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OPENING AND WELCOMING SPEECH
Prof. Dr. P. Tzenov, President of BACSA

Ladies and gentlemen, Sericulturists and Distinguished delegates!

It is a privilege and a honor to meet all of you here and I am very pleased to be in the
company of fellow sericulturists in this important gathering for the purpose of sharing
information and experiences in world sericulture development.

I would also like to express my gratitude to the Regional Scientific Center of Sheki of
National Academy of Sciences of Azerbaijan and to Dr Yusif Shukurlu personally for their
tremendous efforts in organizing the present conference.

You will recall that in the early 1990s, some companies from China and some other East
Asian countries damaged the image of silk with the mass production of low quality silk fabrics
and wide circulation of the low quality products in the world markets. By the same time the
manufacture of super fine synthetic fibers and the improved quality of other natural fibers
increased their competitiveness at the market. This “strike” on the World sericultural industries
led to a long period of too low silk prices, which reflected in destroy of parts or even whole
sericultural value chains in many countries.

The fluctuation of silk price and unstable supply of high quality silk have impacted
negatively on silk industry promotion particularly in Europe which led many silk-fabrics and silk
garments manufacturing private companies to shift their major products from silk to other
synthetic fibers or close.

In the recent years however the raw silk price went up, reaching over US$ 55/kg which
gave optimistic expectations for cocoon production revival in many countries whose sericulture
activities had been declining dramatically during the previous two decades.

The Black, Caspian Seas and Central Asia Silk Association now associates 21 countries
from Europe, Caucasus and Central Asia. In most of them the sericulture has been very
negatively affected during the past 30 years, in some countries any detectable sericultural
activity has even stopped. Fortunately enough the research potential, even reduced and the
germplasm resources have been saved in most of the member countries.

At present the trend for World silk prices increase, the availability of European and
national subsidies, long tradition and farmer’s experience, the need of silk industry of raw
materials etc. give some new opportunities for the regional sericulture revival.

In this respect the changes of the climate and the not well controlled use of agriculture
and industry chemicals are among the most critical factors for sericulture development.

In fact through changes in temperature, water regimes and carbon dioxide levels, global
climate change may directly affect mulberry, soil, pests, and the silkworm.

The specific climatic conditions in the BACSA region countries require mulberry to
have high cold and drought tolerance and the silkworm strains to possess a good tolerance to
adverse rearing conditions like high temperature, daily temperature fluctuations and coarse
mulberry leaves feeding.

On the other hand the not well controlled use of insecticides can easily harm the
silkworm rearings and even to destroy completely the whole sericulture value chains in some
regions or countries.

Believing that the work of the present international meeting will be successful and useful
for the regional and world sericulture industry development I open the International conference
“Climate changes and chemicals — the new sericulture challenges”, “CLISERI” 2017

Thank you very much for your kind attention!



THE TEXT OF THE VICE-PRESIDENT OF AZERBAIJAN NATIiONAL SCIENCES
Academy (ANAS)

akad. Fakhraddin Gadirov’s speech
Dear conference participants!

The president of ANSA, academician Akif Alizada and myself are pleased to greet you from the
international conference high rostrum. I wuld like to say on behalf of my townpeople and myself:
“Welcome to our land!” to new visitors arrived in Shaki which has a geographical location on the
Silk Road and has added values to the worldwide culture.

I suppose it is logical that VIII international conference associated from the countries of Black
sea, Caspian Sea and Central Asia on the concept of “Climate changings and chemical reagent — new
researches on sericulture” is being held in Azerbaijan’s particular location. It cannot be neglected
that Shaki holds a unique place in the history of the national-historical existence of Azerbaijan. It is
the magical place where the miracle of nature meets with the miracle of art and the Shaki silk is an
irreplaceble emblem of the many other emblems in Shaki such as its marvelous nature and people.

As you know, sericulture has spread from China to Middle East in the II-I centuries BC, and then
from Iran to Azerbaijan. Silkworm seeds were imported to Azerbaijan in approximately V century.

In the historical article sources it is stated that silking took a prominent place in the country's
and trade agriculture in the seventh century. This fact gives us a reason to estimate the history of
Azerbaijani silkworming from the very beginning. Here I must be aware and very proud to remind
you all of a fact which might add more argument to my conclusion: Hermitage, the Saint Petersburg
Museum of Fine Arts, is exhibiting a cafeteria (crane) of over 1,000 years at the "Caucasian Culture
and Art" exhibition. The caftan was woven in the VI-VIII centuries by a high artistic sleeve during
the period when the silk was evaluated the same to gold.

As one of the key and most profitable sectors of silkworm breeding in the Middle Ages,
Azerbaijan has played an important role in the economic life of the villagers. Azerbaijani silk was
exported to Iran, Asia Minor, Syria and some European countries. In the XV-XIX centuries raw silk
and silk products occupied a major place in Russian markets. Nukha (Sheki), Arash, Shamakhi,
Ganja and Garabagh silk were especially popular. In the nineteenth century, silk processing had
grown dramatically. In 1829, the Hanabad silkworm plant was built in Shaki. In the mid-nineteenth
century, more than two-thirds of raw cotton (28,000 poods) processed in Transcaucasia were from
Azerbaijan.

In 1843 a silk school was opened in Sheki. There were 36 special sections of barracks in the
school. The Caucasus Agricultural Society, established in 1850, has provided significant assistance
to the distribution of high-quality healthy grenades in Azerbaijan's Shaki, Shamakhi and Ordubad
accidents. At the initiative of the Society, shoot varieties from France, Arabia, Tibet and Japan were
collected and distributed to sericulturists. The community organized lectures on silkworming among
the population, conducted scientific and experimental studies for various aspects of the Caucasian
silkworm breeding.

Not only raw silk but also various types of silk were woven in Azerbaijan. Shamakhi, Shaki,
Ganja and Ordubad were the centers producing silk fabric. In 1861, a large Malberry plant was built
in Nukha. Azerbaijan silk was evaluated the same with Italian and Japanese silk at the world market.
Sheki Silk won the first place in the Tiflis Silk Products Fair (1863) and won medals at the World
Exhibitions in London (1862), Moscow (1872) and Vienna (1873). At the Nizami-Novgorod All-
Russian Art Exhibition (1896) Sheki silk was awarded with Honorary Diploma. Not only raw silk,
but also various types of silk were woven in Azerbaijan. Shamakhi, Shaki, Ganja and Ordubad were
the centers of producing silk fabric. The silk-spinning factory was built in Nukha, in 1861.
Azerbaijani silk was estimated with Italian and Japanese silk at the world market. Sheki Silk won the
first place in the Tiflis Silk Products Fair (1863) and won medals at the World Exhibitions in London
(1862), Moscow (1872) and Vienna (1873). (1896) Sheki silk was awarded with Honorary Diploma
in the All-Russian Art Exhibition was held in Nijni-Novgorod.

Sheki was the only raw silk producer in the Soviet Union in 1920 years. Shaki Silk has been
exported to foreign shops, and also the local craftsmen-sharbafs has been producted raw material for
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designing and preparing various household equipment for decoration of fine silk fabrics, clothing and
interior of homes in their special local workshops. There are unique artistic objects that are directly
linked to silkworming: dyeing, sherbaf (keleghayi), sharidchilik (wormwood rope preparation),
singing, other types of decorative slabs in Sheki, which has led to its spread.

The largest Sheki Silk Plant was established in the USSR, consisting of crochet, silk, weaving,
dyeing and decorating factories in 1931. After the Second World War, silk and silkworm industry
began to develop rapidly. In 1978, cocoon production was reached 5,000 tons, which created the
basis for the further expansion of natural silk and fabric production in Azerbaijan.

Azerbaijan's natural-economic and agro-ecological conditions are very favorable for the
development of sericulture.

The population of Azerbaijan is engaged in silkworm breeding that split in the eight out of the
ten natural economic zones. Only in Absheron and Guba-Khachmaz natural-economic districts are
not engaged with silkworm breeding. However, there were lots of Mulberry gardens in these areas,
and silkworms could also be successfully organized there. When solving the specialization of silk in
the regional areas, it is not only the natural and climatic conditions of the region, but also its
profitability and efficiency, and its interaction with other areas of the economy must be taken into
consideration. From this point of view, Shaki-Zagatala districts have a favorable environment for
maintaining the country as the main silkworm breeding center in the future. Tobacco growing,
gardening and sheep breeding develop well with sericulture.

Unfortunately, in the 90's of the XX century, the fact is that our interest in this area has
decreased in our country, despite Azerbaijan has been formed over thousands of years of
silkworming, having a well-established historical experience, and highly valued for the massive
employment and welfare of the population. If in 1982 the production of silk fabrics was produced
5921 tons, in 2000 this figure was reduced to 57 tons and in 2014 to 10 tons.

After the fall in oil prices in the world market, our country's non-oil sector, including
agriculture, has been targeted. The President of the Republic of Azerbaijan, Mr. Ilham Aliyev, gave
special instructions to the government to develop traditional areas such as tobacco, cotton and
sericulture, at a meeting of the Cabinet of Ministers dedicated to the socioeconomic development
outcomes and upcoming tasks of the first half of 2016.

The head of state issued a decree on "State support for the development of silkworm breeding in
the Republic of Azerbaijan". The decree states that in order to strengthen state support for the
development of silkworm breeding in the country, to effectively utilize the potential of this sector, to
increase the interest of the population in the production of competitive silk fabrics, giving subsidies
to the people for each kilogram of the fresh cocoons who engages silk production for improving the
social wellbeing.

The concept of development of the silk industry in the Republic of Azerbaijan, approved by the
Presidential Decree of the Republic of Azerbaijan in 2015, promotes the use of innovative
approaches and new advanced technologies, based on international experience in silkworming
national and spiritual art, extending the opportunities for mass employment of people for Silkworm
development. International cooperation is focused on the concept. It is important to study the
international experience and results in silkworming, to expand the scope of innovation, and to expand
the scope of research in this area.

Dear conference participants! In my opinion, these are the arguments that prove the
importance of the International Conference and the relevance of the topic we have accumulated in
the light. By ending my speech, I wish success to the activities of our well-deserved conference and
would like everyone to contribute to the work of the conference.

Thanks for your attention!



The text of the Coordinator of BACSA for the Republic of Azerbaijan,
Member of the BACSA Executive Committee,
Vice-President of the Organizing Committee of the 8" Conference,
Director of Sheki Regional Scientific Center
of Azerbaijan National Sciences Academy (ANAS)

Yusif Shukurlu’s speech

Dear guests! World famous Sericulture scientists and experts!

As a host, I say "welcome" all of you.

I declare that, including the Republic of Azerbaijan Black Sea, Caspian Sea and Central
Asia, located on the Great Silk Road, Sericulture Association - BACSA was founded in 2005.

On 22 April 2016, the President of BACSA Prof. Panomir Tsenov sent an email to
Azerbaijan to inform that by the opinion of the BACSA member states coordinators, I - Yusif
Shukurlu, was elected BACSA Coordinator for the Republic of Azerbaijan and also member of
BACSA Executive Committee. According to your choice, as well as your support for the
proposal to host the BACSA's 8th conference in Azerbaijan — Sheki, I express my gratitude to
the relevant institution of BACSA member states and to you.

Currently, this event take place between ANAS and "Economic Reform Analysis and
Communication Center", initiated by Mr. Ilham Aliyev, President of the Republic of Azerbaijan
and this event is one of the most important events for the future development of Sericulture,
which plays an important role in the socio-economic development of the regions and also
important for the priority area of the Agrarian direction in major direction of "Strategic Road
Map on the National Economy and the Main Sectors of the Economy" — according to the
agreement approved by Decision No. 12/1 of the Presidium of ANAS dated September 22, 2016

At the International Conference on "Climate Change and Chemical Reagents - New
researches at Sericulture", which we have started to debate, there will be lectures on actual
science topics related to the development of silkworm in the world, the problems in the silk
industry and cocoon production in recent years will be discussed and their solutions will be
investigated.

Members of the delegation, who are already in the opening and working of the conference,
are the following: Bulgaria (4 people), Cuba (2 people), China (7 people), Thailand (3 people),
Romania, Russia and Tajikistan (1 person), Georgia (4 person), Turkey (4 person) and the
Azerbaijani delegation. A delegation from Ukraine and Uzbekistan is expected. Our
representatives are scientists and specialists from world leading silk-producing countries, leaders

of well-known companies and businessmen. I wish all of them good luck.

Thank you for your attention!



CLIMATE CHANGES EFFECT ON SERICULTURE IN EUROPE, CAUCASUS AND
CENTRAL ASIA
by
Prof. Dr. Panomir Tzenov

President of BACSA and Director of Sericulture and Agriculture Experiment Station, 24
Mito Orozov Str., Vratsa 3000 Bulgaria; e-mail: panomir@yahoo.com

(oral presentation)
THE GLOBAL WARMING AND CLIMATE CHANGES

The main official conceptions about the Global warming are that:
- Global temperatures are rising at a rapid, unprecedented rate.

- The "hockey stick" graph proves that the earth has experienced a steady, very gradual
temperature decrease for 1000 years, then recently began a sudden increase.

- Human produced carbon dioxide has increased over the last 100 years, adding to the
Greenhouse effect, thus causing most of the earth's warming of the last 100 years.

- CO; is the most common greenhouse gas.
- Computer models verify that CO» increases will cause significant global warming.

- The United Nations' Intergovernmental Panel on Climate Change has proven that man—made
CO> causes global warming.

- CO; is a pollutant.

- Global warming will cause more storms and other weather extremes.

- Receding glaciers and the calving of ice shelves are proof of man-made global warming.
- The earth’s poles are warming and the polar ice caps are breaking up and melting.

At the same time others consider that all these Global warming conceptions are just
myths. For example the Climate Research Unit of the University of East Anglia, shows warming
to 1878, cooling to 1911, warming to 1941, cooling to 1964, warming to 1998 and cooling
through 2011. The warming rate from 1964 to 1998 was the same as the previous warming from
1911 to 1941. Satellites, weather balloons and ground stations all show cooling since 2001. The
mild warming of 0.6 to 0.8°C over the 20th century is well within the natural variations recorded
in the last millennium.

Significant changes in climate have continually occurred throughout geologic time. For
instance, the Medieval Warm Period, from around 1000 to 1200 AD (when the Vikings farmed
on Greenland) was followed by a period known as the Little Ice Age. Since the end of the 17"
Century the "average global temperature" has been rising at the low steady rate mentioned
above; although from 1940-1970 temperatures actually dropped, leading to a Global Cooling
scare.

There is no proof that CO; is the main driver of global warming. As measured in ice
cores dated over many thousands of years, CO> levels move up and down AFTER the
temperature has done so, and thus are the RESULT OF, NOT THE CAUSE of warming.
Geological field work in recent sediments confirms this causal relationship. There is solid
evidence that, as temperatures move up and down naturally and cyclically through solar
radiation, orbital and galactic influences, the warming surface layers of the earth's oceans expel
more CO; as a result.

To the present day there is still no scientific proof that man-made CO: causes significant
global warming. Besides Carbon dioxide is no more a pollutant than nitrogen is. CO; is
essential to life on earth. It is necessary for plant growth since increased CO; intake as a result of
increased atmospheric concentration causes many trees and other plants to grow more
vigorously.
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Nevertheless whether there really is a “Global warming” or these are just cyclic climatic
changes it is obvious that there are some climate changes which may badly influence the
sericulture development.

CLIMATE CHANGES AND SERICULTURE

Through changes in temperature, water regimes and carbondioxide levels, global climate
change will directly affect mulberry, soil, pests, and the silkworm.

The effect of climate change is not uniform on all types of crops in all regions and also
during all seasons. The increase in temperature may affect crop productivity in tropics. At the
same time it may help the temperate regions for higher production or product diversification.

On the contrary, the drought which is also the part of climate change, will definitely
affect the productivity.

Besides there are some specificities of the climate in European and Central Asian
sericulture countries. Even though these countries are located in the temperate and sub-tropical
belt like Japan, Korea and parts of China, the climatic conditions are quite different. Most of
European and Central Asian sericulture countries with temperate climate have comparatively
cold winter and hot, but dry summer. The peak of rains during mulberry vegetation period is in
May and June, but July and August are the driest months. On contrary in Japan and Korea July
and August are the most rainy months during the mulberry vegetation period due to monsoons.
Even though June is considered as a late spring, usually the weather is very hot during the 5"
larval instar. Due to very hot weather in June the mulberry leaves get coarse quickly. There is
also a big temperature fluctuation during the spring rearing season in May and June, namely the
night temperature could be half of the day temperature. In early spring (March and April) hot
weather with high temperatures like 25-30°C is quickly changed with abnorbally cold weather,
even temperatures below zero which may very badly affect the already sprouted mulberry trees.

All these specific climatic conditions require mulberry to have high cold and drought
tolerance and the silkworm breeds and hybrids to possess a good tolerance to adverse rearing
conditions like high temperature, daily temperature fluctuations and coarse mulberry leaves
feeding. It is not occasional that the bush type of mulberry plantations are not popular in any
European and Central Asian sericulture country, mainly because their roots are situated too
shallow in the soil, compared with low/medium/high stem mulberry trees. In some region
countries like Uzbekistan for example the summer is so dry that there is almost impossible to
grow mulberry without irrigation. In Japan and Korea after the spring bottom pruning of
mulberry in early June starts the monsoon rainy season which is very beneficial for the trees
recovery, sprouting and vigorous growth in June and August, providing long enough shoots for
the summer - autumn silkworm top mulberry pruning. In our region countries however the
situation is completely different because after the mulberry bottom pruning in early June starts
the summer dry and hot season and mulberry suffers because of lack of sufficient water, so
without irrigation the new sprouts are too short for top pruning in early September. It is not
occasional also that the share of summer-autumn silkworm rearing in our region countries has
always been less than 5-10% of the total annual silkworm rearing.

The climatic changes are towards more periods of sudden change of temperature within
one season, extremely hot weather in June, July, August and September and less rain, therefore
the regional mulberry and silkworm genetic material and rearing technologies should be adapted
to such climatic changes.

Unlike in the past when the temperate countries use to be the major silk producers, there
is a Paradigm shift of silk production towards tropical and sub-tropical countries namely South
China, India, Vietnam, Thailand in Asia who are the major silk producers in nowadays.

However what will be the situation in the medium and long term future? During the
second half of 20 century and beginning of 21 century the sericulture was supported by the
different international organizations and national governments mostly as an agro based industry,
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having a high social impact — “let develop the sericulture to alleviate poverty and create job
opportunity and income resources for the poorest parts of rural society”. This concept is one of
the reasons for the “moving” of sericulture from the industrialized to developing regions and
countries: the examples with Italian, Japanese and South Korean sericulture. The subsidies for
sericulture, even very generous in some countries succeeded to save the sericulture from
complete disappearing, but only maintained the production at a low level and did not succeed to
revive it to the previous high production volumes.

The silk produced was comparatively cheap, providing income resources to many poor
farmers from the developing countries. In nowadays there are two main cocoon producers —
China and India, providing more than 97% of the Global cocoon production. In both two
countries the local silk market plays a very important role, especially in India, thus presently
China exports more than 98 % of the raw silk in the world market. Therefore the fresh cocoon
purchasing prices in all the other countries are considered with the Chinese raw silk price. The
fresh cocoon purchasing prices in China and India have increased almost triple during the last 10
years, reaching around 7-10 US$/kg now. In fact, judging from the previous experience, there is
no any chance these prices to go down back, on the contrary they increase year by year so far.
Here I am not going to discuss the reasons of raw silk prices increase, but this situation will lead
in a medium — term future to higher cocoon and raw silk prices and as a main result in the long-
term future — big increase of the silk fabrics and garment and other sericultural products prices. I
believe that it will no more be possible to produce cheap silk like in 90’s of 20" century and
early 2000’s.

Then the question is whether the more expensive silk and other sericulture products may
be sold at the similar quantities like now?

It seems that at too high final products prices there will not be possible anymore to
produce so comparatively big amount of cocoons and raw silk as now, so my vision about the
sericulture long-term future is that it will gradually become a boutique-like industry, producing
very high value product in restricted amount. This is valid also for the sericulture products use
for non-textile purposes.

In the long-term future may be there will be a much smaller than now sericulture products
market, but of high value products.

That means the sericulture may change from an industry for the poorest farmers, to an
agribusiness, requiring more investments and productional costs, but having high revenues by
high market price of the products.

If this scenario will come true some of the climate changes problems, especially the
drought and high temperature during the silkworm rearing will be solved by more investments in
mulberry irrigation and suitable rearing houses with good insulation and air conditioned.

Sericulture is an agroactivity comprising of host plant cultivation, silkworm egg
production and silkworm rearing. Climate change affects the industry both in positive as well as
negative way.

The climate changes have differential effect in different parts and seasons both on host
plant cultivation and silkworm rearing.

CLIMATE CHANGE AND MULBERRY CULTIVATION

Mulberry, a perennial species is physiologically classified as C3 plant. Plants that survive
solely on Cs fixation (Cs plants) tend to thrive in areas where sunlight intensity is moderate,
temperatures are moderate, carbon dioxide concentrations are around 200 ppm or higher, and
groundwater is plentiful.

Therefore the increase in quantum of Carbon Dioxide is reported to be beneficial to
mulberry which is Cs plant. The increase in temperature may accelerate the faster growth of
mulberry. Hence enabling more leaf harvests and a good biomass. However, this is possible only
when there is enough moisture available in the soil.
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To take the advantages of climate change, one has to have multidirectional approach of
genetically improved mulberry with desired characters, better cultivation practices and better
pest management system.

How to adjust the mulberry varieties and agrotechnics to cold winters, sudden
temperature changes, higher temperatures and drought?

The most important way of course is the mulberry varieties improvement.

An ideal genotype of mulberry for cold and drought resistance should have following
features:

- High cold tolerance, one of its most important component is the capability of variety to ripe
well the shoots in order not to be damaged by the low temperatures during the winter.

- The variety to have medium term sprouting in the spring because the early sprouting varieties
may be damaged by early spring frosts.

- Deep root system (for water mining from deep layers).

- High branch number.

- Can produce more biomass in stress.

- Continues to grow during stress period.

- High leaf thickness (high moisture retention, more photosynthetic efficiency).

- Capable of responding to rains immediately whereas varieties with ceased growth response
takes more time.

- High cell membrane stability (can withstand high temperatures), high epicuticular wax (more
water use efficiency).

- Less post-harvest water losses and increase the reflection of light).

The other important factor is a suitable mulberry agrotechnics. We could recommend the
following type of plantations:

A planting inter-row distance of 1.8-3 meter and 0.6-1m between the trees in the row. In
this planting scheme the number of trees per 14a is 9250-3330. The stem height is 0.50-0.60m
(low-cut). The advantages of low stem trees rather than bush type plantation are deeper rooting
system, thus more tolerant to drought conditions, more “fists” (3-6), each one producing shoots,
thus giving higher leaf yield and easier to operate (harvest) because the level of pruning is higher
and more convenient for the worker, thus labor saving. Besides the low — stem mulberry shoots
ripe better than in the bush type, thus the trees perform better cold tolerance.

The medium and high stem mulberry trees have the same advantages, but they are more
difficult for harvesting and require longer period to become full harvesting.

CLIMATE CHANGE AND SILKWORM REARING

Majority of the insects like the silkworm are cold blooded organisms, whose body
temperature is approximately similar to that of environment, hence, the change in temperature
influence insect behavior, distribution, development, survival, growth, and reproduction.

For the uni-bivoltine highly productive silkworm races high temperature (over 26°C),
high humidity (over 75%) during the 5" larval instar and cocoon spinning, high rearing density,
malnutrition caused by low mulberry leaf quality, high density or too low feeding amounts
provided, not sufficient ventilation during the 4™ and 5™ instars and cocoon spinning may be
considered as adverse rearing conditions.

The high air temperature during the 4™ and 5™ larval instars is the most harmful climatic
factor that may influence badly the silkworm and cocoon crop.

In fact the problems caused by all these adverse conditions can be solved easily by
keeping strictly the optimal silkworm rearing technology recommended, stressing on the
following technical methods:

Adverse rearing factor Method to solve the problem
High temperature and humidity during | - rearing house with good insulation
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the grown larval instars and cocoon | - air conditioned rearing house

spinning - good ventilation

- cleaning the bed after each molt, in the middle
of 5" instar and before the cocoon spinning

- Dusting of slaked lime on rearing bed and
floor to remove excess moisture especially
during moulting.

High larval density Providing sufficient rearing space

Low mulberry leaves quality -irrigated mulberry plantation

-covering the larvae by polyethylene sheet
during the young, but if necessary in the grown
larval instars as well.

Lack of sufficient ventilation Equipping the rearing house with electrical fans

The main methods in the silkworm hardy varieties breeding are:
- Selection of silkworm breeds under adverse rearing conditions.
- Crosses between bivoltine and polyvoltine races for use as breeding material.
- F1 hybrids between polyvoltine and bivoltine parents.
- F1 hybrids between hardy and highly productive silkworm breeds.

The main problem in this type of silkworm breeding is the negative correlation between the
larval sturdiness and the cocoon weight, silk shell weight and the shell ratio.

Nevertheless in some countries like for example India, Japan, China, Bulgaria etc. some
hardy silkworm breeds and F1 hybrids have been created during the last 20 years.

The breeding target is to create races and hybrids having high tolerance to adverse rearing
conditions and medium productivity so that when providing optimal rearing conditions the
farmer to obtain a normal fresh cocoon yield per box of eggs with sufficiently high silk shell
ratio and reelability.

SUGGESTIONS TO MITIGATE THE EFFECTS OF CLIMATE CHANGE

- Develop new cold and drought tolerant mulberry varieties.

- Develop silkworm races to adopt for increased temperature coupled with high moisture
situations.

- Develop effective management system for silkworm disease prevention/control as high
temperature and moisture promote faster growth of pathogens.

- Develop suitable methods to manage high humidity and CO2 both during rearing and cocoon
spinning.

- Creating economical conditions the farmers to be interested and able to make more capital
investments in improving the mulberry cultivation and silkworm rearing facilities.
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Abstract: Sericulture is one of the important potential agro- based rural industries in the
world. It is an important means for generating employment, income enhancement crop
enterprises, and is a most appropriate household activity. So, the development of sericulture is a
particular importance in our Republic. This article analyzed that socio- economic development
through sericulture sector in the world and in Azerbaijan. Azerbaijan silk has repeatedly won
several awards and gold medals at exhibitions. For centuries silk has brought considerable
income to the country, but for the past several years, the production went into decline.
Sericulture industry is facing many problems like high cost of production, limited production of
local of yarn and depending on the imported yarn to produce silk fabrics etc. Today, there are
great opportunities for the development of sericulture in Azerbaijan. However, it is not fully used
from existing opportunities and potentials to increase its efficiency and the growth and
development of silkworm breeding by intensive ways. Thus, by the way of the extensive use of
existing scientific and technical achievements requires special preparation of the intensification
of cocoon production. In this regard, the article investigated the development history of
silkworm in the region and production indicators were analyzed, future development directions
were investigated. This paper is mainly concerned with socio economic development,
employment generation and sericulture sector activities in the region.

Key words: Sheki, raw silk, sericulture, silkworm breeding, natural fiber

Introduction

According to its irreplaceable uniqueness and characteristics, silk is used not only in our
daily lives or in a textile industry but also used in the manufacture of following articles: radio
engineering, electro technology, insulation coil for electric and telephone wire, cinematography,
aviation and aerospace, medical surgery, tyres of racing cars, artillery gunpowder and including
surgical sutures. It is one of the best textile materials for its hygienic, leniency, elegancy and
beauty features. All of these steadily increase a demand for natural silk and cocoon which they
are valuable raw materials in the global market. Standards of living, modern economic growth,
the quality of life of the population, capron, perlon and several other synthetic fiber productions
do not restrict the production of natural silk; as well it requires its increasing once again.
Therefore, special care should be given to the development of sericulture. The major changes
taking place in modern life has opened up new horizons in the development of sericulture as in
other sectors of the economy. Now, enterprises involved with production make a directly
connection with companies of foreign countries and have the opportunity to access the world
market. This in turn, it creates favorable trading conditions of selling the product a higher price
and the growth of foreign currency income which is very important for our country. Without
doubt, getting of such an opportunity will provide impetus to the growth of both the mulberry
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and non-mulberry sectors and in generally the development of sericulture especially the
acquisition of political and economic independence of republic.

The History of Sericulture in Azerbaijan

Since ancient times in Azerbaijan, sericulture was one of the main activities of population
and was known as the largest silk producing country of the East. According to the hypothesis and
study, the history of sericulture in Azerbaijan dates back to one and a half thousand years ago.
As a raw material silkworm primarily was brought to Central Asia in the form of seed, and from
there to Iran and then to Azerbaijan. For many years, favorable natural and geographical
conditions of Azerbaijan turned the country into the major centers of silk industry all over the
world. In V-VI century sericulture has already taken an important place in the economy of
Azerbaijan. The development of sericulture in the country continued XIII-XV centuries. From
XIV-XV centuries to the beginning of the XIX century, Shamakhi was considered a major center
of trade in silk and raw silk. Thus, sericulture became a profitable industry in the employment of
population and for the quality of life and well-being. Since then, Nakhchivan, Baku, Shirvan,
Sheki turned into the cocoon and silk thread producing regions, Shamakhi, Ganja and Tabriz
known as silk fabric woven centers. From the second half of the XVI century Julfa and Ordubad
also known as the great silk trade center. Excellent quality silk fabrics which produced in
Azerbaijan have attracted the attention of traders and travelers visiting the country. Even
merchants from Genoa and Venice come here to buy silk. A large portion of the raw material
was sold to Iran, Italy, France, Russia and Turkey. Till the XIX century, sericulture and silk
supplies were one of the main places in the economy of Azerbaijan. Here about 80 percent of
supplied raw silk was sold to foreign countries. Raw silk of Azerbaijan was of great importance
for Russia manufactory industry. Since the beginning of the XIX century the development of the
textile industry in Russia, gave an impetus to the expansion of Azerbaijan silkworm. In
Azerbaijan, the main factor for the development of sericulture was mulberry orchards, its
cultivation and totally expanding of this industry. At the beginning of twentieth century silk
productivity was very low. So that, acquisition of 18-24 kg cocoons seed from each box was
considered a high product. Since 1921, Azerbaijan has started the construction of seed producing
factories (Sheki, Zagatala, Agdash, Nakhchivan). In 40s years of XX century 29 thousand poods
(464 tons) of 34 million pounds (544 tons) produced silk in the South Caucasus accounted for
Azerbaijan.In addition, silk production had even made great progress in the regions of Basgal,
Ganja and Nakchivan. During this period Sheki and Shirvan were the largest centers for the
cultivation of silkworms and production of silk goods. Thousands of hectares of new mulberry
orchards were gardened to expand the raw-material base in 15 regions of the country. The
growth of silk production required more raw materials and mulberry trees were planted not only
in Shirvan, Ganja and Sheki, but also in Zagatala, Balakan, Aghdash, Gakh and Gabala regions.
Sericulture being a part of history and culture of the country had positive impacts on maintaining
historical traditions by bringing direct economic benefit as an industry area. Very elegant,
decorated, embroidered silk veils and scarfs were being manufactured for women in these
regions. Sericulture provided job opportunities for men and women. The role of women's labor
has been an essential and decisive in the process of silkworm feeding. Women were playing a
major role in silk production as they constitute about 60-70% of the labor force in sericulture and
silk industry, without having any role in decision making. This activity had the most significant
effect on the employment or family labor. Thus, farm laborers were able to find employment all-
round the year by combining work in mulberry cultivation with silk worm rearing. There were
silkworm seed production/preservation centers, mulberry sapling and silkworm egg production
centers, silkworms rearing houses, cocoon drying equipment/machines, cocoon storage houses
and other institutions.

In the Soviet period, the volume of production of raw cocoons in Azerbaijan exceeded 20
thousand tons per year, and the silk thread was supplied to 80 weaving factories of the Union. It
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is worth mentioning that despite ranking the second after Uzbekistan in terms of production
volumes, but was considered first in fiber quality. Azerbaijan was the leader in quality silk fibers
and fabrics exported to Japan, Switzerland, Italy and many other nations of the world. The
country annually produced 7,800 tons of raw cocoons in 1960-1970, while the overall production
dropped to 10 tons in 2014.

Historical and current status of the sericulture and silk industry

in the North-West Part of Azerbaijan

Economic-geographical region of Sheki-Zagatala counted as one of rich regions of the
Azerbaijan Republic covers the administrative regions of Balakan, Gakh, Gabala, Oghuz,
Zagatala and Sheki city. This economic region is the third largest in the country on its industrial
importance. Over two percent of the nationwide industrial products accounts for it. The industrial
structure of the economic region consists of light and food industries that operate on the basis of
local agricultural raw materials and natural resources. Agriculture is the basis of the region's
economy, for this reason industrial enterprises mainly processed agricultural products.
Sericulture is also one of the traditionally profitable employment areas in the economy of North-
West part of Azerbaijan. As we know, sericulture industry is the combination of agriculture,
animal husbandry, cottage industry and pure textile activities. It is a labor-intensive industry in
all its phases, namely, cultivation of silkworm food plants, silkworm rearing, silk reeling, and
other post-cocoon processes such as twisting, dyeing, weaving, printing and finishing. It
provides employment to approximately thousands of people, most of them being small and
marginal farmers, or tiny and household industry mainly in the hand reeling and hand weaving
sections.

When it comes to silk in Azerbaijan, the first place that comes to mind is ancient city of
Sheki, which once considered the largest center for the production of silk and silk farming in the
middle ages. The basis of the Sheki light industry is sericulture. As Sheki is located on the old
Silk Road, silkworm breeding has been the main industry here for centuries. The development
of sericulture put this ancient Azerbaijani city in the center of great caravan routes, and that
encouraged constructing new caravanserais, bustleof city life, as well as had a significant impact
on the development of trade and crafts in the region. In 1975 all the silk production enterprises
were combined into V.I.Lenin Silk Productive Association. If in 1975 total volume of output was
equal to 117048 thousand roubles, in 1980 this figure reached 124201 thousand roubles.In 1980
this figure reached over 8 million roubles. Six thousand workers worked in the workshops of the
V.I.Lenin silk Productive Association. The Sheki kelagais (silk kerchiefs) were highly esteemed
outside the Republic, in particular, in Middle Asia, North Caucasus, Daghestan. The Sheki
kelagais were on display at All-Union and international exhibitions and fairs in the USSR, Iran,
Syria and Rumania. The demand for kelagais is growing from year to year; resulting is
broadening of its production. The silk, produced in Sheki, is being imported to some foreign
countries, i.e. Japan, Sweden, Italy, etc. The silk fabrics “Shekinka”, ”Lirika”, ”Zimniy Den”,
etc. Woven at the V.I.Lenin silk weaving works, is a saleable commodity in all parts of this
country. In republic annually produced 5-6 thousand ton of fresh cocoons, 350-400 ton of raw
silk, developed tens millions square meters of silk fabrics of various assortment.With the
silkworm rearing and manufacture of cocoons were engaged more than 150 thousand country
families (approximately 750-800 thousand person). In the silk industry worked more than 14
thousand person, including in Sheki silk factory more than 7 thousand person.Sericulture
complex has achieved to create a network of sericulture in 60 regions of the republic and as a
result, fresh cocoons production has reached 6 thousand tons in 1991.

For centuries silk has brought considerable income to the country, but for the past several
years, the production went into decline and Sheki factory have been periodically stopped.In
subsequent periods the demand for cocooning has sharply reduced after the suspension of
activity of Ordubad silk reeling factory, Karabakh silk factory in the city of Khankendi was

18



occupied by Armenian and the other difficulties in the activity of Sheki silk factory. 5-7 tons of
leaf yields from each per hectare, with a total area of 23476 hectares, the mulberry gardens
gradually fell into serious disrepair. Fresh cocoon production began to decline since 1992 (5200
tons), in 2010 only 5 tons and in 2012, 7 tons of fresh cocoons were produced. Until 2010, the
silkworm cocoons that produced in the country over the years did not meet the demand of "Sheki
Ipek" JSC (an open joint-stock company on primary cocoon processing) so, in order to provide
continuous operation of this factory at full strength was imported from Uzbekistan and Iran
cocoon. One of the main problems of the industry in the country is the poor development of
silkworm and silk market. So that, the cocoon has only one buyer in the domestic market and the
price is not formed on the basis of rivalry which one of the basic factors mainly influence the
reduction of interest of the silkworm producers.

According to research we can say that fresh cocoons in Sheki there have been grown 4.7
million tons in 1978, 4.8 million tons in 1979, 5 thousand tons in 1980, 5.3 million tons in1982,
but a total of 0.1 million tons of cocoons per year were produced for the years 2000-2007.In
2010, Shaki manufactures raw silk in the amount of 51.8 tons, including commodity - 12.2 tons.
Silk cloth was produced in the amount of 735,800 square meters, including commodity - 164,500
square meters. The cotton fabric production hit 6,900 square meters and carpets - 127 square
meters. Some 24 industrial enterprises with manufactured products worth 13.9 million manats
were recorded here in 2010.0nly 232 kg of silkworm cocoons were produced in Sheki in 2015.
However, as a result of measures taken in 2016, the production increased to 70.7 tons of raw
cocoons in 25 districts in less than two months, which is 300 times more than in 2015. The most
important incentive for farmers was an almost threefold increase in the purchase price: if the
kilogram of silkworm cocoon was purchased for 3 manats before, today it is purchased for 8
manats. The realities of post-oil economy of Azerbaijan call for the revival of a full-cycle
sericulture industry. This will be followed by the export of competitive products such as silk,
fabrics, pret-a-porter garments to international markets.

Strategic goals and objectives in the development of sericulture

Today, the development of silk industry becomes even more urgent with the increasing of
demand for organic products. Another advantage of sericulture is that it is non-waste
production. At each stage of the manufacturing process both obtain basic product and as well as
the additional product are used in the production process again. The necessity of sericulture
development associate with both economic factors and cultural and historical factors. As a part
of history and culture of the country, sericulture has positive impacts on maintaining historical
traditions by bringing direct economic benefit being an industry area.

There are a number of strategic objectives to achieve the goal. The main goal consists of to
achieve sustainable development of sericulture industry, as well as the modernization of the
economic infrastructure, application of intensive methods and improving the quality and volume
of production by increasing the knowledge and skills of entrepreneurs. The following goals were
reflected in the plans: attracting investments for the sericulture and silk industry, forming
maximum favorable business environment and an effective mechanism for economic support for
farms that engaged in rearing of silkworms and harvesting of cocoon for profit, creation of
entrepreneurs and small business owners in sericulture industry, strengthening competitive
power in the field of sericulture and implementation of antimonopoly measures, increasing the
productivity of mulberry trees by carrying out restoration and reconstruction of existing gardens,
increasing the productivity of cocoon production in manufacturers farms by using of intensive
methods in sericulture, bringing it up to modern standards of technical and technological level of
sericulture, provision of the population with jobs and support for industrialization and socio-
economic development of rural areas.
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The following additional issues arealso included here: providing manufacturers farms
entities with the necessary knowledge and information, the development of relations between
scientific research and business activities in the field of sericulture, creating technology parks in
sericulture, increasing the role of silk products in diversifying exports, support for the
strengthening of Azerbaijan's position as a country that produce organic products, the creation of
new production companies in order to increase employment in the regions and implementation of
relevant measures on the restoration of inactive companies.

Other important issues are: researching of investment opportunities in order to attract
investors to the regions for the creation of new workplaces, implementation of relevant measures
which will be offered to investors for the preparation of concrete investment opportunities,
implementation of relevant measures of cocoon production in the region for the establishment of
cooperatives, the development of seedling and silkworm breeding farms, implementation of
relevant measures for strengthening their material-technical base, the establishment of technical
and vocational education in order to ensure low-skilled specialists in this area.

The silk factory has been going since 1931 in this region. Nowadays the silk industry is
still alive in the region, but through smaller private workshops. There is chronic employment in
the region. The present rate of unemployment is alarming. Reduction of poverty and
socioeconomic development is possible through the creation of productive employment
opportunity. Basgal, Ganja and Nakchivan, Sheki are famous for their silk industry and our aim
to follow our traditions and to maintain those traditional methods and respect our history.
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Long-term application of manure, sludge, pesticides and commercial waste tailings
containing heavy metals, led to contamination of agricultural soil surface over the allowable
limits, or small areas or on large surfaces. The techniques currently available are
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physicochemical methods of ex-situ extraction, usually costly. Moreover, they destroy the soil
structure and leaves it biologically inactive.

The extraction of heavy metals by accumulation in plants (phytoextraction) was suggested
as an in-situ remediation strategy, mild surface soils. Hiperacumulatoare plants are able to
accumulate high concentrations of metals in exceptionally biomass without showing symptoms
of phytotoxicity

However hiperacumulatoare such plants typically have slow-growing and producing only
small amounts of biomass, which results in the need for a period of years for the
decontamination of polluted sites.

As an alternative, the trees were proposed due to extensive root system, high rates of
sweating, rapid growth and high biomass production. It is known that some species of the genus
Salix and Populus can accumulate high concentrations of heavy metals, especially Cd and Zn in
biomass.

Once inside the ground lead is very difficult to remove. Metal resist layer 0-15 cm from the
surface, which is strongly related processes adsorption, ion exchange, precipitation and
complexation with organic matter absorbed.

Lead found in soil can be classified into six general categories: lead ion dissolved in water
in the soil, exchangeable, carbonate, oxide hydroxide, organic Pb, precipitated insoluble fraction.
All these categories combined make up the total content of lead in soil. Lead soluble in water
and are interchangeable only the fractions which are ready for consumption by the plants. Other
forms of lead are very strongly linked to the ground.

All interactions that occur in the soil matrix dependent on pH. Soil pH has a significant
effect on the mobility of lead and other metals in the soil. soil pH generally ranges from 4.0 to
8.5. In acidic conditions (pH <5.5), metal cations are more mobile, while anions tend to absorb
the mineral surfaces.

In these conditions, the metals are more available for plant roots; However, due to an
increase in solubility aluminum plant growth may be inhibited because of its toxicity. The
opposite occurs when the soil matrix are basic conditions. Anions and cations are mobile are
adsorbed onto mineral surfaces or precipitate, decreasing the bioavailability of consumption by
the plant. Soil's capacity to adsorb lead increases with pH, cation exchange capacity (CEC),
organic carbon content, redox potential soil / water and phosphate levels.

A major limiting factor for phytoextraction potential is decreased bioavailability of lead
metal consumption by the plant. To overcome this limitation, it may be necessary to add
synthetic chemical binders to contaminated soil to increase the amount of bioavailable lead to
plants. Using synthetic sequestrants in phytoremediation process is not only to increase
consumption of heavy metals by plants by increasing the bioavailability of the metal, but also to
increase the availability of micronutrients, which decreases the possibility of the plant nutrient
deficiencies.

Fitoextractiei commercial purpose is to remove or reduce the level of toxic metals in
contaminated soil so that it can meet the standards allowed in a period of 1 to 3 years. Standards
Agency allowed under European soils contaminated with lead are approximately 500 ppm. It
was observed that the application of soil amendments and chemical chelates, this target can be
reached. It has been demonstrated based on scientific studies that only 1% of the total amount of
lead contaminated soil is in solution and bioavailable plant in order bioremediation. By adding
the synthetic chelators total amount of lead in solution can be increased close to 100%.

Increased mobility and bioavailability of lead in soil using certain chelators such as organic
acids or other chemical compounds, allows hiperacumularea metals in certain plants. For lead
were tested a number of different chelators: EDTA, CDTA (trans-1,2-cyclohexylene-dinitrilo-
tetraacetic acid), DTPA (dietilentrinitrilo-pentaacetic acid), EGTA (etilbis [oxzetilentrinitrilo]
tetraacetic acid), HEDTA ( hydroxyethyl-ethylene-dinitrilo-triacetic acid), citric acid and malic
acid.
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Adding chelates resulted in elevated levels of lead in the plant. EDTA was found to be the
best and least expensive. In soils with pH 5 and corrected EDTA, plants have accumulated nearly
2000mg / kg more lead in plants compared to other treatments applied to soils at pH 7.5. EDTA,
CDTA, and DTPA all led at concentrations of lead in the plant more than 10 000 mg / kg.

To be possible a substantial lead accumulation in plant (>5000mg / kg), the concentration
of synthetic chelates (EDTA, DTPA, CDTA) must exceed 1 mmol / kg. It has also been observed
that plants grown in soil with chelating varied concentrations of lead consumption. For example,
the concentration of lead in peas (Pisum sativum L.cv Sparkle) was 11 000 mg / kg compared to
corn that has accumulated 3500 mg / kg in soils that received equivalent quantities of EDTA.

Using chelates to increase the bioavailability of toxic metals and thus higher performance
fitoremedierii at risk in their migration from the deep water or in the surface.

Although there are advantages associated with the use of synthetic chelates, their impact on
contaminated sites have researched in terms of environmental protection.

To study the soil Pb fitoextractiei with Morus alba, it was conceived as an experimental
model consisted of the introduction of lead in soil with irrigation water, Pb phytoextraction and
translocation of the roots to the leaves.

To study the influence of the concentration of lead in soil and soil pH on the amount of Pb
in leaf was varied both Pb concentration of the irrigation water (40-320 mg / L) and its pH (1-5).

Experiments were carried out with mulberry trees level pots. 7 days after transplantation, it
was started watering with solutions containing Pb. The soil and leaf samples were taken after 21,
42 and 63 days from the start of the experiment.

Samples of soil and leaves were dried and crushed by grinding. (<2 mm). After digestion
with microwave under pressure (1 g ml sample + 9 HNO 3), the Pb content was determined by
atomic adsorption (acetylene flame).

As can be seen from Figure 1 and 2, the content of Pb in the soil increased duration of
treatment and the concentration of Pb in the water used for watering.

The concentration of Pb in the leaf was influenced by both the concentration of Pb in the
soil, the duration of treatment and the soil pH. In the experimental conditions used, the highest
concentrations of Pb in leaf were obtained at pH 5 (Figure 4-9).

From measurements performed can be seen as Morus alba is a plant hiperacumulatoare for
lead (Pb in leaf maximum concentration of 38.2 mg / kg << 1000 mg / kg).

Through data analysis was evidenced influence Pb concentration in soil, the duration of
treatment and the concentration of the soil pH + Pb leaf.

Conclusion

»To study the soil Pb fitoextractiei with Morus alba, it was conceived as an
experimental model consisted of the introduction of lead in soil with irrigation
water, Pb phytoextraction and translocation of the roots to the leaves.

»To study the influence of the concentration of lead in soil and soil pH on the
amount of Pb in leaf was varied both Pb concentration of the irrigation water (40-
320 mg / L) and its pH (1-5).Experimentele s-au realizat cu puieti de dud la nivel
de ghivece.

»7 days after transplantation, it was started watering with solutions containing Pb.
The soil and leaf samples were taken after 21, 42 and 63 days from the start of
the experiment.

