40 g super phosphate fertilizer, this slurry was poured on the tarpaulin. Then water was poured into the
mixture until total height reached to 20 cm. Azolla was inoculated in the environment. Growing azolla was harvested, dried in
the shade and turned into meal. The same processes were also made for obtaining duckweed. The mulberry leaves collected in
the season were dried in the shade and turned into meal. All feeds prepared in this way, except vitamins autoclaved at 121 °C
for 15 minutes under 15 Ibs pressure. The substitution rates of mulberry leaf and azolla meal in the artificial diet were determined
to range from O to 20, 40, 60, and 80 g, corresponding to 0%, 25%, 50%, 75%, and 100%. The same replacement rates were also
applied to mulberry leaf and duckweed meal. Nutrient elements were prepared as paste in the ratio of 1 g of dry matter and 2.6
g of pure water, then stored in glass jars in refrigerator at -18 °C (Tables 1 and 2). The pastes were brought to room temperature
before given to the larvae and they renewed every 12 hours. The trial was conducted in a rearing cupboard providing the control
of lightening, temperature and humidity. Temperature values were checked three times per day (0.1 sensitivity). Four replicates
of 10 larvae per plastic box were established for each treatment. Hatching larvae were randomly selected, transferred into
experiment medium and started to feed with artificial diet at the same time, namely 12 hours later (Bhattacharyya et al. 2017).
Experiment period was edited as 47 days.

Considering that the larvae could be damaged, weighing was started from the third instar, namely 12t day (0.001 sensitivity).
The vapor machine connected to the timer was used for humidity adjustment (Table 3). Light/darkness ratio was set 16hr: 8hr
with a timer (Khairmode et al. 2019).

Data obtained were analyzed by analysis of variance (ANOVA) and means were grouped by Duncan’s test (P<0.05), All
percentage and ratio data were transformed to arcsin values prior to analysis (Zar 1984).

Table 1- Composition of the artificial diet ingredients quantities/100 g dry weight (prepared with azolla)

Ingredients K Al A2 A3 Ad
Mulberry leaf meal (g) 80 60 40 20 -
Azolla meal (g) - 20 40 60 80
Citric Acid (g) 4 4 4 4 4
Ascorbic Acid (g) 2 2 2 2 2
Vitamin Mixture (g)* 3 3 3 3 3
Sorbic Acid (mg) 200 200 200 200 200
Propionic Acid (mg) 690 690 690 690 690
Chloramphenicol (mg) 10 10 10 10 10
Agar (g) 7.1 7.1 7.1 71 7.1
Sucrose (9) 3.0 3.0 3 3 3

Supradyn: Vitamin A 3333 I.U., vitamin B1 20 mg, vitamin B 25 mg, calcium D-pantothenate 11.6 mg, vitamin B6 10 mg, vitamin B12 5 mcg, vitamin C 150
mg, vitamin D3 500 I.U., vitamin E 10 I.U., D-biotin (vitamin H) 250 mcg, Nicotinamide 50 mg, Folic acid 1 mg; Iron 10 mg, Phosphorus 23.8 mg, Calcium
51.3 mg, Magnesium 21.2 mg, Manganese 0.5 mg, copper 1 mg, Zinc 0.5 mg, Molybdenum 0.1 mg
2 The pastes were prepared in ratio of 1 g of dry matter and 2.6 g of pure water
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Table 2- Composition of the artificial diet ingredients quantities/100 g dry weight (prepared with duckweet)

Ingredients K L1 L2 L3 L4
Mulberry leaf meal (g) 80 60 40 20 -
Duckweet meal (g) - 20 40 60 80
Citric Acid (g) 4 4 4 4 4
Ascorbic Acid (g) 2 2 2 2 2
Vitamin Mixture (g)* 3 3 3 3 3
Sorbic Acid (mg) 200 200 200 200 200
Propionic Acid (mg) 690 690 690 690 690
Chloramphenicol (mg) 10 10 10 10 1
Agar (g) 7.1 7.1 7.1 7.1 7.1
Sucrose (g) 3 3 3 3 3

1 Supradyn: Vitamin A 3333 I.U., vitamin B1 20 mg, vitamin B 25 mg, calcium D-pantothenate 11.6 mg, vitamin B6 10 mg, vitamin B12 5 mcg, vitamin C
150 mg, vitamin D3 500 I.U., vitamin E 10 I.U., D-biotin (vitamin H) 250 mcg, Nicotinamide 50 mg, Folic acid 1 mg; Iron 10 mg, Phosphorus 23.8 mg,
Calcium 51.3 mg, Magnesium 21.2 mg, Manganese 0.5 mg, copper 1 mg, Zinc 0.5 mg, Molybdenum 0.1 mg
2 The pastes were prepared in ratio of 1 g of dry matter and 2.6 g of pure water

Table 3- The room temperature and humidity during the experimental period

Treatments Temperature Humidity
1%t instar 25.06+0.203 82.1+2.98
2" instar 25.3940.171 81.4+2.96
3 instar 12t day 25.56+0.146 79.5+5.40
4™ instar 18™ day 25.51+0.113 81.36+2.53
5t instar 28" day 25.24+0.094 77.13£2.25
32 day 25.44+0.108 78.53+1.73
47" day 25.194+0.160 77.00£2.02

3. Results

In the research, hatching larvae were put into feeding medium in 12 hours and feeding process started. All larvae in groups A4
and L4 died before third instar. By considering that the larvae would be sensitive, they were not weighed until third instar (12t
day). At the third instar, considering all groups, there was no significant difference in weight gain from each other (P>0.05). At
the fourth instar, while there was significant difference statistically in weight gain between group K and other groups (P<0.05),
there was not found significant difference between the groups Al, A2, A3, L1 (P>0.05). Nevertheless, all larvae in groups L2
and L3 died. At the fifth instar, on 28" day and 32" day, while there was a large difference in weight gain between group K and
other groups A1, A2 and L1 (P<0.05), all larvae in groups A3, L2 and L3 died. Most of the larvae in group K started to cocoon
on 34" day (Figure 1).