» The concentration of Pb in the leaf was influenced by both the concentration of Pb
in the soil, the duration of treatment and the soil pH. In the experimental
conditions used, the highest concentrations of Pb in leaf were obtained at pH= 5.
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The values of model parameters are listed below: Tabel 1

Variable) Value Standard Error| t Value Prob (t)
a 391,9312 1075509 0,000364 | 0,99974
b 9634,108 25,96442 371,0503 0,00001
c -3265,24 1,36E+08 -2,41E-05 | 0,99998
d -1627403 2092,729 -777,646 0
e -61134,1 5,22E+09 -1,L17E-05 | 0,99999
f 160788,2 758,3735 212,0171 0,00002
g 30284394 51214,42 591,3255 0
h 1220190 5,98E+10 2,04E-05 0,99999
i -235241 10376,85 -22,6698 0,00194
j -2068893 11493,38 -180,007 0,00003

The residual value and relative error for data calculated
in comparison with experimental data: Tabel 2

X1 X2 Yexp Yecalc Residual Error%
value
40 21 43 42,997 0,003 0,006
40 42 54,5 54,506,  -0,006 -0,011
40 63 68,3 68,297 0,003 0,005
80 21 228,5 228,513  -0,013 -0,006
80 42 259,8 259,784 0,016 0,006
80 63 280,9 280,903  -0,003 -0,001
160 21 2743 274,281 0,019 0,007
160 42 321,2 321,206  -0,006 -0,002
160 63 3479 347,913 -0,013 -0,004
320 21 266 266,009  -0,009 -0,003
320 42 3222 322,204  -0,004 -0,001
320 63 3522 352,187 0,013 0,004

The results of regression analysis of the experimental

data are listed below: Tabel 3

Standard
Variabla Value Error t value Prob(t)
a -7059,488| 120378,724 -0,059 0,956
b 607,574 10509,254 0,058 0,956
c 1631,677 36,821 44,313 0,000
d -15,756 272,968 -0,058 0,956
e -6498,276 138,360,  -46,967 0,000
f -5,601 0,189 -29,593 0,000
g 0,125 2,166 0,058 0,956
h 8030,291 172,261 46,617 0,000
i 8,754 0,315 27,784 0,000
] 0,003 0,001 3,296 0,022
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The following table is very good observe a correlation between
the model predictions and experimental data. Tabel 4

Rezidual

x1 x2 Y Ycalc value Error%

21 3 10 10,014 -0,014 -0,137
42 3 12,1 12,092 0,008 0,067
63 3 14 13,992 0,008 0,054
21 3,5 13,9 13,862 0,038 0,272
42 3,5 15,9 15,911 -0,011 -0,066
63 3,5 17,6 17,640 -0,040 -0,228
21 4 18,7 18,726 -0,026 -0,137
42 4 21,3 21,299 0,001 0,007
63 4 23,5 23,447 0,053 0,225
21 4.5 22,1 22,106 -0,006 -0,028
42 4.5 25,4 25,411 -0,011 -0,045
63 4,5 28,2 28,210 -0,010 -0,035
21 5 23,8 23,792 0,008 0,032
42 5 27,9 27,888 0,012 0,044
63 5 31,4 31,411 -0,011 -0,034

The results of regression analysis of the experimental
data are listed below: Tabel 5

Variabla [Value Standard error t value t)Prob
a 62,46 2618131,3 0,00 1,00
b -1156,95 329884544,2 0,00 1,00
c -1747,34 1391,5 -1,26 0,34
d -13425,74 12700554961,8 0,00 1,00
e 39023,59 112108,0 0,35 0,76
f 42979,79 40674,2 1,06 0,40
g 416944,57 145479084184,50,00 1,00
h -988241,26 27436669 -0,36 0,75
i -285341,54 1615647,1 -0,46 0,69
] -312181,98  [557119,1 -0,56 0,63

The following table is very good observe a correlation between
the model predictions and experimental data: Tabel 6

x1 x2 Y Ycalc Residual value Error%
21,0 40 12,1 12,19 -0,087 -0,719
42,0 40 15,3 15,11 0,191 1,251
63,0 40 19,8 19,90 -0,104 -0,527
21,0 80 19,2 18,88 0,318 1,655
42,0 80 24,6 24,77 -0,174 -0,708
63,0 80 31,4 31,54 -0,143 -0,457
21,0 160 19,8 20,14 -0,344 -1,737
42,0 160 27,5 28,32 -0,817 -2,972
63,0 160 37,5 36,34 1,161 3,097
21,0 320 21 20,89 0,113 0,539
42,0 320 31,2 30,40 0,800 2,565

63,0 320 38,2 39,11 -0,913 -2,391
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INFLUENCE OF CLIMATE ON THE DEVELOPMENT AND PRODUCTIVITY
OF SOME BULGARIAN MULBERRY VARIETIES. 1. INFLUENCE OF SOME
CLIMATIC FACTORS ON ECONOMIC CHARACTERS OF MULBERRY BRANCHES

By
Zdravko Petkov
Senior Research Officer, SAES Vratsa 3000, Bulgaria

Abstract: The influence of basic parameters which characterized the climate conditions on
economical important branch characters of some Bulgarian varieties of mulberry has been
investigated. The study was conducted at Moriculture Experimental Field of SAES - Vratsa
during 2010-2012. It was found that the values and the variability of climatic factors over the
years affected sustainability in the development of the tested varieties. Generally, climate affects
significantly the length of branches and total branch length of a tree. Correlation’s coefficients
between the main branch characters of mulberry and climate parameters have been ranged from
negative to positive and from very low to medium by power. Length of the branches correlates
weakly and negatively with the amount of rainfall during the growing period of mulberry and the
amount of rainfall during the period from September to May and slightly positive by the sum of
effective temperatures for the growing season. Internodal distance itself negatively correlated
with the amount of precipitation for the period from September to May and the sum of effective
temperatures for vegetation period and positively with the amount of rainfall during the growing
period of mulberry. The influence of air temperature on the main branch characters is proved,
and the sum of effective temperatures for vegetation period of mulberry correlates positively
with most economical characters of tested Bulgarian varieties at Vratsa’s, ecological conditions.

Keywords: mulberry varieties, climate, Vratsa, branch parameters, correlations

Morus, a genus of flowering plants in the family Moraceae, comprises 10-16 species of
deciduous trees commonly known as mulberries, growing wild and under cultivation in many
world regions. Mulberry is a shrub or tree, traditionally used in sericulture in various countries.
There aremore than 100 varieties of the genus Morus,whichare preserved at SAES - Vratsa

Plant species with a wide range of environmental adaptations; like mulberry, have been
found to exhibit numerous morphological and physiological characteristics (Cordell et al., 1998).
Morphological variability in mulberry is said to have contributed to its growth and survival
under various disruptive environmental conditions (Gray, 1990). Phenotypic plasticity - the
ability to develop different phenotypes in response to environmental conditionsis heritable and
plays an important role in species evolutionary strategy (Agrawal, 2001). Morphological
characterization of mulberry has been used as a tool to examine possible genetic relationships,
and this information used in its improvement (Tikader, 1997; Adolkar et al., 2007).

Orhan and Ercisli (2010) conducted a survey on mulberries aimed to select and
characterize promising genotypes naturally grown in Erzurum province. In the study, a total of
26 superior mulberry accessions were selected and pomological characteristics were done. All
these results showed that mulberries are well adapted to the different climatic and soil
conditions, but they differ in numerous morphological traits and productivity and fruit quality.

Ten accessions selected for characteristics from the Morus germplasm maintained at the
CSGRC (Hosur), were evaluated (Jalikop et al., 2011). Significant differences among the
accessions were noted for trunk circumference, twig length, number of internodes and leaf size.

From all ecological factors affecting the growth and development of mulberry
plantationstemperature and air relative humidity are critical.

Correlations are  important in  understanding the relationships  between
morphological/agronomic traits of accessions. This helps breeders to formulate appropriate
breeding strategies for selection of desired traits (Herbert et al., 1994). In some cases, differences
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in relationship of growth and yield parameters associated to yield are often noticed (Vijayan et
al., 1997; Tikader & Dandin, 2005, 2008).

The aim of the present study was to analyse the influence of climate conditions on
economical important branch characters of some Bulgarian mulberry varieties.

Material and Methods

For the analysis of the climatic conditions all necessary meteorological data were obtained
from the Meteorological Observatory in the city of Vratsa. The values of air temperature,
humidity, precipitation (rainfall), wind speed and direction, etc. have been analysed.

Testing of mulberry varieties has been done on main morphological and economic
characters of branches, which are strongly influenced by climatic conditions. The survey was
conducted with 10 Bulgarian varieties from the genetic resources of mulberry in SEAS -
Vratsa.Morphological measurements were made on 5 randomly selected and tagged plants per
accession. Some of the main parameters were measured and data used for analysis. The
quantitative traits were branch length (cm), branchthickness/diameter (cm), total branch length
(cm), internodes distance (cm) and conversion rate of mulberry buds into shoots (sprouting rate).

Branch length was measured from the branchbase to the branch tip; branch thickness was
measured at the basal point of the branch. These parameters were recorded in spring time during
the fifth silkworm instar by taking measurements from the fully grown branches. Counts of the
number of branches were done while growth height was measured on the longest shoot.
Internodes distances were measured between the 8th-9th nodes. These measurements have been
adopted by Petkov (2000a).

Some correlations and regressions between factors of agro-ecological development and
some quantitative yield related characters of mulberry have been explored, according to Petkov
(2000b). Correlations and regressions between amount of rainfall during the period of September
- May, the amount of precipitation during the growing season of mulberry (May - October) and
the sum of active temperatures (over5.0°C) during the growing season of mulberry with followed
mulberry characters percentage of branch ‘topfrosting; length of the branch; leafiness of the
branch; leaf yields per one branch were analysed.

All necessary calculations and statistical analysis were made with IBM SPSS 23 Statistic
program.

Results and Discussion

Data on environmental conditions during our study are presented in figures 1-3. Thermal
regime in the region of SAES-Vratsa in the winter of 2009-2012 was characterized by normal air
temperatures: November 3.1°C, December 4,2°C, January 0,2°C, February - 5.0°C and March
8.6°C. Relatively high temperatures weredominated at the beginning of the year, followed by
strong frosts in February when the lowest temperature -21.6°C was reported. The weather was
cold during the first and second decade of February and the third decade of January. Rainfall
during 2011-2012 winter was relatively good in quantity and the following amounts of rainfall
were measured, October -68.4 mm, November- 6.3 mm, December - 41.0 mm, January 2012-
122.5 mm, February 2012-41.5 mm and March 2012 - 18.6 mm, as a minor part of them were
from snow. Vegetation of mulberry in Vratsa’sregion started in the beginning of April.

The reported air temperatures during the period March-June were relatively lower than
usual, and then at the end of the period, returns to average monthly temperatures ranged between
8 and 15.7°C. The summer of 2011 year was very hot. Mean monthly temperatures exceeded the
average for the region: June - 23.1°C, July - 26.5°C, August -25.0°C and September -20.5°C.
Precipitation was relatively low and unevenly distributed over the period, and three high
extended drought periods have been described. The relative humidity was also low and ranged
between 48% and 60%.
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Mulberry (Morus spp.) is grown under varied climatic conditions ranging from temperate
to tropical (Siddiquiet al., 2008). Mean separation of the morphological traits according to
analysis showed that the three years were significantly differentinbranch length and internodes
distance. This could have been attributed to differences in environmental conditions. Similar
results were reported by Karst and Lechowics (2007) where they found differences in plasticity
within varieties in relation to environmental factors. Phenotypic plasticity in response to
temperature and photoperiod changes has been noted on European tree species (Kramer, 1995).
The wide natural distribution of mulberry supports the idea that plasticity operates in these
species. It is therefore true that inherent phenotypic differences allow a plant to survive in a wide
range of environmental conditions by altering its morphology

Table 1 presents data on branch length of the mulberry varieties. The average branch
length during the three years of investigation wastherefore 158.52, cm 161.51 cm and 171.39 cm.
In 2010 the shortestbranches were recorded in P 17 variety-129.19 cm, and longest ones in
Vratsa 18 variety - 175.80 cm. In 2011 the branches were shortest again in P 17 variety - 132.08
cm, and the longestin Veslets variety — 177.42 cm. In 2012 the branches were the longest in
Vratsa 18 variety - 217.22 cm. This character is characterized by low coefficient of variation -
0.10 in 2010 and 2011 and 0.15 in 2012. The length of branches in tested mulberry varieties is
affected by climatic conditions during the year, but in the majority ofvarieties the coefficient of
variation was under 0.10.

From the ANOVA analysis the substantial influence of both factors - mulberry variety and
year (the factor which includes itself a complex influence of climatic factors) on the branch
length character was found. The interaction of the two factors on the branch length was also
significant.

Data oftotal branch length per tree in tested Bulgarian varieties in the three years of our
study are presented in table 2. This attribute is the product of the average length of a branch and
the number of branches per tree. The highest growth was recorded in 2010 - 42.54 m, which
ranges from 32.52 m to 49.81 m in Vratsa 1 variety. In 2011 the average overall growth for all
tested varieties was 36.36 m, and in 2012 - 47.06 m, which ranges from 39.08 m in P 17 variety
to 54.32 m in Veslets variety. Low values of the coefficient of variation for of this character-
0.08, 0.16 and 0.11 were determined for separate years of investigation. In the majority of tested
varieties the coefficient of variation of this character was under 0.10, indicating that he is
relatively unaffected by environmental conditions.

From the ANOVA analysis we found the significant influence of both factors- mulberry
variety and climatic factors on total branch length per tree. The interaction of the two tested
factors on signs was not essential.

Data for branch thickness variabilityin tested mulberry varieties are presented in table 3.
The branches were thin in 2011 - 8.92 mm in average, ranging from 8.49 mm to 11.24 mm in
Vratsa 1 variety. Branches in 2012 had the highest diameter -10.53 mm in average.Relatively
low values of the coefficient of variation - 0.11, 0.12 and 0.17, respectively were recordedduring
the different years of our study. Most of Bulgarian mulberry varieties are characterized with
coefficient of variation under 0.10, indicating that branch diameter very slightlyaffected by
environmental conditions. This is proved by ANOVA analysis. It can be seen that branch
thickness character is significantly influenced only by mulberry variety. The influenceof climatic
factors during different years and the interaction between two factors on branch diameter is
irrelevant.
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In table 4 wepresent data for variability of internodes distance character in tested Bulgarian
mulberry varieties. It was found that this character was affected significantly by both
environmental conditions and variety of mulberry and also by their interaction

The rate of conversion of buds in new shoots in the spring is an important economical
character in mulberry, because to some extent it determined the productivity of mulberry (table
5). In our study we established that on average 76.12% of buds sprout and form new shoots in
2010, 76.63% in 2011 and 74.86% in 2012. This character is characterized by low values of the
coefficient of wvariation (under 0.10)- which proved that it is an essential mulberry
character,which do not influenced significantly by climate conditions. This is proved by the
ANOVA analysis applied.

Due to the physiology of mulberry and the nature of its production - leaves, the influence
of climatic factors on its development and productivity is difficult to determine. In mulberry the
exploitation is done by full pruning of vegetativemass in the months of May and June. New
shootssproutsfrom dormant and spare buds, which by the end of the growing season growing to a
certain length and ripens to become branches. In the spring of next year from branch’s lateral
buds tosprout, and their leaves define mulberry productivity. That's why climate and agricultural
conditions, from the current and previous yearinfluenced in great extent the productivity of
mulberry.

For this reason we have investigated the impact of following environmental factors, which
can be measured easily - amount of rainfall during the months of September - May, the amount
of rainfall during the mulberry growing season (May-October) and the sum of active
temperatures (over5°C) during the growing season of the mulberry tree.

We have estimated the correlations and regressions between these environmental factors
and some of the main characters of mulberry. Data for inter relations between characters
mentioned above are presented in table 6.

The data shows that, in almost all couples of characters the correlation coefficient is non-
significant. The exceptions are correlations between total growth of tree (total branch length) and
rainfall for the period September - May and of rainfall for the vegetation period of mulberry and
between the frost part of branches and of rainfall and sum of effective temperatures for growing
season of mulberry.

The most of correlations were negative. It is interesting to note that in all cases the
calculated regressions were not statistically proven. This may be due to the fact that we use data
only fromfew years, or that weather conditions affect the mulberry is complex way and it is
difficult to identify which one indicator of climate impacts to the fullest extent the development
and productivity of mulberry.

Conclusions

The main morphological characters of 10 Bulgarian mulberry varieties were studied. It was
found that climate affects significantly the length of branches and total branch length per tree.
Correlation’s coefficients between the main branch characters of mulberry and climate
parameters have been ranged from negative to positive and from very low to medium by power.
Length of the branches correlates weakly and negatively with the amount of rainfall during the
growing period of mulberry and the amount of rainfall during the period from September to
May, and slightly positive by the sum of effective temperatures for the growing season.
Internodal distance itself negatively correlated with the amount of precipitation for the period
from September to May and the sum of effective temperatures for vegetation period and
positively with the amount of rainfall during the growing period of mulberry. The influence of
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air temperature on the main branch characters is proved, and the sum of effective temperatures
for vegetation period of mulberry correlates positively with most economical characters of tested
Bulgarian varieties at Vratsa’s, ecological conditions.
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Table 1. Length of mulberry branches, variability and ANOVA

Year S.D. Coef. Var.

Variety Mean S.E.M.

2010 2011 2012
No 3 162.48 166.42 154.77 167.89 3.62 6.28 0.04
No 24 151.46 154.28 186.68 155.39 2.65 4.58 0.03
P7 158.79 160.42 189.30 174.92 8.85 15.33 0.09
P9 164.76 167.29 143.87 175.31 9.31 16.13 0.09
P17 129.19 132.08 121.51 127.59 3.15 5.46 0.04
P19 143.12 146.17 124.24 147.84 3.32 5.75 0.04
Vratsa 1 169.34 173.52 191.28 178.05 6.73 11.65 0.07
Vratsa 18 175.80 178.05 217.22 190.36 13.45 23.29 0.12
Veslets 173.36 177.42 196.93 182.57 7.28 12.60 0.07
No 106 156.90 159.48 188.19 168.19 10.03 17.37 0.10
Factor SS Df Ms F(cal) F(0.05)
Y (Years) 2460.39 1230.195 6.257 ** (P<=0.01) 3.118
V (Varieties) 16960.16 1884.462 9.584 *** (P<=0.001) 1.663
Y x V (Interaction) 6180.86 18 343.381 1.746 * (P<0.05) 1.524
YV 25602.41
R(YV) (Error) 23988.33 122 196.626
YVR (Total) 49590.74 149

Table 2. Total branch length (mulberry growth), variability and ANOVA

Variety Year Mean S.E.M. 5.D. Coef.

2010 2011 2012 Var.
No 3 37.74 32.73 39.73 36.73 2.08 3.61 0.10
No 24 41.23 34.32 43.32 39.62 2.72 471 0.12
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P7 40.17 31.29 42.29 37.92 3.37 5.84 0.15
P9 32.52 25.25 34.25 30.67 2.76 4.78 0.16
P17 38.61 30.08 39.08 35.92 2.92 5.07 0.14
P 19 39.42 33.05 40.05 37.51 2.24 3.87 0.10
Vratsa 1 48.66 44.84 50.84 48.11 1.75 3.04 0.06
Vratsa 18 47.83 44.65 49.65 47.38 1.46 2.53 0.05
Veslets 49.81 46.32 54.32 50.15 2.32 4.01 0.08
No 106 49.65 41.06 47.06 45.92 2.54 441 0.10
Factor SS Df Ms F(cal) F(0.05)
Y (Years) 1080.78 540.39 3.416 * (P<=0.05) | 3.119
V (Varieties) 6668.27 740.919 4.683 ** (P<=0.01) | 1.663
Y x V (Interaction) 132.49 18 7.361 0.047 N.S. (P>0.05) | 1.525
YV 7881.54
R(YV) (Error) 19301.85 122 158.212
YVR (Total) 27183.39 149

Table 3. Branch thickness, variability and ANOVA
Variety Year Mean S.E.M. S.D. Coef. Var.

2010 2011 2012
No 3 8.49 7.11 8.97 8.19 0.56 0.97 0.12
No 24 9.71 8.34 11.62 9.89 0.95 1.65 0.16
P7 8.65 7.7 9.27 8.54 0.46 0.79 0.09
P9 9.58 8.53 11.17 9.76 0.77 1.33 0.14
P17 9.81 8.79 10.04 9.55 0.38 0.67 0.07
P19 9.43 8.64 8.16 8.74 0.37 0.64 0.07
Vratsa 1 11.24 11.12 12.87 11.74 0.56 0.98 0.08
Vratsa 18 9.61 8.75 10.83 9.73 0.60 1.05 0.11
Veslets 9.35 9.52 10.55 9.81 0.37 0.65 0.07
No 106 9.96 10.71 11.82 10.83 0.54 0.94 0.09
Factor SS Df Ms F(cal) F(0.05)
Y (Years) 1.81 0.905 1.166 N.S. (P>0.05) 3.119
V (Varieties) | 45.10 5.011 6.454 *%% (P<=0.001) 1.663
YxV 14.83 18 0.824 1.061 N.S. (P>0.05) 1.525
YV 61.74
R(YV) (Error) 94.72 122 0.776
YVR (Total) 156.46 149
Table 4. Internodes distance, variability and ANOVA

Variety Year Mean S.E.M. S.D. S

2010 2011 2012 Var.
No 3 4.84 4.7 4.97 4.84 0.08 0.14 0.03
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No 24 5.12 5.02 5.45 5.20 0.13 0.23 0.04
P7 4.46 4.35 4.81 4.54 0.14 0.24 0.05
P9 5.36 5.11 5.83 5.43 0.21 0.37 0.07
P17 4.68 4.37 4.92 4.66 0.16 0.28 0.06
P19 4.89 4.81 4.94 4.88 0.04 0.07 0.01
Vratsa 1 5.61 5.21 5.96 5.59 0.22 0.38 0.07
Vratsa 18 5.42 5.21 5.84 5.49 0.19 0.32 0.06
Veslets 5.48 53.5 5.72 5.52 0.11 0.19 0.03
No 106 5.73 55.7 6.03 5.78 0.13 0.23 0.04
Factor SS Df Ms F(cal) F(0.05)
Y (Years) 481.13 2 240.565 3.197 * (P<=0.05) 3.119
V (Varieties) 3821.23 9| 424581 5.642 *%% (P<=0.001) | 1.663
YxV 2076.65 18 115.369 1.533 * (P<=0.05) 1.525
YV (Interaction) 6379.01

R(YV) (Error) 9180.72 122 75.252

YVR (Total) 15559.73 149

Table 5. Conversion of mulberry buds into shoots (sprouting rate), variability and ANOVA

: Year Coef.

Variety Mean S.D. Range
2010 2011 2012 Var.

No 3 76.20 77.70 68.88 74.26 3.937 7.32 0.09
No 24 78.90 76.80 75.09 76.93 5.885 3.81 0.03
P7 71.40 70.90 72.68 71.66 1.583 1.78 0.02
P9 71.40 72.70 67.49 70.53 2.313 5.21 0.05
P17 75.60 76.20 70.50 74.10 0.685 2.10 0.10
P 19 66.20 68.41 70.62 68.41 2.575 4.42 0.03
Vratsa 1 80.30 79.80 81.58 80.56 1.124 1.78 0.12
Vratsa 18 82.40 81.70 83.91 82.67 3.138 2.21 0.13
Veslets 83.60 82.50 78.61 81.57 3.159 4.99 0.05
No 106 75.21 79.62 79.26 78.03 2.220 441 0.05
Factor SS Df Ms F(cal) F(0.05)
Y (Years) 11.13 2 5.565 0.056 N.S. (P>0.05) | 3.119
V (Varieties) 4221.23 9| 469.026 4.698 % (P<=0.001) | 1.663
YxV 266.65 18 14.814 0.148 N.S. (P>0.05) | 1.525
YV 4499.01
R(YV) (Error) 12180.72 122 99.842
YVR (Total) 16679.73 149
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Table 6. Correlations and regressions

gﬁigsg Ecological traits o?c?cfiii?gn Regression equation
Rainfall from September to May -0.113 | y=-0.034*x + 182.573
E:;lit}llle:f Rainfall for all mulberry vegetation period -0.029 | y=-0.004*x +165.871
Sum of effective temperatures for 0.056 | y=-0.014*x +124.283
Total Rainfall from September to May -0.030 | y=-0.022*x + 58.783
branch Rainfall for all mulberry vegetation period Z0.164 | y=-0.062*x + 79.497
length per -
oo Sum of effective temperatures for 0.183 | y=-0.110*x -262.659
Rainfall from September to May -0.061 | y=-0.001*x+ 10.783
glri?:rl;};ss Rainfall for all mulberry vegetation period -0.020 | y=-0.001*x+ 10.194
Sum of effective temperatures for 0.035 y= 0.001*x + 8.379
Rainfall from September to May -0.079 y= 0.001*x+ 5.498
g;s;l:lggal Rainfall for all mulberry vegetation period - 0.007 y= 0.001*x+ 5.152
Sum of effective temperatures for 0.010 | y= 0.001*x+ 4.991
: Rainfall from September to May 0.021 | y= 0.021*x+ 72.869
rsaﬂ:’“tmg Rainfall for all mulberry vegetation period 0.020| y= 0.001*x+ 73.409
Sum of effective temperatures for -0.028 | y= -0.021*x + 80.799

Influence of climate on the development and productivity of some Bulgarian
mulberry varieties. 2. Influence of some climatic factors on economic

By

Zdravko Petkov
Senior Research Officer, SAES Vratsa 3000, Bulgaria

characters of mulberry leaf and productivity in mulberry

Abstract:The influence of basic parameters which characterized the climate conditions on

economical important characters of leaves and productivity of some Bulgarian mulberry varieties
has been investigated. The study was conducted at Moriculture Experimental Field of SAES-
Vratsa during 2010-2012. It was found that climatic conditions over the years affected
sustainability in the development and productivity of the tested varieties. Generally, climate
affects significantly the size and weight of leaves. Mulberry productivity, expressed in leaf yield
per branch also has influenced significantly by ecological conditions. Correlation’s coefficients
between the main leaf characters, together with leaf yield of mulberry and climate parameters
have been ranged from negative to positive and from very low to medium by power. Most of
tested characters, as leafiness percentage of tree, leaf weight and leaf yield per one branch
correlates negatively with the amount of rainfall during the growing period of mulberry and the
amount of rainfall during the period from September to May, and slightly positive by the sum of
effective temperatures for the growing season. The sum of effective temperatures for vegetation
period of mulberry correlates positively with most economical characters of tested Bulgarian
varieties at Vratsa’s ecological conditions.

Keywords: mulberry varieties, climate, leaf characters, productivity, correlations

Mulberry (Morus spp.), the host plant of silkworm (Bombyx mori) is perennial in nature.
The plant is widely distributed all over the world and easily adapted to different ecological
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conditions(Heide, 1985) because of its wide diversity and plasticity.Moreover, genetic diversity
within the population is the backbone of conservation of mulberry genetic resources (Fotedar and
Dandin, 1998).

Many plant species occupy a variety of contrasting habitats and therefore plants must deal
with environmental conditions. Mechanisms by which a species may occupy a wide habitat
range include reversible modifications to environmental conditions, where plants attain a high
degree of phenotypic plasticity (Fukui et al., 2000; Vijayan, 2009). Phenotypic plasticity is an
important means by which individual plants respond to environmental heterogeneity (Guo et al.,
2007). Plant species with a wide range of environmental adaptations like mulberry have been
found to exhibit numerous morphological and physiological characteristics (Cordell et al., 1998).

Morphometric characterization can be used as a tool to analyze the genetic relationship
among different genotypes of mulberry and the information is utilized in mulberry selection
(Tikader, 1997, Masilamani and Camble, 1998, Tikader and Roy, 1999, Masilamani et al., 2000).

Genetic divergence of five mulberry accessions grown in Kenya was examined using
twelve phenotypic traits (Wangari et al., 2014). The traits that were significantly different across
accessions included lamina width and petiole length (P < 0.01), petiole width and growth height
(P < 0.05), internodes distance and number of branches (P < 0.001). Analysis of variance of
lamina length, lamina width, lamina weight, petiole weight and leaf petiole ratio by weight,
petiole length, leaf petiole ratio by length and leaf yield per plant showed significant variation
(Wani et al., 2014).

From all environmental factors that influenced the growth and development of perennials,
air temperature and relative humidity are critical. Mulberry (Morus spp.) is grown under varied
climatic conditions, ranging from temperate to tropical.

Siddiqui et al. (2003) studied 7 mulberry genotypes to determine the genetic variation in
foliar traits. Among the seven foliar traits studied high heritability associated with high genetic
advance recorded in leaf index and leaf area due to additive gene effects.

Correlations are important in  understanding the relationships  between
morphological/agronomic/ecological traits of accessions. This helps breeders to formulate
appropriate strategies for selection of desired traits (Herbert et al., 1994). In some cases,
differences in relationship of growth and yield parameters associated to yield are often noticed
(Vijayan et al., 1997; Tikader and Dandin, 2005, 2008).

The aim of the present study was to analyse the influence of climate conditions on
economical important leaf characters and productivity in some Bulgarian mulberry varieties.

Material and Methods

For the analysis of the climatic conditions all necessary meteorological data were obtained
from the Meteorological Observatory in the city of Vratsa. The values of air temperature,
humidity, precipitation (rainfall), wind speed and direction, etc. have been analysed.

Testing of mulberry varieties has been done on main morphological and economic
characters of leaves, which are strongly influenced by climatic conditions. The survey was
conducted with 10 Bulgarian varieties from the genetic resources of mulberry in SEAS - Vratsa.
Morphological measurements were made on 5 randomly selected plants per accession. The
quantitative traits were leaf length (cm), leaf weight (g), frozenness of branches (%) and
leafiness (%). Mulberry productivity, measured with leaf yield per one branch was analyzed also.

Leaf length was measured from the leaf base at the juncture of the petiole attachment to the
leaf tip leaving the extended portion of the tip; leaf weight was measured at the same time. These
parameters were recorded in spring during the fifth silkworm instar by taking measurements
from the fully grown leaves from the 7th to 9th positioned leaves in the longest shoot.
Frozenness of branches was determined at the bud sprouting time. Tree productivity was
recorded at full growth stage of the plant. These measurements have been adopted by Petkov
(2000a).
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Correlations and regressions between factors of agro-ecological development and some
quantitative yield related characters of mulberry have been explored, according to Petkov
(2000b). Correlations and regressions between amount of rainfall during the period of September
- May, the amount of precipitation during the growing season of mulberry (May - October) and
the sum of active temperatures (over 5.0°C) during the growing season of mulberry with tested
parameters were analysed.

All necessary calculations and statistical analysis were made with IBM SPSS 23 Statistic
program.

Results and Discussion

The wide distribution of mulberry suggests that this plant has big plasticity. Lamina length,
lamina width, petiole length and width as well as leaf weight varied across the environments.
Gray (1990) observed plasticity in leaf and fruit characteristics of mulberry. On the other hand,
Kitajima et al. (1997) reported for seasonal variation and leaf polymorphism is a result of great
phenotypic plasticity. It is therefore true that inherent phenotypic differences allow a plant to
survive in a wide range of environmental conditions.Gray (1990) suggested phenotypic plasticity
as the contributory factor to mulberry’s growth and survival under disruptive environmental
conditions.

Table 1 presents data on leaf length of tested mulberry varieties. The average leaf length
during the three years of investigation was 16.16, cm 16.00 cm and 18.27 cm, respectively. In
2010 the smallestleaves were recorded in No 106 variety - 12.16 cm, and longest ones in Vratsa
1 variety -18.31 cm. In 2011 the leaves were the smallestin P 7 variety - 12.42cm, and the
longest again in Vratsa 1 variety -18.01 cm. In 2012 the leaves were the longest in Vratsa 18
variety -20.89 cm. This character is characterized by low coefficient of variation - 0.08 in 2010,
0.07 in 2011 and 0.10 in 2012. The length of leaves in tested mulberry varieties is affected by
climatic conditions during the years, but in the majority of varieties this coefficient was under
0.10.

From the ANOVA analysis the substantial influence of both factors - mulberry variety and
year (the factor which includes itself a complex influence of climatic factors) on leaf size was
found. The interaction of the two factors on the leaf length was also essential (P<0.05).

Data for leaf weight in tested Bulgarian varieties in three years of our study is presented in
table 2. This is an economical important character which affects the productivity in mulberry.
The heaviestleaves were recorded in 2012-2.21g, which ranges from 1.57g to 2.78g in Vratsa 1
variety. In 2011 the average leaf weight for all tested varieties was 1.77g, and in 2010-1.89g,
which ranges from 1.39g in P 19 variety to 2.29g in Veslets variety. Low values of coefficient of
variation for this character - 0.08, 0.16 and 0.14 were determined for separate years of
investigation.

In the majority of tested varieties the coefficient of variation of this character was under
0.10, indicating that he is relatively unaffected by environmental conditions.

From the ANOVA analysis we found the significant influence of both factors - mulberry
variety (P<0.01) and climatic factors (P<0.05) on leaf weight. The interaction of these factors on
tested character was not significant.

Data for tree leafiness percentage variability in tested mulberry varieties are presented in
table 3. This percentage was the lowest in 2011 —51.19% in average, ranging from 46.14 % to
65.75 % in P 19 variety. Mulberry trees in 2012 had the highest percentage of leaves in their
vegetative mass production -55.74 % in average. Relatively low values of the coefficient of
variation — 0.06, 0.07 and 0.06, respectively were recorded during the three years of our study.
Most of Bulgarian mulberry varieties are characterized with coefficient of variation under 0.10,
indicating that leafiness of trees is very slightly affected by environmental conditions. This is
proved by ANOVA analysis. It can be seen that leafiness is significantly influenced only by
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mulberry variety (P<0.001). The influence of climatic factors during different years and the
interaction between two factors is irrelevant.

This kind of performance was reported by Ogunbodede and Ajibade, (2001) to be a
function of environmental adaptation as well as genetic component.

In table 4 we present data for variability of leaf productivity in tested Bulgarian mulberry
varieties, represented by leaf yield per one branch character. It was found that this character was
affected significantly by both climate and variety of mulberry (P<0.001 and P<0.01,
respectively),but not by their interaction

The leaf yield per one branch is an important economical character in mulberry, because to
some extent it determinesits productivity. In our study we established on average 233.36 gleaves
per branch in 2010, 227.14 g in 2011 and 266.33 g in 2012.

Similar results were reported by Tikader and Kamble, (2008) with highly significant
differences of growth and yield traits of mulberryaffected by ecological conditions. Phenotypic
variability of mulberry germplasm has been detected also (Thangavelu et al., 2000; Tikader and
Roy, 2002).

Due to the physiology of mulberry and the nature of its production - leaves, the influence
of climatic factors on its development and productivity is difficult to determine. In mulberry the
exploitation is done by full pruning of vegetative mass in the months of May and June. That's
why climate and agricultural conditions, from the current and previous year influenced in great
extent the productivity of mulberry.

Because of this we have studied the impact of following environmental factors, which can
be measured easily - amount of rainfall during the months of September - May, the amount of
rainfall during the mulberry growing season (May - October) and the sum of active temperatures
(over 5°C) during the growing season of the mulberry tree.

We have estimated the correlations and regressions between these environmental factors
and some of the characters of mulberry and its productivity. Data for inter relations between
characters mentioned above are presented in table 5.

The data shows that, in almost all couples of characters the correlation coefficient is non-
significant. The exceptions are correlations between the frost part of branches and of rainfall and
sum of effective temperatures for growing season of mulberry.

The most of correlations were negative. It is interesting to note that in all cases the
calculated regressions were not statistically proven. This may be due to the fact that they we use
data only from few years, or that weather conditions affect the mulberry is complex way and it is
difficult to identify which one indicator of climate impacts to the fullest extent on the
development and productivity of mulberry.

Conclusions

It was found that climatic conditions over the years affected sustainability in the
development and productivity of the tested Bulgarian varieties. Generally, climate affects
significantly the size and weight of leaves. Mulberry productivity, expressed in leaf yield per
branch also has influenced significantly by ecological conditions. Correlation’s coefficients
between the main leaf characters, together with leaf yield of mulberry and climate parameters
have been ranged from negative to positive and from very low to medium by power. Most of
tested characters, as leafiness percentage of tree, leaf weight and leaf yield per one branch
correlates negatively with the amount of rainfall during the growing period of mulberry and the
amount of rainfall during the period from September to May, and slightly positive by the sum of
effective temperatures for the growing season. The sum of effective temperatures for vegetation
period of mulberry correlates positively with most economical characters of tested Bulgarian
varieties at Vratsa’s ecological conditions.
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Table 1.Leaf length, variability and ANOVA

Variety Years Mean S.E.M. S.D. Coef. Var.

2010 2011 2012
No 3 16.85 16.38 18.23 17.15 0.56 0.96 0.06
No 24 16.68 16.27 18.68 17.21 0.74 1.29 0.07
P7 12.73 12.42 14.66 13.27 0.70 1.21 0.09
P9 16.54 16.27 18.99 17.27 0.87 1.50 0.09
P17 16.61 16.52 17.22 16.78 0.22 0.38 0.02
P19 15.69 15.49 18.17 16.45 0.86 1.49 0.09
Vratsa 1 18.31 18.01 20.89 19.07 0.91 1.58 0.08
Vratsa 18 18.11 17.91 20.85 18.96 0.95 1.64 0.09
Veslets 17.46 17.86 19.82 18.38 0.73 1.26 0.07
No 106 12.66 12.85 15.16 13.56 0.80 1.39 0.10
Factor SS Df Ms F(cal) F(0.05)
Y (Years) 27.38 2 13.690 3.552 * (P<=0.05) 3.119
V (Varieties) 211.83 9 13.537 3.512 * (P<=0.05) 1.663
YxV 117.40 18 6.522 1.692 * (P<=0.05) 1.525
YV 356.61
R(YV) (Error) 470.24 123 3.854
YVR (Total) 826.85 149

Table 2.Leaf weight, variability and ANOVA
Years Coef.

Variety Mean S.E.M. S.D.

2010 2011 2012 Var.
No 3 1.93 1.77 2.23 1.98 0.13 0.23 0.12
No 24 1.74 1.56 2.13 1.81 0.17 0.29 0.16
P7 1.57 1.34 1.88 1.60 0.16 0.27 0.17
P9 1.86 1.49 2.12 1.82 0.18 0.32 0.17
P17 1.44 1.47 1.65 1.52 0.07 0.11 0.07
P19 1.39 1.42 1.57 1.46 0.06 0.10 0.07
Vratsa 1 2.27 231 2.78 2.45 0.16 0.28 0.12
Vratsa 18 2.29 2.03 2.64 2.32 0.18 0.31 0.13
Veslets 2.15 2.18 2.52 2.28 0.12 0.21 0.09
No 106 2.21 2.14 2.53 2.29 0.12 0.21 0.09
Factor SS Df Ms F(cal) F(0.05)
Y (Years) 9.06 2 4.530 3.782 * (P<=0.05) 3.119
V (Varieties) 43.17 9 4.798 4.005 ** (P<=0.01) 1.663
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YxV 1.38 18 0.077 0.064 N.S. (P>0.05) 1.525
YV 53.61
R(YV) 146.15 122 1.198
YVR (Total) 199.76 149
Table 3.Tree leafiness, variability and ANOVA

Variety Years Mean | S.EM. S.D. e

2010 2011 2012 Var.
No 3 46.58 44.85 49.54 46.99 1.37 2.37 0.05
No 24 48.54 48.05 53.14 49.91 1.62 2.81 0.06
P7 56.71 54.13 60.41 57.08 1.82 3.16 0.06
P9 56.43 53.83 58.87 56.38 1.46 2.52 0.04
P17 44,23 43.72 46.14 44.70 0.74 1.28 0.03
P 19 63.95 62.42 65.75 64.04 0.96 1.67 0.03
Vratsa 1 59.57 58.72 63.28 60.52 1.40 2.42 0.04
Vratsa 18 48.78 46.08 52.88 49.25 1.98 3.42 0.07
Veslets 58.15 55.46 57.89 57.17 0.86 1.48 0.03
No 106 47.83 44.66 49.24 47.24 1.35 2.35 0.05
Factor SS Df Ms F(cal) F(0.05)
Y (Years) 98.99 49.500 | 2.166 N.S. (P>0.05) 3.119
V (Varieties) 1911.38 9 212.375 | 9.292 *%x (P<=0.001) 1.663
YxV 645.44 18 35.858 1.569 N.S. (P>0.05) 1.525
YV 2655.81
R(YV) (Error) 2788.37 122 22.856
YVR (Total) 5444.18 149

Table 4.Leaf yield per branch, variability and ANOVA

Variety Years Mean | S.EM. S.D. e

2010 2011 2012 Var.
No 3 212.12 206.77 242.3 220.40 11.06 19.16 0.09
No 24 217.04 220.72 267.07 234.94 16.10 27.88 0.12
P7 235.11 217.31 280.03 244.15 18.66 32.32 0.13
P9 240.61 223.72 269.62 244.65 13.40 23.22 0.09
P17 187.74 171.07 195.78 184.86 7.28 12.60 0.07
P19 221.25 216.95 232.91 223.70 4.77 8.26 0.04
Vratsa 1 277.77 262.04 317.17 285.66 16.40 28.40 0.10
Vratsa 18 232.58 236.98 289.12 252.89 18.16 31.45 0.12
Veslets 273.29 276.47 306.88 285.55 10.71 18.54 0.06
No 106 236.11 239.33 262.41 245.95 8.28 14.35 0.06
Factor SS Df Ms F(cal) F(0.05)
Y (Years) 12517.13 6258.57 7.756 *%% (P<=0.001) 3.119
V (Varieties) 28364.89 9| 3151.65 3.906 ** (P<=0.01) 1.663
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YxV 20012.81 18 1111.82 1.378 N.S. (P>0.05) 1.525
YV 60894.83
R(YV) (Error) 98449.38 123 806.96
YVR (Total) 159344.2 149
Table. 5. Correlations and regressions
Mul ffici f
ulberry Ecological traits Coe |C|er.\t ° Regression equation
character correlation
Rainfall from September to May -0.061 y= 0.001*x+
Length of - . - _ *
leaves Rainfall for all mulberry vegetation period -0.020 y = -0.001%x +
Sum of effective temperatures for vegetative 0.035 y= 0.011*x+
Rainfall from September to May -0.058 y = -0.001*x +
Lea.f Rainfall for all mulberry vegetation period -0.019 y = -0.001*x +
weight
Sum of effective temperatures for vegetative 0.033 y= 0.011*x+
Rainfall from September to May -0.021 y = -0.001*x +
E:gness Rainfall for all mulberry vegetation period -0.031 y = -0.002*x +
Sum of effective temperatures for vegetative 0.013 y= 0.001*x +
Rainfall from September to May 0.038 y= 0.001*x +
E?Sr;ic:g Rainfall for all mulberry vegetation period -0.203 y=-0.001*x +
Sum of effective temperatures for vegetative 0.210 y= 0.004*x -
Leaf Rainfall from September to May -0.069 y = -0.297*x +
vield per | ¢ infall for all mulberry vegetation period -0.008 y = -0.002*x +
one
branch Sum of effective temperatures for vegetative 0.023 y= 0.008*x +

EFFECT OF SOME HEAVY METALS ON THE MAJORCHARACTERISTICS OF
SILKWORM BOMBYX MORI L.

NIKOLOVA Tsvetelina!, Krasimira AVRAMOVA?, Dimitar GREKOV?

'University of Forestry — Sofia,10 KlimentOhridskyBlvd., Sofia 1756, Bulgaria, Phone (+359 2)
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ABSTRACT
The high level of industrialization of economy inevitably leads to global environmental

pollution, both on a world scale and on the territory of our country. The effect of toxic and
carcinogenic substances is particularly pronounced in the areas with developed chemical or
metallurgical industries.

The aim of the present study was to follow up the effect of the heavy metals lead and zinc
on the values of the main technological characteristics of mulberry silkworm. Silkworm larvae of
hybrids Super 1 xHessa 2, Baksa 1 xSvila 2 and of Kom 1 breed were fed onmulberry leaves
with a high content of heavy metals, collected in the area of the Non Ferrous Metal Works —
Plovdiv, reported in our previous studies.
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The high content of heavy metals in feed resulted in a decreased cocoon weight, shell
weight, filament length and weight. The values of the indicators characterizing the cocoon
filament were significantly lower in larvae fed on contaminated mulberry leaves. They spun
cocoonsof a lower weight, which influenced cocoon yield.

INTRODUCTION

Environmental pollution issues are particularly important in recent decades. There is a
sharp rise in interest in heavy metals and the real threat they pose to human health.

In nature, heavy metals are widely spread and resistant to decomposition. They refer to
the priority food and feed pollutants as they are elements included in the whole food chain.

Over the last 10 years, pollution has been limited and, in most cases, completely stopped
by the introduction of new production technologies. Solving the pollution problem without
affecting soil fertility is one of the greatest challenges facing modern science. The
phytoremediation technologies are the most promising approach in thisrespect.

Phytoremediation is increasingly being applied to restore soils with a high content of
heavy metals and persistent organic pollutants. Plants develop a thick root mass in the polluted
soil layer and the rapid and vigorous growth enablesthe vertical migration of significant amounts
of water from the soil, considerably reducing the level of heavy metals in groundwater.

The area around the Non Ferrous Metal Works— Plovdivis among the most polluted
regions in Bulgaria. Pollution is spread in a radius of 3-4 km around the industrial site. In such
areas, it is appropriate to develop agriculture for raw material production, not directly involved
in the food industry.

Mulberry is one of the speciesstudied as a phytoremediator. For centuries, attention has
been focused primarily on its use as a major source of nutrition for silkworms. Growing
mulberry trees in polluted areas means the conversion of deserted lands into arable, from which
income can be earned. A typical example in this regard is the cocoon production.

Silkworm (Bombyxmori L.) has the ability to accumulate large quantities of metals in its
organs without significantly affecting its development. Our country has some of the richest
silkworm genetic resources.

MATERIAL AND METHODS

The experimental work of the present study involved the use of polluted mulberry
material from the mulberry plantation near the Non Ferrous Metal Works in Plovdiv, located in
the village of Kuklen, near Plovdiv and Asenovgrad. Silkworm larvaewere fed three times a day
with equal amounts of mulberry leaves.

The following characteristics were studied: fresh cocoon yield per box of silkwormeggs
(kg), filament length (m), denier, filament weight (mg) and silk ratio (%).

When analyzing cocoons (silk filament), a comparative study of two methods of
decomposition was tested — withconcentrated nitric acid and hydrochloric acid in a ratio of
HNO3:HCI = 1:3 or the so-called aqua regia, as well as by EPA 3050B:1996 with nitric acid and
perhydrol. The decomposition in that method is more complete and the decomposed sample is
clear. It is also used for determiningthe heavy metals in cocoons, filament and pupae.

Bulgarian F1 industrial hybrids of mulberry silkworm from the genetic resources of the
Experimental Station of Sericulture and Agriculture— Vratsa: Super 1 xHessa 2; Baksa 1 xSvila
2 and Kom 1 breed of Japanese origin were used in the research study.

The parameters of the most important technological characteristics of the cocoons and the
silk filamentwere determined by the methods adopted in our country (Petkov, 1982;Petkov,
1995).
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RESULTS AND DISCUSSION

The average freshcocoonyield was calculated based on the results obtained. For this
purpose, all the cocoons with live pupaewere taken.

The results of one of the most important characteristics, i.e. freshcocoon yieldper box of
silkworm eggs are presented in Figure 1. The productivity of fresh cocoons is measured by
reporting the yield per standard box of viable silkworm eggs (20000+£200). The values of that
characteristic ranged from 6.6 kg to 10.9 kg in the experimental groups. The lowest yield was
established in Kom 1 breed, in all the replications, 6.6-6.7 kg.

The low cocoonyield in the experimental groups was due to the lower pupation rate due
to the effect of the heavy metals contained in the mulberry leaves from the region of the Non
Ferrous Metal Works — Plovdiv.

The results obtained differed significantly from those of Petkov (1999). According to the
author, the heavy metals contained in the mulberry tree leaves, regardless of the distance from
roads, do not affect thatcharacteristic.

However, the results obtained in the present studywere closer to those of Tsenov (1997)
and Grekov (1995).

In his studies, Grekov (1995) followed up the effect of heavy metals on the development
of the mulberry silkworm. The author came to the conclusion that the heavy metals had an effect
on some biological and technological characteristics.

That statement was also confirmed by Tsenov (1997). According to the author, the fresh
cocoon yield per box of silkworm eggswas significantly lower because of the decreasedsurvival
percentage of silkworms in the variants fed with mulberry leaves contaminated with Zn and Cu.

Comparable numerical data of the mean values of the most important technological
characteristics of the silk filament are presented in Table 1.

Table 1 shows that the values of the studied characteristicsin the control and in the
investigated groups differ significantly.

The technological characteristics of silk filamenthave a significant importancefor the
quality of raw silk. Here again, the values are comparatively lower than those observed in the
control groups fed with non-contaminated mulberry leaves. Silkworms fed with contaminated
leaves spun cocoons with a lower weight, which influenced the fresh cocoon yield shown in
Figure 1.

Table 1. Mean values of traits characterizing cocoon filament

Trait Filament length, Fllament size | Filament weight Silk Ratio (%)
(m) (denier) (mg)

Control group 2011 1191 2,56 309 38,47

Experimental

groupS1xH2, 2011 772 2,25 160 35,36

Experimental

groupB1xS2, 662 2,72 159 38,99

2011

Control group2012 1274 2,48 319 45,91

Experimental

aroupS1xH2, 2012 777 2,41 158 35,91

Experimental

groupB1xS2 — 618 3,32 158 45,34

2012

Control group, 2013 1243 2,3 300 38,15
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Fig. 1. Fresh cocoon vield

The most significant differences between the groups were recorded for filament length
and weight. Silk ratiowas less influenced by the presence of heavy metals in silkworm feed.

The results obtained in the present study were similar to those of other authors,for
example Miyoshi (1978); Tsenov (1997) and Petkov (1999).

The statistical model analysis of variance (ANOVA) was used to determine whether or
not there were significant differences in the mean values.

CONCLUSION

1.The high content of heavy metals in silkworm larvae feed results in a decrease of fresh cocoon
weight, cocoon shell weight andfilament length and weight. The values of the traits
characterizing the silk filament are significantly lower in silkworm larvae fed with
contaminated mulberry leaves. They spun cocoons with a lower weight, which has an effect
on fresh cocoon yield.

2.Silk ratio is influenced to a lesser extent by heavy metals.