The groups of Al and L1 continued to feed until 37" and 43 day. The mean weights of the individuals in A1 and L1 reached
0.663 g. and 0.378 g. on 43" day in respectively. Nevertheless, these individuals died after a few days (Table 4).

By the third instar (12" day), it is noteworthy that no deaths occurred across all groups, and the weight gains, particularly in
group K (control) and other groups, did not show statistically significant differences (Table 5).

The weights of cocoons and mortality rates of silkworm larvae in control group (K) are demonstrated in (Table 6).
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Figure 1- Silkworm larvae and silk moth periods during trial (a. silkworm eggs used in the experiment b. c. d. larvae aged between 12
and 28 days e. larvae on the 32" day f. g. cocoon weaving stage, h. emergence from the cocoon)

Table 4- Means weight of larvae during the experimental period

Weight of larvae (mg)

Treat 3 instar 4™ instar 5t instar 32" day 37 day 43 day
' 12 day 18" day 28" day
K 17.43+0.8362 131.73+7.082 876.37+57.62 1598.4+1032 - -
Al 19.95+0.6232 29.63+1.73b 116.20+8.97P 185.3x15.8P 411.87+43.6 662.77+47.6
A2 19.10+0.8122 15.71£1.33b 45.50+1.50P 55.5+3.50¢ - -
A3 17.25+0.7352 11.56+0.584° - - - -
Ad - - - - - -
L1 15.80+0.6262 21.1442.24° 60.63+6.75° 133.3+23.6° 187.33+£24.6 378.50+76.2
L2 13.20+0.7502 - - - - -
L3 12.35+0.9902 - - - - -
L4 - - - - - -
F 13.45 153.37 71.30 68.87 9.96 10.67
P 0.0001 0.0001 0.0001 0.0001 0.003 0.002

Means with different superscripts (a, b and c) are significantly different (Duncan’s multiple range test (P<0.05)). The F and P values were obtained from
the analysis of variance (ANOVA)
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Table 5- The mortality rates during the experimental period

Mortality %

Treatments 3" instar 4M instar 5t instar 32n day 37 day 43 day
121 day 18™ day 28" day

K 0.0 0.0 0.0 0.0 - -
Al 0.0 12.087+3.66 29.888+1.92 29.888+1.92 29.888+1.92 36.002+3.96
A2 0.0 33.055+2.59 77.9134£3.66 77.9134£3.66 100 -
A3 0.0 47.884+1.67 100 - - -
Ad 100 - - - - -

L1 0.0 32.898+3.66 50.832+2.41 56.945+2.59 56.945+2.59 56.945+2.59
L2 0.0 100 - - - -

L3 0.0 100 - - - -

L4 100 - - - - -

F 23.88 75.93 73.05 70.57 19.60

P 0.0001 0.0001 0.0001 0.0001 0.004

All percentage and ratio data were transformed to arcsin values prior to analysis. In respect of replicates, values Oand 100 were calculated as 1 and 99. The
F and P values were obtained from the analysis of variance (ANOVA)

Table 6- The weights of cocoons and mortality rates during the experimental period*

Treatments Weight of cocoon (mg) Min Max Mortality %
K 971.1£17.0 821.0 1084.0 39.17£2.41

Al - - - 100

A2 - - - 100

A3 - - - 100

Ad - - - 100

L1 - - - 100

L2 - - - 100

L3 - - - 100

L4 - - - 100

*: Cocoons were weighed on the 47" day
4. Conclusions

In the research, the substitution rates of mulberry leaf and Azolla meal in the artificial diet ranged from 0 to 20, 40, 60, and 80
g, corresponding to 0%, 25%, 50%, 75%, and 100% of the mulberry leaf meal for the four groups (A1, A2, A3, A4). The same
substitution rates were also applied to mulberry leaf and duckweed meal for the four groups (L1, L2, L3, L4). Then it was tried
to examine the reactions of silkworm larvae to these artificial feeds. All larvae in group A4 fed with 100% azolla meal and group
L4 fed with 100% duckweed died before third instar. Up to third instar in all groups except A4 and L4, the fact that the mortality
rates are 0% and weight gains are not significantly difference show that there will be a potential of the substitution of aquatic
plants for mulberry leaf in early stages of rearing silkworm larvae. After third instar in all groups except control group, the
decreases in survival rates and in mean weight gains and after fifth instar not completing the cocooning process point out that
even 25% substitution of azolla meal and duckweed meal for mulberry leaf meal is not appropriate. Therefore, it can be suggested
doing detailed research on lower substitution than 25%.

On the other hand, feeding with this kind of diets makes it possible to cultivate silkworm larvae all year round independent
of the period of harvesting mulberry leaves, provided that appropriate conditions are met. Besides, the durability of substitute
materials provides a great advantage compared to mulberry leaf. On the 32" day, statistically significant difference between
groups Al and L1 means that azolla meal is more advantageous than duckweed meal. However, since the structure of the diets
will affect the quality of cocoon and nutritional value of pupae, further researches are necessary. Additionally, it is also suggested
further researches to determine the reasons for shortening life span of larvae as the amount of azolla and duckweed meal increases
in diet and to detect whether or not completing the cocooning process by feeding larvae only mulberry leaf meal after 121 day.
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