3.Despite the high content of heavy metals in pupae, they do not pass into the cocoon shell and
filament. The content of heavy metals in the final product (raw silk) is insignificant (<1.0
mg/kg). Thatsmall amount does not affect the quality of silk filamentproduced from
silkworm larvae fed with mulberry leaves with a high content of heavy metals.
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EFFICIENCY OF ENRICHMENT OF FERTILITY AND REGULATION OF SOIL
ACIDITY ON GROWTH AND YIELD OF MULBERRY
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E-mail: khomid_khomidy@mail.ru

ABSTRACT: Rwanda, located in Central Africa between 1°04° and 2°51° latitude south and
between 28°45° and 31°15° longitude east, enjoys a tropical temperate climate due to its high
altitude (900 ~ 4507 m ASL). It receives an annual rainfall of around 700-1000 mm/year. Almost
all soils of Rwanda are reported to be acidic (pH 4.8-5.8), which negatively affects soil fertility
and results in 50 % reduction in productivity of all basic grains and root crops. Of late,
development of sericulture as a new branch of agriculture has started receiving great attention in
Rwanda, as the state has big hopes to increase its export potential through it. Since mulberry
plantation being the major economic component in sericulture, the quality of soil indirectly has a
profound influence on silk production. Soils with the slightest tinge of acidity (pH 6.8) are ideal
for good growth of mulberry plants. Both the lateritic and sandy types of soil observed in
Rwanda are characterized by low concentration of K, Mg and other basic vital elements, low
water holding capacity and low pH. Hence, administration of suitable soil reclamation measures
is an essential step towards raising superior quality mulberry leaf. Usually dolomite limestone or
wood ashes are recommended for regulation of soil acidity. Chemical analysis of mulberry wood
ash has shown that the composition of basic elements, necessary for a plant, except for Ca, Mg
and Zn surpass that in lime since the young branches are rich in macro and micro elements.
Average calcium carbonate equivalent (CCE) in mulberry wood ash is 43.0 %. Use of mulberry
wood ash as fertilizer in combination with other mineral and organic fertilizers improves the soil
fertility, regulates acidity and enriches chemical compnents of soil, incidenatlly decreasing the
incidence of dieases in a mulberry plantation and ultimately improving productivity and quality
of leaves.

Key words: Leaf yield, mulberry, mulberry wood ash, soil chemical composition, soil fertility, soil pH
INTRODUCTION

Soil quality is defined as its ability to perform a specific function within a managed or
natural ecosystem that is essential to people and environment. It is known, that almost one fourth
of soils on the planet is in a condition of degradation, the main reason of which is soil
acidification. Soil acidification is a natural process, which usually takes hundreds, or even
thousands of years to occur; however, atmospheric precipitates and incorrect management of the
earth resources by humans accelerate this process enormously. For example, Rwanda, located in
Central Africa between 1°04° and 2°51° latitude south and between 28°45° and 31°15” longitude
east is characterised with almost all stretches of its soils being acidic (pH 4.8-5.8). This condition
adversely affects the productivity of all basic grains and root crops.
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Recently, sericulture has been progressing as a new branch under the ambit of
Agriculture in Rwanda. As in the case of any plantation, the quality of soil of mulberry field has
a profound influence not only on the leaf yield, but also on its quality, that ultimately affects
growth of silkworms and thereby quantity and quality of cocoons produced. The soil of mulberry
plantation must be capable of maintaining the mulberry plants for prolonged maximum
productivity of quality leaves. Though mulberry is tolerant to a wide range of soil conditions, it
grows well on highly fertile loamy soil. In general, the soil recommended for mulberry should be
deep, well-drained, and clayey loam to loam in texture, friable, porous, and fertile with good
water retention capacity. Soils with pH around 6.8 are free from injurious salts and ideal for
good growth of mulberry plants. Saline and alkaline soils and also highly acidic soils should be
avoided and if not possible, should be suitably reclaimed. The present condition of soils in
Rwanda makes it a requirement that suitable reclamation practices are undertaken so that
mulberry can be safely grown. The aim of this work is to study the growth efficiency of
vegetative organs of mulberry in response to various reclamation measures and fertilizer
application under field experimental conditions.

MATERIALS AND METHODS
Study area and treatments

The experimental site is located in the mulberry plantation of Rubona Research Station,
in mid-altitude agro-ecological zone in Southern Rwanda, 125 km from Kigali, the capital city.
It’s a hilly and mountainous station 1700 m above the sea level. It has a subequatorial climate
with annual average temperatures around 18-21 °C and rainfall between 1300 -1800 mm/year.

There are basically two types of soil in this region: lateritic and sandy soil characterized
with low concentrations of K, Mg and other basic vital elements required for plants, low water
holding capacity and low pH.

The experiment was carried out on six rafts in three replications with 4-year-old Diamond

(H) mulberry variety under an area of 1200 m?. The fertilizer treatments imposed were organic
manure (30,000 kg/ ha), mulberry wood ash (1125 kg/ha), lime (750 kg/ha) and N3oPrsKyg (90

kg/ha) in different combinations. Control plantation did not receive any supplementary
treatment.

Soil analysis

For interpretation of physiological state of trees in the experiment, the chemical
composition of the growth substrate was analyzed in the sample plots after application of
different combinations of fertilizers to soil. Soil samples were collected with a steel bore cylinder
from depths of 30 cm, taking into account that approximately 80 % of feeder roots of mulberry
trees are located in the layer of 10-40 cm depth (Homidy, 2012). Soil sampling was carried out
once in every 12 weeks from each 10 m length of plots in four replications per treatment from
May 2015 till June 2016. The soils were sieved through a 5 mm screen to remove root fragments
and coarse gravel. The nutrient status of the soil upper horizon (30 cm) was determined in the
Laboratory of Soil Chemistry of the Uzbek Agriculture Research Institute by adopting standard
methods of soil analysis. Concentrations of P and K were determined by the Egner-Riehm
double lactate method and that of Ca by the Egner-Riehm-Domingo ammonium acetate-lactate
method (ISO/11260. 1995). Total N was determined by the Kjeldahl method (ISO/11261. 1995);
Cu, B, Mn, Zn, and Fe were measured using a Shimadzu atomic absorption/flame emission
spectrometer (AA-670), and the pH of the soil was measured as the potential acidity in H20 (1:1

soil: water ratio) (ISO/10390. 1994).
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Chemical analysis of mulberry wood ash

The characteristics and chemical composition of wood ash may vary depending on the
type of raw bio material, incineration technique, additives, and storage conditions (Kofman,
1987). For our experiments, mulberry branches were used as raw material for producing wood
ash. Dry wood ash was collected and mixed carefully to get homogeneous material. The same
ash was used in all variants and replications. The chemical composition of wood ash was
analyzed in the Laboratory of Biochemistry and Artificial Feed of the Uzbek Sericulture
Research Institute.

Chemical analyses of mulberry leaves

Plant samples were taken treatment wise, 4 times during the vegetation as follows:

30.06. 15 (rainy season, after bottom pruning of mulberry plantation), 31.10.2015 (dry
season, after top pruning of mulberry plantation), 31.01.2016 (rainy and dry season, after second
top pruning of mulberry plantation) and 30.04.2016 (rainy season, after second bottom pruning
of mulberry plantation).

Leaves were cut into small pieces and oven-dried at 70 °C for 24 h to stop metabolic
activity (Wilde et al., 1979; Landis, 1985). 1.2 g of dried leaves were ground and chemically
analyzed in the Laboratory of Biochemistry and Artificial Feed of the Uzbek Sericulture
Research Institute. The quantities of mineral elements viz., N, P, K, Ca, and Mg were
determined. Concentrations of metallic elements were determined using an atom-adsorption
analyzer AAA-1N (Karl Zeiss, Jena). For measuring N, the method of Kjeldahl was used, and P
was extracted with vanadium molybdate yellow complex.

Statistical analysis

The statistical processing of the experimental data from each independent experiment
with four replicates was done according to standard methods, using Microsoft® Excel 2003
program of Microsoft® Windows 2003. Average values were used for graphic presentation of
results, with the significance of differences (P<0.05) calculated by the t test (Dospehov, 1985).

RESULTS AND DISCUSSION
Analysis of soil

Various macro and microelements are necessary for normal growth and development of
plants. As known, there are around 20 of such elements, without which plants cannot complete a
cycle of development and which cannot be replaced by others. As productivity of a field depends
on fertility of soil and more on effective use of fertilizers, it is of great importance to define the
type of soil in the field. Availability of nutrients in soil strongly depends on pH. Because of low
or too high level of pH, nutrients in soil can be inaccessible for plants. The preliminary analysis
of fertility of soil in the mulberry field has shown a low status of all basic vital nutrient elements
and no conformity with the optimum level for mulberry (Figure 1).

It was noticed that the amount of nutrient elements in soil (except Ca, Mg and Cu) rose a
little during the rainy season, in parallel with the decreased soil acidity. Such change directly
depends on intensity of rains and moisture content in the soil. Moisture held in the soil promotes
vital processes such as build up of microorganisms and in turn accelerates the splitting process of
the biological material. Moreover, heavy rains incidentally lead to soil erosion which decreases
acidity of soil.
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Figure 1: Acidity and chemical composition of soil

Restoring the fertility of soil

Maintenance of soil’s fertility and productivity of crops in Rwanda depends to a great
extent on prevention of soil erosion and chemicalisation. However, use of fertilizers, being the
leading factor in intensification of agriculture, has not reached the required level yet, which can
provide steady agriculture crop yield. For restoration of degraded soils’ productivity and to
receive a minimum Yyield of crops, Roose et al. (1988) recommended massive applications of
organic manure (10 t/ha every 2 years), lime (2—4 t/ha every 3 years), and NPK fertilizer (50—
100 kg/ha/yr of N, 40-100 kg/ha/yr of P, and 30— 200 kg/ha/yr of K). Due to financial
constraints, farmers use only one third of the recommended manure and there are practically no
actions being taken for correction of soil’s acidity. Insufficient doses of fertilizers, unfavourable
climatic conditions and unsatisfactory farming standards underline the need to formulate the
cheapest and accessible means for promoting restoration of the productivity of degraded soils.

Mulberry plantation is a source of biomass production too. It is possible to receive more
than 20 tons of firewood and more than 40 tons of mulberry leaves from one hectare annually,
which creates great potential for production of organic fertilizer. The left over mulberry from
silkworm rearing are being collected and converted into compost, which is then used as organic
fertilizer. It is known that application of organic fertilizers leads to soil oxidation. Typically,
deviations in the acidity of soil from slightly acidic or neutral status leads to an imbalance of
nutrients available to plants and oppression of beneficial soil microorganisms. Majority of
cultivated plants, including mulberry, and useful soil microorganisms grow well at low soil
acidity (pH 6.5-7.0) It is recommended to add dolomite limestone into soil for neutralization of it
super acidity. Practice shows, that application of limestone is very expensive for farmers (around
8000 USD/ha every 3 years). Besides that, the mineral limestone does not contain enough
necessary vital elements for a plant. In this context, the wood ash which has been widely used as
a fertilizer since ancient times, especially in those countries, where wood was in abundance,

deserves a mention as an alternative to limestone. In our case, after each silkworm rearing,
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mulberry trees are being pruned, through which enough timber is being collected for production

of wood ash (Figure 2).

Figure 2:

Mulberry plant grown
in (A) acidic and (B)
fertility of soil;
(C)mulberry wood ash

Before using mulberry wood ash as a fertilizer, chemical analysis of samples from different
parts of the mulberry tree have been carried out and compared to limestone (Table 1).

Table 1. Range of chemical composition of the mulberry wood ash and lime

. . Variant

ment Range of chemical composition Mulberrv wood ash Lime
Stems ‘ Branches Leaves ‘ Average

Concentration in %
Nitrogen 0,13 0,20 0,29 0,21 0,01
Potassium 0,17 0,26 1,21 0,55 0,13
Sodium 0,042 0,029 0,015 0,03 0,07
Calcium 17,32 13,21 11,43 13,98 31,1
Phosphorus 0,089 0,24 0,712 0,35 0,06
Magnesium 0,047 0,073 1,57 0,56 5,1
Carbon 1,02 1,67 2,08 1,59 -
Concentration in mg/kg™
Iron 40,2 150,2 302,8 164,40 0,29
Sulfurous 200,0 355,1 780,9 445,33 -
Manganese 120,0 559,2 789,5 489,57 0,05
Zinc 47,0 56,5 75,5 59,67 113
Copper 20,02 23,09 27,66 23,59 6,87
Aluminum 60,68 40,10 20,3 40,36 0,29
Boron 25,00 27,00 31,50 27,83 -
Have metals
Pb 12,05 8,01 6,21 8,75 -
Other Chemical Properties
CaCOs Equivalent (%) 47,00 43,00 39,00 43,00 100
pH 10,80 10,40 9,80 10,33 9,9
Total solids (%) 78,00 75,00 66,00 73,00 100

Chemical analysis of mulberry wood ash

As can be seen from the table, quantities of basic necessary elements for a plant, except for
Ca, Mg, Na and Zn, in mulberry wood ash surpass those in lime. Chemical analysis of different
tissues of mulberry showed the highest content of micro and macro elements in its young organs:
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shoots and leaves, which corresponds to the earlier literature (Hakkila, 1989; Wong et al., 2004;
Werkelin et al., 2005). This is primarily due to the ongoing process of metabolism in growing
organs of the plant. The increased content of elements in the leaf can be explained by the
necessity for the photosynthesis process and accumulation of nutrients. Average calcium
carbonate equivalent (CCE) in mulberry wood ash is 43.0 %. As the particle size of mulberry
wood ash is much smaller, its acidity reducing effect considerably surpasses that of limestone.
Mulberry wood ash contains a few elements that may pose environmental problems. But the
heavy metal concentrations are typically low and not in a highly extractable or available form.
Hence, taking into account the rich content of macro and micro elements in mulberry wood ash,
it can be used as an effective valuable complex fertilizer for the restoration and maintenance of
soil fertility.

Use of mulberry wood ash for regulating acidity and enriching fertility of soil
Wood ash has long been recognized as a valuable substance. Many centuries ago, ancient

Roman scientists and scholars documented the value of returning ash to the land. In the 1gth
century, the benefits of ash-derived potash, or potassium carbonate, became widely recognized.
There was a time when trees were felled in North America, burned and the ash was exported to
Great Britain as “potash fever” hit. In 1790, the newly- independent United States of America’s
first patented process was a method for making fertilizer from wood ash (U.S. patent number 1:
“An improved method of making pot and pearl ash”). USA, Finland, Sweden and Denmark were
the pioneers to undertake research on the composition and use of wood ash. In the USA, wood
ash is derived from paper industry waste and power generation of which, 90 per cent share of
many states goes to landfill. However, in the north-east states, only 15 per cent is land filled, as
the remaining 80 per cent is land applied and 5 per cent co-composted with sewage sludge. This
practice has reduced the costs of disposal for the producing companies by up to 66 per cent in
Maine and New Hampshire (Greene, 1988; Campbell, 1990; Vance, 1996).

In Finland, wood ash has been used as a soil ameliorant for second-rotation conifer stands
on drained peats, on sites monitored since 1935 (Hakkila, 1989; Korpilhati et al., 1998).
Research on the restoration of cut-over peat using ash as an ameliorant to change pH and restore
biodiversity is underway (Nisi et al., 2005). In Sweden, ash is already produced in large
quantities from energy generation and studies on recycling ash to forest sites on peats and
podzols were undertaken in the 1970s itself (Hogbom and Nohrstedt, 2001). Recently, efforts to
restore acidified soils in the south of the country has explored the use of both wood ash and lime
(Lundstrom et al., 2003).

In Denmark, ash is produced from community energy projects using mixed organic fuels
such as straw, woodchip, green waste and tree thinning. This has resulted in a mixed quality ash
of variable chemical content with some high levels of heavy metals and dioxins. As a
consequence, 2500 tons of ash per year is disposed to landfill (Serup, 1999; Moller and
Ingerslev, 2001).

In Rwanda, mulberry wood ash is used as a fertilizer for the first time. Chemical analysis of
soil and determination of its acidity were carried out (Figure 3) every three months (seasonally)
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and the effectiveness of using mulberry wood ash, was compared with that of organic and
chemical fertilizers.

The diagram shows that the use of lime and MWA in conjunction with other fertilizers has
led to changes in acidity of the soil and its chemical composition. Adding only organic manure
(OM) and NPK could not bring about a significant change. The acidity of the soil after adding
lime and MWA linearly decreased and remained static during the year. MWA was proved the
most effective component because within a short time after its introduction, the pH of the soil
rose from 4.8 to 6.52 (slightly acidic), which appears to be a function of its structure and particle
size, enabling its rapid interaction with the soil. It is known that the presence of nutrients in the
soil and their dissolution directly depends on the pH level. Both the low or too high pH level are
unfavourable to plant growth since the nutrients in the soil remain unavailable to plants. The
content of the nutritious elements in soil depends on quality, quantity and combination of applied
fertilizers. For example, the quantity of &V, P and K in the soil sharply increased as a function of

application of mineral fertilizer N30P2 4K 8 whereas, application of OM, Lime and especially

MWA not only increased the quantity of and K, but also Ca, C, Mg, Fe, Mn and Zn. It has to be
taken care that lime or MWA should be applied one month before application of mineral and
organic fertilizers.

The soil nutrient elements show a specific response with regard to season and type of
fertilizer applied (Figure 3). Some elements viz., K, Mg, Fe, Mn and C achieve their highest
activity 6 months (August — October: a dry season) after fertilizing while the others such as P,

Ca and Zn are the most active in the 9‘[h

month after fertilization (November — January: rainy
season) and S and B, on the contrary, are highly concentrated in May-June and February-April,

the mild season.
Impact of regulation of acidity (pH) and fertility of soil on mulberry leaf yield

According to modern concepts, fertility refers to the ability of the soil to meet the needs of
plants in terms of elements of nutrition, water and, ensuring their root systems of sufficient air,
heat, and physical and chemical environment that is conducive to the normal growth and
development. There are variety of other factors such as climate, plants, time, activity of the
farmer and others, which are also playing a great role (Balloni and Favalli, 1987; Phelan et al.,
1995). The main means of regulation of nutrients reserve in soil, in particular forms, accessible
to plants, consist of regulation of its acidity and addition of necessary organic and mineral
fertilizers (Tisdall and Oades, 1982; Korpilhati et al., 1998) which creates normal conditions for
the life of Azotobacter and other organisms that assimilate nitrogen from the atmosphere
(Balloni and Favalli, 1987; Ledgard and Steele, 1992; Dewes and Hunsche,1998; Haynes, 1999;
Doran and Zeiss, 2000). It makes no sense to saturate the soil with fertilizer and microelements,
if the pH of the soil is not at the optimum. This is also verified from our studies (Fig. 3).

At soil pH 5.2 (control), growth and development of mulberry was belated, leaves were
subjected to various diseases, which led to an overall decrease in quantity (2.5 kg/tree) and
quality of fodder for silkworms (Fig. 4). Soil fertilization with OM and N_ P_ K _ fertilizer has

300 24718
57



led to a slight decrease in pH and a slight increase in the incidence of diseases with a marginal
increase in leaf yield (Wong et al., 2004). Organic and mineral fertilizer (especially NPK) lead to
insignificant oxidation of soil. The role of MWA in enhancing the fertility of soil, has already
been explained that its application gradually decreases the acidity of soil, and in a period of half
an year, reaches up to pH 6.5 and remains stable at this level for about 1.5 years. Hence,
application of mulberry wood ash in comparison with lime, is the most comprehensible and
cheap means for regulation of acidity and fertility of soil, which essentially reduces incidence of
diseases (leaf spot and chlorosis) in a mulberry plantation, thus leading to 3.5 times improvement
in yield and quality of leaves.

CONCLUSION

Problems related to soil’s acidity, the means of regulation and its fertility enrichment are
central in agriculture. Various methods are being used for these purposes, among which is
recommended the application of mulberry wood ash. Mulberry wood ash is richer than lime in
terms of all necessary vital elements for plants, and is the cheapest and accessible alternative. It
is noteworthy that mulberry wood ash is also alkaline and can cause crop damage if misused. It
is imperative that the land owners follow the prescribed application rates and use common sense
approaches to prevent decrease of yield and also ensure to avoid environmental contamination.
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Figure 3: Change in acidity level and contents of chemical elements in soil after treatment
with different fertilizers
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Figure 4: Effect of change of soil acidity (pH) after treatment with different
fertilizers on economic parameters and yield of mulberry
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ABSTRACT: Silkworm, Bombyx mori, is one of the most significant insects in silk
production as well as in biological studies. The objective of this research was to investigate the
correlations between larval weight, cocoon weight, shell weight, pupal weight and cocoon shell
ratio of M, Showa (China), N, Kinshu (Japan) lines of Silkworm, Bombyx mori. The relationship
in quantitative characters and the possibility of using them in selection were also investigated.
Lines were reared in the standart and optimum conditions. Each line had 3 replications, with
250 larvae for each. Analysis of variance showed that, the mean values for cocoon characters of
lines were not to be significant, on the contrast larval weight was found to be significant (P <
0.05). Significant and high positive correlation was observed between larval weight and cocoon
weight (r = + 0.787), pupal weight (r = +0.742). In other characters, cocoon weight was
correlated with pupal weight (r = +0.926) and shell weight with cocoon shell ratio (r = +0.596)
for all lines. From obtained results, the correlations coefficient of Chinese lines lines were found
more significant thanJapanese lines. Both cocoon weight and pupal weight has positive
correlation with larval weight, and also cocoon weight with pupal weight in Chinese and
Japanese lines. In addition to that, the correlation between shell weight and shell ratio were
found to be significant for Chinese lines. As a result, genetic correlation for the quantitative
characters, the application of appropriate method for selection and estimating genetic
improvement is possible.

Key words: Silkworm (Bombyx mori),correlation,larval weight,cocoon weight, pupal
weight, cocoon shell ratio.

Introduction

The purpose of silkworm breeding is the genetic improvement of characters to increase
profitability of the sericulture industry (Ghanipoor et al.2006; Talebi & Subramanya 2009;
Mubasher et al. 2010,; Seidavi 2010a,). Silkworm, Bombyx mori, is one of the most significant
insects in silk production as well as in biological studies.( Neshagaran et al.,2016). Various
genotypes have shown that there are many differences in quantitative and qualitative traits which
have an effective part in silkworm efficiency (Nagaraju & Singh 1997). Seidavi(2010b),
demonstrated that the best characters can be incorporated through breeding He also reported that
the best silkworm modification for improvement can be determined.

In silkworm breeding characters correlation has very important.Many researchers have
investigated for estimation of correlationamong economic characters of silkworm to develop
production through selection systems (Seidaviet al. 2004; Seidavi et al. 2008 , Sing et
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al,2011).Ghanipoor et al. (2008) found that high positive correlation in six commercial lines of
silkworm . Kumar et al. (1995) observed that there is a high correlation between cocoon weight
characters, cocoon shell weight, and also cocoon weight and cocoon shell ratio.

Ksham et al. ( 1995) found that high positive genetic and phenotype correlation between
cocoon weight and total cocoon production.Grekov (1989) observed thatthere is a strong mutual
effect between genotype andthe environment which causes a positive correlationbetween cocoon
shell weight and cocoon weight(+0.659).Mirhosseini et al. (2010) determined that a highand
positive genetic correlation exists between cocoonweight and cocoon shell weight. These two
importanteconomic characters in which selection was on cocoon weightcaused the increase of
cocoon shell weight.

Sing et al( 2011) , determined that high significant positive correlations between cocoon
weight and pupal weight ( =+ 0.994 ), coccon weight and shell weight ( r = + 0.614), pupal
weight and shell weight ( r = + 0.527 ), wheras negative values between pupal weight and
cocoon shell ratio (+0.827).Study conducted by Ghanipoor et al. (2006) denoted a negative
correlation betweencocoon weight and cocoon shell weight.In the literature, Sumioka et al.
(1982) have observed that the leaf consumptioninfluencedthe body weight, which influences the
silk output. Other studies, on body weightof larvae were made (Ueda and Suzuki, 1967; Singh
and Ninagi, 1995), correlation betweenshell weight and filament length (Petkov, 1981), shell ratio
and cocoon quality (Singh et al.,992), cocoon weight and larval weight (Satenahalli et al., 1990).

Materials And Methods

Four silkworm genotypes , M, Showa (Chinase), N, Kinshu (Japanese) lines of silkworm
were considered for the present investigation.The project was carried out in silkworm rearing
and egg production units thatbelonged to Sericulture Research Institue which was closed down in
2004, then these units were transfered to Bursa Agriculture Provincial Directorate by the
Ministry of Food, Agriculture and Livestock and these are used with the union of cocoon
producers cooperatives (Kozabirlik).Lines were reared in the standart and optimum conditions (
Krishnaswami, 1978 ). Each line had 3 replications and each replication were kept 250 larvae
after four instar.The commercial characters selected in this study includedfifty instar larval
weight,cocoon weight, pupal weight, shell weight, cocoon shell ratio.

50 larvae (4 "day of fifty instar )were randomly selected from each replication of each
lineand theywere weighted to determine the weight of the larvae. Similarly 50cocoons( 25
female, 25 male) from each replication were selected and cocoon characters were measured.
Data were analysed one- way ANOVA using the general linear model procedure of the Minitab
software ( Minitap, 1998) of variance and correlation .

Results and Discussion

The mean values oflarval weight, cocoon weight, pupal weight, shell weight and cocoon
shell ratioat different Lines. In the present study, analysis of variance showed that the mean
values for cocoon characters of lines were not to be significant, on the contrast larval weight was
found to be significant (P< 0.05, Table 1)

Larval weight was ranged between maximum of 2.85g ( N )and minumum Kinshu (2.57
).The highest cocoon charecters was observed in N lines.. Larval weight is one of the important
parameter which determines not only the health of the larvae, but also the quality of the cocoon
spun. The larvae reaches maximum size and weight in the V mstar largely because of the fast
development and higher rate of metabolism in silkglands (Ueda et al,1971).

In this study, larval weight was determined on 4"day of fifty instar, therefore this value
was lower than some previous studies, which larval larval weight was determined that on the
V instar -5 day (Umushankara and Subramanya, 2002, Paland Moorthy, 2011). In addition that,
mean of values cocoon characters were founded similar or different previous research results
(Mahashaand at al, 2013; Nagalakshmamma and Jyothi, 2010; Anantha and Subramanya,
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2010). Because , the most of the genetic characters in silkworm are under polygenic control,
under the influence of enviromental factors and nutrition like other system ( Yokoyama, 1979).

In the present study, significant and high positive correlation was observed between
larval weight and cocoon weight (r = + 0.787), pupal weight (r = +0.742). In other characters,
cocoon weight was correlated with pupal weight (r = +0.926) and shell weight with cocoon shell
ratio (r = +0.596) for all lines.

Table 1. The mean values of larvalweight, cocoon weight, pupal weight,
shell weight and cocoon shell ratioat different lines.

Characters Chinese Japanese
M Showa N Kinshu
X+8; X+8S; X +5g X+5S;
Larval weight (g) * 2,58+0,03b 2,72+0,09a 2,85+0,04a 2,57+0,07b
Cocoon weight (g) NS 1,49+0,01 1,55+0,05 1,56+0,04 1,44+0,04
Pupal weight (g) NS 1,17+0,01 1,21+0,04 1,21+0,03 1,09+0,05
Shell weight (g) NS 0,327+0,01 0,340+0,02 0,353+0,01 0,350+0,03
Shell ratio % NS 219+0,50 22,1+0,39 22,8+0,34 22,5+0,63

Means in the same line with no common superscript
are significantly different at P< 0.05,
NS: not significant

Tablo 2. The correlations between larval weight, cocoon weight, pupal weight,
shell weight, cocoon shell ratio at different Lines

Larval Cocoon Pupal Shell Shell
weight  weight weight weight ratio
Larval weight, g -
Cocoon weight, g 0,787** -
Pupal weight,,g  0,742**  0,926%* -
Shell weight, g 0,202 0,299 -0,083 -
Shell ratio ,% 0,082 0,087 -0,145 0,596* -

Means in the same line with no common superscript
are significantly different at P< 0.05

Tablo 3. The correlation between larval weight, cocoon weight, pupal weight,
shell weight, cocoon shell ratio at Chinese and Japanese Lines.

Lines Lqrval Cocqon Pupal She.11 Sh;ll
weight weight weight weight  ratio
Larval weight, g -
Cocoon weight,g  0,84* -
Chinese  Pupal weight, g 0,839*% 0,982%* -
Shell weight, g 0,717 0,894* 0,793* -
Shell ratio, % 0,427 0,516 0,345 0,84* -
Larval weight, ,g -
Cocoon weight,g  0,844* -
Japanese Pupal weight, g 0,866* 0,928%* -
Shell weight, g -0,091 0,154 -0,226 -
Shell ratio % -0,295 -0,055 -0,204 0,396 -

Means in the same line with no common superscript are
significantly different at P< 0.05, P<0.01
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From obtained results, the correlations coefficient of Chinese lines were found more
significant than Japanese lines. The correlation between shell weight and shell ratio were found
to be significant for only Chinese lines. Besides both cocoon weight and pupal weight has
positive correlation with larval weight and also cocoon weight and pupal weight in Chinese and
Japanese lines.Rajanna and Sreeramareddy ( 1990 ) reported that increase in body size of the
larvae is largely dependent on the rate of growth and development in silkwormduring the 5.
Instar which contributes to the phenotypic expression of cocoon characters.

The results obtained in this study showed that larval weight plays important role in
estimating the total cocoon productivity of the lines. There is importance of larval weight for
getting higher cocoon weight thereby more silk yield. These results are supported by many
research results.Umashankara andSubramanya(2002) optained that the correlations with cocoon
weight and pupal weight in females of all the races undertaken except oneLine. Similarly,
Mahesha et al.( 2013), reported that the there were positive correlation between larval weight
and cocoon weight, shell weight, shell ratio.

Singh et al. (2011) found that high significant positive correlation between cocoon weight
and pupal weight (r=+0.994), shell weight (r=+0.614) (P <0.01). They found that positive
correlation between pupal weight and shell weight (=+0.527), while significant negative values
between pupal weight and cocoon shell ratio (r=- 0.827) (P <0.01).

Pal and Moorthy (2011), reported that expected cocoon weight had a significant and
positive correlation with cocoon shell weight and also cocoon shell weight had a significant and
positive correlation with cocoon weight. (Petkov,1981a). Satenahalli et al, (1990) and Rajanna
and Reddy, (1990a ) were found correlation between cocoon weight with larval weight, pupal
weight respectively.On contrast, negative correlations were determined ; shell ratio and pupal
weight(Sing et al, 1992a), cocoon weight and cocoon shell weight(Ghanipoor et al. 2006).

Conclusion

The knowledge of correlation among various commercial characters is one of the important in
breeding programme. Information generated from this study may be used during the selection
process in the breeding programmes for new lines of silkworm with the better cocoon characters.
Because, the hight cocoon yield is important for producers to earn much money .
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ABSTRACT: Turkey has major factors for silkworm rearing in terms of historical
background of 1500 years in sericulture industry with experience and traditional technologies.
Anatolia and especially Bursa has been an important centre for the silk road, silk trade and silk
woven fabric production. Silk weaving started during the XIV century, developed during XV
century and peaked at the XVI century. The first silk reeling mill was opened in Bursa by
Konstanz Bey in 1833 followed by the founding of an imperial silk mill by Sultan Abdulmecit in
1852. When Suez Canal opened in 1869 Anatolia started to lose its presence on the silk road and
cocoon and silk production decreased dramatically. After World War 1 ended and Republic of
Turkey was found in 1923; new laws were implemented to protect the sericulture industry. In

1970s,

government support came into effect to rearing polyhybrid eggs instead of native

monohybrid eggs and also fresh cocoon trade was encouraged to develop sericulture in 1980s.
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Thanks to the continuous government support, cocoon production increased every year and in
1990 it reached its peak point at 2000 tones annually. However, this trend came to an end and
due to several reasons, total production started to decline like in many other countries. Recently,
the government implemented new measures to support the sericulture sector by offering a direct
purchase guarantee through sectoral organizations. Also quality improvement for cocoon has
been under consideration and plastic mountages have been distributed to local producers to
support this policy. Turkey has a very long tradition and a huge market potential for local silk
handicraft and silk carpets; and a rising chance to export some abroad. Especially, handmade silk
carpets of Hereke, which can be found in many royal palaces around the world reflects the
elegance of Turkish silk crafting. Given the precious experience of traditional silkworm
handicraft and weaving like needle art, beading, edging embroidery and silk carpet waeving, the
industry still has a room to expand. Today, handcrafting is supported by many local
governments, like Bursa and Diyarbakir. Recently, 216 looms were distributed for carpet
weaving and employment opportunities were provided for young women in the rural areas.
However, despite the growth potential for silk made products, local cocoon and silk production
is not sufficient to meet the demand, even today.
Key words: Turkey, history of sericulture Industry, silk weaving, handcrafting

Indroduction

Turkey has major factors for silkworm rearing in terms of historical background of 1500
years in sericulture industry with experience and traditional technologies. Silkworm rearing
which came to anatolia for the first time in the year 552 during the byzantine empire had started
to spread beginning with the Marmara region. Silk cottage industries were first established in
Turkey during the 14" Century, and developed in a short time to become world famous.Anatolia
had became an important centre for the silkroad and a magical city Bursa started to become the
capital of silkworm for the middle east in the silkworm history. Transportation of silk and spice
as well as other products from east to west, is formed commercial roads named as "Silk Road"
today and reaching Europe from China. Silk Roads were not only the commercial roads but also
maintained cultural relations between east and west for centuries.

1. Silk Roads of Anatolia

Some important silk roads in Anatolia cover the following regions as follows,

At north; Trabzon, Glimiishane, Erzurum, Sivas, Tokat, Amasya, Kastamonu, Adapazari,
Izmit, Istanbul, Edirne;At south; Mardin, Diyarbakir, Adiyaman, Malatya, Kahramanmaras,
Kayseri, Nevsehir, Aksaray, Konya, Isparta, Antalya, Denizli centers are followed.

It is known that Erzurum, Malatya, Kayseri, Ankara, Bilecik, Bursa, Iznik, izmit, Istanbul
route is also used. Extension of Antalya - Erzurum route, composed with connections of Sivas
and Kayseri on North and South routes, is connecting Anatolia to Iran and Turkmenistan.

For a long time silk was taken from the Iran, after that this policy was abandoned and
silkworm rearing was started at Bursa in 1587. Bursa had been a historic silkworm center for
both silk trade and silk woven fabric production.Silk weaving which was started during the XIV
century and developped during XV'century and peaked at the XVI century.

2. Silk handcraft cottage industries in the past

In 1500 there were about 1500 silk weaving looms in Bursa.From XVI"century silk
weaving deceased, and Turkey become a raw silk exporting country. The first silk reeling mill
was opened in Bursa by Konstanz Bey in 1833, and a second by Boduryan Efendi in 1843.
Imperial Silk Mill was opened by Sultan Abdulmecit in 1852.

Especially three different types of materials in this century as ‘Kadifa, Kemha and Tafta’
were wowen in Bursa and these were sought after in european countries, Iran and even China.
The silk processing plants in Bursa and izmit had reached a total of 85 until the year 1860.
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3. Development of Sericulture in the past

Because of the pebrin disease which was seen for the first time in France in the year of
1865 and the cheap raw silk from the far east which penetrated the Eeuropean market due to the
opening of the Suez canal, these caused a regression in sericulture and silk industry .
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Affter discovering the disease free-egg (seed) production method by pasteur and the
establishment of the school named ‘Harir-Dariil-Talimiin 1888at Bursa. The school’ was the
basis of the silkworm research institute in Bursa for the aim of producing disease free egg and to
educate technical staff. After many student graduated from this school cocoon production started
to increase and the highest cocoon production reached 18,338 tonnes in 1908 and was obtained
1970 tonnes of raw silk in 1910.However, during the first world war and the war of
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independence there were big production decreasing again and cocoon production dropped the
between 250-300 tons.

In addition, after the globalisation movement in the 20" century and especially China
opened the doors for international trade. As a result of that, Turkey’s sericulture and cottage
industries effected negatively.After World War I ended and Republic of Turkey was found in
1923; new laws were implemented to protect the sericulture industry. In 1970s, government
support came into effect to rearing polyhybrideggs instead of native monohybrid eggs and also
fresh cocoon trade was encouraged to develop sericulture in 1980s. Thanks to the continuous
government support, cocoon production increased every year and in 1990 it reached its peak
point at 2000 tones annually. However, this trend came to an end and due to several reasons,
total production started to decline like in many other countries.

4 .Present Situation in Sericulture

Although Turkey’s silkworm rearing and fresh cocoon production has passed through a
crisis period in recent years, it has continued to maintain its characteristic of being a traditional
production which the producers can not give up. The fresh cocoon production in Turkey
intensively done in the cities of Diyarbakir, Bursa, Bilecik, Eskisehir, Sakarya and Antalya.
Cocoon production which was 2000 tones annually until the year 199. However, after large
decreases were experienced between the years 1990-2000 and dropped to 46.621 kg in the year
2001, fresh cocoon production entered once more into an increasing trend and in the year 2016,
104 tones of fresh cocoon was bought by Kozabirlik.After the year of 2000s, various studies
have been organized to improve the sericulture industry all over.

However, there has been several problems in Turkish sericulture which caused important
decreases in production after 1990’s.
1.The migration of people from villages to cities speeded up due to the industrial development in
the Bursa, Diyarbakir, Antalya, Sakarya and other cities where the silkworm production is dense,
2.The increase in the use of pesticides and chemicals depending on the development of
marketing channels in agriculture,
3.The yield of alternative agricultural products is better than cocoonand low sericulture
productivity,
4.Difficulties in silk carpet export caused by the First Gulf War,
5.Competition of silk carpet market with Iran after the war against Iraq,
6.Smuggling silk yarn into Turkey.

Table 1.Recent trend in sericulture production in Turkey

Years Sericulture farmers Fresh cocoon
number production (tones)
1940 63.498 3.014
1960 60.370 2.444
1980 43.025 1.707
1990 44.541 2.127
2000 2.210 60
2005 2.729 160
2010 2.183 129
2012 2.572 134
2014 1.760 84
2015 2.015 115
2016 2.001 104

69



Figure 3 "Harir- Darii't- Talimi'is the first Turkdshsilloworm
education center in Bursa, 1893.

4. Asian Online Journals (www.ajouronline.com), Kozabirlik, 2010.

Turkey has a huge potential for local silk market development, which still needs more than
200 tons of raw silk. There are more than 2000 active families engaged in cocoon production
activities in upper land villages where they do not have any alternative cash crops and several
companies are engaged in silk carpet business. As a result of decrease in cocoon production
since 1990s, the country imported about 200 tonnes of raw silk to meet the domestic demand of
silk carpet industries. Therefore recently the Government is providing a support for the
sericulture sector by paying direct income supporting fee to the cocoon farmers, to increse the
cocoon production and silkworm handicraft.

Recently, handcrafting is supported by many local governments, like Bursa and
Diyarbakir. In Bursa, 216 looms were distributed for carpet weavingand employment
opportunities were provided for young women in the rural areas. However, despite the growth
potential for silk made products, local cocoon and silk production is not sufficient to meet the
demand, even today.There were two main organizations involved in sericulture industry up until
July 2005: the Sericulture Research Institute (SRI) under the Ministry of Agriculture and Rural
Affairs and Kozabirlik,(the Union of Sericulture Cooperatives. After, the Institute was closed by
the goverment and now Kozabirlik is the onyl orginazed institue, which harbours in its structure
all the stages from egg to the silk.
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It has known that our genetic, native races like Bursa’s White, Hatay’s Yellow have been
used to produce cocoon and eggs for many years in Turkey. In Turkey, instead of the native race
polyhybrid rearing started, in1974. Today native races and foreign origin are preserved as
genetic resource by the Ministry of Food, Agriculture and Livestock. In Turkey, In Turkey
cocoon production has been making with producing of hybrid eggs by using M and N lines. It is
necessary to breed new varieties adaptable to the natural conditions in Turkey with resistance to
silkworm diseases and high productivity. Therefore, we carried out the Project between 2014 and
2016 years with the aim of identifying new parents and hybrids by determination of general and
specific combination ability (GCA and SCA) and heterosis in the pure lines and their hybrids,
that were selected from our gene source, to determine new hybrid combinations that could be
alternative or have superior yield compared to MxN hybrid that is used in production. According
to the results, the best hybrid determined under controlled conditions andwe will test the new
hybrid under producers conditions in this rearing season.

5. Major Problems of the Sericulture Industry in Turkey

Mulberry cultivation: Most of mulberry trees are more than 30 years old, dispersed around
farmers’ houses and roadside without applying pruning method.

Rearing houses: The farmers reared the silkworms in their living rooms and bedrooms,
because they did not have separate rearing houses; it is acceptable considering investment cost
and only one rearing in a year. Some farmers used their warerooms for silkworm rearing without
sanitary treatment and disinfection, which resulted in poor cocoon production or failure of
silkworm rearing.

Control of rearing conditions: The silkworm rearing duration from initiation of rearing to
spinning cocoons took nearly 30 days, which are very long larval duration due to low
temperature during young silkworm stage. It is recommendable to introduce cooperative rearing
system for young silkworms to provide the optimum conditions for the early stage, which will
reduce the larval duration and improve quality and production of cocoons.

Strengthes, Weakness, Opportunity, Threat for the sericulture development
in Turkey for todays as follows;
Weakness

Strengthes

Government supportting to encourage
cocoon and silk production by providing
subsidy of cocoon purchase and silkworm
eggs in free of charge

Natural and social conditions are suitable
to improve sericulture industry

Climate conditions and unemployed
manpower in the countryside

Accumulation of technology in silk
carpet making by long tradition and history

Low cocoon productivity due to
traditional way of silkworm rearing and
improper rearing conditions

Poor resources of silkworm varieties —
only one variety of silkworm for cocoon
production

Rearing houses and equipment are not
suitable for high quality of cocoon and silk

Lack of young generations in the villages
to continue sericulture activities in the
country

Opportunities

Threat

International price of raw silk is
increasing due to decreasing silk production
in the major countries

World famous Turkey carpet is

Import of raw silk from China and
Uzbekistan with lower price than the
domestic product

Relatively small amount of cocoon and
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welcomed by European countries and silk production is not sufficient to have strong
America competition with foreign products

Turkey has a historical background of
1500 years in sericulture industry with
experience and traditional technologies

Cocooning frames: At the end of silkworm rearing, the farmers put the bushes and small
branches onto the rearing bed to provide spinning space, which affect negatively to formation of
good cocoons. The standard types of cocooning frames should be provided to the farmers for
improvement of cocoon quality.

Low cocoon productivity: The average cocoon production was low with approximately
25-30kg of cocoons per box of silkworm. The cocoon productivity per unit silkworm eggs in
Turkey should be improved by providing good quality of mulberry leaves and adequate rearing.

6. Silk Weaving and Cottage Enterprises

Turkey has a very long tradition and a huge market potential for local silk handicraft and
silk carpets; and a rising chance to export some abroad. Especially, handmade silk carpets of
Hereke, which can be found in many royal palaces around the world reflects the elegance of
Turkish silk crafting. Given the precious experience of traditional silkworm handicraft and
weaving like needle art, beading, edging embroidery and silk carpet waeving, the industry still
has a room to expand.

Embroidery (Nakis)
Embroidery is the ornamentation of materials such as leather, cloth or felt with silk,
wool,linen, cotton and metal threads and needles.

Knitwear

Turkish handicrafts have a rich accumulation of thick and thin fabrics made with hooked
andknitting needles, hairpins and shuttles with silk, cotton and woollen threads. Knitting is
doneby holding the thread with loop knots with the help of the needle.

Edging Embroidery (Oya)
Oya is the name of ornamentation knitted by a coloured thread in the shape of a leaf or
flower and a kind of lacework. It ischaracteristic of Turkey.

Needle Embroidery

Turkish needle embroidery is known as Turkish lace and does, indeed, resemble lacework
at first sight. Turkish embroidery is three-dimensional and may be used as separate, distinct
ornament. Silk is the material most generally used for needle embroidery.

Cocoon Embroidery

The materials used in cocoon embroidery are pieces of cocoon and silk. The main
decorative elements are made with cocoons, and then parts knitted with pins or hooked needles
are added to the cocoons.

Bead Embroidery

As good news in sericulture industry in terms ofBread embroidery is done with silk, cotton
and synthetic threads and by using beads. The beads are added onto the edge of the embroidery,
which is itself made by pins or hooked needles.

Socks

Knitted socks which occupy an important place and have a particular significance in
Turkish handicrafts with their different materials and meaningful designs began to lose
importance with the advent of machine-made products.
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Weaving
Weaving can be defined as the production of a plain surface created by horizontal and
vertical passing movements of weft and warp loops.

Kilim Weaving:This is a weft surfaced weaving, in which the weft threads are
passedthrough the warp threads, one to the front and the other behind, and in which the warp
threads are tightened and hidden.Intricate Silk Weaving At The Carpet Cooperative In Ortahisar,
Cappadocia, Turkey is a photograph by David Lyons which was uploaded on March 15th, 2016.

Zili (sili) weaving:Design threads are applied three on the surface and one below the
surface in their own design area. After the line is completed, one or more wefts are applied and
tightened. In diagonal designs, this process is continued with the sliding of the thread on each
line. Sometimes both diagonal and perpendicular designs are applied in the same weaving.

Sumak weaving:In sumak weaving, design threads are continuously wrapped around the
warp loops in the same coloured design area.

Kirkit Weaving With Pile (Carpet Weaving):

Carpets: A warp skeleton is constituted by placing bristle, cotton, silk and wool threads
side by side. In Turkey, two-wefted carpets are generally more common. After completing each
line, pile is cut to the desired length with the help of carpet scissors.

Hereke Carpet

Hereke carpet is the cultural heritage of Turkey. The worldwide famous silk carpet called
“Hereke” has been very attractive to both internal and external markets. Hereke are double-
knotted, this results in the carpets having higher durability and the knots can not be undone and
taken out unlike single knotted carpets which can come undone if pulled with force. Turkish
Knot is used for weaving hereke carpets in Turkey.

7. The major problems in the artisanal / traditional silk handcrafts cottage industries
development in Turkey are as follows.

Low labour and materials costs in competing countries: Due to the low production and
labour costs in silk producing and processing countries like, China, India and Pakistan, Turkish
silk cottage industries recessed since 1990. EU policies for agriculture, arts and crafts are not
applied in silk industries in Turkey.

Replications of Turkish traditional designs: The replications of traditional Turkish
motifs and designs applied in carpets by those countries reduced the international market share
and prices of Turkey.

Imports of cheap products: Import of cheap far-eastern products is threatening Turkish
producers, and jeopardizes the silk handcraft cottage industries. High costs and insufficient
income levels does not motivate the local production.

Market trends and consumer demands: Cottage industries lag behind the fashion trends,
and consumer expectations. Development of new designs and use of new colours are very
limited.

8. Conclusion

Turkey has a historical background of 1500 years in sericulture industry with experience
and traditional Technologies. Although Turkey’s silkworm rearing and fresh cocoon production
has passed through a crisis period in recent years, it has continued to maintain its characteristic
of being a traditional production which the producers can not give up. Because the sericulture
industry in Turkey has played an important role in improving livelihoods of small farmers in
rural areas and silk weavers with traditional small looms, providing employment and income
generation and earning hard currency for the nation.

73



F

Wi B

R ARROLRRLAADARRRAARREEO o LA

Figure 4. The Picture of Hereke carpet factory from Izmit
Natali Avazvan archive in 1967
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Satorova M. — post graduate student, Marupov J. — researcher, Jurabaev J. — K.S.H.N,
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ABSTRACT: The demand of many sectors of inductry for natural silk is constantly
growing. Industry can be achieved by increasing yield and grade of produced raw materials.
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AKTyanabHOCTH 3aauM: B nepuon mycka cMaTblBaHHWE C BpAILAIOMICHCs KaTYIIKW HUTH
MIOCIY’KUJIO BBICOKOM HEPAaBHOMEPHOCTBIO HATSIKEHHS. OJTO NPUBOAUT K YBEIMUEHUIO
OOpPBIBHOCTH Ha TKALIKMX CTAHKAaX W CHUYKCHUIO TPOU3BOJAUTEIILHOCTH CTAHKA

IMocranoBka 3amaum: CMaTbhiBaHWE C BpPANIAIONICHCS KaTyIIKM B YCTaHOBUBIIEMCS
peXUME XAPAKTEPU3YETCs] BBICOKOM PAaBHOMEPHOCTBIO HaTsKeHHA. OIHAKO B IMEPUON ITyCKa
HEPaBHOMEPHOCTh TOpPa3/l0 BbIIIE, YTO MOCITYXHJIO MNPUYMHOM OTKaza OT 3TOro crocoba
CMaThIBaHUsI MpPU MOATOTOBKE OCHOB K TKaydecTBY. lIpoBeneM aHamu3 HEPaBHOMEPHOCTH
HATSHKCHHSI C LEIbI0 pa3padOTKH MPEATIOKEHUH TI0 €r0 CHIKEHUIO.

Hecmotpss Ha mporpecc 4elnOBEUECKON IMBWIM3AIMU, OOYCIOBIEHHBIA HAyYHO —
TEXHUYECKONM  PEBOJIIOIUEH, BO3HHMKAIOT  HETAaTUBHbIE  HKOJOTUYECKUE  SBJICHHUS:
MPOTPECCUPYIONINE MCTOIIEHWE MPUPOJHBIX pecypcoB, moteps OydepHocTH Ouochepsr B
pe3ynbrate OOBEAMHEHHsI €€ BHUJOBOIO COCTaBa, 3arpsi3HEHUE OKpYXKaloIlell cpeasl, pocT
PaguanMoOHHOrO M TEIJIOBOIO IIOKA, YTO B 3HAYMUTEIBHOM CTENEHH OTPAKAE€TCs HA XapakTepe
KU3HEEITEIIBHOCTU JKUBBIX OPraHU3MOB, MX aJalTUBHBIX BO3MOXKHOCTSIX, BEJIET K CHUKECHUIO
YCTOMYMBOCTH K JICHCTBHIO (DPAKTOPOB CpPEJIbI.

Bce 310 cTraBuT 3amady pa3pabOTKH HOBBIX MOJIXOIOB K BOIMPOCAaM ONTHUMH3ALMU pPa3BeICHUS
MOJIE3HBIX BU/IOB )KUBOTHBIX, B TOM YHCJI€ U TYTOBOT'O LIEIKOMNPSIAA.

ITo nanHbIM simoHckux uccnenoBanuil (Takupa, 1987), ryceHnIbl TYTOBOIO LIENIKOIPsAA
OUYeHb YYBCTBHUTEIBHBI K COJCPXKAHUIO B aTMocdepe U TMOYBE IJIAHTAIMMA COJEH TAMKEIbIX
MetauioB. IIpu mcnonp3oBaHME JMCTa C TAaKUX IUIAHTAUMHA OTMEUYEHHBIN CIydail MOSBICHUS
YPOAJIMBBIX T'YCEHUII, HAPYILIAETCs IeATEIbHOCTh B OPraHU3Me, PE3KO BO3pacTaeT UX ruoOerb.

Tak, HaGmromanwch Ciydail MaccoBOM THOETM TYCEHHWIl OT3arps3HEHHE OKpPYXKarolen
cpenbl BeiOpocamu Yepkacckoro Xxumuieckoro komounara (A.3. 3notuH, 1984).

B MOCJIEIHUE TOIBI B Tamxukucrane MOSIBUJINCH HU3KOYPOKaHBbIE,
HeZ0OpOKaYECTBEHHBIE KOKOHBI TYTOBOTO IIEIKOMPSIa, KOTOPHIE OYEHD TIOXO Pa3MaThIBAIOTCS.
Kak noxa3zanu Hamm ucciieqoBaHusi, IPUUUHA 3TOTO SIBJCHUS — 3arps3HEHUs] MOYBBI TYTOBBIX
IUTAHTALUNA COJSMH TSKENBIX MeTauioB. Ha TakuxX BBIKOPMKAax HAOIOMAeTCs 3HAYUTEIhHBIC
rulesnb TYCeHMI] B pe3ysbTaTe CHI)KEHUS WX YCTOMYMBOCTH K 3a00J€BAaHUIO U IKCTPEMaIbHbIM
(dhakTopam cpepl.

B crnokuBImIMXCS yCIOBUAX CTajlo OYEBHUIHOW HEOOXOIUMOCTh pa3padOTKH HOBOM
CTpaTerui ONTUMH3AIMI IEIKOBOACTBA B TaKUKUCTAHE.

AHalli3 COBPEMEHHOTO COCTOSIHUSI WM3YYEHHOCTH BOMPOCOB ONTUMH3ALUU Pa3BEACHUS
HacekoMbIX (A.3. 3notuH, 1989), a Takxke uccnenosannsie qanueie (B.A.I'onosko, 1991 - 1992),
NPUBEIM HAC K MBICIA O HEOOXOJMMOCTH pa3pabOTKH CTpAaTETMH IMOBBIIMICHUS YPOBHs OOIIeH

75



YCTOMYHMBOCTU TYTOBOTO IIETKOMNPS/ia K HETATUBHOMY BO3CHCTBHIO HKOJIOTMYECKUX (haKTOPOB
cpeau 1 pa3pabOTKH Ha 3TOM OCHOBE MPUEMOB ONTUMH3AIIMHI HIETKOBOICTBA.

[To HamemMy MHEHHIO, TaKas CTpaTerus JOJDKHA BKIIOYUTH J[Ba BAKHEHUIINX HAIMPABIICHUS
ONITUMU3AIMH pPa3BeIeHUE TyTOBOTO MIEIKOIpsIa:

-TIOMCK U MPUMEHEHHs OnocTumMynsaTopoB, BAJl (6rojornueckuii ak THBHBIX J100AaBOK K IMHUIIIE),
MOBBILIAIONIMX YCTOMUYHUBOCTh U MPOJYKTUBHOCTH TYTOBOTO ILIEIKOMPA/IA;

-pa3paboTka MpUEMOB MOBBIIIEHHUS] T€TEPOT€HHOCTH TYTOBOT'O LICNKOIpPSAa U MOAO00p MOPOL
YCTOMYHUBOCTD K HETATUBHOMY BO3JICUCTBHUIO (DAKTOPOB OKPY’KAIOIICH CPEIBI;
-pa3paboTka crocoba MOBHIIICHUS OKUBISIEMOCTH TPEHBI U €€ MPO(IIIaKTHKA aHTUOWOTHKAMH,
AHTHCETITUKAMH.

HccnenoBanust npoBoauiau B JabopaTopuu pecrnyOIMKaHCKONW —ONBITHOM — CTaHIUH
menkoBoactBa TACXH wu xadenpa skomoruss 'MUT Corauiickoir obmactu pecnyOauku
TamxukucTa.

WccnenoBanuss NpOBOAWIM B HECKOJBKHX HANpaBIEHUSX, CIEAYIOUIME METOAMYECKUe
MIPUEMBI:

1.Metoauka 06paboTku rpeHn npea uakyoarueit ¢ bA/l (a3anatopoM u XxuTo3aH).

2.Metoauka 00paOOTKM KOPMOBOTO JIMCTa IIIEIKOBHIIBI (a3aHATOPOM M XHUTO3aH) TPH
KOpMJIeHUH 4-5B03pacToB HaEBpoa3sHaTcKux mopo TyTOBOTO MIEIKONPSIa.

B nepuon wuccnenoBaHue NpPOBEIEHO XMMUYECKMH aHAIU3 IMOYB, KOPM M OTXOJOB
(9KCKPHMEHTOB).

Ha ocHOBaHUM pe3ynbTaToOB HCCIEIOBAHNE MOXKHO CJIENIaTh CIEAYIOIINE BBIBO/BI:

O6paboTka crmoco0oB TTOBBIIICHHS O0’KHMBJISIEMOCTHITPOMBIIIJIEHHOMIPEHH c
AQ30HUpOBaHWEM BOJbI C Odkcro3umuwer 15 — 30 wMuHyT oOecmeunBaeT MOBBIIICHUS
oxxuBnsieMocturpenn Ha 5,9 — 8,4% mno cpaBHEHHIO ¢ KOHTpOJs (rpeHH 0Oe3 Kakod nu6o
00paboTKN).

Bnusinue o00pabOTKM KOPMOBOIO JIMCTa IIETKOBULBI C a30HUPOBAHUEM BOJBI C
skcnozunmeit 15 — 30 MuHyT oOecredrBaeT NOBBIIIEHUE )KU3HECTIOCOOHOCTH TYCEHHUIIBI Ha 7,3 —
9,9% 1o cpaBHEHHIO C KOHTpOJIs (0e3 Kakoii b0 00paboTKM).

Bnusiane 00paGoTKM JHMCTa INENKOBHUI[ XWTO3aHOM M a30HHPOBAHHOM  BOAOH
oOecrieynBaeT MOBBIICHUE CpeIHEH Macchl KOKOHOB Ha 17,6 — 23,5 % mo cpaBHEHHE KOHTPOJIA
(6e3 xakoii 1160 00pabOTKM).

Ta6muma 1. Pa3pa6oTku cnoco00B NMOBbIIEHUS 0KUBJISIEMOCTH
npoMblinLieHHOH rperu (Becna 2016 )

c OPKUBIAEMOCT TpeH Kuznecrnocobnocts
9KCIO3U- I'yCEHHLL
BapuanTsl M€ MUHYT U ) )
KOHLIEHTpALHS o % K KOH- o, % K KOH-
Tpoto 2 Tpoto 2

OO0paboTKH TPEHBI 15 Mun 96,2 105,9 94,8 105
30 MuH 98,4 108,4 96,6 107

O6paboTKa TrpeHbI 1 xamcyia 95,3 104,9 93,8 104

C XUTO3aHOM B BOJHOM pactBope 1 autp 2 Kancyna 96,6 106,4 94,6 104,9

O6paboTka rpeHsl Boaoi (KoHTpons 1) | - 92,9 102,3 91,4 101,3

I'pena Oe3 kakoi 1160 00pabOTKH

(KOHTpPOJIB 2). - 90,8 100 90,2 100
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Ta6muia 2. Bausinue o0padoTKH KOPMOBOT0 JIUCTA IIEJIKOBHIBI ¢ 030HMPOBAHHBIMH
BOJAMH M XMTO32HOM HA MOKA3aTeJH KU3HECIOCOOHOCTH I'yCeHHII M Ka4eCTBAa KOKOHOB.

| XKuznecrnoco6- | Konmuectso Coneprxanue
BapuanTsl & oo ‘i HOCTh COPTOBBIX KOKOHOB | OOJIbHBIX u
5 E 2 % K % K | OTCTaIOIINX
S ES | % KOH.2 | % KOH.2 rycenuil %o
Kopmienue rycenun auctom 15 93,2 107,3 90,6 103,7 5,82
00paboTaHHBIM
A30HUPOBAHHBIM BOJIOH. 30 95,4 109.,9 93,4 105,9 5,60
Kopmienue rycenun auctom 1 92,6 106,7 91,2 103,4 4,82
00pabOTaHHBIM XMTO3aHOM B | KarcyJja
KarcyJsuax 2
karcyna | 94,6 109 92,8 105,2 5,46
Kopmitenue ryceHuIl JIMCToM
00paboTaHHBIM BOJION (KOH. 88,1 101,5 87,4 99,1 10,6
1).
Kopmitenune ryceHuIl JIMCTOM
0e3 kakoi b0 06paboTKU 86,8 100 88,2 100 10,2
(xoH. 2)

Tabnuua 3.Biausinue 06padoTKH JTUCTA MIEJTKOBHIIbI A30HHPOBAHHBIMH
BOJaMH ¥ XMTO32HOM HA NPOAYKTUBHOCTH I'yCEHHMI] TYTOBOI0 IIEJIKONPsiAa

Cpennsis Macca

& Cpennsis Macca N

& COKOHA. MICITIKOBOM [enkoHOC-HOCTH
BapuanTst 5 000J104KH.

= 0 0

E E rp. % K KOH. 2 | MT' 2/0 KKOH 1 o K/OOH. > K
Kopmnenne rycenun | 15 1,9 111,8 480 126.3 25,2 113
JIUCTOM  0OpaboTaH-
HBIMa30HATOPOM 30 2,1 123,5 510 134,2 243 109
Kopmnenue rycenurn | 1kan- 2,0 117,6 470 123,7 23,5 105,4
JTUCTOM cyna
00paboTaHHBEIM 2Kari- 2,1 123,5 490 128,9 233 104,5
XUTO3aHOM cyna
Kopmnenue ryceHui
JIUCTOM  0OpaboTaH- 1,80 105,8 420 110,5 233 104,5
HBIM BOJIOH (KOH. 1).
Kopmnenue ryceHui
TucToM 0e3  Kakou
6o 00paboTku 1,70 100 380 100 223 100
(KOHTPOJB 2).
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PULLING THE THREAD OF RAW SILK WHILE COILING
FROM ROTATING REEL
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Salimjonov Sanginjon? - k.a.s. Corresponding Member IART

1 -Technological University of Tajikistan; 2 - Republican Experimental Station of Sericulture
TAAS

ABSTRACT: This article discusses the causes of the tension peaks in the start-up period when the
thread is wound with a rotating coil. Proposed design scheme winding elastic thread from the
spool through which are determined depending on the analytical calculation of the peak tension.

Keywords: tension peaks, friction, coil uneven

Pemienus 3axaumn:PacueTrHas cxema cMmarblBaHUs yIPYIOW HUTH C KaTYyIIKU IIPUBEICHA
Ha puc. 1. Karymka ¢ HUTBIO MOXET Bpaiatbcsi BOKpyr ocu O, MpU 3TOM Ha HeEe JIEHUCTBYET
MOMEHT TpeHHs B ornopax M. Yopyras HUTb, ¢ KOOPPHUIUEHTOM KECTKOCTU C, B HAUAIbHBINA
MOMEHT KOHeI| HUTH (Touka M) HauMHAET ABUraThCs C MOCTOSTHHON CKOPOCTBIO V.

s & MY

Puc. 1. PacueTHas cxeMa cCMaTLIBAaHUS
C IOJIBJKHOU KaTYLIKU.

Cuny HaTsOKeHUs, NEHCTBYIOIIYIO Ha KaTyIIKy CO CTOPOHBI Je(OpMHPOBAaHHOW HHTH, B
MOMEHT BPEMEHH t MOKHO PAcCUUTATh MO PopMyie
T=c(vt—aR)
Torna nuddepennransHOe ypaBHEHHUE JIBIDKCHHSI KaTYIIKH OyJeT UMETh BU [ 1]
Jé=FR-M,, (1)

rae J — MOMEHT UHEPIMHU KaTYIIK! ¢ HAMOTKOA.
[ToncraBuB B (1) 3HaueHUE CUIIBI TOTYYUM

Ja =Re(vt—aR)—-M,,

[Toce oueBUIHBIX TpeoOpa30BaHM, BBEsT 0003HAUCHUS

_Rev
J
u
e :ch
J 2)
- 2 My,
MOJTYIHM a+k a:mt—T . 3)
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Bripaxxenue (3) npeacrasnser co0oit nuHeitHOE AuddepeHInansHoe YpaBHEHUE BTOPOTO
MopsiIKa C MpaBOW 4YacThio. Ero pemieHue, Kak M3BECTHO [2] COCTOMT M3 OOIIETO pelIeHUs
ypaBHeHHsI Oe3 MpaBOM YacTM M YAacTHOTO pEIICHHs YpaBHEHHUsS C NpaBod dYacThio. Takum
o0pa3oMm, HaliZieM pelIeHrne ypaBHEHUS

d+k’a=0 (3a).
XapakTepuCTHIECKOE YPABHEHHUE JUISl HETO MEET BUA ¢ + k> = (), @ €TO PELeHNe
q=1ik,
rae [ — MHUMAas SIUHHUIIA.
Takum o6pa3om, obriee pemenne quddepennranbaoro ypasHeHus (3) Oynet uMeTh BUJI
a =C, coskt+iC, sinkt

rae C1 u C2 — KOHCTaHTbl UHTETPUPOBAHMUS.
YacrtHoe pentenue (3) Oyaem uckath B BUIIE

a =At+B . 4)
[Ipomuddepeniupyem (4) 1BaKIbI
a =4 ¢a =0

5

[ToacTaBuM nosydeHHbIe 3HAUEHUS B (2)
M
k*At +k’B = mt —TTP

[IpupaBHuBas K03()PUIHMEHTHI IPU COOTBETCTBYIOLIUX CTEMEHIX t MOIYYUM

kB = M
W3 nony4eHHbIX BhIpaKEHUI HaleM A = % , B= —%.
Takum oOpa3oM, 4acTHOE pelIieHne OyIeT UMETh BUJT
a* = ﬂ t— ﬁ
ko k*J
Torna obmiee pemenne (3) OyaeT UMETh BUJT
MTP

a=C,coskt+C, Sinkt+ﬂ2t ——
k~J
[Tpopuddepenumpyem 3To BeIpakeHUE

a =—C\ksinkt + C,k cos kt + ﬂz
k

HagansHbie YCII0BUA UMCIOT BUJ

Mput=0a=0 y a= 0 , IOJICTAaBJIsAs B HAYAJIbHBIEC YCIIOBUS 3HAYEHUS 0L U COOTBETCTBYIOLIEH
MPOU3BOJHOM, MOJIYYUM

_ M C m
kTR
OxoHuatenpHO penieHue (3) Oyaer uMeTh BUT

1

HJIN
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k2

a= m(r—lsmktj MZTP (coskt—1)
k k~J

[ToacTaBuM B mosrydeHHOE BhIpakeHue k u m u3 (2), Torna

1 M /
Oz:1 t—— isinR £z‘ + ZTP cos R £z‘—l
R R\ ¢ \J R-c J

Onpenenum JIMHEHHYIO CKOPOCTh KaTYIIKH, T.€. TOUKU K Ha €€ TOBEPXHOCTH

Ve =aR

st aToro npoauddepenumpyem Boipaskerue (21)

SRV /c
a=—|1-cosR,|—t |—-—=—=sinR
R J R«/

[ToncraBuMm nonyyeHHoe B (2)

c M c
ve =W 1—cosR,|—t |-—LsinR,|—t 5
K Vo ) Vo \J )

[IpoBeneM aHain3 MOMY4YEHHBIX pe3yiabTaToB A ciydas korma MTP=0. Torma (5)

c
Vg = v(l —cos R\/;tj

I'paduku w3MeHEHHMs] CKOPOCTH MBW)KCHHS KOHIIA HHUTH (Touka M), K KOTOpOMY
npuioxeHa cwia 7' M Toukd K — ¢X0/1a HUTH C KaTYIIKW, TpUBEIeHbI Ha puc.2. CKOPOCTh TOUYKH
M 1o yclioBHIO 3a7a4M OCTAE€TCS MOCTOSIHHOM, a CKOpOCTh TOYKMK yBenuuuBaeTcs. Tak Kak

npruoOpeTaeT BU

HUTb 00pa3yeT 0CBOOOXKIAIONIYIO CBA3b,
T.e. OHa HE  MOXET  CO31aTh
OTPULATENIbHYIO  (TOJKAIOLIYI0) CHITY
HaTsDKeHUst 7, TO CKOpPOCTh Vk Oyaer
YBEIUYUBATHCS 10 TEX MOp, MoKa cuia 1’
HE CTaHeT paBHOW Hym0. Omnpenenum
3TOT MOMEHT BpemeHH. [loncraBum B
(1) 3nauenue o u3 (4) u mMpUpaBHIEM
HYJIIO.

i _‘Pst\f i (©)

clenyer, uTo IpH

T |J
tz = .
RV ¢ yarsxenne T craHOBHTCS
paBHBIM HYJIO, IPU 3TOM CKOPOCTb
CcXoJa HUTH B JIBa pas3a MNPEBOCXOJUT
CKOpOCTh €€ KoHla, Touku M. B
pe3yabTaTe HUTh 00paszyeT MeTIio.

CormacHo (6) MaKCUMyM

vk
4% <
LY
1Y
v N
3 ¢
Fn—
f |

.

t

-

Puic 2. Hazmenenne cropocTH cXoma HUTH C KATYIIEH
M e HATAKEHNA [TPH OTCYICTEMH MOMEHTA TPeHHE
HA OCH EATVIIEM.
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HATsOKCHUSA HUTH NPUXOAUTCA HA MOMEHT BPEMCHU

. z\ﬁ-
2RV e

T. K. MOMEHT TpeHHMS Ha OCH OTCYTCTBYET, TO BpAIlIEHUE KATYIIKH OyIeT MPOUCXOAUTH
0ECKOHEYHO J0JIT0 U HOPMaJIbHBIH MPOIIECC CMATHIBAaHUSI HE BOCCTaHOBUTCA [3,4].
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STUDY OF EXTRACTION PERFORMANCE SERICIN
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ABSTRACT: The results of the physico-chemical studies on the extraction of waste not
recycled silk, the aim of which is to obtain a sericin powder preserving its initial properties for
future use as an adhesive when sizing yarns.

Key words: cocoon, waste, powder, silk, sericin.

CornacHo JaHHBIM CTAaTHMCTHYECKOTO yIpaBieHMs Ipu npesuneHte PecnyOnuku
Tamxukuctan[1], Ha KOKOHOMOTaNbHBIX (aOpuKax pecnyOJIUKU €KeroJaHo obpazyeTcs
6oJiee 150 TOHH MIETKOBBIX OTXOJ0B: HEMOJAAKOMUXCS Pa3MOTKE KOKOHBI, BOJTOKHUCTBIE
OTXO0Jbl KOKOHOMOTAaHUS U KYKOJIKH.

Yrunuzanus 3TUX OTXOAO0B MMEET 0O0JIbIIOE HAapOJHOXO3AHCTBEHHOE 3HAYEHHE IS
skoHOMUKHM TajKMKUcTaHa, TaKk KaK Ha KaXIblil KHJIOTpaMM BBIpaOOTAaHHOTO MIEJKa-
celpiia npuxoautcs Oosee 1 xe.pa3nuuHbIXx 0TX0H0B. O00JI0UKa AE€(PEKTHBIX KOKOHOB U
BOJIOKHUCTBIE  OTXOJAbl KOKOHOMOTAHUM  SIBJISIFOTCS  LEHHBIM  TEKCTUIBHBIM U
OMOoJIOTUYECKUM ChipbeM uMermuM a0 30 % kiesmero BemecTBa- ¢ € p M Il U H a
INPUTOAHOTO [JJIsI TEXHUUYECKOTI0, CAHUTAPHO-MEAUIIMHCKOIO0, KOCMETHMYECKOro H Jp.
Ha3HA4YCHHUS.

N3BecTHBI OTedecTBEHHbIE U 3apyOexkHble paboThl [1-5] KoTOphle HampaBieHBl Ha
YTUIHM3AIUI0 [IEJKOBBIX OTXOAOB, IS MOJYYEHUsS W3 HUX IOPOIIKA HaTypalbHOrO
1iejJKa WJIM CEpPUIMHA NyTEM JKCTparupoBaHuUsl MOJ JaBJICHUEM U IPHU BBICOKOU
TeMIepaTypsl, 1€ B KAUeCTBE PAaCTBOPUTEIECH NPUMEHSIOTCS 1IEJI0Yb UM KUCIOTA.

OOummM HEeIOCTaTKOM YKa3aHHBIX paboOT SBISIETCS HEBO3MOXKHOCTh HCIOJIB30BaHUS
MIOJIy4EHHOTO MOPOIIKA B TEKCTUJIBHON MPOMBIIUIEHHOCTH B KaUECTBE KJIESAIIETO BEIIECTBA IS
LUINXTOBAaHUA HUTEH. Tak Kak B Ka4eCTBE paCTBOPUTENS UCIOJIB3YIOTCS 1IEJI0Yb UJIM KUCI0Ta
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BBICOKOM KOHIIEHTpPAIlUM M NPOLECC IKCTPAarHpOBAHMUS NPOXOAMTH IOJ NAaBICHUEM H
npu temneparype 105-120°C. Ilpu Takoil 0oO0paboTke pa3pylIalOTCs BOJOPOIHBIE CBA3H,
cTabwinsupyronye [-KiIeTdaTblii CTPYKTypa CEepULlMHA IleJKa, HapyIlaeTcsi HOHHOE
B3aMMO/ICHCTBHE MEXKAY paJuKajJaMi aMMHOKHUCIIOT, CTAOMIN3UPYIOIEe TPETUUHYIO CTPYKTYPY
MOJIEKYJIbl IlI€JKa, HApyLIAIOTCS MOJIEKYJIApHbIE B3aUMOAECHCTBUSA MeXAy OGUOpWILIaMH B
pe3yabpTaTe 4ero TepsAeTcs Kieslui CBOUCTBa cepuliuHa. [101ydeHHBIM OPOIIOK HENIPUTOJEH K
UCIOJIb30BAaHUIO B TEKCTWJIBHOM IMPOMBINUIEHHOCTH. YTO Kacaercs (U3MKO - MEXaHMYECKHX
CBOMCTB BOJIOKHUCTON MacChl HATYpaJIbHOT'O IIEJIKA, OHA TEPSIET IPOYHOCTH MOCIIE IKCTPAKIINM U
CTAaHOBHUTCA TAaK)K€ HENPUIOJHBIM JUIsl JajJbHEMINIErOo HWCIHOJb30BaHUSA B TEKCTUIBHOU
IPOMBIIIIIEHHOCTH.

C umenpto  Hacrosimed  paboThl  ABIAETCS  YTWIM3alMA — IIEJKOBBIX  OTXOJOB
KOKOHOMOTaNbHBIX (abpuk PecryOnuku Ta/KUKUCTaH, IyTeM SKCTPAarMpoOBaHUSl CEpPHIMHA C
COXpaHEHMEM €€  HUCXOAHBIX (KJIesIUX) CBOMCTB ISl JAJbHEMIIEro HCIOJIb30BaHUS B
TEKCTUJIbHOW, CAHUTAPHO- MEAULIMHCKON U KOCMETUUYECKUX OTPACIIX.

MeToanka padboTbl

DKCTparupoBaHusi MIEJIKOBBIX OTXOJOB MPOU3BOIUIOCH B IByX BapHUaHTax:
A- Ha IIETOYHOM pacTBOpe KapOoHaTa HaTpPHS;
b - nuctminpoBaHHOM BOZE.

BAPUAHT- A. Illenounas pacTBop npurotoBwin B cootHomenun 0,02 m. nis atoro 5 T.
nmoporka kapOoHaTa HaTpUs pPacTBOPWIM Ha 1 J1. JDUCTWIIUPOBAHHOW Bojae. 3aTeM B
CTEKJISIHHYI0 Tmocyny oOwemom 1,5 m. 3acemanu 50 T. pa3pe3aHHBIX HAa MeNKHE (parMeHTHI
000510ueKk OpakOBaHHBIX KOKOHOB M TyJAa 3aWIHA | JI. MEIOYHOTO pacTBOpa. [Tony4eHHsbIit
pacTBop TmpH KOMHATHOM Temmeparypsl (32° C ) KUIATWIM B BOJSHOM OaHe B TeueHHH 60
MuHYT. [lonydeHHbIN 3KCTPaKT GUIBTPOBAIIM Yepe3 TKAaHHBIN MEUIOYeK M KOHIICHTPUPOBAIHU Ha
BakyyM- potope "Unipon-35P" (ITonbiua). B KoHIEHTpHpoBaHHBIM pacTBOp 00BEMOM 50
MJI.JI00aBUIM STUJIOBBIA CIUPT B COOTHOIICHHMH 1/3 M ocTaBuim Juisi ocanku Ha 24 yaca. Yepes
CYTKH OCaJlOK CEpUIIMHA OTQWIBTPOBAIM Yepe3 TKAHHOE IOJOTHO M TIOTYYCHHYIO Maccy
IPOMBIBJIM CIIUPTOM. 3aTEM pAacTBOpP OKCTpPaKTa CEpULIMHA OTKUMAIU Ha UeHTpudyre,
BBICYIIMBAJIM TPU KOMHATHOW TEMIEpaTypbl H M3MeENbYaldd Ha IIapOBOM MEJbHHUIIE.
[Tonydennsiii mopomok BecoMm 2,3783 T. MATKUH, HICTKOBUCTHIA Ha ONIYIb C XapaKTEPHBIM
cKpurioM "tymie", 0OTHOPOJAHON KOHCUCTEHIIMM C TEMHO-KOPUYHEBBIM LIBETOM.

[To pe3ynbraTaM pacueToB yCTaHOBHIIM, YTO BBIXOJ MOPOIIKA CEPUIIMHA U3 NTEPBOHAYAIbHON
Macchl 000J0YeK OpaKOBaHHBIX KOKOHOB coctaBuio 4,76 % wmum 15,85 % u3 umeromerocs
CEpHULIMHA Ha BOJIOKHAX MIeJIKa-ChIpIia.

BAPUAHT- b. Pa3zpe3annbix Ha menkue (parmentsl 50 T. 000I0YeKk OpaKOBaHHBIX
KOKOHOB KHIATHIN B TedeHun 60 MUHYT Ha | 7. TUCTHWUIMPOBAHHOW BOJBI B BOJISIHOW OaHe.
[TosmyueHHBIN 3KCTpaKT (QUIBTPOBATIN, KOHIEHTPUPOBAIM HAa BaKyyM- POTOpE, MPOMBIBAIIN
STHJIOBBIM CIUPTOM. Takke pacTBOp OHKCTpaKTa CEpUIlMHA OTXUMAIM Ha UeHTpudyre,
BBICYIIMBAJIM TpPU KOMHATHOM TemmepaTypbl M U3MEIbYald Ha LIAPOBOM MEJbHHUIIE.
[Tonyuennsiii nopomwok BecoM 1,8271 r. MSrkuii, IIEJIKOBUCTHII Ha OLIYIb C XapaKTEPHBIM
cKpunoMm "tyme", OMHOPOJHON KOHCUCTEHIIMH C CBETIO-KOPUYHEBBIM IIBETOM.

Beixon mopomika cepunnHa coctaBuio 3,65 % K mepBOHaYaTbHOW MacChl 000JIOUEK WU
12,18 % 13 nuMeronierocsi CEpuiiiHa Ha BOJOKHAX HIETKA-ChIpIA.

Hcxons U3 BBILIEM3I0KEHHOIO MOYKHO CHAENATh CIEAYIOIINE BBIBOJBI:

1. 3BecTHBIE CMOCOOBI YTUIIM3ALMU HIEIKOBBIX OTXO/I0B MYTEM MX SKCTParupoBaHUs U
MpEeBpalICHHs B TOPOIIOK UCKIIOUAET UX MPUMEHEHHE B TEKCTUIIbHOM MPOMBIIIIIEHHOCTH.
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2. OnTuManbHBIMM IapaMeTpaMH SKCTPArMpOBAHUS IIEIKOBBIX OTXOOB AJIsl COXPaHEHUs UX
HCXOJHBIX CBOWCTB SIBIIIOTCSA: TeMueparypa pactBopeHus 85-90° C u BpeMsi IKCTparupoBaHus
60 MUHYT.

3. JIs1s BCECTOPOHHETO aHAIN3a 3KCTPAKIIMOHHBIX XapaKTEPUCTUK CEPULIMHA H3BJIEKAEMOTr0
U3 ILIEIKOBBIX OTXO/J0B HEOOXOIMMO MpOBEACHHE (PAaKLIMOHUPOBAHUS COCTAaBA CEPHUIIMHA.
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Abstract: The aim of this paper was to study the influence of the degree of heterosis (compared
to higher parent value — HP and mean parental values — MP) and inbred depression on the signs,
survival and larval duration of Bombix mori L. hybrids.The study was conducted at
theTrainingExperimental Station of the Sericulture section of the Faculty of Agriculture at
Trakia University. Object of the study is a hybrid, created in Sericulture and Agriculture
Experiment Station(SAES)-Vratza, with the participation of maternal breed with high survival
rate and shorter larval duration ("Vratza 55" — 83.08% and 92 h) and a father's breed with very
low survival rate and extended larval duration ("Baneasa P" — 57.44% and 107 h). Silkworms
were reared with artificial diet containing 15% powder of dried mulberry leaf produced at SAES
— Vratza and prepared by methods, developed by the manufacturer, whereby 250g of dry
substance and 675ml of distilled water are homogenized using a mixer. The mixture is cured
thermally in a microwave for 10 min at 800W.

The susceptibility of hybrid, heterosis manifestations of the signs in F; and the depression
in F2 was determined based on the results from the survival rate and larval duration in the I
Sinstar of the larval stage by the parental breeds (P1 and P») and hybrid generations (Fi, F2, BCP;
and BCP»).

The results (90.94% survival and 88 h duration of larval duration) show that hybrid
"Vratza 55 x Baneasa P" shows a high degree of susceptibility to artificial diets with reduced
content (15%) of mulberry leaf powder. Better results were seen in BCP; hybrid generation with
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the participation of breed "Vratsa 55" as a donor. It was found a high degree of heterosis
expression for Fi, as compared MP and as to the HP for the both analyzed signs. The high degree
of heterosis in F1 was accompanied by depression in F».

Keywords: Silkworms;Bombyx mori L.; Artificial diet; Hybrids;Heterosis, Depression
Introduction

In the area of application of artificial food for silkworms the issue of determining the
susceptibility to artificial diet feeding of Bombyx mori L. breeds and hybrids and the creation of
forms adapted to raising with artificially prepared food can be pointed out as the main one. To
increase the efficiency of cocoon production, the optimization of food composition is also sought
(Horie, 1981).In this respect, researches on genetic control of feeding behavior in silkworms
havesubstantial contribution.

As a result of the studies on the genetic control of the eating behavior in silkwormsit was
found that their susceptibility to artificial food was controlled by a recessive gene and was
inherited as a dominant indicator, and their adaptation to artificial food expressed through
cocoon growth and yield was different depending on the breeds and was likely to be controlled
by many genes (Fujimori et al., 1982; Yamamoto & Shimizu, 1982; Yamamoto, 1983; Tanaka &
Midorikowa, 1984).

Nutritional test of silkworms of Fi, F» and BF; between breeds with high and low
adaptability show that susceptibility is controlled by recessive genes. The histogram of the larval
weight of F» and BF; individuals indicates that susceptibility is determined by a major recessive
gene and some modified genes(Kanda et al., 1988; Kanda and Tamura, 1989)

According to Nair et al. (2013), the susceptibility of silkworms to artificial diet varies
within breeds, between breeds and between generations. They clearly demonstrate the possibility
of change by prolonged selection and changing the frequency of many genes that could not have
much influenceseparately.

Lizuka et al. (2007) conduct genetic studies on silkworm breeds with low and high
susceptibility to artificial diet and their crosses in order to localize the locus (genes) in the
genetic map controlling susceptibility to artificial food.

Tamura (1988) explores the nutritional behavior of non-mulberry plant sources of 106
breeds and the character of it’s inheritance. The breeds differ in the degree of susceptibility to
artificial diet and therefore they can be differentiated into two grups: with high (polyphagous)
and low (stenophagic) susceptibility.

To determine the character of inheritance, high and low-foodsusceptibility breeds were
used. The results show that F1 hybrids between forms with high susceptibility to artificial diet
were alsowith high susceptibility, and hybrids between low susceptibility breeds showed low
susceptibility. Hybrids between breeds with different susceptibility show high or low rates of
food intake.Therefore, the inheritance of the susceptibility to non-traditional dietis not always
controlled by dominant genes, and it has a recessive type of inheritanceof the nutritional
preferences.

In order, to implementthe artificial diet breeding technology massively in the practice, it is
necessary to select breeds and hybrids of silkworms capable of producing a large amount of silk
by efficiently transforming food into textile fibers so that the production to artificial food be
cheap enough and affordable. This complexity in the qualities of breeds and hybrids can only be
achieved through the selection pathway (Kato et al., 2010, Tatemastu et al., 2012) or as a
biological model (Hamamoto et al., 2005, Kaito and Sekimizu, 2007).

In terms of the specificity of the different breeds susceptibility to artificial diet and the
creation of high-productive hybrids, of a great interest is the problem of using of artificial food
for the rearing of their parental forms (Furusawa et al., 1982).
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Breeds, in wich a strict selection to susceptibility to artificial food is conducted, can be a
starting point for creating hybrids whose productivity can be further improved by heterosis
(Singh et al., 2012, Saviane et al., 2014).

This study aims to determine the degree of heterozis (relative to MP and HP) and
inbreeding depression on the traits of survival and duration of development in Bombyx mori L.
hybrids when grown with artificial food with a reduced (15%) content of mulberry leaf powder.

Material and methods

The study has been conducted at the Training Experimental Station of the Sericulture
section of the Faculty of Agriculture at Trakia University. The object of the study is a hybrid
“Vratza 55 x Baneasa P”, created in Sericulture and Agriculture Experiment Station (SAES)-
Vratza, with the participation of maternal breed with high survival rate and shorter larval
duration ("Vratza 55" — 83.08% and 92 h) and a father's breed with very low survival rate and
extended larval duration ("Baneasa P" — 57.44% and 107 h).

Silkworms were reared with artificial diet containing 15% powder of dried mulberry leaf
produced at SAES-Vratza and prepared by the following scheme - 250g of dry substance and
675ml of distilled water were homogenized using a mixer. The mixture was thermally processed
in a microwave for 10 min at approximately 800W. The prepared food was kept in a refrigerator
at temperature 2-5°C until the moment of its use for feeding.

During rearing, the food was given immediately after the mass hatching of larvae and on
the third day of the first instar.

The traits survival and duration of development in the I-st instar of the larval stage were
controlled.

Heterosis effect was calculated on the basis of the formula of Kremky (1970),as in relation
to the meanparental value /MP/ so and tothe parent with higher value /HP/.

compared to HP

F, - HP

HP = x100(%)

compared to MP

mp=Fr=ME 100(%)
MP

Depression was determined using the formula of Omarov (1975)
hof, 100(%)

2

For all studied traits we calculated the basic statistical characteristics of specimens of all
breeds. The obtained data were systemized and processed with the respective modules of
STATISTICA software of StatSoft and Microsoft Excel 2010.

Results and discussion

One of the first and basic traits, by which conclusions about the susceptibility of
individuals to artificial diets can be made, is their survival.For the selection process and the
creation of forms with high susceptibility is of great importance the character by which
susceptibility is transmitted through generations when implementing the various schemes of
hybridization.

Figure 1 presents data on the average values of the trait survival in parental breeds and
their Fi, F2, BCP; and BCP» generations.

The results of Figure 1 show also that in the back crosses, the effect depends on the level
of the trait in the breed used for paternal form. When it was with a higher value, the resulting
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generation also had a higher value. At low survival rate of paternal form, the generation was with
the lowest rate individuals passed in the next instar (71.5%).

Fi generation excelled as the mean parental (MP), so and the values of the better parent
(HP). The data in Table 1 also showed that heterosis manifestations in Fiwere related to a
depression in F»

Unidirectional as a trend with the results for the survival were and the results for duration
of larval development. With the shortest development were individuals of Fi, and with the
longest — on the F» generation (Figure 3). Beck cross forms were with a longer development
period than parental breeds. This was expressed more weakly when the paternal form was breed
with a shorter larval development.

From the data presented on a Figure 4 for the heterosis manifestations of the trait duration
of larval development was seen that F; hybrid had a shorter development than the better parent
(by 4.35%) and the mean of both parents (with 11.56%). As well as the trait survival heterosis
manifestation in F; were related to depression in F».

Conclusion

e The results obtained (90.94% survival and 88 h duration of larval development in the
first instar) showed that the hybrid "Vratza 55 x Baneasa P"had high degree of susceptibility to
artificial diet with reduced content (15%) of mulberry leaf powder.

e Better results were observed in the back cross form with the participation of breed
"Vratza 55" as a donor.

e The tested hybrid manifested heterosis for the both analyzed traits in Fi, as in relation to
the mean parental value /MP/, so and to the parent with higher value /HP/.

e The heterosis manifestation in Fi was related to depression in F» for the both analyzed
traits.
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EFFECT OF THE BLUISH-GREEN ALGA SPIRULINA ON MULBERRY SILKWORM
DISEASE “NUCLEAR POLYHEDROSE”
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ANNOTATION. Properties of microbes that is of pathogenic agents which produce
diseases are conditioned by their virulence and toxicity. At the infestation they collide with
active opposition of the organism, that is, with the immunity reaction.

Our research pursues to control the productivity and it aims to prepare high grade grain,
resistant to the disease - nuclear polyhedrose.

With this in view, to induce mulberry silkworm disease - nuclear polyhedrose, we have
developed a method of artificial infestation of mulberry silkworm. As a result of application of
various concentrations of “Spirulina” we managed to increase silkworm viability, that is,
elevated silkworm immunity, and this, in its turn, resulted in the increase of silkworm viability
and finally, significant increase of cocoon output.

Effect of the leaf enriched with the biostimulator, on the mulberry silkworm productivity is
very important; additional nutrient solution contributed to the processes of metabolism, ferment
activation, assimilation of protein and phosphoric compounds, mono- and disaccharides and
other substances, which improved silkworm body immunity and protein synthesis.

According to the economic indices obtained as a result of experiments carried out by us,
the priority was granted to 5.0% solution of the biostimulator.

K-words: mulberry silkworm, disease, biostimulator.

INTRODUCTION. Technology of mulberry silkworm nutrition conditions obtaining of high
quality silk cocoon; it implies not only the study of the effect of ecological factors on mulberry
silkworm growth and development but also the application of modern biotechnology, one of the
means of which is enrichment of feed with various biological admixes. Mulberry leaf, as such,
should contain sufficient quantity of organic substances, which is necessary for obtaining healthy
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generation; it should also contain protein substances and nitrogen in big quantity, which
contribute to the increase of output of raw silk thread.

To increase the nutritive value of the basic feed for mulberry silkworm, that is the leaf, the
specialists use to add to it biostimulators, proteins, fats, carbohydrates, microelements and
vitamins.

At the Scientific-Research Institute of Sericulture the bluish-green alga Spirulina was
tested. It is the 100 % natural, ecologically pure substance and it improves immunity of live
organism. As a result, the mulberry silkworm resistance to various diseases was increased.

The present paper deals with the method of application of Spirulina as a biostimulator in
admix to the feed of mulberry silkworm.

Selection of the biostimulator concentrations is the very important issue, since a silkworm,
by its nature, is very sensitive to the feed and reacts to every concentration correspondingly.

OBJECTS AND METHODOLOGY. Experimental works were implemented at the
Laboratory of Sericulture of the Georgian Agrarian University.

The object of the research was the mulberry silkworm /Bombyx mori L./ breed -Mziuri-I,
of local selection, which was obtained at the Scientific-Research Institute of Sericulture (Author
N.Sanadze).

Initial material for the researches dealing with mulberry silkworm is its grain. The results
of feeding such as silkworm viability, cocoon weight, silk capacity and other biotechnological
characteristics depend on the healthy grain and its adequate incubation.

In our experiments we used the grain prepared by the cellular method, and we used the
method of grain incubation at constant temperature, at the terms of natural illumination.

The goal of our research was determination of the effect of the biostimulator “Spirulina”
on the worm infested with the nuclear polyhedrose virus.

Experiment was carried out on 4 versions. The following three concentrations of the
biostimulator were tested. 1.0%. 2.0%, 5%. The IV group, the control was given common
mulberry leaf. Each version — was performed in three repetitions.

Mulberry silkworm nutrition was performed by the observance of all requirements
stipulated by agro-rules for moriculture and sericulture. In particular, in the, I-III instar
temperature in the silkworm room was 24-26°C, in the IV-V instar - 21-22°C, relative humidity
of air was 70-75% and 60-65%, respectively;

From the second day of the fifth instar, after artificial infestation, silkworm was given, in
the morning, on an empty stomach the mulberry leaf, wetted in the solutions of the above listed
concentrations by the observance of norms stipulated by agro-rules. The leaf was weighted and
immersed in the concentrated solution of the preparation 30 minutes before its giving to the
silkworm; after its wetting the leaf was stayed to dry, because wet leaf could result in silkworm
disease.

Within the period of feeding the quantity of the leaf consumed by the worm as well as
number of diseased worm were recorded. The obtained results are given in the Diagrams 1 and 2.

Diagrams show the apparent effect of the biostimulator on the biotechnological indices of
the infested silkworm, especially when the leaf is treated with high (5.0%) concentration
solution. Namely, as a result of application of 5.0% solution of the biostimulator in the worm
phase the silkworm viability increased by 12.3%, compared with other experimental versions
and by 31.3% compared with the control version.

Thus, the positive effect of the 5.0% concentration of the biostimulayor was vivid, which
was expressed in biotechnological indices of cocoon. It was expressed as follows: at the
application of the 5% concentration solution, cocoon output exceeds by 0.8-1.0 kg those of other
experimental versions and by 1.4 kg that of the control version; cocoon mass exceeds by 0,15-
0,2 g those of other experimental versions and by 0.4 kg that of the control version, cocoon silk
capacity exceeds by 5,7-4,9 % those of other experimental versions and by 5.9%- that of the
control version;
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As is seen from the Table 1, as a result of variation treatment, the accuracy and reliability
factor of the research jave been proved, since all data are within norm.

Table 1. Effect of the feed admix on some biological indices of mulberry silkworm

Concentration biotechnological indices x£mx c C% P% >3
€ocoon mass,g. 2.6+0.2 0.2 7.6 4.3 9.0
silk capacity, % 21.4+0.41 0.2 7.6 43 8.6
5,0 % cocoon yield per g. worm, kg. 5.2+0.54 0.3 5.8 34 6.5
cocoon mass,g. 2.6+0.21 0.12 4.6 2.6 5.6
silk capacity, % 23.1+£0.6 0.37 7.0 4.2 5.5
2,0 % cocoon yield per g. worm, kg. 5.5+0.3 0.3 6.4 3.7 6.5
cocoon mass,g. 2.0+0.1 0.12 6.0 0.6 7.6
silk capacity, % 23.1+0.6 1.3 3.0 4.2 8.5
1,0 % cocoon yield per g. worm, kg 5.1£0.3 0.3 5.4 32 6.5
cocoon mass, g. 2.0++0.1 0.2 12.5 0.7 8.0
silk capacity, % 23.7+£0.7 2.7 2.4 1.4 9.0
Control cocoon yield per g. worm, kg. 5.1+0.54 0.3 5.5 3.2 6.5

where, X- experimental data
mx — mean error
o - mean quadratic deviation
C% - variation factor
P% - research accuracy (should be lower than 5)
t - reliability factor (should exceed 3);

It is true that biotechnological data of our experiments are far lower than the characteristics
inherent to the breed Mziuri, but we have to consider here that in research we aimed to obtain
individuals which would be relatively resistant to nuclear polyhedrose and finally to receive the
resistant breed, for it, we infested the worm artificially.

We aimed to study the effect of the biostimulator on the infested silkworm, at its feeding in
provocative conditions, and namely the influence of the biostimulator, especially on its viability,
since mulberry silkworm in unfavorable conditions is easily infected, especially in the worm-
phase. The existing infection diseases use to spread swiftly, shift from the diseased body to the
healthy ones and to acquire mass character.

Properties of microbes which incite diseases are determined by their virulence and
toxicity. At the infestation they come across with active opposition of the organism, that is,
immunity reaction (intactness to infection diseases), which can resist microorganisms.

As is seen from the Table 1, as a result of variation treatment, the accuracy and reliability
factor of the research jave been proved, since all data are within norm.

It is true that biotechnological data of our experiments are far lower than the characteristics
inherent to the breed Mziuri, but we have to consider here that in research we aimed to obtain
individuals which would be relatively resistant to nuclear polyhedrose and finally to receive the
resistant breed, for it, we infested the worm artificially.

We aimed to study the effect of the biostimulator on the infested silkworm, at its feeding in
provocative conditions, and namely the influence of the biostimulator, especially on its viability,
since mulberry silkworm in unfavorable conditions is easily infected, especially in the worm-
phase. The existing infection diseases use to spread swiftly, shift from the diseased body to the
healthy ones and to acquire mass character.
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Properties of microbes which incite diseases are determined by their virulence and toxicity.
At the infestation they come across with active opposition of the organism, that is, immunity
reaction (intactness to infection diseases), which can resist microorganisms.
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Diagram 1. Effect of “Spirulina” on the infested mulberry silkworm viability
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Diagram 2. Effect of “Spirulina”on the economic indices
of the infested mulberry silkworm

Conclusion. As a result of the influence of the biostimulator the silkworm viability
compared with the control one was increased, that is, mulberry silkworm immunity was
increased and it, in its turn resulted and conditioned the elevation of silkworm viability and
sharp increase of cocoon yield.

Thus, effect of the leaf enriched with the biostimulator on the productivity is rather
significant; it contributed to the metabolic processes, ferment activation, assimilation of protein
and phosphor compounds, mono- and disaccharides and other substances, which significantly
improved protein synthesis in worm organism.
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Taking into consideration the economic indices obtained as a result of the experiments
carried out by us, the advantage was granted to the 5.0 % solution of the biostimulator.
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EFFECT OF SERICIN CONTENT ON SOME BASIC TECHNOLOGICAL
TRAITS Bombyx mori L.
By
M. Panayotov, R. Guncheva, K. Bobov

Faculty of Agriculture,Trakia University, Stara Zagora-6000, Bulgaria
E-mail: panayotov_m@abv.bg

ABSTRACT: Sericin content is of great importance in the production of raw silk. The
study has been carried out at the educational and experimental base of the Silkworm breeding
section of the Faculty of Agriculture at TrakiaUnivercity, Stara Zagora-Bulgaria. The aim of the
study was to investigate the effect of sericin content in the Bombyxmori silk thread on the
phenotypic manifestation oftechnological characters: raw silk ratio (%), reelability (%), total and
non broken filament length (m), filament thickness (denier) and initial rate of dissolution of
sericin. Analysis of variance showed that the sericin content had significant effect on the
technological characters raw silk ratio (p<0.01), reelability (p<0.01), non broken filament length
(p<0.01) and initial rate ofsericin dissolution (p<0.001).

Keywords: Bombyxmori, sericin, silk threads, technologicaltraits.
INTRODUCTION

The silk bave composed of two protein substances viz., fibroin and sericin of wichsericin
represents for 20-30% of the weight (Prasong et al., 2009; Seetharamulu et al., 2013, Chellamani
et al., 2014).1t is affected by factors with genetic (Gamo and Hirabayashi, 1984; Sinha et al.,
1992; Basavaraja et al., 2000; Radhavendra Rao et al.,2004 etc.), as well as non-genetic features
(Sanappa, 2002, Amala Rani et al, 2011; Padma and Ramani., 2015).

Silk sericin is one of major components of cocoon produced by silkworm.Its content,
physical-mechanical and chemical properties are the main factors determining the technological
qualities of the cocoons and the silk thread (Sadov et al., 1987).

During the course of breeding process, the boil-off ratio with reference to cocoon shell has
been given utmost importance along with other qualitative and quantitative traits (Gamo and
Ichida, 1971; Mano et al., 1988).

Cocoon sericinplais an importan role in the reeling of silk. Quantity and nature of sericin
are fundamental characteristics in conferring distinctive traits to the cocoon (Sadov et al., 1987).
The percentage of boil-off loss ratio has paramount importance in reeling and weaving activities
(Kannan, 1986). According Gamoand Hirabayashi(1984) low boil-off loss ratio improves cocoon
reelind qualities.

The content of sericin had certain effect on silk solubility. As the content of sericin
reduced, the dissolution speed was faster and the silk solubility was greater. The properties of the
silk fibroin membranes with some sericinare much better than those degummed completely
(Jiang and Zhang, 2013).

The content of sericinaffects also the characteristics of silk fiber-B. mori silk with and
without sericindiffered dramatically in FT-IR spectra, structure and thermal behavior. Silk
without sericin showed higher stability than another one(Lee et al., 2005; Prasong et al.,
2009).The content of sericinaffect the sustainability of raw silk to friction (Kuwahara et al.,
1978).With higher resistance is lower sericin silk.

Acording Gouda et al. (2013) evaluation of boil-off loss ratio among the breeds (hybrids)
will enhance qualitative merit of raw silk.
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MATERIALS AND METHODS

Silk threads of B. mori L. cocoons with different fluorescence (violet, intermediate and
yellow) were used for the material. Fluorescence was determined using an ultraviolet lamp with
a filter transmitting ultraviolet rays within the range 334-400 nm.

The sericin of silk threads was dissolved using the method of Komatsu (1975), through
180-minuteboiling of silk skeinsat 98 C in M/5 boratebuffer with pH 9, at a ratio of 1:750,
modified by Bobov et al. (2006) by addition of 100ul /ml 0.1 nNaOH.

The content of sericin was evaluated on the basis of absorption measuredon the 180™ min
from the beginning of boilingusing the following relationship between sericin amount and
absorption:

Sa (%)=88.578xA + 6.5576,

Where Sa - is the percentage of sericin determined by spectroscopy;

A — sericin solution absorption on the 180" min of boiling

Spectroscopy was performed in the UV-rangeata wave length of 280 nm.

To evaluate the effect of sericin, characters are divided into three classes (low - 18.00 —
23.00, average- 23.01 — 28.00, high"-28.01 — 33.00%) and participate in the models as fixed
ones. The width of the class interval was defined by the formula:

| = Xmax — Xmin

k
where [ - width of the interval;

X _the largest value of the character;

max =

X . - the smallest value of the character;

k - number of classes.

The influence of sericin content on the analyzed technological features was determined by
a one-factor dispersion analysis.Through analysis of variance (ANOVA) the least square means
(LSM) and the least square estimates (LSE) that are sums of the squares of deviations from
means derived by the model are calculated.

RESULTS

From the results from the variance analysis, mean values and estimates of the effect of
sericin contenton silk yield presented in Table 1 it was found that the amount of sericin in the
silk thread has high lyreliable effect on the values of the analysed trait (p<0.01).

The class with low sericin content (from 18.00 to 23.00%) is distinguished by higher yield
(+ 0.44%) than the average for the model. Silk skeins with high sericin content (from 28.01 to
33.00%) have a significantly lower yield than the average for the model (-2.62%).

Table 1. Effects of sericin content on the raw silk percentage

Source of variation df F P

Sericin content 2 5,02 0,007*
Ls-means and LS-estimatefor influenceof the sericin content on the raw silk percentage

Level factor n LS-mean £SE | LS-estimate

Mean of the model 617 41,4620,19 |

Sericin contentin classes (%)

"low" (18.00 —23.00) 159 41,89+0,37 +0,44

"average" (23.01 — 28.00) 430 41,47+0,23 +0,01

"high" (28.01 — 33.00) 28 38,84+0,89 -2,62

*P<0.01
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Similar results were also observedin the variance analysis, mean values and estimates of
silk thread reelability (Table 2). Their analysis shows that sericin contenthashighlyreliable effect
on the reelabilitytrait (p<0.01).

Table 2. Effects of sericin content on the reelability of silk thread (%)

Source of variation df F P
Sericin content 2 5,96 0,003*
Ls-means and LS-estimatefor influenceof the sericin contenton the reelability (%)
Level factor n LS-cpenno+SE LS. estimate
Mean of the model 617 88,38+0,20
Sericin contentin classes (%)
"low " (18.00 —23.00) 159 89,10+0,38 +0,72
"average " (23.01 — 28.00) 430 88,28+0,23 -0,10
" high " (28.01 —33.00) 28 85,77+0,91 -2,61
*P<0.01

Silk thread with low content (from 18.00 to 23.00%) have high reelability (89.10%) and
LS-mean of +0.72% compared to th eaverage for the model, while that with high content (from
28.01 to 33.00%) show relatively lowreelability (85.77%) and LS-mean -2.61% relative to the
model average.

Tables 3 and 4 show the results of the variance analysis, mean values and estimates of the
effect of sericinecontenton the total and continuousunwindable length of the silk thread. The
calculated values for the F-criterion indicatet hat the amount of sericin has highlyreliable effect
only on the variation of the traitnon-broken filament length (p<0.01). The effect on the total
length of the thread is unreliable.

Table 3. Effects of sericin content on the total filament length (m)

Source of variation df F P
Sericin content 2 1,99 0,138
Ls-means and LS-estimatefor influenceof the sericin contenton the on the on total
filament length (m)
Level factor n LS-cpenno+SE LS. estimate
Mean of the model 617 1111,94+7,62
Sericin contentin classes (%)
"low" (18.00 — 23.00) 159 1129,29+14,99 +17,34
"average " (23.01 —28.00) 430 1109,2449,11 -2,70
" high " (28.01 —33.00) 28 1054,96+35,71 -56,98

It has been found that for both attributes, the LS-means compared to the average for the
model, for the matching classes divergein the same direction, but the difference between the
final mean valuesat the total filament length is small (74.32 m) and several times small erthan
that of the non-broken filament length (151.08 m). This is insupport of the established reliable
effect of the fixed factor on the second of the above signs.

The data about the trait non-broken filament length of the silk thread reveal that the low
sericin content (from 18.00 to 23.00%) has contributed to the production of a considerably
longer uninterrupted thread (59.78 m more than the average for the model) and the opposite the
high sericincontent (28.01 - 33.00%) has resultedin a relatively short, interruptedly unwound
thread (91.30 m shorter than the average for the model).
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Table 4. Effects of sericin content on the non-broken filament length (m)

Source of variation

df

F

P

Sericin content

2

4,92

0,008*

Ls-means and LS-estimatefor influenceof the sericin contenton the non-broken filament

length (m)
Level factor n LS-cpenno+SE LS- estimate
Mean of the model 617 984,05+12,35
Sericin contentin classes (%)
"low" (18.00 — 23.00) 159 1043,82+24,18 +17,34
"average" (23.01 — 28.00) 430 967,87+14,70 -16,16
"high" (28.01 — 33.00) 28 892,75+57,61 -91,30

*P<0.01

Table 5 shows the results of variance analysis, meanvalues and estimates of the effect of
sericin contenton the silk thread on the initial sericin dissolution rate. The calculated value for
the F-criterion indicates that the effect is high lyreliable (p<0.001).

Table 5.Effects of sericin content on the initial rate of sericin dissolution

Source of variation

df

F

P

Cericin content

2

57,32

<0,001*

dissolution (x1

Ls-means and LS-estimatefor influenceof the sericin contenton theinitial
03gl''min™)

rate of sericin

Level factor N LS- mean +SE LS- estimate
Mean of the model 617 9,5+0,13
Sericin contentin classes (%)
"low" (18.00 — 23.00) 159 7,5+0,23 -2,0
"everage" (23.01 —28.00) 430 10,0+0,14 +0,5
"high" (28.01 — 33.00) 28 12,4+0,55 +2.9

*P<0.001

The average values and estimates for the traitobtained for the individual classes indicate
that at low sericin contentin the silk thread (from 18.00 to 23.00%) its initial dissolution rate was
also low (7.5 x10-3g/l-1min-1), with L-mean of -2.0x10-3g/l-1min-1 compared to the average
for the model. Conversely, the class with highsericincontent (28.01 - 33.00%) is characterized by
relatively highinitial sericin dissolution rate (12.4 x10-3g/l-Imin-1), with LS-mean +2.9 x10-

3g/l-1min-1 compared to the average for the model.

Inourview, the established dependence could be explained by the flow of smaller or greater

amounts of sericin in the solution perunit of timeas a result of the lower or higher content of
easily soluble sericin in the silk thread. The claimis supported by the fact that the initial
dissolution rate of sericin is determined by the ratio between the amount of dissolved sericin and
the dissolution time. Probably the decrease or increase of the total sericin content in the thread
results in proportional decrease or increase in the amount of individual fractions (easily and
poorly soluble sericin). Insupport of this is the different dissolution rate of sericin as found by
Lee (1999) and Takasuetal., (2002; 2005) depending on its location around the silk thread. The
highest is the solubility in the surface layers, and the lowest — around the fibroin fiber.
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CONCLUSION

The summarised analysis of the results from this study show that the amount of sericin has
highly reliable effect on the phenotypic manifestation of thetraits laboratory silk yield,
unwindability, continuous unwindable length, initialdis solution rate of sericin, and hasno
effecton the total length of the silk thread. Except for the traitinitial sericin dissolution rate, the
highe stare the values in the cases with the lowest sericin content.
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HMEJKOBOJACTBO I'PY3UHN — BYEPA, CEI'O/IHA, 3ABTPA

E.lllanakuase — akageMUK AKaJeMHH cebCcKkoxo3aiicTBeHHbIX Hayk I'py3un,
JOKTOP TEXHUYECKUX HAYK, npodeccop (I'py3usn)

[llenxkoBoacTtBO ['py3un — nApeBHEWIIAss OTPACIb CEIbCKOTO  XO34MCTBA, KOTOpas
YCHEIIHO BBIAEPKAJIa CEPhE3HbIE HMCTOPUYECKUE HCIBITAHUS CTPaHbl M CTaja HCTOYHHUKOM
YCTOMYMBOIO BAIMIOTHOTO A0x0Aa. OHO SBISETCS HAWIYYIIMM [OKa3aTeleM KYJIbTYPHOIO
Hacjaeaus Haluu, CPEICTBOM MACCOBOM 3aHSATOCTH HACEJICHMs, 3HAYUTEIbHBIM HCTOYHUKOM
JICHeKHBIX JOXOJOB M TPEAMETOM IMOCTOSHHON 3a0oThl. IIpou3BoacTBo, mepepaboTka u
BSI3aHWE ABJISUIOCH  CaMbIM TMPECTUKHBIM 3aHATHEM. BbICOKOKauecTBEHHbIM [ 'py3nHCKHI
IIEJIK IOJIb30BAJICSA OOJBIIMM aBTOPUTETOM HAa MHPOBOM pBbIHKE, a “Benukuil mIenKkoBbIHA
nyTh” Tpoxoaws U yepe3 ['pysuro.

I'py3uHckuid mienKk  MOMYy4YWS BBICOKYIO OILIEHKY M MeJaldd Ha MEXKIyHapOIHBIX
BbicTaBkax B Typune emie B XIX Beke, B 1850 u B 1862 romax B Jlonmowne.

Opranuzatopbl  MEXIYHapOJHBIX BBICTABOK OOpamialii TakkKe BHHMAaHHE Ha
COCTOSIHME M YXOJ TYTOBBIX PAacCTUEHHM, UX MOCAAKY U pa3MHOXkeHue. Tak , Hampumep.
JIBA BeKa TOMY Ha3aJl Ha aHTIHUICKONW MEXIyHapOIHOW BBICTaBKE OBUI OTMEYEH YCIex
TYTOBBIX IuTaHTamii r. Banm (3amagnas ['pysm).

Tkanu, W3roTOBIIEHHBIE Ha KOMOWHATe “Iucaptkena” (r.Toumucu, ['pys3us),
MOJIYYCHHBIE W3 HUTH TPY3UMHCKHX MenkonpsaoB ( “Msuypu 1”7 u “M3suypu 27 ) B 1998
roly Ha MEXJIYHapOJHOW BBICTAaBKE B Manpune mojiydwsia BBICHIYIO — Harpauy
eBporeiickoro coobmectBa  “IlmaTuHOBYIO 3BE3Ty” .

l'eorpaduueckoe  pacmonoxkenue ['py3unm  OrarompusTHO UL pa3BUTHUSA
LIEJIKOBOJICTBA, i€ XOPOIIME NPUPOAHBIE YCIOBUS, APEBHEHIINE TPAJMUIMM IIEIKOBOJCTBA
, BBICOKO€ KaueCTBO NPOAYKIMHU, T[OJYyYEHHbIE Harpaabl Ha MHPOBBIX BBICTaBKaX,
Majo3eMebe M CYIIeCTBOBaHHME CBOOOIHOW paboueil CHIIbI, BCE 3TO CO3JaeT OJIaronpUsTHHIC
YCIIOBHS JUIsl TIPUBJICYCHHUS HMHBECTHIIMH U B CIlydae pPa3yMHOTO HUX HCIOJIb30BAHMS, €IIIe
MO>HO CIIaCTHU OTPacCIb.
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B 60-pie rombl mpomuioro croietus B I'py3um exerogHo mpousBoawioch 4,0 — 4.2
TBIC. TOHH XXHUBOTO KOKOHa, 4,5 -5, 0 TonH rpena, 450-500 TOHH HaTypaJIbHOW HIEIKOBOM
HutH, 4,5-5,0 MJIIH.  METpPOB HATypaJIbHOM TKaHW W [Jp. NOPOAYKIIMH, JOXOJIOM OT
peaM3ani KOTOPBIX TMONOJHSUIMCh BCE YPOBHH OIOIKETa CTPAHBI.

[IlenxoBOACTBO - KJIACCHUECKUH MpUMEp 3aMKHYTOro O€30TXOJHOTO MPHUPOJAHOTO
uukia. OHO J1aeT LEHHBIA MPOAYKT-IIETKOBBIM KOKOH, M3 YEro MOJy4aeM IIEJIKOBYIO HHUTH
u TKaHb. OTXOABI KOpMa uepBed Hauwiydlllee eCTECTBEHHOE YyI0OpeHHe sl TOYBBL.
OTtxo/1b1 KYKOJIOK nocie OOMOTKM HHUTKH  HUCHOJB3YIOTCS B (apMOKOJIOTHH,
KOCMETOJIOTUM U JJI1 KOpMa JKHMBOTHBIX. B pesynprate wu3MenbueHus (ApoOieHwHs)
OCTaBIIMXCS TOJIBIX BETOK, IPUTOTOBIISIIOTCS BBICOKOKAYECTBEHHBIE CTPOUTEIBHBIE TLUIUTHI.

Hacenenune cen I'py3um, TOJBKO moOcCI€ peaNu3BUMM HKUBOTO KOKOHA , €XETOJHO
nony4ano 16-17 muH. pyOnel goxoma , mpu 3ToM B orpaciu Obuio 3aHato 100-120 Teic.
cemerr -14,5- 15, 0 TeICc. paboynx MecCT, B TPOMBINUICHHOCTH 5,5 - 6,0 ThIC.,, a B cHUCTEME
VYrpaBieHuss ILIENIKOBOACTBA MUHHUCTEPCTBA CENbCKOTO XO03sicTBa ['py3unm -  OOJbIION
KOJUIEKTHB.

K coxanenuto, umeHHo Ha 3ToMm JTane (1964 r.) B 30HAIBHO-ONBITHOW CTAHIIUU
Kyrancu, Obplna BbIsiBIIeHa O0J€3Hb — ‘KypuyaBas MEIbKOJIUCTHOCTH , KOTOpas YHHUYTOXHIIA
MOYTH JO 15 MIIH. COPTOBBIX TYTOBBIX JepeBbeB. K 3TOMy 100aBUIUCH TPYIHOCTH,
CBA3aHHBIE C TNIEPEXOJAOM HA PBIHOYHYK) HKOHOMHUKY , YTO M BBI3BAJIO OKOHYATEJIBHOE
najgeHue oTpacau. Ha cerogHsmHWi J1€Hb OTpaciib  YHUUYTOXXEHA, BBIKAPYEBBIBIOTCA
OCTaBIIMECS TYTOBBIX HACaXKIE€HMs TOIJa , KOrJa B CiIy4yae LEJCHAIPaBICHHOTO pa3BUTHUSA
OTpaciid, ThICAYa JKUTEJNEH Cel CMOTIH Obl  JOMOJHUTH CBOW MPOXKHUTOYHBIA MUHHMYM. K
3TOMYy ele Jo0aBisieTcsl  CBEIGHHWE 10 MHUHHMyMa HAay4HbI NOTEHIMal OTpaciu, YTO
BbI3BaHO JukBupanvedn HUM menkoBoxacTsa.

OTcTpaHeHuEM IIEJIKOBOJACTBA M3 HMCTOPUYECKH YCTAHOBJIEHHOW OTPACIE€BOM CTPYKTYpPHI
CEJIbCKOTO XO3SIMCTBA, YXYIUIMIACh SKOJOTMYECKas Cpela, YCKOPWICS MPOLECC MUTpaLUH,
COKpAaTWJICSI CEeMEHWHBIN OIOJKETHBIM JI0OXOA M KaTOCTPO(PUUYECKH YMEHBIIMIICS YpPOBEHBb
3aHATOCTH HaceleHus. lcxoas W3 CO3[aBIIETOCS TMOJOKEHHS B IIEJIKOBOJCTBE, CPOYHO
JOJDKHBI  OCYHIECTBIIATHCS paguKajibHble MEphl 10 BOCCTAHOBIICHUIO peadWIWTaluu U
JNANbHEHIIEr0 pa3BUTHUS IIEIKOBOJCTBA, B IMPOTUBHOM CIIy4ae MOXET MPOU3OUTU TOJIHAS
JMKBUJALUS OTPACTIH.

C yderoM co3jaBIUEHCS  OSKCTPEHHOW  CHUTyallUM B  LIEJIKOBOJCTBE u s
OCYILIECTBJICHUS TOCTABJICHHBIX3 3aJa4, MHTEHCUBHO U 3()PEKTUBHO B 3TOM HaIpaBJICHUU
pabotaeT AkaseMusi CeIbCKOXO3AWCTBEHHBIX HaykK ['py3uu, koropas Ykazom Ne4 ot 25.
06. 2010 r. paccmorpena Bompoc «Pa3paboTku Mep 1O peadWIMTAMK  IIEITKOBOJICTBA
I'pysun u ee HayuHoe oOecrneueHue.» bbeula paspaborana « Konmemus — pa3BuTus
menkoBoacTBa 2015-2025 roapl» MW KU3HEHHO BaKHBIE PEKOMEHJAIMM IO BOCCTAHOBJICHUIO
OoTpaciiid, WHCTPYKIIMH, [IEHHbIE HAy4yHbIe TPYABl, KOTOpble ObUIM TIOCTAHBI B
rOCyAapCTBEHHbIE U 3aKOHOJATEIbHBIE CTPYKTYPHI.

B »ToM HampaBieHHMM cleAyeT OTMETUTh pojib ACCOIMAIMU IIEIKOBOJACTBA  CTpaH
peruonoB UYepnoro, Kacmnuiickoro mopeit u IllenTpanbaoii Asum (BACSA), BMecTte ¢ ero
NpPe3UJICHTOM, JOKTOpoM, npodeccopom  Ilanomup LleHOBBIM, KOTOpBIA MOJIAEPKUBACT
BOCCTAHOBJIEHUE M pa3BUTHE IIEJIKOBOACTBA I'py3unm m Bce meponpusaTus AKageMuu.

[[lenkoBOACTBO KAk OJHO M3 3HAYMUTENBHBIX OTPaciedl HALMOHAJIBHOIO XO35KCTBA,
JTOJDKHO cpopMupoBaThCsl 3aHOBO. [l 3TOrO0 HEOOXOIMMO:

» BCECTOPOHHEE BOCCTAHOBJICHHME, YKPEIUICHHE U Pa3BUTHE KOPMOBOH 0a3bl IIEIKOBOCTBA;
» pHoOpeTeHNne HEOOXOAMMOTo OOOPYHAOBAaHUS JUISl TEPBUYHOW OOpAaOOTKM KOKOHOB W IS

MpPOM3BOJCTBA CyXOM  HHTH, oOecrieueHne Tpoliecca OOMOTKH, TpuoOpeTeHune
TCXHUYCCKHUX CPCIACTB MaJIon MeXElHI/I3aI_II/II/I( TCXHUYCCKHUEC CpCACTBA IJisI 3aroTOBKHU U
MMOATrOTOBKHM TYTOBOTO KOpPMa, HCCJIOKHBIC KOHCTPYKIHUU JIA BBIKOPMKHU T'YCCHUIL
TYTOBOI'O HICJIKOIIpAAa W MOIACPHHU3UPOBAHHLIC WM MCHXAHHU3WPOBAHHBIC YCTAHOBKU IJIA
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BBIKOPMKH, YCTPOMCTBA ISl OYUCTKU KOKOHOB OT CHABIPAa, MEXaHWYECKHUE CTaHKU s
WHIUBUIYAIbHOM HAMOTKM HHUTH U3 CBIPOTO KOKOHA, JUISl CO3JaHUsl M TOJayd PBIHKY C
YY4ETOM TMOTPEOHOCTH, IPOU3BOJCTBO KOHKYPEHTHOCTIOCOOHOM MPOAYKIUH;

» peaOWIUTallMs TPCHAXHBIX 3aBOJOB W  CCJNCKIMOHHBIX CTaHIMA W Ha WX 0ase
NPOM3BOJACTBO THOPUIHONM TpEeHbl Ha  OCHOBE YCTOHMYMBBHIX COpPTOB TYTOBOTO
menkonpsiga ( rpymma “ M3uypu” u “ Jlurmypu” ), B TOM YHUCJI€ Ha DKCIOPT;

» BOCCTaHOBJICHHWE 3a0BITBIX TPAJAWIMA KYCTapHOTO IPOW3BOJACTBA H  OOEcIeYeHue
MOTpeOHOCTEN TYpUCTOB HA MECTHBIE H3JIEIHS;

» MHOTOIICJIEBOEC  HCIOJB30BAaHWE  TYTOBBIX  pACTCHUH yriyOlieHne  MHTErpaluu,
YCOBEPILICHCTBOBAaHME CHCTEMBl YIPABICHHUS W OCYIIECTBICHHUE JIPYTUX HEOOXOAUMBIX
MEpOIIPHUATHH;

» Hay4yHOe M 00pa3oBaTeIbHOE OOECIICYCHUE OTPACIU MLICITKOBOJICTBA.

B nmene ykperuieHuss KOpPMOBOW 0a3bl IIIKOBOJACTBA ~ MAaKCHUMAJIbHO  JIOJDKHBI
UCIIOJIb30BAaTh  BCE METOJABI BBIPAIIMBAHMUS TYTOBBIX HACAXACHUM ©W B TOM YHUCIE
coOCTBEHHO  KOpHEBYI0  cucrteMy. OcoOeHHBbIi  HMHTEpeC MPEACTaBIIeT  YKOPEHEHHE
YepeHKaMH O3UMMbIE YCTOMUYMBBIE TYTOBBIE COPTa B TPYHTaX, YTEIUICHHBIX TEPMHUYECKUMU
BOJaMM, M3 KOTOPBIX BpEeMs BBIPAIlMBAaHUS CAXEHIEB COKpallaercs Ha 2 rojaa Mo
CpPaBHEHHMIO C TIPUBUTBIMH, a ce0ecToMMOCTh cokpamaercs B 2,5-3,0 pasa ( cowm.
PEKOMEHIalUK “YKOPEHEHUE TYTOBBIX CAKEHLIEB B YTEINICHHOM TIPYHTE M JKOHOMMYECKas
3P PEKTUBHOCTD ).

Havanuce TpeBOBaHMsI O HAyYHOU MOMOILH B JIEJI€ BOCCTAHOBJIEHUS LIEJIKOBOACTBA B

peruoHax CTpaHbl, TAK MyHUIIUNANUTET BaHCkoro paiioHa yxe oOpaTWics C TOMOIIBIO K

AKaZieMuu CeIbCKOXO3SMCTBEHHBIX Hayk [py3um, u Akagemusi pa3paboraiga TMPOEKT:

“MlHBeCTHIIMOHHBIA ~ TPOEKT  peadMiuTallud W  BOCCTAHOBJICHHMSI ~ IIEJIKOBOJACTBA U

koorneparuBa CaunmHo B BaHckoMm paiione”.

TyToBble HacakeHUs - 3Ta OCHOBAa pa3BUTHUS WIENKOBOACTBA. llpu 3TOM TyTOBBIE
Hacak[I€HUs , C TOYKHU 3pEHUs MHOTIOLEJIIEBOIO HCIOJIb30BAaHUS,  OHHU BBIIEISIIOTCS Kak
camble Iy Ha 3€MJIE CPEIM PACTEHUM.

B mpoweameM ThICAYMWIETHH HM3YYEHO MHOTO IIOJIE3HBIX CBOMCTB TYTOBBIX , HO Kak
BBISICHSENTCSI UX BO3MOXXHOCTH HEHCUEPIIAEMBI.

B »sToM  HampaBieHuum = cieqyeT — OTMETUTh  IPEUIOKEHHs,  pa3paboTaHHbIE
['py3UHCKUMHU YYEHBIMH O II€JIECOOOPA3HOCTH M BBICOKOW 3KOHOMHYECKOH 3¢ (EeKTHBHOCTH
MPOU3BOJICTBA TPAAUIIMOHHBIX KOPMOB JJIsi >KMBOTHOBOJCTBA M3 OINABIIMX OCEHBIO JINCTHEB
(mobern M BETBU) TYTOBBIX HACAKACHHUU. Y COBEPIICHCTBOBAHHBIM MaTepuall MpPEACTaBIEH B
pexkomeHmanuu :  “B0O3MOXXHOCTb, TEXHOJNOTHSI M DKOHOMHYECKass  A(PPEKTHBHOCTD
HETpaJuIMOHHOro kopma Hekepu”

OTMeueHHBI MEeTOJ] YCHEIIHO BHpenpsercs B AJDKapuu B (pepMepcKux Xo3siicTBax
Kenckoro paiiona, a B Oyagymem , B cilIy4ae @OMOIIM Majoro OusHeca, Oyzder
pacmpocTpaHeH BO  BceX pailoHax  IIeNKOBOJACTBa. OJTo  Oymer  crmocoOCTBOBATH
BOCCTAHOBJICHHIO KaK IIEJKOBOJCTBA, TaK M IOBBIIIEHUIO IPOWU3BOJCTBA HETPAAULUOHHOTO
KOpMa B KHBOTHOBOJICTBE (MSICHOE , MTHIIEBOJCTBO, PHIOOJOBCTBO ), O30OPOBJICHUIO MaJIOTO
Ou3Heca M YKPEIUICHUIO cera.

[lo HampaBiEHUIO BOCCTAaHOBJCHHS KOPMOBOH 0a3bl IIEIKOBOACTBA, BO3MOXKHO
UCIIOJIb30BaHUE TYTOBBIE HAaCaXJECHUH B  BETPO3ALIUTHBIX 30HAX, BBJIOJb JOPOr U
OpOILIAEMBIX KaHAJIOB, Ha CKJIOHAX, I/I€ OKUIAIOTCS ONOJ3HU U T . A.
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34ech K€ MPEACTaBIsAeM JUTEpaTypy M CHPaBOYHBIA MaTepuai, HOATOTOBJICHHBIN
Akanemuenl CenbCKOXO3SMCTBEHHBIX HayK [py3uWH MO BOCCTAITHOBIICHHUIO, peaOMIIMTAIlMU |
BO3POXKJICHHIO IIEJIIKOBOJCTBA, KOTOPBIH OydeT I10Jie3eH HE TOJBKO Ui KOHKPETHBIX
MHBECTOPOB, HO M [UIA  3aWHTEPECOBAHHBIX JIMI] OTPACIbIO IIEIKOBOJCTBA, (hepmepos,
CIICLIMAJIUCTOB U 3aHATHIX B CEIBCKOM XO3SMCTBE JIFOACH.
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IIpasumenvcmeo I pysuu ycurenno pabomaem no 60CCMAHOBIEHUIO OMPACIU — YHCe
@yHKYuoHUpUIOm wienrkogooueckue koonepamussl 6 Xapazynckom, Axmemckom u Jlanuxymckom
pationax. I'omosumcs npagumenbcmeeHHas NPOSpamMma 60CCMAHOBNIEHUs U PA38UMUL OMPACU,
asmop npozpammsl Munucmepcmeo cenvckozo xossaiicmesa I pyzuu.
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Mot Hadee/vzc;z, umo npoexKkmsvl 60CCMAHOBIEHUA U pA36bINMUA UWIeIK0BOOCMBA 8 prsuu
ycnewuHo 6y<)ym peaiuzoeamsvcs u OHO cmanem cpe()cmeojw MAccoBoll 3amHsImocmu Hacelerusl,
SHAYUMENbHLIM — UCMOYHUKOM OCHENCHBIX 00X0008 U npec)MemOM NOCMOSAHHOU  3a00mbl
npasumeivbcecmeda, Y4eHvlx u cneuuaﬂucmoe-meﬂkoeodo&

SERICULTURE IN GEORGIA: YESTERDAY, TODAY AND TOMORROW

Shapakidze E.
Academician of Georgian Academy of Agricultural Sciences,
Doctor of Technical Sciences, Professor

Sericulture is one of the most ancient fields of agriculture in Georgia which has
successfully survived crucial challenges of history and is now a source of steady country income
in foreign currency. The well-known route, so called “Silk Road” was through Georgia.
Sericulture is a distinguished example of cultural heritage of Georgian nation, as well as a cause
of massive involvement of the population in production of silk, and a source of income. The
production, processing and weaving of silk was one of the most wide-spread and prestigious
occupations of Georgia farmers. Georgian silk earned a reputation of fine quality at international
market, for example, in earned a gold medal at International Exhibition in Turin in the 19"
century, also, got high appreciation in London, in 1850 and 1862.

The silk cloth produced by “Tsitsartkela”, Tbilisi, Georgia, was created from indigenous
Georgian fiber Mziuri -1, and Mziuri -2. In 1998, at Madrid International Exhibition it earned the
highest award of the European Association - Platinum Star.

In the 1960s, about 4,0- 4,2 thousand tons of live cocoon was produced in Georgia, 4,5-5,0
thousand tons of silk-egg, and 450-500 tons of natural silk thread. The income from selling 4,5 -
5,0 million meters of silk cloth was a significant share of Georgian budget. About 100 -120
thousand families were involved in the field of sericulture, and Georgian population annually
received 16-17 million ruble income from trading live cocoon. Also silk production created 14,5-
15 thousand working places, plus 5,5-6,0 - quite a large staff of scientists working at research
institutes and testing plots of sericulture.

During this period, (1964) unfortunately, a mulberry leaf disease - Leaf curl was spread in
Kutaisi Regional Testing Station which devastated about 15 million mulberry trees. In the
1990s, when the country moved to market economy, marketing and other economic problems
became very sensitive which totally destroyed the field of sericulture in Georgia.

The collapse of a historical field of agriculture in Georgia incurred many problems, such as
deterioration of ecology, increase of migration of population as they lost a source of regular
income, and in the result, the number of those involved in sericulture decreased drastically. Some
urgent measures were needed to address the existed problems effectively — to design and
implement an action plan for its further development; otherwise the field of sericulture might be
totally eliminated in Georgia.

Considering the great importance of the problem, the Academy of Agricultural Sciences
carries out intensive work for rehabilitation of the field of sericulture, based on the Order No. 4
from 26.06.2010, which addresses the issue of “Working out necessary measures for restoration
of sericulture in Georgia and its provision with scientific basis.” The Academy formed a
theoretical foundation for development of the field of sericulture for 2015-2025 which includes
the most essential scientific recommendations necessary for the revival of the field, also
practical instructions and directions which were sent to government and to all relevant
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organizations. Sericulture, one of the most significant fields of national agriculture, should be
created anew.

To achieve this goal it is necessary to:

» Develop and strengthen the feed base for sericulture;

» Purchase necessary equipment for the first stage processing of cocoon and production of
rough thread, buying technical means for small scale mechanization of the production (technical
equipment for preparation of mulberry feeding base, mechanical devices for cleaning cocoon;
also weaving looms for individual application to create competitive production in compliance
with market demand;

» Restore silk-egg producing silk-mills and selection stations, create hybrid silk-egg and steady
varieties of silkworm, such as Mziuri and Dighmuri to be sold at international market;

» Renovate old manufacturing traditions satisfying a demand on souvenirs produced by local
artisans from silk;

» Use Multi-functionally mulberry plants, support broadening international integration
process, and improving organization and management systems;

» Provide scientific and educational assistance to further development of the field;

The Government of Georgia is focused on revitalization of the field of sericulture. For this
purpose the following measures have been already carried out: Silk production cooperatives in
regions of Georgia, such as Kharagauli, Akhmeta and Lanchkhuti have been set up and they are
working currently. The government program aiming at recovery and development of the field is
being worked out. The author of the program is the Ministry of Agriculture of Georgia.

We hope that the present projects seeking the sustainable ways of restoration and further
development of Georgian Sericulture will be successfully implemented; hopefully, it will
embrace a large number of population and will contribute to increase of regular income for each
household involved in silk production. The government, business sector and researchers should
continue to apply all efforts in successful completion of the task.

WAYS OF INFLUENCING OF SERICULTURE TO THE DEVELOPMENT
OF TOURISM iINDUSTRY

in Sheki-Zagatala economical-geographical region

Zaur Imranil, Yusif Rahimov2, Khadija Badalova3
1 - Head of the department of “Tourism and recreation geography” of the Institute of
Geography named academician H.Aliyev, ANAS;
2 - Head of the department of “Ecological geography” of ANAS Sheki Regional
Scientific Center, candidate for a degree of the Intitute of Geography named
academician H.Aliyev
3 - Candidate for a degree of the Intitute of Geography named academician H.Aliyev.

ABSTRACT:

Lately, social-economical development of regions caused reviving imnon-oil sector that,
its main field is agrariom industry complex. Agrarion industry complex develops in mutual
relation with agriculture and insures several fields with fudstock . If we have a look to the
historical development period of sheki-Zagatala economical-geographical region, we can use see
that, weaving, mainly sericulture have developed well. This factor has reflected in the article and
influence ways to the of sericulture to the development of tourism economy have been noted.
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Because new producing institution are opened in the region with the development of sericulture,
people ensured with job, tourists benefited from the products of sericulture industry.

Keywords: Sheki-Zagatala, tourism, sericulture,nonoil sector, agrarion industry,
agricuture, investment, economical-geographical development,economical development strategy.

Sheki-Zagatala economical-geographical region located in the north-western part of the
Azerbaijan Republic, in the southern slope of the Great Caucasus include the administrative
regions of Balakan, Gakh, Zagatala, Oghuz and Gabala. The area of the economical-
geographical region is 8.84 thousand km and covers 10.2% of the republic territory, the total
population is 606.1 thousand people (2015) and covers 6.24% of the republic population. The
population density is 69 people in every kilometer, which is significantly less than the country
indicator. There are, 6 districts, 6 cities, 8 settlements, 336 villages, and 181 municipals in the
economical-geographical region. Sheki-Zagatala economical-geographical region is bordered
185 km distance with the Russian Federation (Dagestan Republic), with Georgia 150 km.
Yevlakh-Balaken railways and highways passing through the economical and geographical
region play an important role in its domestic and foreign economic relations.

Economical structure of Sheki-Zagatala economical-geographical region formed on the
basis of agricultural cultivation and producing of some products. Althougth the region is rich
with natural resources, they are used rarely. Here, besides Filizchay polymetallic ore deposit,
forests, mineral springs, water and climate-spa resources are enough. Economy has developed in
one direction for not having production and service objects based on using them for many years,
and serious difficulties appeared in the use of labor resources. Sheki Silk factory which is the
main economic objects of economical-geographical region works partly althought stopping the
function of enterprises of tobacco, tea, and fruit-vegetable production in certain period [1].

Lately, dynamics of economic, social and demographic oriented reforms in the Republic of
Azerbaijan and the changes happened in the level of people life demonstrate itself in the
development of regions. It reflected the "State programs on social-economical development of
the Azerbaijan Republic regions" covering 2004-2008, 2009-2013 and 2014-2018 years. In the
frame of realizing state programs it has been achieved sustainable development of non-oil sector,
improving the business environment, reconstruction of social infrastructure fields, opening new
business and job institutions, increasing the level of people employment partly. In addition, it
should be noted that, socio-economic development of the regions tourism sector is more
promising field, and has great potential opportunities. But, for using these opportunities a
number of measures have to be realized. For this, it must be paid attention the problems of
people employment exploring each economy area of the region. Because labor resources create
favorable condition territorial organization of the economy, efficient use from economic and
social development potentials of the regions.

Today, in our republic increasing the capacity of investments in non-oil sector and in
regions, especially for the purpose of creating new work places in mountainous areas incuring
migration the maximum limit of the tax of individual people lowered 35%, the rate of income
tax and social security contributions 22%, agricultural producers have been released the other
taxes except land tax.

The development of non-oil sector is closely connected with the economic sustainability of
the region, settling productive forces and so on.. It depends on the natural condition of the area,
economical-geographical development and impacts arranging of economical areas and,
deployment level. Because of the efficient use of labor resources, it is possible to achieve agro-
industrial complexes in intensive assimilated regions [3].

Resently, one of the developing fields of non-oil sector is light industry. One of the
leading field of light industry is textile. The most profitable area of weaving is sericulture. It
must be noted that, althought the development of sericulture in Azerbaijan during of the Soviet
period, and specially in Sheki-Zagatala economical- geographical region, today this field
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declines. Because of the reducing of cocoon production in our republic, has made a number of
problems in the equipment of sericulture institutions with raw material. However, if we analysed
statistical indicators, an increase was recorded in the production of silk (272.4 thousand meter
silk in 2015) for foreign cocoon feedstock.

According to the statistics of 2015, 109 million manat industry production has been
produced in Sheki-Zagatala economical-geographical region that, 1% of it is non-oil sector. But,
1.8% of common industrial product produced in this economical-geographical region known as
textile, specially sericulture is textile industry. More miserable is existing textile only in Sheki
(99.6%) and Zagatala (0.4%) [2]. If we take into consideration of this indicator beeing poor, This
is a very low figure given that the future development of sericulture new jobs angles, which
could be of interest to tourists in the production of better quality and have a positive impact on
the tourism sector.

If we take into consideration of this indicator beeing poor, the new work places will open
with the development of sericulture in the future, and it will influence tourism industry.

In general, the development of sericulture in Sheki-Zagatala economical-geographical
region can be considered one of the factors influencing positively to the development of tourism
in the region. Because kelaghayi, yaylig, and towel made from silk cause the interest of tourists
and bought them as souvenirs. These propagate as both an advertisement, and cultural heritage.

The majority of tourist companies acting in our republic study the tourism market of the
distant countries, and offer tourism routes which are traditional for world tourism. Opportunities
of tourism business limited not only by the excursion type of tourism. To expand the scope of its
operating, companies are able to use the other types of tours. First of all, it allows the
opportunity of paying the vast majority of tourist companies to the tourist firms [5]. Besides to
organize new routes, firms must realize local souvenirs which can cause interest of tourists
coming to the region, traditions, advertisement characteristic propaganda works. Rural tourism
is considered more promising in Sheki-Zagatala economical-geographical region, that sericulture
can belong its main area. But for it special attention must be shown to the feedstock base of
sericulture, credit should be given with concession to local farmers, the products made from silk
must prefer.

Tourism service is a labor-intensive field, and opens broad prospects for the development
of small and medium business. Getting income in short period of time causes the interest of
entrepreneurs. The development of the tourism sector is great importance in opening new work
places, reducing unemployment, preventing migration flows, creating new settlements. Some
work places have seasonal characteristics in tourism institutions and requires more women
workers (housemaid, laundress, kitchen worker, etc.) in some cases. It creates an opportunity to
earn extra income, to improve the social status of the family to local residents [4].

One of the main factors influencing the use of financial resources is tourism. Effective
management of financial resources in market economy is considered one of the priority issues
facing each economical subject. Financial is considered the only resource being transformation
in less period. Exceptional role of financial resources in market economy requires the
establishment of its independent management system [6]. If we consider the positive affection of
sericuture to the development tourism economy, in Sheki-Zagatala economical-geographical
region it needs to expand its activities, to increase level of technical armament in this area, to
produce products which are interesting to tourists. Only this time, the production-economical
action of ownership subjects has been extended, investment has been increased, the service must
improve for meeting the tourists, having a meal and remaining.

The successful continuation of the economic development strategy in Azerbaijan let
increasing potential opportunities of country economy and as a result a sustainable and stable
economic system formed. Capital investments made by the state, preferential loans allocated to
the development of entrepreneurship, realizing infrastructure projects, making favorable
condition for foreign investors has created favorable condition for the development of regions
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with high economic potential. Recently, economic reforms in our republic has shown itself in the
development of tourism industry.

If we take into acount noted above, the development of tourism sector in Sheki-Zagatala
economical-geographical region, may let the region enter international tourism industry and
remove unemployment partly.
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DYEING OF SiLK WITH NATURAL DYE SUBSTANCES
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ABSTRACT: It is important being clean of the products of food and light industry which
are directly related to human hygiene. Having antibacterial antioxidant and antifungal properties
of natural dye substances match with the conditions and it is applied with the purpose of
painting protein-based materials with natural dye. So, it has a special urgency getting the
natural dye substances, especially antocians (antociandins) without -

damaging the environment, modification of silk and other protein- ;.:,_k
based materials. &
In the presented article, the main result is getting dye matter s~ 'TF‘
from the instruction of feedstock (autumn leaf of the plant) - _;'!'f'r',,_-'_.. _
expending less energy, that without the use extaction. With this dye "ﬂ"._-" ., -
matter the natural silk was painted step by step. B T E e
Keywords: antocian, dye substances, natural silk - _ p <o)
Fulfilling method of the work: e e
Getting the dye — Obtained autumn leaf samples are dried in A e Y
drying cupboard in 40°C until getting constant weight. The dried "‘. i ) W %‘_
leaves are used. It is boiled adding 30 gram F(6) precipitator, 15 : [ ' é ok .'l

grams grinded autumn leaves and 300 m/ water. Amount of the | . ', } ‘f’ : @

.. . . . i - w -~
precipitator with grinded autumn leaf was adopted 1:2 ratio. The © I Z‘J
same mixture was made precipitate in centrifuge after the brewing 1{ g

precipitation and limped dye matter are separated each other. 'y P

Dyeing of silk:  For the coloring of natural silk, the ‘ E—
preparation of the material to be painted is carried out. In Fjg, 1. painted fibroin with
preparation, 2 grams of pure and dry silk is immersed in 20 ml 1% amaranth juice.
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(CS(NH>)2) solution and is aged for 1-2 hours and then extracted and dried.

Then it soaks with 30 m/ 3% acetic acid (CH;:COOH). After it, the silk is considered ready
for dyeing stage. The silk that ready for dyeing is inserted to the dye matter and boiled in it for 1-
2 hours. The case which has dye matter and silk in it is put aside, and the silk dried after cooling
completely. For durability and luster, the dyed silk is immersed in a 1% solution Na>SO3 and
aged for 10-15 minutes and dried in open air drawing off. After, it is steamed in 120° C. The
dyeing silk was dried once again being washed in soapy water for being ready to use (Fig. 1).

The results: It is determined that silk stained with antosyan dye deposited F-6 is resistant
to ironing, washing and porphyry products. Under the influence of sunlight, silk colored by this
dye slightly fades.
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ABSTRACT: When feeding caterpillars of a silkworm a natural forage, on fresh leaves of
a mulberry sprayed a 0,025% aqueous solution rhodamine-B and received color cocoons that silk
threads received from these cocoons give a fluorescence (bloom) in the light of UF-lamps. By
application of repeated feeding of caterpillars and cleanings of a fibroin, we specified that
molecules of fluorescent substance are included into structure of proteins of a fibroin. Therefore,
these threads can be used with success as protective threads for identification in case of
falsification of nonfoods and banknotes.

Keywords: protective thread, luminophore, rhodamine, identification and falsification,
fluorescent threads, protection of banknotes, nonfoods

Introduction

As is well known, a fluorophore is a carboxylic or heterocyclic core, which absorbs the
energy of a certain wavelength and then releases energy with a different wavelength.

The development of market relations in the modern world has brought both positive and
negative changes in the economy. There are positive aspects of this period: providing the
population with high quality products in a necessary range, achieving a certain image,
competitiveness and demand for manufactured goods. But the growth of inflation, the gap of
economic ties, raw materials and production problems, low solvency of the population, the
constant competition of manufacturers entail negative consequences, most important of which is
the spread of industrial goods and banknotes falsification. Imperfect laws and regulations, low
consumer awareness and weak protection of their interests favor the development of falsification
and various types of violations and abuses, which must be prevented. Since the object of
falsification is a product and bank notes submitted to the open market by competing entities, the
consumer gets an objective need to identify product and banknotes.
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Identification and falsification of non-food products and banknotes as a specialized
discipline based on scientific research. For example, chemistry helps in the identification of raw
materials and raw products, physics allows identifying the mechanical, electrical, thermal and
other physical properties of products, biology - to identify the nature of origin of raw materials.
Of course, in this case the manufacturer needs to choose such a remedy that will cost
inexpensive, but it may cause great (or even insurmountable) problems for falsifiers. [1]

Protection of banknotes by phosphors - paints, fluorescent under ultraviolet light (drawings
and colored fibers). The recognition of such fluorescent paints is intended more for visual
perception as emission spectrum from invisible ultraviolet area is actually transferred into the
visible area of the corresponding color.

It is known that one of the most widely known and most reliable ways to protect products,
banknotes, securities and light industrial products from counterfeiting is using a variety of
security threads. A security threadis a security feature of many banknotesto protect
against counterfeiting, consisting of a thin ribbon that is threaded through the note's paper.

Currently, more than 80% of the banknotes of the world are provided with them. Security
threads may be solid and windowed, metallic and non-metallic, with ferromagnetic
characteristics and without them, metallized and unplated, with text and without it, fluorescent,
with optical-variable effects, and others. There are also windowed threads, luminescent under
UV light. [2].

Authors of works report that they have developed a simple, rapid, commercially viable
method to isolate fluorophores (from sericine Sh.Y.) from the cocoon of the silkworm shell.
According to the authors received silk fluorophores can be used as a fluorescent dye in the
bio-imaging.

As we can see, the actuality of the issue is
specified by economic factors (economic disbenefit lay
on producers), as well as great importance has the human
health preservation since falsified products often appear
to be simply dangerous for human health. Under the
fierce competition in the market, crisis in the global
economic system, accession to the World Trade . T
Organization (WTO), it is necessary to improve the Credit image: Natalva C. Transil
technology of identification and falsification of non-food DOIL:10.1002/adma 201003860
items, and notes.

The aim of this research is to develop a method of direct integration of the chromophore in
the fiber, i.e., inclusion of luminescent substances - rhodamine-B into silk fibers and to receive
fluorescent silk threads in the UV-lamp light as well as to offer to use these threads as the
security thread. The goal was achieved by simply changing the food ration for silkworm
caterpillars - the introduction of rhodamine-B to the natural food of the silkworm - spraying an
aqueous solution of a fluorescent substance on mulberry leaves as a food addition.

Research methods

Depending on the type of silkworm, cocoon color varies from white to yellow, golden
yellow and brown. Colored substance is contained in the sericin and is deleted during the
removal of sericin from silk yarn or fabric by boiling them in soapy water. The necessity of such
removal related to the fact that the natural coloring is not very resistant in future complicates the

110



yarn dyeing. [4]. Consequently, molecules of dye or fluorescent substances molecules should be
included into the macromolecules of fibroin for the stability and resistance of color in silk yarn
or fabric,. Because the main thread of silk is obtained after removal of sericin and consists of
fibroin protein substances.

We selected rthodamine B and the choice of this substance was related to the fact that
rhodamine dyes have high absorption factor, broad fluorescence in the visible range of the
spectrum, a high quantum yield of fluorescence and light fastness. All these properties of Rhoda
mine-B make it a very good fluorescent probe. The main xanthene dye is a fluorophore. [5].
Among the most frequently used types of rhodamines are Rhodamine 101 and Rhodamine-B.
[6]. Moreover, there are a sufficient number of scientific papers devoted to feeding of silkworm
by rhodamine and obtaining the modified fibroin from these substances. [7]. The authors of
works for studying the fluorescence characteristics of Rhodamine-B in different fibroin samples
containing different amounts of fluorophores generated by UV radiation at Aexposure=546nm.
Fluorescence spectra are displayed with maximum intensity at Aexposure = 568 nm.

Nowadays, modifying of the fibroin by fluorescent substance is performed mainly by the
addition of these substances in the feed of silkworm. Researchers at the Institute of Materials
Research and Engineering in Singapore have registered how silkworms fed on by fluorescent
chemical dye - Rhodamine-B [9]. The authors of these works are sure that the process of adding
these substances in feed of silkworms could eliminate the traditional staining methods that
pollute sewage. They are starting from the third day of the fifth instar, mixed Rhodamine-B in
artificial feed the silkworm, at a concentration of 0.05% by weight of feed. Caterpillars have
begun to curl a normal, full dyed cocoon on the tenth day of the fifth instar. Besides color, no
other physical difference was observed between the colored and white cocoons which have been
produced by the experimental and control batches of silkworms eating food laced with
rhodamine B, and without it. In experimental batches the body of silkworms and silk produced
by them thread are fluorescent; appear to be orange emission under ultraviolet light. (pic.1).

Main Part

We also performed experiments since the third day of the fifth instar of caterpillars, breeds
SHZEM-4. Used 0.025% aqueous solution of rhodamine-B, as the fluorescent substance. The
solution was sprayed on mulberry leaves. An experimental batch of caterpillars was fed by this
food. A control batch of caterpillars mulberry received feed without any additives. Keep strict
watch the caterpillar eat only fresh food. The control and experimental batch supported the same
conditions and feed 1is evenly
distributed over the entire surface of
their feedlot. Both batches received
the same portion of food and
developed equally.

On the picture 2 are shown the L ¥ , v iy
caterpillars of a silkworm, as seen = S : v s -
caterpillars fed by mulberry leaves Y RS | o z 3

.‘.- L

or mulberry, after three days from pg. 2

.V ryceHm| IHTAHIIMXCS JIHCTEAMH TYTOEOTO JEPEEA WIH
the start of feeding, which has a memxoemm, nocne Tpex mHeli 0T HaYana BCKAPMIME AHHA KOPMOM,
rhodamine_B’ begins Change of the E KOTOpOM HMEETCH pﬂ,[[EMHH-B._ HAYHHAETCA HIMEHEHHE IEBEETA

body cover color. i
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Silkworms of an
experimental batch curled
cocoons successfully (Pic. 3).
After  that, we  have
determined the content of
sericin and fibroin in cocoon
shell. It was found that the
content of sericin and fibroin
in cocoon shell of an

] Pnc. 3. [IpeTHEI® KOKOHEL NomydeHHEle B lerpmckoM PernoHamsHOM
experimental batch makes Up  Hayupoy Ilenrpe Hamonam Hoit Axamenm Hayk AszepGaiimxana.
to 25.5% and 74.5%, while in

the control the party - 26.1% and 73.9%, respectively.

We have found that when leaving the cocoon, butterflies from an experimental batch
(taking food with the addition of rhodamine-B) have a dark brown color with orange shades.
And butterflies from the control batch have typical for SHZEM-4 breeds - white color. It is
known that newly laid eggs of the silkworm have pale yellow color. Then they gradually darken,
turning orange, red, purple and finally becoming dark gray or slate-gray (4-6 days after
depositing). As we can see from Pic.4, the butterflies from experimental batch laid graines of
orange colors and butterflies from control batch of pale yellow.

Puc. 4. 5abo4rH TYTOEOTO IIENKONPATA H OTKIATeHHEIE HMH SHa (TpeHs! ):
3 - U3 KOHTPONEHOH NapTHH, b - U3 OMEITHOH MapTIL

After processing the silkworm eggs in a known manner - with hydrochloric acid larvae
hatched from the eggs and the second feeding loop started. When caterpillars grown enough,
rhodamine B is added into their ration by spraying 0,025% water solution, later the cocoons
appeared. Unlike the first generation, the second generation of cocoons is heavier in weight and
has a thread longer than about 100-150 meters. However, they need less feed.

A caterpillar grows about 27-days. During this time, its weight increased approximately 10
thousand times. Experiments show that the process of integration of the chromophore into the
fibers has rich nature.

Proteins that are closely related to the chitin give durability to the cuticle of insects. In the
fully hardened cuticle they lose their flexibility and ability to stretch, turning in particularly
strong sclerotin. Consequently, sclerotization of cuticle can be seen as a process of formation of
sclerotin. [9]. All these facts show that during feeding the silkworms by feed with addition of
rhodamine B, the fluorescent substance molecules easily enter not only the structure of fibroin
and sericin, but also in the structure of other proteins.

Conclusion
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When feeding silkworms by natural forage of mulberry by spraying of 0,025% rhodamine
B water solution on the leaves, fluorescent substance molecules enter fibroin and sericin protein
structure which enables to obtain the fluorescent silk threads in the light of UV lamps. These
threads can be successfully used as a security thread to identify in case of falsification of non-
food products and banknotes.
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THE ROLE OF ADAPTIVE SELECTION IN CREATION OF BREEDS’
PRODUCTIVITY
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ABSTRACT: The results of the experiment show that spring, summer and autumn
feeding has highly effectiveness in the method of selection. Analysis of the scientific research
has been identified that some biological features of mulberry silkworm such as the weight of
moist cocoon, the weight of cocoon shell and the silkiness of moist cocoons change in response
to changing environmental conditions.

Key words: weight of moist cocoons, the weight of cocoon shell, moist silk cocoons

B.H Abbasov has listed few factors in his work that are impact on effects of selection and
genetic improvement of populations. He founded that there are a significant correlation between
transferred by inheritance and large-scale farm selection characteristics.
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R.A.Huseynov, A.Q.Bekirov has indicated that ability of living increases by 6.6%, weight
raises by 5.8% and productivity of 1 gram worm cocoons increases by 15.8% and also silk
production improves by 15%-20% among cocoons hybrid with (Japan bivoltin 110) cocoon
and lived in the same conditions.

A.H.Mustafazada is noted in his whitepaper named “Silkworm Guideline” that there is a
significant correlation between time to revive of cocoons and the time to begin incubating. The
climate in our Republic is quite diverse.

R.Hajiyev is noted in his whitepaper named “Ways to enhance the economic benefits of
silk” that productivity decreases per box per collective-farm when re-feeding during the summer
time.

Z.A.Akhundov, N.M.Mammadov has mentioned that 5th age mulberry silkworm cocoons
that sitted on the roof ties up on average 12,9-14,9% less cocoon compared to silkworm feeding
inside the building - 8.2kg less cocoon generated per box per stall-type buildings and 9.6kg less
cocoon generated per box ceramic-covered buildings.

With no doubt, there were some scientific achievements of selection science during the
twenty-first century. Over the years, many efforts of breeders of all species, varieties and hybrids
putted to achieve the high-performance under the favorable conditions and all of these leaded to
get the great results.

Therefore, the most important issue in front of breeders was to create new breeds and
hybrids with an ability to live different agro-ecological climatic conditions which can also give a
stable product and has a long life expectancy.

Creating mulberry silkworm breeds with capacity to generate enough productivity in the
different agro-ecological climatic conditions, particularly the unfavorable environment is one of
the significant economic issues.

Scientific research has been done by "Mulberry silkworm selection" section of the Sheki
Regional Scientific Center

Couple of factors have taken into account to improve the selection process of mulberry
silkworm. Such as weight of the moist cocoon, life expectancy of mulberry silkworm and ability
of silk-production. The biological parameters of selection lines were determined in the following
order. Duration of feeding, start and end of the mulberry silkworm feeding period is recorded.
Dead mulberry silkworm and the remaining have been registered.

Biological indicators of cocoon have been defined based on the weight of mulberry
silkworm, weight of cocoon’s lines which were taken from 25 male and 25 female families.

There were conducted experiments among Yagub, Chingiz and Sheki-1 x Sheki-2 (control)
species and hybrids during the spring, summer and autumn period. Fourth line of Chingiz,
selective signs of spring and summer of the other two lines of second generation, the average
prices of the selective signs and environmental settings presented in table 1-3Ne.

A comparative analysis of the figures in this table shows that author compared the average
price of breeding lines and masses of cocoons’ lines, especially average prices which collected in
pesimal conditions. Price of selection index was much higher in summer feeding compared to
spring feeding. Once adaptive selection and breeding lines are being carried out correctly and the
next generation of high intensity, it gives reason to expect a significant increase in parameters.

Mulberry silkworm breeding adaptive clarified during the breeding experiments. One of
these genotype (family) with the sign of the productivity and efficiency of the environmental
sustainability of its strong negative correlation between whether or not the issue.

Taking all these into account, selection project proceed in two direction. Means, spring and
summer feeding divided into two parts per each family.

It is clear from the table that highest results of moist cocoon weights in spring feeding have
been observed among Chingiz, Yagub species by 2.27 - 2.32 in optimal conditions and by 2.06 -
2.12 gram in pesimal condition. Weight of moist cocoon’s lines recorded 492-498 mg in optimal
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condition, 444-453 mg in pesimal condition. Silk-production capacity of moist cocoon was 22,7-
23,9%, in optimal condition, while 22,4-23,8% in pesimal condition.

The weight of moist cocoons’ during summer feeding was 2,28-2,30 gram among Chingiz
and Yagub species in optimal conditions, while 2,23 gram in pesimal condition.

Table Nel
Optimal conditions (spring) Pesimal condition (spring)
Weight of Weight Silk-produc- Weight Weight of Silk-produc-
Names moist of tion capacity of moist cocoon’s tion capacity
cocoons, g cocoon’s of moist cocoons, line, mg of moist
line, mg cocoon, % g cocoon, %
Sheki-1xSheki-2 1,96 469 21,3 1,80 428 20,9
(control)
Chingiz 2,32 492 23,9 2,12 444 23,8
Yagub 2,27 498 22,7 2,06 453 22,4
Table Ne2
Optimal conditions (spring) Pesimal condition (spring)
Names Weight of | Weight Silk-produc- Weight of | Weight of | Silk-produc-
moist of tion capacity moist cocoon’s tion capacity
cocoons, g | cocoon’s of moist cocoons, g line, mg of moist
line, mg cocoon, % cocoon, %
Sheki-1xSheki-2 1,94 470 21,4 1,86 442 21,2
(control)
Chingiz 2,30 492 242 2,23 471 23,7
Yagub 2,28 505 23,1 2,23 488 22,7
Table Ne3
Optimal conditions (spring) Pesimal condition (spring)
Names
Weight of Weight of Silk-produc- Weight of Weight of Silk-produc-
moist cocoon’s tion capacity of | moist cocoon’s line, | tion capacity
cocoons, g line, mg moist cocoon, cocoons, g mg of moist
% cocoon, %
Sheki-1x
Sheki-2 1,98 482 22,4 1,82 452 22,2
(control)
Chingiz 2,29 514 243 2,25 499 23,8
Yagub 2,39 530 23,7 2,39 530 24,6

The weight of cocoon’s line during summer feeding was 492-505 gram among Chingiz and
Yagub species in optimal conditions, while 471-488 gram in pesimal condition.

The silk-production capacity of Chingiz and Yagub species during summer feeding was
23,1-24,2 % in optimal conditions, while 22,7-23,7% in pesimal condition during the summer
feeding.

As a result of selection process, weight of cocoon was 2,29-2,39 gram during the autumn
feeding under optimal condition, while 2,25-2,39 gram under pesimal condition.

The weight of cocoon line was 514-530 mg during the autumn feeding under optimal
condition, while 499-530 mg under pesimal condition.
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The silk-production capacity of moist cocoon was 23,7-24,3% during the autumn feeding
under the optimal condition, however, this was 23,8-24,8% in pesimal condition.

The study among experimental species of Yagub, Chingiz, found that weight of moist
cocoon and silk-production capacity during the summer feeding has been 0,31-0,36 gram higher
compared to other cocoon species’ lines.

The weight of the moist cocoon Yagub, Chingiz lines in summer feeding 0,26-0,32 gram
per item was higher in pesimal condition.

In general, our practice has identified major indicators during the spring, summer and fall
feeding per lines. Then all of these have been compared to the average prices of the leading
symptoms of qualifying during the spring, summer and fall feeding in optimal and pesimal
conditions. We have identified during the process that the weight of one moist Yagub, Chingiz
cocoon during the spring, summer and fall feeding under optimal condition was 2,27-2,39 gram.
The weight of one moist Yagub, Chingiz cocoon lines during the spring, summer and fall feeding
under pesimal condition was higher 2,25-2,39 gram.

The weight of one Yagub, Chingiz cocoon during the spring, summer and fall feeding
under optimal condition was 514-530 gram. However, the weight of one Yagub, Chingiz cocoon
during the spring, summer and fall feeding under optimal condition was 499-530 gram.

The silk-production capacity of one moist Yagub, Chingiz cocoon during the spring,
summer and fall feeding under optimal condition was specially distinguished and increased by
22,7-24,3%.

The silk-production capacity of one moist Yagub, Chingiz cocoon during the spring,
summer and fall feeding under pesimal condition was specially increased in fall by 23,8-24,6%.

The results of our experiment proves that selection method is highly efficient during the
spring, summer and fall feeding. As a result of the analysis of scientific studies have come to the
following conclusions:

1.That has been determined, biological features of the moist mulberry silkworm cocoons,
weight of their lines and silk-production capacity are changes in response to changing
environmental conditions.

2.Results of new adaptive selection methods on Yagub, Chingiz and Shecki-1xSheki-2
species and hybrids by using new methods, 2 new Yagub, Chingiz species have been created
with high environmental tolerance and performance.
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Bombyx mori L. was described by Linnaeus in 1758 and belongs to the order Lepidoptera
and the family Bombycidae. B. morihas been domesticated for approximately 5000 years using a
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practice called sericulture. The silkworm is a well-known lepidopteran, and it has been used as a
model system to provide a rich repertoire of information related to genetic mutations that affect
morphology, development, and behavior (Arunkumar et al., 2006). This species has been used as
a source of silk production and has lost some features through many years of breeding under
artificial conditions and the domestication process.

Silkworm is using widely in basic research in biotechnology and molecular genetics as a
model insect. It is worthy to say, due to adaptation of different breeding technologies as well as
bio-molecular technologies through utilizing the sequential knowledge of proteomic and
genomic trends to fulfill the age-old dream of sericulture scientists (scions) to make silkworm
become a “molecular model” in the advanced bio-molecular world.

Different Molecular Markers

The emergence of marker systems has closely followed RAPD & ISSR application for the
molecular genetics in Bombyx mori L. developments in biochemistry and molecular biology for
the past 40 years (Hubby and Lewontin, 1966). The shortcomings of biochemically derived
markers such as Isozymes, drove the development of markers based on DNA polymorphism
(Kan and Dozy, 1978).

Markers are entities that are heritable as simple Mendelein traits and are easy to secure
(Schulman et al. 2004). A genetic marker is a variant allele that is used to label a biological
structure or process through the course of experiment, (Griffiths et al. 1996). Essentially, it is a
“signature” in the DNA that follows diagnostic detection of DNA sequence variation existing
between species and varieties. Today, genetic markers are used in both basic research and
breeding to characterize Germplasm, for gene isolation, marker- assisted introgression of
favorable alleles, production of improved varieties (Henry 2001), and to obtain information
about the genetic variation within population. Genetic markers can be divided into three classes;
morphological (variation at phenotype level), biochemical (variation at gene product level) and
molecular (variation at DNA level).

Molecular markers are specifically developed to detect variation at the DNA level which

can be diagnostics for a genotype, variety or species. Strictly defined, a molecular marker
identifies changes in the DNA sequence. Molecular markers allow rapid identification of
breeding lines, hybrids, cultivars and species, facilitate genetic diversity and relatedness
estimations in Germplasm and they allow phylogenetic relationships to be established with more
accuracy than was previously possible with morphological and biochemical techniques.
Molecular marker can be classified into two major groups; those base on DNA-DNA
hybridization between a DNA or RNA probe and total genomic DNA (e.g. RFLP and dot-blot
assay) and those based on the PCR amplification of genomic DNA fragments (e.g. RAPD,
SCAR, SSR, AFLP, SNP, etc.). However, some assays combine features from both (e.g. RBIP).

More often, molecular markers are classified on a chronological basis (Table-3).The first
generation of the DNA markers included RFLP and RAPD and it has not lived up to initial
expectations as universal genotyping assays. The technical limitations of RFLP (Karp et al.1996)
and lack of reproducibility of RAPD assay (Staub ef al.1996) have directed scientists towards the
development of newer molecular markers that are most robust. In the latter half of the 1990s,
three PCR based marker systems gained popularity for harvesting the potential offered by
variations at the DNA level in tissues, these were AFLP, SSR and retrotransposon-based
markers.

Driven by the need to reduce the cost and increase the information content of molecular-
based assays, the research community has begun to exploit the large amount of DNA sequence
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becoming freely available through the databases (www.ncbi.nim.nih.gov) to generate a number
of novel, so-called third generation marker assays. The primary focus has fallen on SNPs, each
of which represents a defined position at a chromosomal site at which the DNA sequence of two
individuals differs by a single base. SNPs that were first described by (Jordan and Humphries,
1994), have become the marker of choice by virtue of their genome coverage and the parallel
testing procedures that enables thousands of loci to be assessed within a single experiment.
Recently attempts have been initiated to construct the preliminary linkage map using RFLP,
which is one of the earliest molecular mapping techniques to be used (Goldsmith et al. 1994).

DNA extraction and yield (SinghH.R1 et al)
Table 1. DNA yield obtained from silkworm strains with different treatments.

Silkworm L1260/ L1260/ DNA* DNA yield, pg/g
L.280 L.230 concentration, pg/ul tissue
A (Alcohol + Li. nitrogen) 1.94 2.07 0.274 548
B (Without alcohol & Li. nitrogen) 1.97 2.11 0.145 290
D (Alcohol) 1.82 2.13 0.200 400
*DNA diluted a thousand times to measure OD.
Main RAPD primer

Table 2. The nucleotide sequences of the primers, number of amplicons, fragment sizes, and
number of polymorphic fragments scored using RAPD profiles of 11 muga silkworms,
A. assama DNA in a PCR.
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S/N RAPD Nucleotide Number | Fragment size | Polymorphic
Primer sequence (5°(13’) | of amplicon| range (bp) fragment
1 BGA-01 CAGGCCCTTC 6 350 ->1000 6
2 BGA-02 TGCCGAGCTG 10 450 ->1000 10
3 BGA-05 AGGGGTCTTG 9 150 ->1000 9
4 BGA-16 AGGTGACCGT 9 400 ->1000 8
5 BGC-12 TGTCATCCCC 11 250 ->1000 11
6 BGD-19 GGGGTGACGA 7 400 ->1000 7
7 BGK-01 CATTCGAGCC 9 400 ->1000 9
8 BGK-19 CACAGGCGGA 8 300 - >1000 8
9 BGL-02 TGGGCGTCAA 12 200 ->1000 12
10 BGL-06 CAGGGAAGAG 9 200 ->1000 9
11 BGL-17 AGCCTGAGCC 17 400 ->1000 17
12 BGM- 20 AGGTCTTGGG 8 300 - >1000 8
13 BGN-03 CTGTTGCTAC 9 300 - >1000 9
14 BGN-04 GACCGACCCA 12 300 - >1000 11
15 BGN-05 ACTGAACGCC 9 150 ->1000 9
16 BGN-16 AAGCGACCTG 10 250 ->1000 10
17 BGW-01 CTCAGTGTCC 8 400 ->1000 7
18 BGW-02 ACCCCGCCAA 13 250 ->1000 12




19 | BGW-03 | GTCCGGAGTG 10 150 - >1000 10
20 | BGW-04 | CAGAAGCGGA 7 450 - >1000 7
21 | BGX-06 | ACGCCAGAGG 9 175 - >1000 9
22 | BGY-02 | CATCGCCGCA 5 350 - 900 5
23 | BGY-03 | ACAGCCTGCT 5 350 - 1000 4
24 | BGY-04 | GGCTGCAATG 8 375 - >1000 6
25 | BGY-05 | GGCTGCGACA 7 275 - >1000 4
26 | BGY-06 | AAGGCTCACC 10 350 - >1000 4
27 | BGY-07 | AGAGCCGTCA 4 280 - >1000 9
28 | BGY-08 | AGGCAGAGCA 9 300 - >1000 8
29 | BGY-09 | AGCAGCGCAC 7 250 - >1000 5
30 | BGY-10 | CAAACGTGGG 4 200 - 900 4
31 | BGY-11 | AGACGATGGG 5 250 - >1000 4
32 | BGY-13 | GGGTCTCGGT 7 300 - 800 7
33 | BGY-14 | GGTCGATCTG 6 250 - 1000 6
34 | BGY-16 | GGGCCAATGT 8 200 - >1000 7
35 | BGY-17 | GACGTGGTGA 10 400 - >1000 10
36 | BGY-18 | GTGGAGTCAG 12 200 - >1000 12

309 293
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ENVIRONMENTAL CONDITIONS
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ABSTRACT: The article presents the results of studying the influence of ethological
characteristics of mulberry and oak silkworm on the degree of intensification of their cultivation
technologies. Anthropogenic silkworm is adapted to the highly intensive cultivation in
artificially created environmental conditions. Semi-wild oak silkworm is better adapted to
extensive farming in natural conditions. With the advent of the market economy, new materials
and technologies, a significant intensification of oak silkworm cocoon production is possible.
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Chinese oak silkworm (Antheraea pernyi) originated in north-eastern areas of China
(Shandong Province and Manchuria). This area is characterized by hot and humid summers and
is also a habitat of wild Chinese oak silkworm. Here the main world oak silkworm breeding
centers are located. All of the evidence in the available historic records suggests that Chinese oak
silkworm was first domesticated around the 16th century, and then it was introduced directly and
indirectly into the present habitations (China, Japan, Korea, Russia, Spain, etc.) after the late
17th century. In Russia Chinese oak silkworm first appeared in 1873, when Russian merchants
brought silkworm cocoons from China [1].

Researches on acclimatization and selection of oak silkworm in USSR began at our
research station (Federal State Budget Scientific Institution Research Station of Sericulture) in
1929. Researches on in-forest rearing of imported oak silkworm breeds were also conducted in
Ukraine, Belorussia, Bashkiria, Chuvashia, Mari Autonomous Soviet Socialist Republic and
central part of Russian Soviet Federative Socialist Republic. It was impossible to rear bivoltine
oak silkworms twice a season due to long larval stage and short vegetation period of forage
plants. Sericulture farms were short of forage for the second generation of silkworms and were
unable to obtain reproductive material. To solve this problem, they started to breed monovoltine
oak silkworms.

As a result of long-term line selection conducted under the guidance of Ukrainian prof.
Sinitsky, a new monovoltine breed of Polesie tassar appeared in 1973 [2]. Breeders also found
the way to feed oak silkworm with leaves of other plants (willow, birch) and to increase its
breeding rate.

Researches were conducted in Belorussia to put oak silkworm into industrial production as
a forage for silkworms. The scientists of Zoology Department in Vitebsk State University L. 1.
Radkevich, V. L. Radkevich and S. Babitsky were managing those rearings. They took over the
researches on breeding local oak silkworm breeds fed on different types of forage and adapted to
Belorussian environmental conditions. These researches still continue [3]. Rearing is performed
in plastic-covered greenhouses with high air humidity and high temperature. Plant leaves are
stored in underground store rooms with low temperature and high air humidity.

According to A. A. Litvinenkov, who studied oak silkworm rearing in Belorussia and fed
leaves of Salix cinerea L. and S.vi-minalis L. (plants recover quickly after cutting) to the larvae,
during the forth year of vegetation, when Salix cinerea L. is cut 100 cm above the ground, the
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recoverability of leaf-bearing shoots is 106.8% and the leaf biomass increases on 102.8%.
Besides, the willow planting material for forage plantations is cheap. After two years of
researches the acclimatization of Salix Sinerea L. with cleft-graft scions has reached 50.8% on
the average. It is possible to obtain up to 23 tons of leaf-bearing branches or up to 9 tons of
willow leaves from 1 ha of willow plantations. This gives the possibility to feed up to 2 kg of
oak silkworm eggs on 1 ha of willow plantations thus obtaining 300-500 kg of raw cocoons.
According to our findings, this corresponds to the productivity of mulberry silkworm when
taking 1 ha of today’s rainfed mulberry plantations. However, it is important to note that forage
to silk conversion rate is lower in oak silkworms. It happens because oak silkworm cocoons
contain twice less silk than cocoons of mulberry silkworms.

The article presents the results of studying the influence of ethological characteristics of
mulberry and oak silkworm on the degree of intensification of their cultivation technologies. We
have analyzed Russian and foreign scientific literature and articles (including results of earlier
researches conducted in the past century at our Research Station of Sericulture) as well as the
results of modern laboratory experimental rearings at our Research Station [5,6].

While undergoing domestication mulberry silkworm’s productivity has increased and it has
suffered a number of ethological changes that have influenced its rearing and breeding
technology. Among them are simplified behavioral response, loss of function of some organs
(sluggishness of silkworms of late instar, adult moth’s inability to fly due to wing muscle
atrophy) and intensification of breeding and metabolism rates due to environmental and feeding
changes at larval stage [7]. After several thousand years of selection mulberry silkworm has
become fully domesticated and, as opposed to oak silkworm, has lost its ability to survive in wild
nature. Mulberry silkworm larvae are reared on racks in special facilities with regulated climate
(heating and ventilation) with constant supply of forage and waste removal.

As opposed to mulberry silkworm, oak silkworm larvae hold tightly to leaves and branches
and that’s why they can be reared on bushes (oak, willow and birch). It is important to protect
them from birds with a net or framed polymer covers with polyethylene film or unwoven textile
that create favorable microclimate conditions for the silkworms and plants. Such rearing
plantations, especially grown from cleft-graft scions of willow, are several times cheaper than
mulberry ones, grown from grafts. Besides, there is no need in expensive stationary rearing
facilities.

When comparing inside rearing on racks and outside rearing on bushes it is necessary to
note that due to substantial changes in night temperatures the larvae take longer (plus 18.6 days)
to grow and develop outside. The survival rate of the larvae also becomes low. Up to 52% of
larvae on bushes die and this is 32.8% higher in comparison with the survival rate of the larvae
on racks. Loss of mulberry larvae is also high, about 50% from their initial number. It is very
difficult to control the number of oak silkworms placed on the bushes, however it is also difficult
to place them on cut branches during rack-type rearing [4].

Larvae of first and second instars are restless, they sprawl over to high places and seek
light. To keep them gathered, it is better to rear them in air permeable containers all day long
(with two-hour intervals) and to feed with soft and tender young leaves. The most suitable
temperature for them is 20-25°C with relative air humidity 60-75%. Late instar larvae become
green (mulberry silkworm caterpillars are white) and one should be careful not to throw them
away with wastes while changing the forage. In this case two-stage control shall be performed. It
is also a difficult task to place the larvae on fresh forage. It should be noted that if placed on
fresh leaves randomly, the larvae will be kept in different temperatures and feeding regimes. Oak
silkworm has twice long larval stage (compared to mulberry silkworm) and this leads to non-
uniform development of caterpillars, obtaining cocoons of different sorts and decrease in rearing
productivity. Mulberry silkworm develops uniformly and this prevents food competitiveness,
increases the survival rate and productivity of rearing.
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As a result of our researches we came to the following findings: when rearing oak
silkworms indoors on racks, the cocoon output from 1g of eggs is 2.28+0.23kg (with 70%
survival and 84% revival rates). Silk content is about 11.17%+0.47%. Cocoon output of
mulberry breeds B-1 and B-2 from 1g of eggs is 4.23+0.14kg (with 94% survival and 96%
revival rate) with silk content — 23+0.12%. When fed with birch and willow leaves, oak
silkworms can produce cocoons for commercial purposes. But to obtain reproductive material
oak silkworms should be fed with oak leaves.

Oak silkworms spin cocoons right in the forage so it becomes hard to collect those cocoons
and this also increases labor and cocoon production costs. Mulberry silkworms spin cocoons
simultaneously on special racks. And in the result farmers obtain cocoon of high quality and it
becomes easier for them to remove cocoons from racks.

Low domestication level of oak silkworm hardens obtaining of reproductive material. Oak
silkworm moths mate in flight at the first night after emerging from the cocoons and lay 200-400
eggs during the second night. After that the incubation takes place and larvae emergence.
Mulberry silkworm moths are unable to fly, they are sluggish and mate in the first half of the
photoperiod. They lay up to 600-800 eggs in the afternoon and this cheapens and eases the
process of obtaining reproductive material. Mulberry silkworm eggs are ten times lighter than
the eggs of the oak silkworm. Mulberry larvae and cocoons are twice lighter.

Oak silkworm pupae diapause makes the storage, transportation, microanalysis and grading
difficult and expensive. Mulberry silkworm with its diapause at the egg-stage leaves enough time
to perform microanalysis of the adult moth and to check it for Nozema bombicis Naegeli.

Oak silkworm is genetically very sensitive to unfavorable inbreeding that dramatically (up
to 20-30%) decreases the survival rate of reproductive material during selection in primary
female lines. This can be avoided by feeding silkworms with huge amounts of forage and
frequent adding of genetic material from other non-relative breeds [8]. Inbreeding almost does
not affect survival rate of mulberry silkworms. Considering this, cost of eggs in production cost
of cocoons is not more than 5% and in oak silkworm it can be up to 15%.

All the factors described above make oak silkworm breeding very troublesome. Industrial
production and breeding of oak silkworm has not been yet performed (without taking into
consideration bioresearch stations in universities and outdated breeding centers).

As an anthropogenic object mulberry silkworm is more adapted to high-cost (facilities and
special rearing farms) and intensive cultivation in artificially created environmental conditions.
Less productive oak silkworm is more adapted to extensive technology of its cultivation with
less costs, but at the same time it requires additional costs on labor to rear and to obtain
reproductive material. Breeding process should be organized properly to obtain reproductive
material of oak silkworm (after conducting additional researches).

In non-chernozemic regions of Russia about 40 min. ha of low-productive land plots are not
used. Presently they are covered with birches and willows and can be viewed as perfect
plantations to rear oak silkworm.

There is no doubt that the productivity of oak silkworm in intensive cultivation on racks in
human-controlled environmental conditions will increase, but at the same time it will require to
understand how to pay-back for using new technological approaches.

To evaluate the possibility of industrial cultivation of oak silkworm new researches are
needed to be conducted with taking into account all the technological and economical costs
(especially at the stages of preparing forage and cocoon processing). It is also very important to
evaluate the competitiveness of products made from oak silkworm silk on domestic and foreign
markets.
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ABOUT SCIENTIFIC-PRACTICAL IMPORTANCE OF BEING CULTIVATED IN
PROGRESSIVE LANDSCAPE SURVEYS OF MULBERRIES THAT INTENDED TO
USE IN SERICULTURE

Dr. H.L.Mustafabeyli', E.K.Letifov’
1 - Head of the department of “Landscape science” of Sheki Regional Scientific Center of the

National Academy of Sciences of Azerbaijan, e-mail: husyn.mustafabeyli@mail.ru

ABSTRACT: As it is shown in the countries like China, India, Japan that sericulture
developed well, there are special plantations of high sort mulberry trees and making this type of
mulberry tree gardens is one of the norms that adopted in sericulture economy. The development
of this sector still fell behind in Azerbaijan and CIS countries. It is impossible to get qualitative
silk from the leaves of mulberry trees that having different types, maybe being infected with
diseases, and growing in random places-roadsides, yards and so on. Nowadays the time has run
out to use the leaves of mulberry trees that are among the cucurbitaceous, native bushes and trees
being infected with different fungal trees. Lately, decreasing type and biomass amount of
fitoncidal and bactericidal property of plants in the area of Sheki-Zagalata economical region
prove that, in past times the risk of being infected of trees increase. That is why, cultivation of
mulberry trees intended to use in sericulture only in progressive landscape surveys and
protecting of pine and juniper trees with forests that their surveys have high fitoncidal from each
side are considered expedient.

Keywords: fungal diseases, progressive landscape surveys, plants with fitoncidal and
bactericidal, pine and juniper forests.

During long years it hasn’t been used special plantations for development of sericulture
economy in other past USSR countries like Azerbaijan. For the best condition tree rows and
forest strips consisting mulberry trees have been made for the reason of protecting cotton fields
from the wind as in Uzbekistan (3). In Azerbaijan, especially in the area of Sheki-Zagatala
economical region sporadic mulberry tree gardens have existed. But, because of its locating
surround of planting and vegetable garden areas, it caused being infected with the disease by
means of agrocultures-tomato, cucumber, potato, cabbage, watermelon, bean and so on. which
are potential carriers of different fungal diseases. In many cases, in roadsides, sometimes in
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courtyards it is used mulberry trees which are happened occasionally and differed one another
for species diversity. When it is used for feeding of silkworms it arouses suspicion getting
qualitative silk product. Whereas this problem has been solved in certain amount in China,
Japan, India those are famous in sericulture. In these countries it has been paid attention making
special plantations consisting of mulberry tree sorts tested in practice.

Lately, as a result of researches and monitoring in low mountainous, foothills and Kura-
Ayrichay valley of Sheki-Zagatala region in “Landscape” department of ANAS, SRSC it was
known that, amount of tree, bush and grass plants those have phytoncide and bactericidal
characteristics decreases gradually. This fact confirms that, it may adopt reducing fitoncidal and
bactericidal plant types for both quality and sort quantity and biomass which protecting them
from disease. Increasing of quantity and scale of viral, bacterial and fungal diseases like powdery
mildew, brown spottiness of leaves, microphylla frizzy, bacterios, uproar mushroom, gum, rotten
roots, and so on. is related with the above argument.

Recently, the scale of regressive processes observing in local natural and anthropogenic
landscape structure strengthened much more. In the root of regressive processes stand different
reasons- increasing toxic matters in air, water and soil with the influence of industrial processes,
land degradation, desertification and invasion processes in semidesert areas. As a result, it is
observed rising fungal, bacterial and viral diseases in existing biogenesis (1,2).

1) One of them is invasion processes. When it is organized transferring different plant types by
people and not to meet its opponent in this area, it takes place developing fast without feeling
any danger. This resettlement and migration associated with mass non-periodic and
anthropogenic activities are usually observed with mass energy and transferring matters. In
contrast to the simple migration, invasion migrants may destroy vegetation in the new settlement
area and shatter normal life style. It should take into account that, after the Azerbaijan Republic
gained independence in 1991, serious anthropogenic and invasion changes have taken place in
agrobiosis of the area as a result of leading reforms (destroying collective and state farms and
privatization of lands) in his agriculture sector. So, mulberry and mulberry bush gardens which
used in sericulture shattered, instead of them plantation of different cucurbitaceous and fruit trees
were made.

2) The main features of semideserts are being without plant cover and departing areas having
separate plants with bare lands, advantage of exhalation from rainfall (3-6 times) and being loose
of river tracery. Nowadays in Azerbaijan dry subtropical semidesert landscape has a great place
which is prone to desertification and biomass of valuable xerophytes herb plants and declining
species diversity. Most parts of Kur-Araz lowland, Jeyranchol, Samur-Davachi, Araz plains,
Gobustan, Absheron peninsula and Ajinohur plateau in the area of Sheki-Zagatala economical
region belong to semidesert landscape. These semideserts was used as natural pasture during
many times. Among these herb plants there are many valuable xerophytes, absinth, ephedra,
thyme, alhagi, rue, astragalus, medick, ferula, halocnemum strobilaceum, echinacea and so on. If
we take into consideration symbiotic relations among the herbs, we consider expedient
protecting high-sorted mulberry trees plantation with forest lines consisting phytoncidal pine and
juniper tree sorts. We must noted that, in dry subtropical areas pine and juniper tree sorts create
natural surveys in Jeyranchol area. Central lowland and Ajinohur area of Sheki-Zagatala
economical region using the help of these trees may consider promising. For the foothills and
low mountainous areas of Sheki-Zagatala economical region it is possible to make healthy
phytocoenosis with using Crimean pine which is characterictic for Sheki Pine forest and local
foothill juniper sorts.

3) In last decades the degradation of the lands of Kura-Ayrichay valley belonging to mild climate
zone is observed (Fig. 1).

4) Here, it must be noted decreasing of soil fertility as a result of human farm action or arided
natural factors. In degradation of lands shattering lands with physical-hydrophysical changes,
decreasing of chemical-mineral matters amount, derivative arthritis, contamination with
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xenobiotics besides becoming worse of its structures gradually, decreasing of humus amount,
destroying land structure are characteristic. Decreasing soil fertility related with the weakening
of species diversity of plants, changing quantity and ratio of soil microorganisms as a biological
factor.

RUSIYA

IRANM

Fig. 1. Red circles: Progressive landscape surveys

Mulberry silkworms which are sensitive to the cleanness of environment are considered
the most accurate indicators of the pollution of environment. Diseases in mulberry tree and its
leaves causes arising several problems (perishing grain, different disease cases in caterpillars) in
cocoon worms. That’s why, we consider expedient growing up mulberry trees in possibly
progressive landscape surveys and showing attention to biogeochemical characteristics of these
surveys.

Among biogeochemical characteristics of Sheki-Zagatala regions unique ecogeographical
environment has formed related with the action of biofil elements group (5). Lately, regressive
biogeochemical environment type judges which is characteristic with high background of carbon
and sulfur oxides in Azerbaijan as most countries of the world. In such ecological condition,
especially increasing amount of sulfur in soil and water, having toxic character of several heavy
metals- U, Te, Hg, Ir, Os, Bi, Ba, Sr, As and so on. in usual background amount (4). Vice versa,
chemical elements like K, Fe, Co, Zn, Mo, J and others which are useful in biological processes
have little importance in regressive biogeochemical environment. Only in normal or progressive
landscape complex, development of lively organism these elements have great role in the
synthesis of proteins and enzymes and in carbohydrate metabolism.

When making special mulberry trees plantations, we must try its progressive dynamics-
development take place without changing appearance of landscape and biological productivity.
Gradual increase of plant mass, useful mushrooms, microorganisms, insects, birds and animals
or decreasing harmful plant and insects are observed with the thickness of land, fertility and
development of structure. For this optimization of existing landscape structure, actions system
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directed to rise its productivity, floristic and faunistic richness and appearance aesthetics must
been realized. Long-term perspective of economy development and taking measure for attaining
the most rational ecological balance in protecting life condition of people and biological
diversity were considered ahead problems.

Today it needs to take into consideration the aftereffect of global warming process that is
actual for the Earth in morphological structure of landscape zones of Azerbaijan. In connection
with the approaching global warming process the probability of drying mountain lakes in
Azerbaijan and Caucasia is overwhelming. Strengthening of drinkable water stock reduction
process may result water scarcity after 70-80 years. That’s why while making special plantations
of mulberry trees, using low mulberry bushes which have great biomass and applying luckily in
sericulture economy of China seems very actual.

For the researches of 2016 leading by the employees of “Landscape” department there are
convenient opportunities in making special surveys consisting of mulberry trees and bushes for
development of sericulture in the following landscape types in Sheki-Zagatala economical-
geographical region:
1.Forest-steppe and intrazonal landscape of moderately fragmented intermountain plains of
Kura-Ayrichay valley.

2. Dry-steppe landscape of moderate and severe fragmented foothills and low mountainous.
3. Semidesert landscape of severe and moderate fragmented low mountainous.

In the following landscape structures belonging to these three landscape zones noted above:
a) in degraded alluvial meadow lands of river valleys landscape surveys of meadow, meadow-
marshy and bushes, b) in convex, pointed, and delta plains, in gray meadow and riparian forests
forest-bush and bushes natural landscape facial and surveys, ¢) meadow-bush facial and surveys
of undulating, slightly sloping plain in meadow and forest lands, d) meadow-bush facial and
surveys of undulating sloping, weak fragmented meadow in alluvial meadow lands, e) liana
alder, wing nut forest surveys meadow-forest lands of sloping undulating meadow - it would be
expedient to form special plantations consisting of mulberry bushes and feed silkworms in barns
inside these plantations.

RESULT:

1. After the Azerbaijan Republic gained independence in 1991, serious anthropogenic and
invasion changes have taken place in agrobiosis of the area as a result of leading reforms
(destroying collective and state farms and privatization of lands) in his agriculture sector and as a
result, mulberry and tokhmachar gardens which used in sericulture shattered, instead of them
plantation of different cucurbitaceous and fruit trees were made.

2. In the root of regressive processes observing in local natural and anthropogenic
landscape structure stand different reasons- changing the measure of morphological elements of
landscape, desertification and invasion processes in semidesert areas, land degradation.

3. These regressive processes impact negatively to the quantity and quality indicators of
silkworm and cocoon. As a result, it is observed rising fungal, bacterial and viral diseases in
mulberry tree and bushes that it causes arising several problems (perishing grain, different
disease cases in caterpillars) in cocoon worms.

4. We consider expedient growing mulberry trees in possibly progressive landscape
surveys which are intended to use in sericulture and making protective forest line consisting
phytoncidal trees. For this purpose, we consider acceptable to use pine and juniper tree in the
areas having subtropical climate condition and for the foothills and low mountainous areas of
Sheki-Zagatala economical region Crimean pine and local foothill juniper sorts which are
characterictic for Sheki Pine forest.

5.In connection with the approaching global warming process for strengthening of
drinkable water stock reduction process these areas may result water scarcity after 70-80 years.
That’s why it would be useful to feed silkworms in itinerant barns in the plantations consisting
special sort mulberry trees. In this renovation process we consider promising using low mulberry
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bushes which have great biomass and applying luckily in sericulture economy of China in
protection of progressive landscape complex.
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THE AFFECTION OF ALTOZID SR-10 SIMILAR TO JUVENILE HORMONE TO
SEVERAL BIOLOGICAL INDICATOR AND FERTILITY OF MULBERRY
SILKWORM IN THE FEEDING SEASONS

Dr. Z.M.Khalilov
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ABSTRACT: According to the researches it has been defined that when we include
altozid SR-10 drug to the organismof mulberry silkworm in spring feeding coccon productivity
increase 45,45%, weight of silk shell 60,0%, silkness of wet cocoon 10,0%, life ability of worms
8,88% and in comparison to oversight coccon productivity from 1gr worm 45,57%, it has been
28,57; 49,64; 16,65; 16,59; 28,57; 47,36; 58,14; 7,29; 8,80; 47,25% in summer and autumn
feeding seasons. Application of altozid SR-10 drug in sericulture allows earning 5-6 thousand
manat additional income from 1kg of cocoon seed.

Keywords: altozid SR-10, coccon, silk shell, sericulture, productivity, feeding seasons

MATERIAL AND METHODS

Caterpillars of breeds of PS-5 five-silkworm age served as material for researches. The
silkworm caterpillars for the researches were taken into 2 groups with 1000 units in each group
in five-fold frequency.

2nd day of the fifth age by means of express a micro spray applied to topicalno of
caterpillar an aqueous solution of medicine of an altozid of SR-10 at the rate of 2x10 > mcg of
the active material on each group. Caterpillars of the same breed which are contained in
simulated condition of feeding and not exposed medicine introduced as monitoring.

RESULT AND DISCUSSION

It was a result established that introduction to an organism of caterpillars of silkworm of an
altozid of SR-10 considerably improves some biological indicators of a silkworm on a feeding
season.

From Table 1 it is visible that when processing caterpillars of a silkworm altozidy SR-10
efficiency of cocoons of a spring feeding increases by 45,5%, the mass of cocoon without pupa
60,0%, an amount of pure silk of crude cocoons for 10,0%, viability of caterpillars for 8,88% and
a yield of cocoons from 1 g of caterpillars for 45,57% in comparision with control options.

In the period of summer and autumn feeding was applied respectively: 28,57; 49,64; 16,65;
6,59; 28,57; 47,36; 58,14; 7,29; 8,80; 47,25%.

127



It is revealed that experimental groups during the summer periods of a feeding had an

average mass of a crude cocoon less in comparision with the spring periods of a feeding for
18,51% and, at control groups for 4,76% the mass of cocoon without pupa at experimental
groups for 26,98%, at control groups for 18,76%, an amount of pure silk of a crude cocoon on
7,16; 13,60%, a yield of cocoons from 1 g of caterpillars on 24,81; 10,24%.During the autumn
period of a feeding was applied respectively:14,28;17,64; 2,96; 14,43%
Increase in efficiency of caterpillars of silkworm when processing by their hormonal medicine is
explained by the fact that altozid SR-10 promotes accumulation of proteinaceous material in an
organism of caterpillars of the fifth age, thereby for synthesis of proteins of silk more nutrients
are used.

BIOEKOLOJICAL FACTORS OF MULBERRY SILK WORM
BIOLOGICAL INDICATORS EFFECT

D.M.Adigezalova (PhD of agrarian)
T.F.Iskandarov

Affiliation: Azerbaijan State Agrarian University, Ganja

ABSTRACT: In the article, it is pointed out that during the last 30-50 years, there were
intense climatic changes. According to the records, “About climatic changes “of the UN in 2014,
it became clear that climate will considerably change in 39 countries; it will be cold snap or
warming. It was expected in Azerbaijan too. Such a change of climate will affect all animate
organisms as well as silkworm. Concerning that on the 10-12" of December in the France-Paris
was made an agreement “Paris- climate”. There was set a goal to study impacts of climatic
changes on biological parameters of silkworm and preparation of suggestions. The results of
investigations of 2012 and 2013 confirmed that despite the changes of macroclimate during
feeding, parameters of microclimate, practically, did not change. In 2013, as a result of
premature warming biological parameters were low. By comparison of silkiness of alive cocoon,
in 2013 this parameter was low of 0, 12%. Especially, the bulk of cocoon decreased by 0, 03 q in
comparison with 2012. If convert this number into ton and this into a currency unit, it became
clear that tones of products and plenty of money are going to waste. In order to prevent this loss,
it is necessary to use hybrids and breeds specific to animal climatic conditions. It is necessary to
cultivate populations and lines which are resistant to environment. Feeding must be conducted
with such sorts of mulberry, climatic parameters of which are considered. Taking into account
climatic and environmental factors, it is effectually to regionalize silkworm based on climatic
conditions.

Key words: mulberry, silkworm, silk, biological indicator

Azerbaijan is an important branch of agriculture of sericulture mulberry ipakqurdunun due
to the established and this story according to the V century began. In a past historical period for
the sericulture development in times of recession. It should be noted that “2015™ by the year of
agriculture” were announced in Azerbaijan. Of the state and President Ilham Aliyev's direct
instructions and orders under livestock and crop development was launched. In particular, in
animal husbandry, sericulture (baramacgiligin), in crop of hazelnuts development comes to the
fore. In 2016™, to 71 tons of cocoons production was transferred. 1 kg year cocoon price 8 manat
designed for. In 2017 250 tons cocoon production, the goal is set. To achieve the performance
targets of the main factor that forage is important. From China there are 1.5 million collected, 30
in the region was planted. In tree the best agro-technical care, with two years of local seedlings
for purchase you. New mulberry trees advantages is that they are lower, leaves, yield more,
collect leaves, trees, care that the work is not required. It is economically very profitable. When
you consider that 2000 years ago in the history of the silk road in China, Azerbaijan, Asia,
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Europe and other countries the main economic and strategic product of silk goods through
United. XVI century, this path fell. At the end of 1980 of the “Great silk Road” UNESCO is
once again a question was raised about the restoration and the Great Leader Heydar Aliyev,
directly on the initiative and with the participation of September 1998 in Baku, “silk road”
UNESCO in the restoration and establishment for an international conference took place. 33
state, connecting these paths (ancient and miisir in history, and this way Azerbaijan passed)
peoples, solidarity, national, cultural, economic transit route. Not coincidentally, the head of
state, President Ilham Aliyev, 2015, the year in people's Republic of China during a visit in the
modern period of 60 state, connecting the history of the “Great silk Road”, with major economic
and strategic goods, the transportation in many areas of the contracts were concluded. “History
of the Great silk Road restoration of sericulture and development is inevitable. Because, of
course silk, it is a valuable product, every time there is a need. Silk, partially replacing synthetic
products, the majority of, a number of agricultural industries that gerilomolor, including in the
field of sericulture. Sericulture restore its intensive development to have a high yielding new
mulberry silkworm breeds and mulberry varieties along with the creation of a new progressive
yemloms development methods is very important. Here ipokqurduna currently not found in
nature. People since ancient times, its real home heyvanina turned. It is a living external
environment, but leaf (feed), are directly connected. Here all microclimate parametrs on the
feeders of silk worm ( humidity, temperature, the feeders the amount of feed, norms, the area
occupied by worms, etc.) regulated in accordance with the age [1,2,3,4]. But indicators of
microclimate, of course, external, that is microclimate indicators directly from the outside
environment influence exposure are valuable in living organisms, bioecological factor indirectly
(mostly food -leaves) influence.

UN “climate change” for 2014 and statements, it became clear that in 39 countries,
including Azerbaijan, the climate will change; rapidly heat, a sharp cold will be. This is could be
influence for all — people, plants, animals, including and then silk worm will also affect. The
issue of December 10-12", 2015 in the capital of France-Paris 195 countries, with the
participation of representatives was held the international conference “Paris climate agreement”
is closed.

The animal organism with the external environment is closely linked, under its influence
arises and develops. Animal biological characteristics of the living conditions between how
much is the difference if this animal's economic value, however, because in these conditions, its
yield is reduced, the resistance to diseases becomes justified.

Bioekological factors, first, as feed and lure a high degree meets the floor and hybrid
create silk manufacturing important issues considered. Lure highly satisfied (feed for silkworms
and silk production payments are expected) gender and hybrid on special technigues, held feed
big scientist of silk area N.G. Mahmudov belongs [2].

Changing environmental conditions, patient, with high productive mulberry silkworm
gender and hybrids create [4] from 2001 began.

Firstly in our republics the silk manufacturing foundations silk worm’s adaptive selection
[3,4] the theoretical and methodological, formed by the adaptive selection technique is
developed and successfully passed the test, and high environmental tolerance with the mulberry
hybrids creating and started of tested. Producer of silk considered these valuable creatures in the
last 30-50 years between dramatically changing climatic conditions, how tolerant, its range of
valuable biological and economic important indicators of the external environment, factors that
influence learning akrul one of the problems.

The purpose of the study. From 1850 - ies are still on the planet in the hottest years 2005-
2010 and was in 1994-1995. As shown predictions 2013 was the hottest. In the last 30-50 years,
climate change will also affect silkworms. Thus, the primary goal set before us is to study the
influence of climate on the biological factors of the silk worm.
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Material and methods. Mainly used local varieties and hybrids. Classic breed Sheki 1 and
Sheki 2 are taken in the basis of the study. Overwintered in an incubator, the cocoons and the
cocoons, after the massive revival in a certain amount (for 4 repeat fourth spare) and to find out
the number of worms within the cocoon weighed 50 grams of worms and consider them the
number. At the end of the third year of stage 4 of the repetition (the fourth repetition for stock)
and in each iteration take 150 worms for feeding. For feeding silk worms use a mulberry tree
while emission of 2 — 3 leaves and adopted throughout the country agrozootehnice rules .

The results of the study. 2012-2013 study was adjusted by incubation, at hatching of worms
from cocoons, they are fed leaves of the mulberry tree in blossom tree 2 — 3 leaves of mass
flowering. During incubation the temperature reaches 12-140C, the next 2 — 3 days 15-160C, and
then was raised to 22-230C. When they began to appear worms scouts the temperature was in the
limit of 25-260C. During the process of incubation humidity reached 75-80%. The temperature
regime is taken at the feeding of silkworms and the average humidity are shown in the table
below.

Table 1. Average temperature and humidity for years

2012 2013
temperature, relative temperature, relative
°C humidity, % °C humidity %

I-11T 25,5 70 26 65

v 23,5 70 24 65

A% 24 65 24,4 65
Circulation 235 65 24 60
in a cocoon

Over the years the indicators of micro-climate was the same. But indicators of climate
change. Biological indicators of cocoons over years is shown in the following table.

Table 2. Biological indicators of cocoons for years

Grenola’s The number of The weight of a | The silky cocoon

Year worms in . e
recovery, % . live cocoon, gram of the living, %
1 gram, pieces

2012 98,4 2460 1,71 21,12
2013 96,4 2480 1,68 21,00

Biological indicators, according to the schedule, if you look at the dates, it was different. An
important indicator, which grenola’s recovery in 2012 compared to 2013 of 2.4% reduced.
Grenola’s recovery percent feed high industrial performance high means that. This indicator is
relatively not the presence of high temperature, therefore, can be.

The performance of the primary solvent, which is an integral part of the living of cocoon weight

in comparison with 2012 in 2013, 0.03 g decreased. At first glance percentage large figure
though, but eventually, if you consider that kilogram, which means, the comparison is clearly
possible. Silkworm heavy mass of what is meant by processing of the feed, then leafes, feed it
depends on the quality. In 2013, warm and available, and as a result of leafs quickly rude as a
result of feed quality down on the account was to become, in connection silk mass was also
lower.

1 grams numbers of worms, in the end, a lot of cocoons and silk products are created the
ground for. All worms feed to the end remained unchanged and silkworm cover for feed, sanitary
compliance with the rules by and agrozootechnics funds largely depends on.

Valuable, but also irreplaceable natural product that is alive the silk of cocoon the most
important biological indicator. Years alive the silk of cocoon if you compare again in 2013, this
figure was 0.12% were below.
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The main index in the silkworm weight years with compare conducted on the basis of that
efficiency is. As shown above, in 2013, the silkworm a mass of 0.03 g reduced. This is a small
number of tons, and the monetary unit with a calculate, missing how large, where, as you know,
becomes. In 2013, alive cocoons weight the price in the conditions of market economy of the
Republic of Azerbaijan 5 manat. I bought a figure of the monetary unit it turned over, it 15x104
manats. From the figures it is clear that non-favourable environment conditions silkworm
indirectly (feed-leaf) by the impact of tons of food and by manat losing. Such a missing to
prevent below are practical suggestions and recommendations are provided.

The research result. For years biological indicators of silkworm the bioekological factors
influencing the results are given below:

1. In 2012-2013 makroiqlim variable in the case of feed microclimate indicators, we can
say that it was.

2. Biological indicators of cocoon alive mass in comparison with 2012 in 2013, 0.03 g
decreased.

3. Years alive the silky of cocoon if we compare, in 2013 this figure was 0.12% were
below.

4. A dry, warm climate out of the leaves quality and cost bad affects present in 2013 there
performance of silkworm was also lower.

5. Non-benign environment, conditions of silkworm indirectly effect the main index in the
silkworm weight years with compare produced, it turned out that tons of food and currency
losing goes.

6. The biological indicatorsof cocoon a mulberry of silkworm floor and hybrids its own
characteristics, along with their for feeding specified in agrozootechnics tools, sanitary situation,
macro - and microclimate a lot of factors depends.

Environment variables in terms of product and monetary losses to avoid it minimum to
make the following recommendations and practical suggestions are provided:

RECOMMENDATIONS

- Years climatic features influence indicators, in particular, silkworm, and silk curtine
variable mass, the presence of variety testing for feeding should be taken into account.

- Years with variable climatic conditions are calm, not dynamic floor and feeds of hybrids
withdrawal is more appropriate.

- Sharp external environmental conditions tolerated kind of and lines to create purpose.

PRACTICAL SUGGESTIONS

- Here performance of silkworm indicators that are directly abandoned trees of
agrotechnical care of the hard right, for years, the climate, taking into account characteristics
should be conducted.

- Years macroclimate indicators, taking into account mulberry breeds and hybrids
according to go grade feeds.

- Environmental and climatic characteristics to minimizing silk worm specific natural
climatic conditions, should be taken into account of zoning.
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THE INFLUENCE OF MALE BUTTERFLY RECYCLING ON THE QUALITY
AND QUANTITY OF GRAINS

Gulnar Baghirova (Graduate student)
Affiliation: Azerbaijan State University of Agriculture

Abstract: The fundamental goal of our experiment is to learn the influence of repeat mating
male members on quantity and quality of grains. The results of experiment show that repear
mating led to decrease in weight and quantity of grains.

After repeat mating process the quantity and weight of eggs lied by female member of Ughur
breed stood at 845 and 0,45 mg, relatively. However these data were 594 and 0,33 mg in Chinar
breed. There was a decrease by 251 eggs and 0,13 mg.

Chinar breed has shown lower numbers, but the difference between numbers rose. The
results of experiment makes clear that, the decrease in size was accompanied with the decrease
of sizes of the eggs. In conclusion, Ughur breed's results are more positive than other two breeds
(Aghbaramali and Chinar).

Keywords: grain, male butterfly, conception Currently, all fields of agriculture

INTRODUCTION: In order to revive sericulture, we have to be attentive on creation of
qualitative grains by preconception and on breeding operations. Thus, appropriate, resistant to
disease and staunch breeds for farming have to be under tough scrutiny.

Since ancient times, major investigators had been conducting serious researches on getting
qualitative grains by recycling.

Sources claim that, it is possible to use two and more males for conception of females.

In order to decrease cost of grain, in grain farms after classifying them according to their
breed, a part of males are sent to a refrigerator, another part is used for second mating process.
On average, males are used for one and a half times, but in some breeds twice.

The repeat mating of males occurs 3-4 hours later after separation.

They are kept in a dark and cool accommodation in a box. They put a mulberry branch in
every box, in order not to gather male butterflies in a particular place. The exit date and the
names of breeds are written down on a card. Male members of different breeds must not be kept
together. It is advisable to keep them in a refrigerator 5-6 days at 5-7° or a day at 14-16°C. The
abundance of the male ones has to be kept in order to not to miss an unfermented female.

The duration of mating depends on the temperature. Mating process last an hour at 22-
24°C, 2 hours at 18-22°C, 3 hours at 15-17°C. Moderate temperature (22-26°C) and faint light
affects effectivity of that. Such a longlasting mating speeds up grain lying process. According to
grain preparation rules, mating duration can not be less than 2 hours, in case of repeat mating not
less than 4 hours.

During recycling male one creates a hole on the sexual organ of female one. At the second
time thespermatophore was created as a result of matingpresses the spermatophore of first
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mating to the end of a sack. After mating again both, spermataphores locate at athe different
sides of a final sack. Sometimes, they lay side by side in the throat of the final sack. It is possible
to mate females several times. After the third mating the walls of the sack gets thin and explodes,
despite its elasticity, then and initial spermatophores which were located in the end of a sack fall
to abdominal cavity. If female one will mate with the same male for 6-12 times, spermataphores
will merge and get the shape of the bunch of grapes. Males can concept female butterflies for
several times. Recycling of male ones is widely used in grain farms to get hybrid sorts of grain.

After repeat mating, spermatophores diminish. In case of matingmore than the mentioned
rate most of eggs can remain not conceived. After conceivement butterflies can be at the
previous situation. Experimentations show that, butterflies can be seperated without any
precaution a few hours after mating. In grain farms mating process lasts for two hours due to
relaibility. Short mating does not be a ground for uncompleted conceivement. Prolonged mating
may cause the decrease of males’ life period and power.

Separated females start to lay eggs after mating. Laying eggs usually occurs with intervals.
In the first stage, 60-70% of overall eggs are laid. It usually happens at 6-12 o'clock evening.
After an interval the second stage begins in the morning. Sometimes, laying eggs can take 3
days.

Mating process also affects the speed of egg lying. Thus, it takes more time of not
conceived butterflies to lay eggs than conceived ones. In contrast, if while keeping butterflies in
a cool accommodation (+12-14°C) to prolong their mating process to 6-8 hours, their speed of
lying eggs will rise.

Also the temprature has an influence on the speed. For instance, it takes too long at +10°C.
Even in normal circumstances butterflies can not put their eggs out from ovariole. Usually minor
number of eggs remain in the upper cameras of ovary. The weight of a row of eggs put by a
butterfly varies between 300-600 mg, quantity of its changes from 400 to 800 mg.

The influence of temperature on mating is very significant. At lower temperatures than
+15°C it is impossible to mate butterflies because of the passivity of males. They also do not
mate at more than +34°C. After moving their wings intensively male butterflies can rise their
temperature by 5-6°C. Evaporation of their corporal moist plays an important role in their heat
balance.

Diapausesare very important for monovoltines due to their inherited features. But in
biovoltines and polyvoltines it depends on some external circumstances and physiological
situation of previous generations. From physiological point of view, diapauses characterizes with
a sharp slowing in growth and development, diminish in intensity of physiological processes.
The physiological mechanisms of identifying silkworms® diapauses and their hormonal traits are
investigated. Hormone of diapauses was handled purely (segregated) or devised chemically.
Previously after some injections butterflies which lay eggs which generally do not do diapauses
started to put normal eggs. Currently the same results are got from parabioptic cross-mating.

From literatures it is evindent that, a male is able to conceive more than 10 females. Males
can several times mate with females and conceive them. If males will not be used again mating
process can last for 2 hours. Recycling of males mainly occurs in grain farms in order to get
grain hybrids.

The main aim of our experiment is to learn the influence of repeat mating on quantity and
quality of grains. Ughur, Aghbaramali, Chinar breeds are used in this research. For feeding
purposes warms were taken in their first day of life. Incubation of grains, nourishment of warms
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and all operations for all breeds have to be carried out according to relevant rules of the Republic
of Azerbaijan.

In this research paper the quality, quantity and revival rates of grains got from
reconceivement of Ughur, Aghbaramali and Chinar breeds had been investigated.Mating process
has been carried out three times in all three mentioned breeds. For that male members of all
breeds were made to conceive female members of the same breed separately three times for 30
minutes. After conceivement female ones were separated from males and sent to a special small
bag. Then, male member was made to mate with another female butterfly. The numbers and
weight of grains taken from that small bag were measured.

Results of that experiment are shown on this table 1.

Table 1.

Grains taken after I Grains taken after II | Grains taken after III
Names of breeds mating process mating process mating process
Weightin | number | Weight | number | Weight | number
mg-s in mg-s in mg-s
Ughur 0,46 845 0,39 728 0,38 711
Aghbaramali 0,38 667 0,36 646 0,35 638
Chinar 0,33 593 0,31 572 0,30 547

As it is clear from the table, there is a difference between breeds in the number and weight
of grains. Hence, the number of Aghbaramali breed’s first grain was 667, in second mating 646,
in third 638, however these data were 845, 728 and 711, relatively in Ughur breed.

CONCLUSION

The fundamental goal of our experiment is to learn the influence of repeat mating male
members on quantity and quality of grains. The results of experiment show that repear mating
led to decrease in weight and quantity of grains.

After repeat mating process the quantity and weight of eggs lied by female member of
Ughur breed stood at 845 and 0,45 mg, relatively. However these data were 594 and 0,33 mg in
Chinar breed. There was a decrease by 251 eggs and 0,13 mg.

Chinar breed has shown lower numbers, but the difference between numbers rose. The
results of experiment makes clear that, the decrease in size was accompanied with the decrease
of sizes of the eggs. In conclusion, Ughur breed's results are more positive than other two breeds
(Aghbaramali and Chinar).
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EFFECTS OF MULBERRY (MORUS ALBA) FRUIT CONSUMPTION ON LIPID
PROFILES, ANTIOXIDANT, AND INFLAMMATION STATUS
IN HYPERCHOLESTEROLEMIC SUBJECTS

Suthira Ponjaruen' Wiroje Kaewruang' Patcharanee Pavadhgul”
Anchalee Sirikanchanarod? Tipanee Senawong! Akkarach Bumrungpert?
Bavornnat Naprapasak! Pimrumphai Wongwai!/ Jeeranun Basungnoen!
Anan Suwannarat’ Weena Pongpattananon'

Y The Queen Sirikit Department of Sericulture ¥ Faculty of Public Health, Mahidol University

ABSTRACT: Cardiovascular disease (CVD) is a non-communicable disease, but it is an
important public health problem worldwide. In mulberry fruit, there is plentiful of nutrients and
phytochemicals; especially, anthocyanin that can reduce a risk of CVD development. However,
there is no research have been studied in human. This study; therefore, emphasizes on an effect
of freeze-dried mulberry fruit consumption on lipid profiles, antioxidation and anti-inflammation
of adult human that has Dyslipidemic.

The study was an experimental controlled trial (randomized controlled trial) that consist of
58 adult human with Dyslipidemic subjects, age range between 30 and 60 years old. Thirty
subjects (experimental group) were consumed freeze-dried mulberry fruits, which contain 325
mg of anthocyanin, and the remains (control group) were not consumed.

The results showed that the total cholesterol and LDL-C in Dyslipidemic subjects who
consumed freeze-dried mulberry were significantly reduced (p < 0.001). However, the
consumption of freeze-dried mulberry fruit did not effect on triglycerides, HDL-C and anti-
inflammation; while, the anti-oxidation in the experimental group was significantly increased
(» £0.001) after the experiment.

The mulberry fruit consumption can reduce total cholesterol, LDL-C and increase anti-
oxidative activity. Therefore, mulberry fruit may be an alternative choice for regulating the lipid
level in Dyslipidemic adults, and then can decrease the risk of CVD.

Keywords: Mulberry Fruit, Anthocyanins, Lipid Profiles, Antioxidation
Hypercholesterolemic sabject

INTRODUCTION: Cardiovascular disease (CVD) is a non-communicable disease, but it is
an important public health problem worldwide which most is found in developing countries,
around 80 percent (World Health Organization, 2014). In Thailand, there is found that the
cardiovascular disease is related to dietary habits and it is the top cause of death. High
cholesterol in the blood is an important risk factor for atherosclerosis that leads to various
diseases such as coronary heart disease and stroke in the future.

There are some epidemiological studies have shown a relationship between a reduction of
cardiovascular disease and nutrients and phytochemicals found in fruits and vegetables with
(Gan et al., 2015). The World Health Organization has recommended that adequate consumption
of fruits and vegetables (5 standard portions per day or about 400 grams per day) can prevent
chronic disease including cardiovascular disease, hypertension, diabetes, and cancer. However, it
is found that 80 percent of the populations of Thailand consume fewer fruits and vegetables than
the recommended dose (Akepalakorn, 2011). Food consumption controlling is the first method
used to treat and to prevent the cardiovascular disease. Berries fruits are important as the source
of vitamins, minerals, fiber and phytochemical compounds such as anthocyanin (Kaewruang et
al., 2011). Freeze-dried mulberries are contained higher polyphenols anthocyanins and quercetin
than fresh mulberries about 5-10 times (Pansuwan et al., 2008). They can reduce blood
cholesterol, inflammation, and antioxidant (Zafra-Stoneet al., 2007). Some paper
reported that fiber consumption 10 grams per day could reduce the risk of death from
cardiovascular about 17 percent (Streppel et al., 2008) and consumption anthocyanin 0.2 mg per
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day in postmenopausal women found to associate with decreasing rates of death from
cardiovascular disease was statistically significant (Mink et al., 2007).

Mulberry has widely cultivated crops in the north and the northeast of Thailand. Ripe
mulberry fruits are dark red to purple-black. They are richer in antioxidants than vitamin C and E
twice. Antioxidants can reduce the damage of oxidants and reduce cholesterol in the blood
(Castaneda-Ovando et al., 2009). Some experiments, in both in vitro and animal, were found that
mulberry can reduce an accumulation of fat inhibits the oxidation reaction of LDL cholesterol
and enhance the function of enzymes that are antioxidants (Liu et al., 2008, Ou ef al., 2011).

Fresh mulberry fruits are easily bruised after harvesting and can be kept for only a short
time. Therefore, in this experiment, freeze-dried mulberry fruits were used because it still has
antioxidants and high nutritional value that similar to in fresh mulberry fruits and could extend
for longer storage. However, results of some former studies showed that mulberry affected on
blood lipid levels was limited just in vitro and animal studies only, while there was no studied in
a human before on the effects of mulberry consumption on the changing of lipid levels
antioxidants and inflammation in the blood. In this regard, we really concern the benefit of
mulberry fruit consumption on human health. Hence this project was also established.

MATERIALS AND METHODS:
1. Study design

This study was an experimentally controlled trial (randomized controlled trial) which
comprised 60 Dyslipidemic subjects (30-60 years old). The subjects were divided into two
groups which each group consisted of 30 subjects. (Mulberry fruit consumption and non-
mulberry fruit consumption) The first group was consumed freeze-dried mulberry which
contained 45 grams per day for 6 weeks. The second group did not consumption the mulberry
fruit. In order to follow the research compliance all data collection obtained by telephone and
meeting every 2, 4, 6 weeks to the sample subjects. All the subjects must be avoided or must not
consumption the food and the drink which were rich in anthocyanin such as fruit juices and
berries, wine grapes, purple cabbage, etc. for 7 days preceding and during the six-week trial. The
participants were recorded their diets and activities 3 days; for example, the first time, the
participants chose 2 days within weekdays (Monday - Friday) for their recording. The second
time, the participants chose 1 day within weekend days (Saturday or Sunday), and the last, all
participants were recording the data on the last day of the 6th week of the study. The
experimental group and the control group were received a physical examination by measuring
and recording the weight, height, waist girth, blood pressure, lipid levels (triglycerides, total
cholesterol, LDL cholesterol, HDL cholesterol), antioxidant (ORAC, FRAP) and indicators of
inflammation (hsCRP).

2. Sample

Participants of this experiment were 60 subjects that including both males and females who
was age between 30 and 60 years old, had hypercholesterolemia, fasting TC > 200 mg/ dL and
LDL-C >130 mg/dL and had no cardiovascular disease, diabetes, kidney disease, liver cancer
and work thyroid disorders, had no supplement/ hormone supplements, and did not smoke or
drink alcohol. All participants had to singe a permitting document as a volunteer of the
experiment. This project was approved by the Human Research Ethics Committee of the faculty
of Public Health, Mahidol University.

Before the experiment, all subjects were taken blood tests such as lipid profiles, an
indicator of inflammation and antioxidant level. They were fasting 12 hours before blood
collection from a vein in the crook of the arm by nurses who had expert experiences.

(1) The subjects were randomly divided into two groups: an experimental group and a control
group. Each group consist of 30 subjects; however, at the final of the experiment, there were 2
subjects in the control group were withdraw, so the subjects have remained just 28 people only in
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that group. All participants in the experimental group were received 45 g freeze-dried mulberry
per day (320 mg anthocyanins).

All participants in the control group were not received mulberry fruits.

(2) During the trial, all subjects were allowed to maintain their usual diet, physical activities,
and lifestyle patterns, and abstained vitamins or supplements of any kind.

(3) Freeze-dried mulberry was prepared for the experimental group for every 2 weeks. In
addition, weighting and counseling of problems or side effects of the subjects in the experimental
group were taken every 2 weeks.

(4) All subjects were had blood tested at the end of the 6-week trial. They were fasting for 12
hours before the blood test.

(5) The results of blood tests before and after treatment were statistically analyzed to compare
the effects of dietary freeze-dried mulberry on lipid profiles antioxidants and inflammation.

3. Freeze-dried mulberry fruits
In this experiment, freeze-dried fruits of Chiang Mai variety mulberry were used. They
contain 45 grams of phytochemical compounds such as polyphenols 482.40 + 1.68 mg,
anthocyanin 326.25 + 1.43 mg, and quercetin 0.62 £ 1.95 mg.

4. Analysis of food consumption

All subjects were recorded their dietary consumption 3 days of the 0, 3rd, and 6th week of
the experiment. Two days were chosen the days within the weekdays (Monday - Friday) and one
day was chosen a day within weekend days (Saturday or Sunday). For food consumption
analysis, the unit was used in gram. The INMUCAL software was used for data analysis.

5. Data Analysis

The data; for example, the difference of lipid profiles, antioxidant resistant, an indicator of
inflammation, and anthropometrics of the mulberry group and control groups was compared
using independent samples t-test. In addition, the differences of the average lipid profiles,
antioxidant resistant, and an indicator of inflammation in the blood of the experimental group at
before and after freeze-dried mulberry consumption were statistically analyzed using paired
samples t — test. The One-way ANOVA analysis was used for food consumption assessment. All
statistical analysis was processed on SPSS 18.0 software and set up the difference of statistically
significant at a confidence level of 99.99% (p <0.001).

DURATION AND LOCATION:

Duration March 2014 — September 2015, Location The Queen Sirikit Department of
Sericulture Faculty o Public Health, Mahidol University

RESULTS AND DISCUSSION:
1. THE RESULTS OF ANTHROPOMETRICS AND DIETARY NUTRIENT INTAKES

The samples that meet the criteria of the selection - out and join a research project -were
58 persons. The common characteristics of the selected persons such as gender, age, income,
educational level, dietary habits, and exercises were no significant difference between the two
groups. As well as, the anthropometrics, for example, weight, body mass index, percentage body
fat, percentage abdominal fat, waist circumference and blood pressure between mulberry group
and control group in both before and after the mulberry group was no difference (Table 1). A
group who consumed mulberry fruits was obtained fiber higher than the control group with the
statistically significant at the end of the study (Table 2). During the first week of the study, there
were 7 subjects has adverse effects; for example, bloating, discomfort and distension by freeze-
dried mulberry consumption. It may be because of the increasing of intake fiber from mulberry.
However, the side effects are minimal. They did not need a special treatment.
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Table 1. Anthropometrics at baseline (week 0) and the end of study (week 6) in
the mulberry and control group™®

Variables Group p-
Mulberry Control value
Body weight (kg) week 0 58.67 +£11.19 62.38 +£15.67 0.301
week 6 58.60 = 11.05 62.72 £15.48 0.246
BMI (kg/m?) week 0 23.87 £ 3.87 24.80 £ 5.41 0.454
week 6 24.02 + 3.86 2492 + 5.32 0.464
%body fat week 0 3244 + 528 31.34 £ 6.14 0.471
week 6 3234+ 544 31.09 + 6.81 0.563
% visceral fat week 0 717 £ 4.04 7.99 + 5.93 0.621
week 6 6.93+ 3.92 8.00 £ 5.55 0.433
Waist circumference week 0 81.67 = 9.87 82.98 +12.90 0.667
(cm) week 6 83.22+ 9.55 85.00 + 12.06 0.534
Systolic blood week 0 118.17+ 15.18  119.00 £ 16.82 0.844
pressure (mmHg) week 6 115.77 £13.40 116.96 + 14.55 0.745
Diastolic week 0 7737 £ 9.31 76.93 +10.62 0.868
blood presseure (mmHg)  week 6 74.23 £10.44 73.79 £10.03 0.869

aData are shown as mean + SD, ° There were no significant differences between the two

groups at baseline in any variable by the independent-sample ¢ test

Table 2. Dietary nutrient intakes of the subjects at baseline, week 3, week6 of study in the
mulberry group™®

Variables Group Week 0 Week 3 Week 6 p — value®
Energy Mulberry  1,265.0+279.1 1,194.7+ 302.0 1,163.7+295.7 0.393
(kcal/d) Control 1,243.9+288.6  1,209.7+256.4 1,183.3+£230.9 0.702
Carbohydrate Mulberry 188.0 £47.8 175.8+47.0 170.1 £41.8 0.305
(g/d) Control 189.0 £49.1 181.9+53.0 171.2+44.2 0.422
(% of energy) Mulberry 59.2+8.2 588+73 59.1+£8.3 0.974

Control 58.9+74 59.0+8.2 57.7+8.2 0.796
Protein (g/d) Mulberry 43.1+14.2 41.5+12.7 44.1+17.5 0.793
Control 43.1+12.2 41.9+10.5 41.7+11.8 0.890
(% of energy) Mulberry 13.7£2.6 14.1+£23 147+£29 0.315
Control 14.0+ 3.1 14.0+2.9 14.8+4.1 0.650
Fat (g/d) Mulberry 38.1+13.3 37.0+14.1 354+£15.2 0.771
Control 36.5+13.0 37.8+£12.3 37.2+10.8 0.966
(% of energy) Mulberry 26.6 £ 6.6 28.0+9.0 26.2 £ 6.8 0.614
Control 255+6.0 27.2+6.3 28.1+6.1 0.317
Cholesterol Mulberry 202.4 £100.2 199.4 +118.8 195.0+118.8 0.968
(g/d) Control ~ 203.1 +94.3 201.6 + 87.7 195.9+92.8 0.957
Fiber Mulberry 10.7+6.9 19.4+59 184+43 <0.001%*
(g/d) Control 8.0=+49 83+3.7 7.7+3.8 0.865

4 Data are shown as mean + SD
b Significant differences, p-value< 0.001assesed by one-way ANOVAs

2. THE EFFECTS OF FREEZE-DRIED MULBERRY CONSUMPTION ON LIPID PROFILES,
ANTIOXIDANTS, AND INFLAMMATION IN THE BLOOD

2.1. The effects of freeze-dried mulberry consumption on lipid profiles.

This study found that the consumption of freeze-dried mulberry which containing anthocyanin
325 milligrams for six weeks could significantly reduce the TC (total cholesterol) 3.73% and
LDL-C 6.53%. However, there was no effect on TAG and HDL-C (Table 3). It was similar to the
two previous studies. Qin et al. (2009) reported that dyslipidemic subjects who consumed the
purified anthocyanins derived from bilberry and black currant of for 8 weeks could statistically
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significant decrease the LDL-C around 13.6% and increased the HDL-C around 13.7%. Zhu et
al. (2013) also revealed that it could reduce the LDL-C around 10.4% and increase the HDL-C
around 14% in adults with hypercholesterolemia after the 6 -month consumption; however, it
was no significant changes in the level of TAG and TC. Furthermore, Basu ef al. (2010) found
the similar results of freeze-dried strawberries which contain 320 mg anthocyanins consumption.
On the other hand, Curtiset al/(2009) found that elderberry which contained 500 mg
consumption for 12 weeks of healthy postmenopausal women were no significant changes in
biomarkers of inflammatory and blood lipid profiles

Interestingly, there were several reports showed the mechanisms of cholesterol decreasing
affected from mulberry consumption as following:

1) It blocked the uptake of cholesterol into Caco-2 cells. (about 25% inhibition) (Duangjai ef al.,
2011)

2) It inhibited of cholesterol ester transfer protein (CETP) activity. (Qin ef al., 2009)

3) It suppressed cellular lipid accumulation through activating AMPK pathway.

4) It retained the lipogenic enzyme

5) It enhanced the gene expression of LDL receptor.

6) It stimulated fatty acid oxidation. (Ou et al., 2011, Zhu et al., 2013, Liu et al., 2009)

Ozguven et al (2013) reported that the 100 grams freeze-dried mulberries provided
approximately 24.3 grams fiber. Hypocholesterolaemic action, at least partly, found in the study
may have been due to the increase in dietary fiber intake from baseline about 10 grams per day
during the 6 weeks of the study and the results were synchronize with the experiment of Casto et
al (De Castro et al., 2006) who found that intake fiber 10 grams for a period of 7 years reducing
TC 12.5 milligrams per deciliter including the association of the United States has recommended
intake 14 grams fiber/1000 kcal of food can reduce blood lipid profiles and reduce the risk of
cardiovascular disease (Marlett et al., 2002).Therefore, the interaction of anthocyanin and
mulberry fiber will reduce theTC and HDL-C in hypercholesterolemic.

At the beginning of the study, all Lipid profiles such as triglycerides, TC, LDL-C, and HDL-C of
the two groups were no difference. At the end of the study (week 6), however, the TC and LDL-
C were statistical significantly decreased, but triglyceride and HDL-C were not significantly
statistically in the mulberry consumption group, while the TC was statistically significant
increased, but triglycerides, LDL-C and HDL-CI were no statistical significant in control group.
Furthermore, the level of TC, LDL-C HDL-C of the group who was consumed mulberry for six
weeks were statistical significance decreased by 3.73% and 6.53%, respectively, while
triglyceride levels and HDL cholesterol were no statistically significant.

Table 3. Changes of lipid profiles at baseline (week 0) and the end of study

(week 6) in the mulberry and control group*®©

Lipid profiles Group Week 0 Week 6 Mean Percent

(mg/dL) change change
TC *** Mulberry  235.07 £ 28.10  225.83+£2426 -923+10.75 -3.73+ 3.99
Control 237.26 + 32.72 244,70 + 33.12 7.44+£12.13  3.33 + 5.07
LDL-C*** Mulberry  167.47 + 29.32  156.07+24.70 -11.40+12.04 -6.53+5.93
Control  166.59 + 34.02 166.48 £32.64 -0.11+8.77 0.15£4.90

HDL-C Mulberry  61.13 = 12.59 62.57 £ 13.66 1.43 +£4.96 2.40 £ 8.60

Control 6539+ 15.86 66.14 £ 15.96 0.75+7.33 2.11+11.28
TAG Mulberry  117.03 £41.21 109.28 +43.65 -7.76 £30.69 -3.90 + 28.64
Control  100.50 +31.97 97.31+£30.74 -3.19+£2540 -0.42+2581

"TC: total cholesterol, LDL-C: low density lipoprotein cholesterol, HDL-C: high density
lipoprotein cholesterol TAG: triacylglycerol
b Data are shown as mean + SD
¢ The mean change was calculated as value at wk6 — value at baseline
4 The percent change was calculated as (value at wk6 — value at baseline) Value at baseline
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** Significant differences, p-value < 0.001 by Independent-sample t test
2.2. The effects of freeze-dried mulberry consumption on Antioxidant and Inflammation status.

In mulberry consumption group, the antioxidant resistant value, that was analyzed by
ORAC method, was significantly increased to 55.16 uM / ml after the six weeks consumption,
while the antioxidants of a control group were decreased from 49.34 uM / ml to 47.25 uM / ml.
In addition, the results from FRAP method was similar (Table 4).

Table 4. Changes of antioxidant and inflammation at baseline (week 0) and the end of study

(week 6) in the mulberry and control group®®*
Group Week0 Week 6 Mean Percent
change change
Antioxidant Mulberry 50.49 +8.89 55.16+8.92 4.70+4.88 10.27+11.36

ORAC * [TE (uM)/ Control 49.34+11.91 47.25+1037 -2.09+4.45 -3.16+10.37

ml (g)]
FRAP* [TE (uM)/ Mulberry 15.45+2.33 17.06+2.11  1.61+1.58 11.39+11.42

ml (g)] Control 14.31+2.18 14.06+1.65 -0.25+1.97 -0.09+15.65
Inflammation hsCR  Mulberry  1.75 + 1.87 1.59+ 1.84 -0.15+0.77 -6.6 +37.49
P (mg/L) Control 230+1.87 208+1.76 -022+0.87 -4.64 +34.69

* ORAC: Oxygen radical absorbance capacity, FRAP: ferric reducing ability of plasma,
hsCRP: High sensitivity C-reactive protein

b Data are shown as mean + SD

¢ The mean change was calculated as value at wk6 — value at baseline

4 The percent change was calculated as (value at wk6 — value at baseline)

Value at baseline

** Significant differences, p-value <0.001 by Independent-sample t test

It is noticeable, in mulberry consumption group, the antioxidant, both ORAC, and FRAP,
in blood was significantly increased when compared between at pre- and post-experiment.

There was consistent with a report of Mazza and Maffucci (2002) which studied the
effects of consumption freeze-dried and found that blueberry could increase antioxidant in the
blood. It is probably due to anthocyanin in mulberry directly affected by a mechanism of the free
radicals get rid of. It also has the effect of the promoting and increasing the activities of the
antioxidant (superoxide dismutase: SOD, glutathione peroxidase: GSH-Px). In addition, there
were some studies found that the consumption of strawberries can increase antioxidants in the
blood (Cao et al., 1998), and after one hour of the 300 ml red wine in volume consumption, an
antioxidant in the blood was up to 18% because of the subjects received anthocyanin which is an
antioxidant from strawberry and red wine. (Whitehead et al.,1995).

CONCLUSION

The consumption of 45 grams freeze-dried mulberry (325 mg anthocyanin, ~ 160 g fresh
mulberry) per day for 6 weeks could reduce the TC (total cholesterol) 3.7% and LDL-C (Low-
density lipoprotein cholesterol) 6.53% at p<0.001, but there was no changed in HDL-C (High-
density lipoprotein), and increased in anti-oxidants. Mulberry is a natural source of antioxidants
and good alternative food for lipid profiles control to normal levels and a great way to boost the
fiber content in dietary intake. The hypercholesterolemia subjects could reduce lipid medications
which; therefore, decrease the expenses and side effects.
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BASIC CHEMICAL COMPOSITIONS AND ANTIOXIDANT ACTIVITIES
OF THAI SILKWORM AND SILKWORM PUPA
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ABSTRACT: Silkworm pupa has normally obtained as a by-product during cocoon

production. Some of their antioxidant activities were studied, but not cover all Thai silkworm
varieties which have been promoted by The Queen Sirikit Department of Sericulture. Therefore,
this research aimed to study on the basic chemical compositions and antioxidant activities of
Thai silkworm and silkworm pupa. The experimental design was 7x2x2 Factorial in Completely
Randomized Design. Three main factors were studied which were 7 silkworm varieties (Nangnoi
Srisaket-1, Samrong, NangtuixNangsew, Nangnoi Srisaket-1xSamrong, Ubon Ratchathani 60-
35,
Luang Surin and J108xNanglai), 2 stages of silkworm (mature silkworm and silkworm pupa) and
sex (male and female). It was found that all silkworm varieties had similar basic chemical
compositions without significant differentiation (p=>0.05) which were moisture (77.13-78.93%),
protein (56.11-61.71%), fat (11.02-19.11%), ash (4.19-6.73%) and carbohydrate include fiber
(18.49-23.86%) respectively. However, it showed that silkworm pupa had higher fat and
carbohydrate include fiber content than silkworm with having significant differentiation (p <
0.05). In addition, male pupa had fat content more than female pupa but female pupa had protein
and carbohydrate include fiber content more than male pupa. Antioxidant activities analysis had
been evaluated by using 3 methods; DPPH, TEAC, and TRAP assays). It can be seen that
Nangnoi Srisaket-1 and Luang Surin silkworm varieties had significantly (p<0.05) highest of
antioxidant activities, while silkworm pupa showed higher antioxidant activities than mature
silkworm in each variety. Furthermore, both male and female gave the same level of antioxidant
activities with having no significantly differentiation.

Keywords : Silkworm, Silkworm pupa, Chemical composition, Antioxidant activities
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INTRODUCTION

Insects have played a very important role as a source of food in the history of human
nutrition, especially in developing countries (Bodenheimer, 1951). Insects (on dry weight basis)
have very high crude protein content and insect proteins have been reported to be a good sources
of essential amino acids, equivalent or even superior to soy protein (Frinke, deFoliart, &
Benevenga, 1989).The consumption of insect has been documented in Japan, Thailand, Africa,
Latin America, Australia, Mexico and other parts of the developing world where the represent a
cheap source of good quality protein (deFoliart, 1999; Misuhashin, 1997). One of high potential
insect for food is silkworm pupa (Bombyx mori L.). It is the main by product of the silk reeling
industry, is used to feed animals directly for a long time. Meanwhile, it is treated as nutrient food
owing to its high protein content and functional gradients. Annually, there are a large numbers of
silkworm pupae by-product but only a small quantity of silkworm pupae are utilized as human
food. Other parts of silkworm pupa are discarded in open place due to their pollution, besides
loss of nutrients (Yang et al. 2013). Their were reported that in silkworm pupa has some food
nutrients including antioxidants. Antioxidants play an important role as health protecting factor.
Scientific evidence suggests that antioxidants reduce the risk for chronic diseases including
cancer and heart disease. Primary sources of naturally occurring antioxidants are whole grains,
fruits and vegetables. Plant sourced antioxidants like vitamin C, vitamin E, carotenes, phenolic
acids etc. have been recognized as having the potential to reduce disease risk (Tailor and Goyal,
2014). Most of the antioxidant compounds in a typical diet are derived from plant sources and
belong to various classes of compounds with a wide variety of physical and chemical properties
(Sravani and Paarakh, 2012).

There are more than 100 of silkworm varieties in Thailand. According to The Queen Sirikit
Sericulture Department, Thailand’s practices, there are 3 types; Thai native, Improved Thai and
Foreign. Thai native silkworm have shuttle yellow cocoon and 250-300 meter length yarn per
cocoon. The Improved silkworm have classified in to 3 groups, Improved Thai native, Thai
Hybrid and Hybrid varieties. Improved Thai native silkworm were bred between Thai native and
Thai native varieties which have yellow cocoons as Thai native one. Thai Hybrid varieties are
provided by breeding between Thai polyvoltine and Thai bivoltine silkworm. They have yellow
cocoon and 600-800 meter length yarn per cocoon. Hybrid group are bred between Thai
bivoltine silkworm and foreign bivoltine silkworm varieties. They have white or yellow cocoon,
about 1,000 meter length yarn per cocoon. The last type is foreign variety (bivoltine into
bivoltine) which is imported from other countries. This type had white oval cocoon (The Office
of Sericulture Research and Development, 2015).

Nowadays in Thailand, there are little information of basic chemical compositions and
antioxidants activities in silkworm and silkworm pupa. It also lacks of some knowledge about
bioactive compounds in silkworm and silkworm pupa. Therefore, this study has undertaken to
determine some important silkworm varieties for basic chemical composition and antioxidant
activities. From this study, high potential of silkworm varieties which had healthy bioactive
compounds would be reported. This knowledge would be the background information to created
value-added and supplemented food products which would bring great benefit to sericulture in
Thailand.

MATERIALS AND METHODS

2.1 Preparation of samples

All of silkworms were rearing at The Queen Sirikit Sericulture Center, Chiangmai
province and The Queen Sirikit Sericulture Center, Nakorn Rachsrima province. The silkworm
and silkworm pupa were separate sex and kept in the incubator at -18 °C. All samples were
dissolved and grounded to powder for analyzed.

2.2 Chemical analysis

Basic chemical composition by AOAC (2000) moisture, protein, ash and carbohydrate
were assayed by the AOAC (2000) :
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- Moisture analysis by hot air oven

- Protein content was determined by Semi-Kjedhl method
- Fat content was determined by Sohxlet extract method

- Ash was determined by dry-ashing at 550 °C

- Carbohydrate include fiber

2.3 Antioxidant activities assay

Five grams of random sample were mix with 50 ml of 75% ethanol, shook at room
temperature for 1 hour, centrifuged at 300 rpm for 2 minutes and filtrated with No 4. filter paper
(Meetali et al.,2014). The fluid extracts were found out antioxidant activities in 3 methods:

1.) DPPH radical scavenging activity assays

Fluid extract samples were reacted with 0.3 % DPPH solution at dark condition and then
measured the absorbance at 517 nm using a UV-visible spectrophotometer. (Orhan et al., 2013).

2.) Trolox equivalents antioxidant capacity (TEAC assay)

Prepared solution of ABTS, by mixed 7mM ABTS and 140 mM potassium persulphate in
ratio 5 ml. and 80 ul respectively. The mixture was shaken vigorously and allowed to dark room
for 12-16 hour. Diluted solution of ABST by phosphate buffer (pH 7.0) in ratio 1 ml and 89 ml
respectively. There for add the mixture 40 ul with ABTS solution 4 ml., incubated for 6 minute
at room temperature to protect from light and measure the absorbance 734 nm using a UV-
visible spectrophotometer (Moreira et al., 2001).

3). Total radical trapping antioxidant parameter (TRAP assay)

Prepared by using AAPH reagent mixed with 2 mM AAPH {2,2’Azinobis(2-methyl-
propannimidamide)} and 75 uM ABTS in 50 mM acetate buffer (pH 4.3).The mixture incubated
at temperature 45 °C for 60 minutes. Then, pipate the AAPH reagent 2600 ul mixed with the
sample 600 ul for 15 minutes and the absorbance of the resulting solution was read at 734 nm
using a UV-visible spectrophotometer(Moreira et al., 2001).

2.4 Analytical statistic

The experimental design was 7x2x2 Factorial in Completely Randomized Design. Three
main factors were studied as follow : 1) 7 silkworm varieties (Nangnoi Srisaket-1, Samrong,
Nangtui x Nangsew, Nangnoi Srisaket-1xSamrong, Ubon Ratchathani 60-35, Luang Surin and
J108xNanglai), 2) 2 stages of silkworm (mature silkworm and silkworm pupa) and 3) 2 sexes
(male and female). Proximately results were statistical analysis by ANOVA to compared
analysis of variance by Duncan’s New Multiple Range Test (DNMRT) at the level 95 percent
statistical confidence.

RESULTS AND DISCUSSION
1. Chemical composition

1.1. Single factor (silkworm variety , silkworm stage and silkworm sex)

Considering to the variety the result showed that all silkworm variety had similar basic
chemical compositions without significant differentiation (p>0.05) which were
77.13-78.93% moisture, 56.11-61.71% protein, 11.02-19.11% fat, 4.19-6.73% ash and 18.49-
23.86% carbohydrate include fiber. Considering to the stage it was found that silkworm had
higher protein content more than silkworm pupa with significant differentiation (p<0.05). There
were 67.65% and 51.34 % protein content in silkworm and silkworm pupa respectively. But
silkworm pupa had higher fat and carbohydrate include fiber than silkworm with significant
differentiation (p<0.05).There were 26.43% and 19.40 % fat and carbohydrate include fiber in
silkworm pupa respectively. Similar results were found by Longvah et al. (2011). To determine
the silkworm and silkworm pupa sex it was showed that female had higher protein and
carbohydrate include fiber than male, but male had higher fat than female with significant
differentiation (p<0.05).(Table 1) Similar results have been reported by Sukritanon ez al. (2003).
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Table 1. Basic chemical composition of single factor of Thai silkworm and silkworm pupa .

component
Factor moisture protein fat ash carbohydrate
(% wb) (% db) (% db) (% db) (% db)

variety ns ns ns ns ns
Nangnoi Srisaket-1 7893 +£3.27 | 59.18+11.21 20.77+9.89 | 5.13+2.25 | 1546+ 13.12
Samrong 77.41£2.13 | 59.77+ 1445 | 23.86+6.56 | 4.19+1.98 | 15.65+11.24
Nangtui xNangsew 7836+1.43 | 61.71+12.15 | 23.27+9.44 | 444+2.06 | 11.02+11.54
Nangnoi Srisaket] 7716 £ 1.65 | 56.11+10.52 | 22.04+7.31 | 492+1.69 | 16.92+7.36
xSamrong
Ubon Ratchathani 60-35 | 77.55+0.74 | 65.41+1548 | 1849+949 | 6.73+£2.92 | 1540+ 13.70
Luang Surin 7713+2.65 | 58.16+11.24 | 21.72+9.55 | 545+2.44 | 19.11 £10.69
J108xNanglai 78.28+ 190 | 56.14+12.17 | 21.46+7.87 | 6.20+2.32 | 16.36+9.14

stage ns ns

silkworm 77.64+227 | 67.65+10.21° | 16.88+5.75° | 521 +£1.03 | 12.00+5.23°

silkworm pupa 78.01+1.93 | 51.34£11.25° |26.43+623" | 537241 | 19.40+6.49°

sex ns ns

male 77.74+£1.56 | 57.08+10.81° | 24.80+5.28* | 5.25+1.18 | 14.15+5.19°

female 77.91+£231 | 61.91+£12.45* | 18.42+5.16" | 533 +£2.57 | 17.26+6.03*°

Remark : Mean comparison along the column by DNMRT test, the different letter had statistical significant

different (p < 0.05). ns = non-significant in statistical different.

1.2. Two factors between silkworm variety and silkworm stage

In this study it was found that silk varieties and silk stage had similar moisture content
without significant differentiation (p>0.05) which were 76.51-79.11 % but Luang Surin,
Nangtui xNangsew and Nangnoi Srisaket-1 silkworm varieties had higher protein content more
than the others. There were 72.12, 70.62 and 69.32% protein in Luang Surin, Nangtui xNangsew
and Nangnoi Srisaket-1varieties respectively. In addition, Luang Surin silkworm pupa, Luang
Surin and Nangnoi Srisaket-1 silkworm varieties had higher fat more than the others, which were
30.30, 27.99 and 27.55 % respectively. The data showed that Ubon Ratchathani 60-35,
J108xNanglai and Luang Surin silkworm varieties had higher ash than the others. There were
8.10, 6.61 and 5.98% respectively. For carbohydrate include fiber content it was shown that
Samrong, Ubon Ratchathani 60-35 and Nangnoi Srisaket-1 silkworm pupa varieties had higher
than the others, which were 23.99, 21.21 and 19.91% respectively (Table 2).

Table 2. Interaction of silkworm variety and silkworm stage on their basic chemical

composition.
component
variety stage moisture ™ protein (%odb) fat (%db) ash (%db) carbohydrate
(Y%owb) (%db)

Nangnoi 1530+
Srisaket-1 silkworm | 78.91+4.60 | 69.32+7.09° 26.55+11.44% | 443 £2.76® | 16.89%

silkworm 5.83 £1.72 15.63 =

pupa 78.95+1.95 | 65.58 +10.58% | 27.55+4.27 2 ab 10.79%
Samrong silkworm | 76.72+2.09 | 52.78 £8.48%d | 20.17 £6.78 2 | 3.20+1.97° | 7.32+5.86®

silkworm

pupa 78.08 £2.24 | 50.23 + 13.92° | 14.98 +2.88 b° 5.17 £1.64%® | 23.99 + 8.69°
Nangtui silkworm | 77.60 £ 0.57 | 70.62 £ 7.94* 21.03 £11.13%¢ | 4.69+2.16® | 5.02+ 6.87°
*Nangsew | gjlkworm 17.02 +

pupa 79.11+£1.71 | 52.79 £ 8.35b | 2550 £8.41 * 4.18+2.26° | 12.95%
Nangnoi silkworm | 77.45+1.64 | 62.62 £ 8.972°d | 1942 +4 842b¢ 4.03+1.80% | 13.94 £527®
Srisaket-1 .

silkworm
x Samrong de abc ab ab

pupa 76.86 + 1.85 | 49.61+ 8.06 24.67 £9.11 5.82+1.13 19.91 + 8.66
Ubon silkworm | 77.67+0.21 | 49.34 £ 5.87% 14.5542.87% | 8.10£3.65* | 9.59 + 7.60%
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Ratcha-thani silkworm 21.21
60-35 pupa 77.43 +1.10 | 58.10£16.602¢ | 22 44 +12.66** | 5.35+1.25%® | +17.04%®
Luang Surin | silkworm | 76.51+£2.49 | 72.71+11.90° | 27.99 +5.41¢ 5.98 £2.62% | 18.92+14.24%
silkworm
pupa 77.75+3.03 | 66.98 +7.29® | 30.30+3.39 4.92 £2.50® | 19.31 + 7.99%
J108xNanglai | gilkworm | 78.66 +2.24 | 65.73 £ 7.11%% | 14.94+1.28% | 6.61 +3.38% | 13.64 + 9.34%
silkworm
pupa 77.91+1.73 | 46.54 + 7.04° 13.14+2.26 ¢ 5.80 +£0.85% | 19.08 + 9.39%

Remark : Mean comparison along the column by DNMRT test, the different letter had statistical significant different (p < 0.05).
ns = non-significant in statistical different.

This result was similar to previous report of Zhou and Han, (2006) which protein, fat and ash
have been 71.90, 20.10 and 4.10% respectively.

1.3. Two factors between silkworm variety and silkworm sex

Considering to interaction
silkworm sexes had similar moisture and protein content without significant differentiation
(p=0.05) which were 76.96 - 79.23 and 53.18 - 73.04% respectively. Male Nangtui xNangsew
variety had highest fat content which was 28.70%. Therefore, female Ubon Ratchathani 60-35
variety had highest ash, which was 8.51 % and female Luang Surin variety had highest
carbohydrate include fiber which it tended to different from the other group with statistical

chemical composition between silkworm varieties and

different (Table 3).
Table 3. Interaction of silkworm variety and silkworm sex on their basic chemical
compositions.
component
variety sex moisture " protein fat ash Carbohydrate
(%wb) (%db) (%db) (%db) (%db)
Nangnoi male 79.23+4.87 | 60.63+14.86 | 23.18 £12.26®® | 596 £2.23®® | 11.30 £13.13%
Srisaket-1 | female | 78.64+1.00 | 57.73+8.18 18.35+7.90% | 431+£2.24° | 19.62 +£13.53%
Samrong male 77.46+£2.53 | 56.70+15.86 | 27.21+5.30? 473 +1.60° | 18.30£13.95%
female | 77.35+2.04 | 62.85£14.50 | 20.51+6.25% 3.6442.41°% | 13.01 £9.05%

Nangtui male 78.26+1.62 | 61.30£13.95 | 28.70 £10.37* | 4.51 £2.79* | 6.34+10.73°
*Nangsew | female | 78.45+1.45 | 62.11412.23 | 17.83 +4.64 | 436 +1.45 15.71 £11.72%
Nangnoi male 76.18£1.01 | 53.18+13.51 | 25.62+8.62% | 4.50+2.32> | 16.69 £7.02 ®
Srisaket-1 | female | 78.13+1.67 | 59.04£7.28 | 18.46 £4.04% | 534 +£0.88% | 17.16 £8.78 ®
xSamrong
Ubon male 77.23+0.94 | 57.77£19.96 | 24.04 £11.31% | 4.94 £0.89% | 14.03 £15.05%®
Ratchathan | female | 77.87+0.36 | 73.04+2.35 12.95 +0.42° 8.51 £3.26* 16.77 £14.38%
i 60-35
Luang male 77.29+2.37 | 58.13£15.24 | 23.19 +£10.31% | 6.44 £2.78% | 12.24 £6.83 @
Surin female | 76.96+£3.27 | 58.19+7.91 20.25 +£10.04% | 4.45+1.87° | 25.99+9.70 2
J108xNang | male 78.56+£2.06 | 51.87+11.55 | 22.30+8.51®® | 5.68 £0.65% | 20.14 +6.05
lai female | 78.01%1.98 | 60.40£12.80 | 20.62 £8.38 * | 6.72+£3.38% | 12.58 £10.97%

Remark : Mean comparison along the column by DNMRT test, the different letter had statistical significant different (p < 0.05).
ns = non-significant in statistical different.

1.4. Two factors between silkworm stage and silkworm sex

Considering to interaction chemical composition between silk stage and silk sex had were
similar moisture and ash without significant differentiation (p=>0.05) which were 77.49 -78.34,
5.01-5.49% respectively. Female silkworm had highest protein which was 68.29% .In addition,
male silkworm pupa had highest fat which was 30.95% and female silkworm pupa had highest

carbohydrate include fiber include fiber which was 20.29% (Table 4).
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Table 4. Interaction of silkworm stage and silkworm sex on their basic chemical compositions.

component
stage sex moisture ™ protein fat ash carbohydrate
(%wb) (%db) (%db) (%db) (%db)
silkworm male 77.80+2.78  67.01£10.08* 23.18 £12.26®® 5.01£2.23  9.78 +8.68"
female 77.49+£1.69 68.29 +6.83* 18.35£7.90%  5.43+3.51 14.24 £9.522®
silkworm male 77.68£2.10 47.16 +£9.02°¢ 27.21+5.30° 549+£1.69  18.51+10.88*
pupa female 78.34+1.77 55.5349.01°  20.51£6.25"  5.24+1.47  20.29 +11.65

Remark : Mean comparison along the column by DMRT test, the different letter had statistical significant different (p < 0.05).
ns = non-significant in statistical different.

1.5. Three factors between silkworm variety, silkworm stage and silkworm sex

Considering to interaction chemical composition between silkworm variety, silkworm
stage and silkworm sex had similar moisture and protein content without significant
differentiation (p>0.05) which was 76.17-79.68%.Therefore, female silkworm pupa Nangnoi
Srisaket-1variety had highest protein which was 74.80%. Female silkworm pupa Ubon
Ratchathani 60-35 variety had highest fat content which was 31.93%. Meanwhile, Jintasataporn
et al. (2001) have been report that there were 54.63 and 28.14 % protein and fat in Eri silkworm.
Besides, this study was showed that female silkworm Ubon Ratchathani 60-35 variety had
highest ash which was 10.87% and female silkworm pupa Luang Surin variety had highest
carbohydrate include fiber which was 29.92% )Table 5).

Table 5. Interaction of silkworm variety, silkworm stage and silkworm sex on their basic
chemical compositions.
component
variety stage sex moisture ™ protein fat ash carbohydrate
(%owb) (%db) (%db) (%db) (%db)
Nangnoi 70.64 £11.63 | 14.94
Srisaket-1 male | 79.62+7.74 | e +2.06% 6.1142.46™ | 10.41 £14.71%
61.38+£2.63 | 15.03
silkworm | female | 78.2]1 +1.28 | abede +£4.55% 2.76 £2.34> | 12,20 £17.25%
69.78 £16.08
) male 78.83 £3.28 | abed 31.46 £5.24* | 5.80 £2.97% | 28.64 +7.42°
silkworm 21.67£11.07
pupa female | 79.07 +£0.79 | 74.80 £ 4.48° | abcde 5.86 £0.12° | 18.40 £22.79%
Samrong 51.48 +£8.29 24.83
male 76.37 +£3.50 | abede +7.060d 3.37+0.28° | 7.7 +10.07°
54.08 £ 11.84 | 15.50
silkworm | female | 77.08 +£0.57 | 8bcde +£1.00 3.03£3.38° | 6.68 £0.11%
63.84£3.29 | 29.58+3.46
male 78.55+1.51 | abede abed 6.10£0.33 % | 20.85 +4.84 @
silkworm 49.57 423.25 | 25.52+5.11
pupa female | 77.62 +£3.44 | ¢ abede 4.2542.14° |19.3449.23 %
Nangtui 50.90 +6.26 | 26.36+15.83
xNangsew | silkworm | male 77.89£0.70 | bede abede 4.71£3.28° | 18.03 £0.00
70.61 +£7.33 15.71 £2.79
female | 77.31+0.37 | a%¢ ede 3.65+1.84° |10.04+6.38%
51.97+10.03 | 31.05+7.11 12.67 £13.59
male 78.63 £2.62 | abede abe 43143.54% |
silkworm 53.61+£10.30 | 19.96+6.22 21.37 £15.58
pupa female | 79.60 + 0.95 | abede abede 5.07+£0.93% |
Srisaket- male 76.19 +0.44 | abede abede 2.86+1.99° | 15.07 £8.41%®
1x . 62.96 £6.46 19.05 £3.23
silkworm | female | 78.71 + 125 | abede abede 5.20+0.49% | 12.81+2.73%®
Samrong 3143513723
male 76.17+1.70 | 44.08 £4.10¢ | ® 6.15+1.18 % | 18.31 £8.16
silkworm 55.13 £7.50 17.88 £6.10 21.51 +£12.17
pupa female | 77.55+2.35 | abede abede 5.49£1.42% |
Ubon 70.94 £20.10 | 16.16 £3.73
silkworm | male 77.51+£0.20 | bede 534+1.24° | 9.13£1291°
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Ratchatha 12.94 £0.64
ni 60-35 female | 77.82+0.0 | 44.60+9.86¢ | © 10.87+2.812 | 10.06 +£2.35%®
50.77+7.09 | 31.93+10.99
. male 76.94 +1.51 | abede a 454 +£0.44° | 23.49 £20.84%
silkworm 71.60 £0.30 | 12.95 +0.34
pupa female | 77.93+0.62 | ® e 6.16+1.36% | 7.93+£3.70°
Luang 70.1949.19 | 29.38 +4.12
Surin male 77.36+1.03 | ¢ abed 7.3343.64%® | 16.55+7.21®
63.77+5.81 | 26.60+7.95 18.93 £20.14
silkworm | female | 75.66 +3.83 | abede abede 4.63+026° |
70.04 837 | 31.82 +4.25 3307 £10.44
, male 77.23 £3.98 | ¢ a 5.56+£2.62@® | @
silkworm 74.48 +£2.87 | 28.78 +£2.70
pupa female | 78.27+3.27 | @ abed 427+3.21° | 29.92+10.552
J108xNan 46.08 £5.58 15.23 £0.10
olai male 79.68 + 1.85 | d de 5.35+0.76% | 17.99 £3.66®
52.61 £544 | 14.65+2.14
silkworm | female | 77.64 +2.74 | abede de 7.86+5.23%® | 9.30+]13.15%®
61434280 | 1457 +1.85
male 77.44 +£2.08 | abede de 6.01 £0.49 ® | 22.30 £8.82
silkworm 11.72 £1.93 15.87 £12.04
pupa female | 78.37+1.64 | 42.31+5.19¢ | ¢ 5.59+]1.32a | ab

Remark : Mean comparison along the column by DNMRT test, the different letter had statistical significant different (p < 0.05).
ns = non-significant in statistical different.

2. ANTIOXIDANT ACTIVITIES OF THAI SILKWORM

2.1. Single factor (silkworm variety, silkworm stage and silkworm sex )

Considering to the each factor, it was found that Luang Surin and Nangnoi Srisaket-1

variety have highest antioxidant activities than the others. It was similar to the results by

Supanida et al. (2000).The result showed that Nangnoi Srisaket-1 pupa oil had higher antioxidant

activities than Samrong pupa oil. Therefore, silkworm pupa had higher antioxidant activities than
silkworm with significant differentiation (p < 0.05). Usub et al. (2008) had been reported that
silkworm pupa had high antioxidant activities which can reduced cholesterol in human blood and
both of sex were not significant differentiation (p>0.05) (Table 6).

Table 6. Antioxidant activities of single factor of Thai silkworm and silkworm pupa.

antioxidant activities (mg/ml garlic acid)
factor
DDPH assay TEAC assay TRAP assay
variety
Nangnoi Srisaket-1 0.505 £+ 0.09 2 0.694+ 0.052 0.543+0.12%
Samrong 0.423 +0.26° 0.609+0.12° 0.325£0.11°¢
Nangtui xNangsew 0.409+0.12° 0.651+0.08 2 0.343+0.07°¢
NangnoiSrisaket-1xSamrong | 0.484 +0.14 % 0.630+0.11 0.399+ 0.06
Ubon Ratchathani 60-35 0.544+£0.15% 0.643+0.08 ® 0.417+0.29%
Luang Surin 0.641+0.202 0.728 +£0.112 0.576+0.08*
J108xNanglai 0.371+0.05° 0.651+0.07 2 0.350+0.14°
stage
silkworm 0.360°+0.14 0.610°+0.056 0.380 £ 0.064
silkworm pupa 0.590 * £ 0.05 0.700 * + 0.024 0.460°*+0.119
sex ns. ns.
male 0.460°+0.48 0.640 = 0.06 0.430 £0.16
female 0.490 2+ 0.24 0.660 £ 0.12 0.400 £+ 0.05

Remark : Mean comparison along the column by DMRT test, the different letter had statistical significant different (p < 0.05).
ns = non-significant in statistical different.

2.2. Two factors between silkworm variety and silkworm stage
Considering to factors between silkworm variety and silkworm stage, the result showed
that Luang Surin silkworm pupa variety had highest antioxidants activities by DPPH and TEAC
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assay which were 0.808 and 0.755mg/ml garlic acid respectively. In addition, by TRAP assayj, it
was found that Nangnoi Srisaket-1silkworm had antioxidants activities which was 0.63 1 mg/ml
garlic acid with significant differentiation (p<0.05).That was tended to be different from the
other group )Table 7(.

Table 7. Interaction between silkworm variety and silkworm stages on their antioxidant activity.

variety stage antioxidant activities (mg/ml garlic acid)
DDPH TEAC assay TRAP assay
assay

Nangnoi Srisaket-1 silkworm 0.453 £ 0.02 defe 0.735+0.03 @ 0.631+0.122
silkworm 0.558 +0.11 bed 0.653+ (.03 abed 0.455 + (.02 2bed
pupa

Samrong silkworm 0.180+0.03! 0.503 £ 0.06 ¢ 0.220+0.04°
silkworm 0.665 +0.02° 0.715+0.03 2 0.430 £ 0.01 b4
pupa

Nangtui xNangsew silkworm 0.305+0.05" 0.588 + 0.04 cde 0.377+ 0.07 cdef
silkworm 0.513 4 0.02 cde 0.715+0.05* 0.309+ 0.07 df
pupa

Nangnoi Srisaket- silkworm 0.378 £ 0.06 & 0.550 +0.08 % 0.380 + 0.07 cdef

I xSamrong
silkworm 0.590 £0.11 b 0.710+0.072 0.417 £ 0.05 ¢¢°
pupa

Ubon Ratchathani 60-35 | silkworm 0.445 £ 0.09 dfe 0.600 £ 0.07 bede 0.235+£0.09f
silkworm 0.643£0.14° 0.685 £ 0.06 2 0.600 = 0.31%®
pupa

Luang Surin silkworm 0.475+0.13 ¢t | 0.700+0.15 0.596 +0.03
silkworm 0.808 =0.06* 0.755+0.05? 0.555 £0.11 @be
pupa

J108xNanglai silkworm 0.338 £ 0.04 ¢ 0.595 + 0.05 cde 0.243+0.10 <f
silkworm 0.405 £ 0.03 e 0.708 £0.04 2 0.458 + (.08 2b<d
pupa

Remark : Mean comparison along the column by DMRT test, the different letter had statistical significant different (p < 0.05).

ns = non-significant in statistical different.
2.3. Two factors between silkworm variety and silkworm sex

From this study, it was found that male Luang Surin variety had highest antioxidant
activity by DPPH and TEAC assay, which were 0.678 and 0.770 mg/ml garlic acid respectively,
but TRAP assay, the result found that female Luang Surin variety had highest antioxidant

activity which was 0.639 mg/ml garlic acid. (Table 8)

Table 8. Interaction between silkworm variety and silkworm sex on

their antioxidant activity.
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antioxidant activities (mg/ml garlic acid)
variety sex DDPH assay TEAC TRAP assay
assay

Nangnoi male 0.458 +£0.03 ¢ 0.683 +0.06 ® | 0.604 =0.15
Srisaket-1

female 0.553 £0.11 2 0.705+0.04 ®® | 0.482 £ (.06 2bcde
Samrong male 0.423 £ 0.28 % 0.578 £0.14° | 0.311 £ 0.04%f

female 0.423 +0.0.28% | 0.640+0.11 @ | 0-340 £ 0.11 %
Nangtui male 0.393£0.13% 0.675+0.06%° | 0.283+0.04 °f
xNangsew female 0.425+£0.11 2 0.628 £ 0.10%° | 0.403 & (.04 bedef
Nangnoi male 0.525 £ 0.18%¢ 0.578 £0.10° | 0.407 £ (.04 bedef
Srisaket-1
xSamrong

female 0.443 + 0.09 2be 0.683+0.10% | 0.390 = 0.08 cdef




Ubon male 0.445 £0.10 2 0.610=£0.09° | 0.591+0.332
;‘gtchathani 60- | female 0.633£0.15% | 0.6750.06% | 0.244+0.10°
Luang Surin male 0.678 +£0.11°2 0.770 £ 0.07* | 0.512 £ 0.06 7
female 0.605 + 0.28 ab¢ 0.685+0.132® | 0.639 +0.01 2
J108xNanglai male 0.345+0.05° 0.643 +£0.10%® | 0.343+£0.21 %f
female 0.398 £ 0.04 b 0.660 = 0.05® | 0.358 £ 0.04 %f

Remark : Mean comparison along the column by DMRT test, the different letter
had statistical significant different ((p < 0.05). ns=non-significant in statistical different.

2.4. Two factors between silkworm stage and silkworm sex

Considering to factor between silkworm stage and silkworm sex.The result showed that
both of sexes had highest antioxidant activity with significant differentiation (p<0.05) by DPPH
and TEAC assay (Table 9). In addition, it had 0.378- 0.484 mg/ml garlic acid antioxidant activity
without significant differentiation (p>0.05) by TRAP assay.

Table 9. Interaction between silkworm stages and silk sex on their antioxidant activity.

stage sex Antioxidant activities (mg/ml garlic acid)
DDPH assay TEAC ssay TRAP assay ns.
silkworm male 0.368 £0.13° [ 0.604+0.13° 0.388+0.20
female | 0.367+0.10° | 0.616£0.07"° 0.378 £0.16
silkworm male 0.568+0.13* | 0.691+0.05° 0.484+0.19
pupa female | 0.626 +£0.14* | 0.720+0.05* 0.437+0.10

Remark : Mean comparison along the column by DMRT test, the different letter had statistical
significant different (p < 0.05). ns = non-significant in statistical different.

2.5. Three factors between silkworm variety, silkworm stage and silkworm sex

Considering to factor between silkworm variety, silkworm stage and silkworm sex. The
result showed that male and female Luang Surin silkworm pupa variety had highest antioxidant
activity than the others with significant differentiation (p<0.05) by DPPH assay, which were
0.770 mg/ml garlic acid and 0.845 mg/ml garlic acid respectively. While, female Nangnoi
Srisaket-1 silkworm pupa had 0.760 mg/ml garlic acid. Furthermore, it was found that both sex
of Luang Surin silkworm pupa variety had highest antioxidant activity than the others with
significant differentiation (p<0.05) which were 0.820 and 0.790 mg/ml garlic acid respectively,
by TEAC assay. Nangnoi Srisaket-1 female silkworm pupa had 0.765 mg/ml garlic acid.
Whereas, determination by TRAP assay, the result showed that Luang Surin female silkworm
pupa had highest antioxidant activity with significant differentiation (p< 0.05) which was 0.873
mg/ml garlic acid. Nangnoi Srisaket-1 male silkworm pupa and Luang Surin male silkworm
pupa antioxidant activities were 0.735 and 0.653 mg/ml garlic acid respectively. (Table. 10)

It could be seen that Nangnoi Srisaket-1 and Luang Surin varieties had highest
antioxidant activities, while silkworm pupa showed higher antioxidant activities than mature
silkworm in each variety. Furthermore, both male and female gave the same level of antioxidant
activities with having no significant differentiation.

Table 10. Interaction between silkworm variety silkworm stage and silkworm sex on their
antioxidant activities.

variety stage sex Antioxidant activities (mg/ml garlic acid)
DDPH assay TEAC assay TRAP assay ns.
male 0.445+0.02¢ | 0.730 £ 0.01% | 0.473 +£0.01¢
NangnoiSrisaket-1 | silkworm | female 0.460 £ 0.01%% | 0.700 £ 0.08°df | 0,527 +0.05¢
male 0.665 +0.02 0.735 £ 0.0 abcd 0.735+0.01°
pupa female 0.760 +0.01 0.765 + 0.03 ¢ 0.437 £0.01°f
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Samrong male 0.470 + 0.04 < 0.630 £ 0.01 %M | (0.194 + 0.04'
silkworm | female 0.645+0.03°¢ 0.675+£0.01°%f | 0.246+0.00¢
male 0.180 £ 0.041 0.455+0.01! 0.427 £0.02¢f8
pupa female 0.180+0.01° 0.550 £ 0.061%™ 0.433 +£0.01 ¢
Nangtui male 0.285+0.08" 0.700 =+ 0.04 bdef 0.317+0.01!
xNangsew silkworm | female 0.325+0.01" 0.730 £ 0.012de | 0.437 +0.00 ¢f
male 0.500 + 0.03 d 0.620 + 0.071 efehii 0.248 £0.01k
pupa female 0.525+£0.02¢% | 0.555+0.031K 0.369 + 0.02
NangnoiSrisaket1x male 0.380+0.09" | 0.500 = 0.08 0.433 +0.02°f
Samrong silkworm | female 0.375 + 0.06 e 0.600 + (.03 fehiik 0.327+0.031
male 0.670 +£ 0.08 ¢ 0.655 £ 0.03 cdefehi | 0381 +0.04&"
pupa female 0.510 + 0.03 % 0.735 £ 0.05 2bd 0.453 £0.02°
ooon Ratchathani male 0385£0.09% | 0.540£0.01H | 0.310+0.04]
silkworm | female 0.375 + 0.06 e 0.660 £ 0.04 cdefehi | 0160 + 0.02'
male 0.670 +£ 0.08 ¢ 0.680 + 0.07bcdefe | 0327 +0.01
pupa female 0.510 + 0.03 % 0.690 + (.09 bedef 0.567+£0.014
Luang Surin male 0.585+0.01¢¢ | 0.720£0.06%¢ | 0.625+0.01¢
silkworm | female 0.365+0.08% | 0.580+0.06% | 0.457+0.01°¢
male 0.770 £0.012 0.820 £0.06? 0.653 £0.01°
pupa female 0.845 + 0.06° 0.790 + 0.01 2 0.873 £0.012
J108xNanglai male 0315+0.06" | 0.560+0.04%K | 0.158+0.02!
silkworm | female 0.360 + 0.00 ¢" 0.630 £ 0.04 b | (0,327 +£0.03 1
male 0.375+0.01 fe 0.725 £ (.05 2bede 0.527+0.014
pupa female 0.435+0.01 °fe 0.690 + (.03 bedef 0.389 +0.02 &

Remark : Mean comparison along the column by DMRT test, the different letter had statistical
significant different ((p < 0.05). ns = non-significant in statistical different.

CONCLUSION

From this study it could be concluded that all Thai silkworm varieties, 2 silkworm stages
and 2 silkworm sexes had similar basic chemical compositions without significant differentiation
but the silkworm had higher protein than silkworm pupa. However, silkworm pupa had higher
fat and carbohydrate include fiber than silkworm. Nangnoi Srisaket-1 and Luang Surin variety
had highest antioxidant activities. Silkworm pupa had higher antioxidant activities than
silkworm. Both sexes of silkworm pupa had similar antioxidant activities. Therefore, the high
potential of silkworm pupa for further healthy products were both male and female of Luang
Surin and Nangnoi Srisaket-1 varieties.
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EFFECT OF THAI SILKWORM PUPA EXTRACT ON
ACTIVATION OF VASODILATION
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ABSTRACT: This research was aimed to study on the activation and mechanism of vasodilation
of Thai silkworm pupa extract obtained from two different solvent layers. Both male and female pupae of
two silkworm varieties as Nangnoi Srisaket-1 and Luang Surin were studied. Silkworm pupa was
extracted using ethanol and water, then each sample was evaporated, dried by freeze dryer and crushed
into small powder. Silkworm pupa powder was analysed for Cytotoxicity on blood vessels cell using
MTT {3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium} bromide assay. It was found that
maximum concentration of Nangnoi Srisaket-1 and Luang Surin extracted powder samples from ethanol
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layer which 90% of cells could survive were at 60 and 410 pg/ml respectively, while extracted powder
from water layer were at 2200 and 125 ug/ml respectively. Ability of extracted powder on blood vessel
cells to produce nitric oxide comparing to standard solution, Sildenafil (Viagra®), using Griess’s method
of extracted powder from ethanol layer from Nangnoi Srisaket-1 and Luang Surin were high activity
which were 101.57% and 102.55% respectively, while extracted powder from water layer had lower
activity which were 80.83% and 79.23%, respectively. In addition, mechanism of nitric oxide production
in blood vessels by extracted powder from both layers comparing to standard solution had also been
studied. Endothelial nitric oxide synthase (eNOS) mechanism was positive effect on health by controlling
blood circulation. Extracted powder of Nangnoi Srisaket-1 from ethanol and water layers had stimulated
eNOS gene expression for 2.7 and 2.6 times respectively, related to B-Actin which were slightly lower
than standard solution (3.1times), while extract from both layers of Luang Surin had lower level. Another
mechanism was inducible nitric oxide synthase (iNOS) mechanism which was negative effect on health
by causing inflammation of cells. Extracted powder from ethanol and water layers had stimulated iNOS
gene expression for 1.1 and 1.2 times respectively, related to B-Actin which were higher than standard
solution (0.65 time), while extract from both layers of Luang Surin were at least 4 times higher than
standard solution. In summary, extract of Nangnoi Srisaket-1 pupa from ethanol layer was the most effective
on activation of vasodilation which also provided beneficial effect on health and had high potential to
produce as a functional food.

Keywords : Silkworm pupa , Nitric oxide , Sildenafil, Vasodilation

INTRODUCTION

Silkworm pupa is rich in nutrients such as protein, amino acids, lipids, vitamins and many types of
minerals, for example, potassium, sodium, calcium and magnesium (Sukritanon et al., 2003). In addition, it
also contains bioactivity compounds, for instance, antioxidant activity compound which can protects nerve
cells from toxic of beta amyloid and glutamate (Meetali et al., 2014), compound which enhances learning
skill and protects memory loss from Alzheimer’s disease and reduce risk of brain damage due to stroke
(Kaewruang, 2011 and Kongpa et al., 2012). Researchers reported that silkworm pupa can reduce Erectile
dysfunction induced by alcohol and increase activity of nitric oxide synthase which produces nitric oxide.
Nitric oxide can effect on vasodilation which cause penile erection and also reduce atherosclerotic plaque
(Ahn et al., 2008). Machanism of nitric oxide production of artery vessel can divide into 2 types. Firstly,
endothelial nitric oxide synthase (eNOS), which is a unique mechanism only found in blood vessel cell
wall, provides positive effect on health and involves in nitric oxide production related to penile erection.
Another mechanism is inducible nitric oxide synthase (iNOS) which have negative effect on health
involving in nitric oxide production inflammation of blood vessel. As a result, extract which could benefit
to recover erectile dysfunction should significantly increase in gene expression of eNOS and
insignificantly increase in gene expression of iNOS.

At present, there are few researches on activation and mechanism of vasodilation. Previous study on
chemical composition and antioxidant activity of silkworm and silkworm pupa has shown that both sexes of
Nangnoi Srisaket-1 and Luang Surin silkworm pupae had high antioxidant activity. Therefore, this research
focuses on activation and mechanism of vasodilation of those two silkworm pupa varieties.

MATERIALS AND METHODS
Materials

1. Both sexes of Nangnoi Srisaket-1 and Luang Surin silkworm pupae after spinning cocoon 6
days; 2. 3- (4, 5-dimethylthiazol-2-yl) — 2, 5-diphenyl-tetrazolium bromide (MTT) solution; 3. Dimethyl
sulfoxide (DMSO); 4. Sildenafil (Viagra®) standard solution; 5. 80% ethanol; 6. Distilled water; 7.
Cells (Ea.hy 926); 8. RNA NeucleoSpin® RNA II Kit; 9. ¢cDNA RevertAid™ First Strand cDNA
synthesis kit; 10. ABI Fast 7500 System; 11. UV-VIS Spectrophotometer; 12. Grinder; 13. Centrifuge; 14.
Rotary evaporator; 15. Freeze dryer.

Methods
1. Preparation of silkworm pupa extract

Both male and female silkworm pupae, Nangnoi Srisaket-1 and Luang Surin varieties obtained
from Queen Sirikit Sericulture Centre, Chiang Mai province which had been stored at -18° C were
thawed at room temperature. This method has been applied from Maaike et al. (2009). Ethanol and water
were used as solvents for silkworm pupa extraction. First, 80% ethanol was mixed at ratio 1:2 by weight.
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The mixture was blended and centrifuged at 3000 rpm. for 5 minutes. Residue from the first extraction
was extracted again, totally 3 times. Liquid from ethanol layer was kept for further process. Then, solvent
had changed to distilled water and repeat process again as ethanol. Liquid from ethanol and distilled water
layer was dehydrated by rotary evaporator, dried by freeze dryer and grinded as powder.

2. Cytotoxicity test on blood vessel cells

MTT {3-(4,5-dimethylthiazol-2-yl) -2, 5- diphenyl-tetrazolium bromide} assay was used to test
cytotoxicity of blood vessel cells by measuring 90% of viable cells. Two species silkworm extracted powder
from both layers were prepared as solution at 0.3 -5,000 p g/ml by 2-fold dilution, then added into
microwell plate which contained of red blood cells at the concentration at 1x10* (Ea.hy 926). The plate
was incubated at 37° C for 24 hours. Culture media was removed from the plate, then MTT reagent was
added and the plate was incubated at 37° C for 4 hours. Dimethyl sulfoxide (DMSO) was added to activate
the reaction of colour production. The solution was measured the absorbance at 540 nm (ODs49) which
will be further calculated for percentage of viable cell according to below equation (Buapool et al., 2013).

The most concentration of extract from each layer that can provide 90% of red blood cell was selected.
0D (zample) —0D {control)

% cell viability = 0D (Max)- 0D (conmal) X 100

3. Ability of silkworm pupa extract on activation of nitric oxide production

Griess’s Method was used for evaluation of ability of silkworm pupa extract on activation of nitric
oxide production. Solution was dropped into concentration at 5x10° cell/vial and added the extract )Ea.hy
926). Then the plate was incubated at 37°C for 24 hours and mixed with Griess reagent until the colour
changed. The solution was measured the absorbance at 540 nm (ODs40) (Nims et al., 1996) and calculated
as percentage of the amount of nitrite by comparing to standard graph of nitrite from standard solution,
Sildenafil (Viagra®).

4. Study on mechanism of nitric oxide production in artery vessel cell wall

Quantitative real-time polymerase chain reaction (QRT-PCR) was used for quantity analysis of
mechanism of nitric oxide production whether extract that added to cell could increase gene (Ea.hy 926).
Nitric Oxide Synthase has two patterns which are endothelial nitric oxide synthase (eNOS) and Inducible
nitric oxide synthase (iNOS). Cell concentration at 2x10° was cultured in 6-well plate until reaching 80%
confluence of cells. Adding culture medium which had no growth factor into microwell plate, incubated
for at least 12 hours and added the studied cell. Concentration of standard substrate for toxic testing
compared with standard solution (Sildenafil) 25 micromolar. After adding testing substance for 24 hours, cell
would be digested for RNA extraction by RNA

NeucleoSpin® RNA II Kit. When concentration of RNA had been calculated, cDNA was
synthesized from RNA by cDNA RevertAid™ First Strand cDNA synthesis kit. Then cDNA was mixed
with primer that specified to eNOS and iNOS using B-Actin as controller gene. The process was
continued using ABI Fast 7500 and calculate by 2"2°T, Extract that could benefit on erectile dysfunction
should have high impact on gene expression of eNOS and less impact on gene expression of iNOS.

Finally, selected the extract from layer, which had potential activation of vasodilation in term of
positive effect on health.

DurationOctober 2014 — September 2015

LocationQueen Sirikit Sericulture Centre (Chiang Mai (

Faculty of Agro-Industry, Chiang Mai University

Faculty of Medicine, Chiang Mai University

RESULTS AND DISCUSSION
1.Productivity of silkworm pupa extract from ethanol and distilled water layer

Silkworm pupae extract of two varieties from ethanol and distilled water layer were dried and
ground, then evaluated the productivity. There was not significantly different between productivity from
ethanol layer of Nangnoi Srisaket-1 and Luang Surin varieties (p<0.05), 2.80% and 2.48% respectively.
According to table 1, distilled water layer of Nangnoi Srisaket-1 varieties had significantly higher than
Luang Surin varieties which were 7.26% and 5.30% respectively (p<0.05).
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Table 1. Production yield of extracted powder from 2 varieties of silkworm pupae

Silkworm pupa extract yield (%)
Solvent Nangnoi Srisaket-1 Luang Surin
Ethanol ™ 2.80+0.11 2.48+0.18
Water 7.26*£0.14 5.30°+0.09

Remark: Means followed by the same letters are not significantly different at p< (.05 with t-test
ns: non-significant

2. Cytotoxicity test on artery wall cells

The result showed that silkworm pupa extract from ethanol layer concentrated at 60 pg/ml and 410
ug/ml of Nangnoi Srisaket-1 and Luang Surin varieties were the maximum concentrations that cells still
be survived at 90%. Another layer from distilled water, the maximum concentrations were at 2200 pg/ml

and 125 g/ml, respectively (Fig.1).
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Figure 1: Effect of silkworm pupa extract by ethanol and water to cell viability ( at 90%)

3. Ability of silkworm pupa extract to activation of nitric oxide production

Extract obtained from ethanol layer of Luang Surin varieties had the highest ability to activate
nitric oxide production at 102.55%. The second is the extract from ethanol layer of Nangnoi Srisaket-1
varieties at 101.57%. The extract of both silkworm pupa varieties from water layer had similar level
which were 80.83% and 79.30% (Table 2). According to the ability to activate nitric oxide production by
mucuna, it can induce 82.40% of standard solution (Duangnin et al., 2015). It could be seen that extract
from ethanol layer of both varieties had less activation to produce nitric oxide than standard solution or
sildenafil which has been widely used in medical area.

Table 2. Activation of nitric oxide production by silkworm pupa extract
compared to standard solution

Varieties Layer Concentration of .Cpnceptration of | Nitric pxide compared
extract (ug/ml) [nitric oxide (ug/ml) to Sildenafil, (%)
Nangnoi Srisaket-1 Et'ha'nol 60 2.083 101.57+6.06
Distilled water 2200 1.793 80.83 +7.18
Luang Surin Et'ha'nol 410 2.083 102.55 £6.92
Distilled water 125 1.752 79.30 +£3.83
Standard solution (Sildenafil) 2.041 100.00

4. Machanism of activation nitric oxide production
There were 2 mechanisms of activation nitric oxide production, eNOS (endothelial nitric oxide

synthase) and iINOS (Inducible nitric oxide synthase). For eNOS mechanism, Standard
solution(Sildenafil) could induce gene expression higher than control for 3.1 times related to f-Actin
(Table 3). Extract of Nangnoi Srisaket-1 silkworm pupae from both layers could produce nitric oxide
which were 2.7 and 2.6 times related to B-Actin. Luang Surin had lower activation than Nangnoi Srisaket-
1 which were 1.8 and 2.2 times related to f-Actin, recpectively. For iNOS mechanism, Sildenafil could
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induce gene expression to be 0.65 time related to B-Actin. Extract of Nangnoi Srisaket-1 from ethanol and
water layer were higher than standard solution which were 1.1 and 1.2 times related to B-Actin,
respectively. Luang Surin species had at least 4 times higher than standard solution which were 3.4 and
2.6 times related to B-Actin, respectively (Table 3).

A Nangnoi Srisaket-1(ethanol) layer B. Nangnoi Srisaket-1 (water) layer
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Figure 2.

Mechanism of nitric oxide production, in term of eNOS, means that having high level of eNOS
could benefit to health due to controlling the circulation of blood system. For iNOS, it needs low level
because high level can activate the immune system which can cause inflammation of muscle (Todaa et
al., 2005).

Extract of Nangnoi Srisaket-1 silkworm pupa from both layers had more ability to activate
vasodilation than Luang Surin species and also produced nitric oxide which was advantage to health.
Consequently, Nangnoi Srisaket-1 silkworm pupa had potential to utilize as dietary supplementary
products.

Table 3. Mechanism of activation nitric oxide production by silkworm pupa extract

Species Layer Concentration eNOS iNOS
(ng/ml) (Related to B-Actin) | (Related to B-Actin)

Nangnoi Srisaket-1 | Ethanol 60 2.7 1.1
Distilled water 2200 2.6 1.2
Luang Surin Ethanol 410 1.8 34
Distilled water 125 2.2 2.6

Standard solution )Sildenafil) 3.1 0.65

CONCLUSION

Both varieties of silkworm pupae, Nangnoi Srisaket-1 and Luang Surin, which were extracted
bioactivity compounds by ethanol, had half productivity compared to extract by distilled water. The
extract in form of powder by ethanol of both varieties provided positive activation on nitric oxide
production more than standard solution (Sildenafil), while extracted powder from distilled water layer
provided lower activation. Mechanism of vasodilation of extract from both layers of Nangnoi Srisaket-1
could activate nitric oxide production which benefits to health similar to Sildenafil. Therefore, the finding
indicated that both sexes of Nangnoi Srisaket-1 silkworm pupae had potential to utilize as dietary
supplementary food products.

ACKNOWLEDGEMENT

We would like to thanks all staff of Faculty of Medical Sciences and Faculty of Agro-Industry, Chiang
Mai University for providing research equipments.

We also would like to thanks Ms. Jeeranun Basungnoen, Agricultural Scientist, The Queen Sirikit
Department of Sericulture, to assist us all aspects.

156



REFERENCES

1. Ahn, M.Y., Shim, S.H., Jeong HK. and Ryu K.S. 2008. Purification of dimethyladenosine
compound from silkworm pupae as a vasorelaxation substance. Journal of Ethnopharmacology, 117,
pp.115-122.

2.Buapool, D., Mongkol, N., Chantimal, J., Roytrakul, S., Srisook, E., and Srisook, K. 2013.

3. Molecular mechanism of anti-inflammatory activity of Plucheaindica leaves in

macrophages RAW 264.7 and its action in animal models of inflammation. Journal of

Ethnopharmacology, 4, pp.495-504.

4. Duangnin, N., Kansai, M., Phitak, T., Potlachareon, P. and Kongtawelert, P. 2015. In vivo Study of

Velet bean extract properties on electile disfunction. pp. 13-23. The 36" National Graduate Research

Conference, Maegjo University, Chiang Mai )In thai).

5. Kaewruang, W. 2011. Silkworm - Infinity Utilities. Colourway, 17(94) p.21-25 (In Thai).

6. Kongpa, S., Wattanathorn, J., Muchipura, S., Kaewruang, W., Thongaun, T., Tiyaworanun, S.,

Auacbundit, N. and Jittiwat, J. 2012. The potential of silkworm pupae (Bombyx mori L.) on learning

and memory and on neuroprotection. pp.130-169. In Annual Report Year 2012. The Queen Sirikit

Department of Sericulture. (In Thai).

7. Maaike, M., Appeldoorn, D. P., Venema, T. H., Peters, F., Marjorie, E., Koenen,l. C.,

Arts, W., Vincken,J.P., Gruppen, H., Keijer,J. and Hollman, P. 2009. Some phenolic compounds

increase the nitric oxide level in endothelial cells in vitro. J. Agric. Food Chem., 57 (17), pp. 7693 —

7699.

8. Meetali D., Dulal C. B., Dipali D. and Rajlakshmi D. 2014. Antioxidant and

antigenotoxic effects of pupae of the muga silkworm (Antheraea assamensis). Food

Bioscience, 5, pp.108-114.

9. Nims R. W., Cook, J.C., Krishna, M.C., Christodoulou, D., Poore, C.M., and Miles, A.M. 1996.

Colorimetric assays for nitric oxide and nitrogen oxide species formed from nitric  oxide stock

solutions and donor compounds. Methods Enzymol., 268, pp.93-105.

10. Sukritanon, Y., Saennamwongse, K., Sukkasem, S. and Panyavanich, M. 2003. The period of

silkwormpupae for best nutrition. http://www.qsds.go.th/research/file/171.pdf. ) In Thai)

11.Todaa, N., Ayajikia, K., and Okamura, T. 2005. Nitric oxide and penile erectile function.
Pharmacology & Therapeutics, 106, pp.233-266.

APPLICATION OF INTRADUCTIVE PLANT AMARANTH iN SERICULTURE
Y.G. Shukurlu!, G.M. Bekirov?, Y.M. Bakirova®, H.B. Yusifov*

1. Director of ANAS Sheki Regional Scientific Center yusifsh(@mail.ru; 2. Head of the
department of Department of “Breeding Silkworms” of ANAS Sheki Regional Scientific Center
g.bekirov@shrem.science.az; 3. Substituting of head of the department of “Department of
Molecular Biophysics” of ANAS Sheki Regional Scientific Center
y.bekirova@shrem.science.az; 4. Agronomist of Sheki Regional Scientific Center

Abstract: The plant-introduced amaranth is rich with proteins, trace elements and macro-

elements. This plant has antifungicidal and antibacterial properties. As part of the amaranth oil
obtained from the seeds of the plant amaranth is Squalen. In addition, the flour obtained from the
seeds of amaranth exceed all amino acids and protein composition of all cereal plants, as well as
cow's milk. In addition, this plant has an antioxidant property. Given these useful properties, it is
advisable to use products derived from the plant amaranth and the plant amaranth in sericulture.
At the fifth age we fed silkworm caterpillars with mulberry leaves sprinkled with fresh amaranth

leaves juice. Got is a good result. Flour from seeds of amaranth can be included in the
composition of artificial forage of silkworm.. The planting of amaranth plant is promising in the
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neighborhoods and between the trees of mulberry orchards, as this plant enriches the soil and
protects it from harmful bacteria and fungicides, and the roots of amaranth accumulate
radionuclide from the soil.

Key words: amaranth, silkworm, radionuclide, squalen, antioxidant

Introduction

In modern times, scientists of many countries are exploring ways to use non-traditional
plant resources for use in various industries: in agricultural and processing plants, for obtaining
new nutrients, food additives with medicinal properties, in the pharmacological and cosmetic
industries. Amaranth occupies a special place among these plants. For high nutritional value,
unique healing and prophylactic properties, high yield by UN experts, Amaranth is declared the
most promising cereal plant of the 21st century. [1]

According to the literature data, the protein content in amaranth is 72-75 points, which
exceeds cow's milk, corn and other cereal and soy plants. In addition to protein, amaranth
contains high-molecular compounds - pectin polysaccharides and other low-molecular
substances, including flavonoids with P-vitamin activity - rutin and pigment-amaranthine. As
part of amaranth oil obtained from seeds of amaranth contains a valuable component - Squalen.
It is the closest in its composition to the human cell substance that captures oxygen and saturates
the tissues and organs of our body through a simple chemical interaction with water.Today, anti-
carcinogenic effects have been established antimicrobial and antifungicidal effect of Squalen,
while simultaneously contributing to the provision of oxygen to the skin. Amaranth oil contains
8% Squalen in it [2].

All parts of the plant contain nitrogen-containing compounds, betacyanidin: amaranthine,
betaine, organic acids, vitamins, colorants, trace elements.

In addition, the seeds of amaranth contain a large number of amino acids, including
indispensable ones, as well as protein with a high protein content (up to 18%).The protein of
amaranth seeds is equated to a squirrel of mother’s milk. The nutritional value of amaranth
protein is much higher than cow's milk protein and almost 1.5 times that of soy protein.

Amaranth seed oil contains a ; %
large number of unsaturated and
organic acids. The main component
of the seeds is Squalen (more than
8%). Squalen is a component of ;
human skin and takes a direct part in
the oxygen metabolism of tissues and
organs, protects the body from
radiation, ensures the body's
resistance to various diseases. [4].

To  date, the  practical
application of the results obtained in
the bakery, confectionery industry,
and in the production of dietary,
therapeutic and prophylactic e | _ :
products, in the production of baby food in the chem1ca1 pharmaceut1cal in the perfumery-
cosmetic, in the fat-and-oil industry and in the feed industry is particularly topical. Such a wide
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range of application of amaranth is explained by the presence in all parts of the plant of a huge
amount of biologically active substances * [5]. In our region there are about nine wild kind of
amaranth. For a long time, our great-grandmothers used two kinds of amaranth in cooking in the
preparation of salads and a sour-milk national dish of dovga and garnish.

The purpose of the work is to isolate from some introductory plant varieties Amaranthus
components: betacianin pigments, amaranthine, rutin - angioprotective phytopreparation;
Biologically active additive (BAA), improving the absorption of vitamin C, strengthening
capillaries, enhancing blood circulation, reducing swelling, which has a powerful antioxidant
effect on the body [3].

Studying the scientific materials of scientists from different countries: we studied
cultivation and growing, biochemical properties, the obtaining and healing properties of
amaranth oil, headed by the Director of the National Academy of Sciences of ANAS, Y.G.
Shukurlu, in our region to cultivate and study biochemical properties and use useful Substances
derived from amaranth in the textile, food and pharmacological industry.

For the first time in our region, the employees of the center grew four introduced amaranth
plant varieties: Kharkov, Bagryany, Khvostatoy and Lera. These plant varieties successfully
adapted in our region. At the end of the cultivation, various parts of plants were separately
collected according to varieties and studies were conducted on the study of biological and
physical properties. The fat content of the seeds of each variety is determined.

Table 1. Fat content in seeds of Amaranth with %

In absolutely dry Dye matter from leaves amaranth organs
Grades 0 — .
form, % Humidity, % Natural moisture, %
Kharkov 5 4,35 13,0
Bagryany 5 4,35 15,0
Khvostovoy 10 8,38 16,2
Lera 10 8,78 12,2

We obtained a dye from various amaranth parts were used for staining silk and woolen
threads of protein origin. More promising is the dye derived from the dry leaves of the amaranth
plant.

Woolen and silk threads of protein origin, colored with amaranth extract, can be used for
making ecologically clean clothes. Referring to scientific sources from seeds of amaranth it is
possible to receive gluten-free flour, which can be used for people who are allergic to gluten.
Referring to scientific sources from seeds of amaranth it is possible to receive gluten-free flour,
which can be used for people who are allergic to gluten. Flour from seeds of amaranth can be
included in the composition of artificial forage of silkworm. A method for preparing an artificial
feed for a silkworm with high protein content is known including soy flour (up to 5% by weight
of dry material) [6].

Given the antimicrobial and fungicidal effect, we applied the extract of the plant amaranth
in breeding silkworm. Caterpillars of the silkworm at the fifth age were fed with mulberry
leaves, three times and freshly sprinkled with freshly survived juice from the leaves of the
amaranth plant per 100 grams of mulberry leaves 1 gram of pomace. As a result of the conducted
experiments and observations, the following data were obtained. Table 2 shows the indicators for
10 pieces of cocoons.
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Table 2. Indicators for 10 pieces of cocoons.

Three-time feeding | Constant feeding
Biological indicators of leaves with of leaves with Control
sprayed amaranth sprayed amaranth
Cocoon weight 20,8 q 21,0q 17,9q
Cocoon weight without chrysalis 42q 48 q 3,7q
Silk-skinniness’ 20,0 % 22,0 % 20,7 %
Viability 97,0 % 97,5 % 96 %

Some useful properties of various varieties of Amaranth have been studied. In particular,
the content of crude protein, extractive substances in the leaves, as well as the fat content in the
seeds is determined.It was found out that the content of extractive substances in Kharkov variety
is 16.7%, in

Khvostatoy variety 15.6% - while in other varieties of Lera and Bagryany this index is 11.0
and 12.5%

The content of crude protein in the leaves in recalculation, and absolutely dry matter is:
3,10 % - in the variety Khvostovoy, 3.08% - in the Bagryany variety, 3.23% - in the Kharkov
variety, 3.18% in the Lera variety. The content of crude protein in seeds in terms of absolutely
dry matter: 14.87% of the
variety Khvostovoy, 14.0%
of the Bagryany variety,
18.20% of the Kharkov
variety, 15.75% of the Lera
variety.

It is promising to plant
amaranth plants in the
neighborhoods and between * Silk thread stained with dve * The feeding of caterpillars with
rows of trees of mulberry obtained from amaranth leaves from mulberry leaves sprayed
orchards, as this plant with amaranths
enriches the soil and protects it from harmful bacteria and fungicides, and the roots of amaranth
accumulate radionuclide from the soil.

Conclusions and offers

1. The results of the experimental work and biochemical studies have shown that it is
advisable to cultivate various varieties of Amaranth in production conditions and in private farms
of farmers as a source of feed, as well as a source for obtaining food additives and medical
products.

2. Perspective in the neighborhood and between rows of trees in the mulberry garden
planting amaranth plant to enrich the soil and fight fungicides and bacteria.

3. Woolen and silk threads of protein origin, colored with amaranth extract, can be used
for making ecologically clean clothes.

4. As aresult of the conducted studies, it was found that the silkworm, constantly sprinkled
with leaves of mulberry, sprinkled with leaves of amaranth at the fifth age exceeds the viability,
the weight of raw cocoon and the silkness of the control.
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In 2011, the National Sericulture Project emerged in order to produce bioproducts for the
medical-pharmaceutical, cosmetic and biotechnological industries.
Three main lines are developed. These are shown below:
1.The mulberry (Murus alba L.) for feeding the silkworm
2.Silkworm rearing (Bombyx mori)

3.0Obtaining cocoon derivatives
Table 1. Established mulberry cultivars

Origin Cultivars Area(Hectare) No.of plants
Gui Sang You 62 12,78 220 084
China Gui Sang You 12 4 70 798
Guangdong 11 2,62 38 788
Sapain Murcia 5,36 72 704
Costa Rica Tigreada 1 172
Criolla 9,37 178 175
Total 35,13 580 549

Seed propagation methods provide 94-96% of germination because of development of
different methods of propagation. At present, there are around 30 ha planted by seeds at the
project’s facilities and around 390 kg of seeds have been produced for other purposes with the
consequent replacement of imports.

In different cultivars vegetative and root development are obtained as a result of influence of
mulberry harvest. These results showed that harvesting right after 4 months of planting the plot
under Cuba’s conditions (with irrigation and fertilization) did not affect vegetative and root
development.

Table 2.

Cultivar | Harvest | Ave. Ave. | Ave. Stem Height to the | Ave. Ave. Y%of
number | Root | number Height | 1st.leaf number | Weight | leaves
of root lengt | of (m) From the soil | Of of the | weight

h (m) | branches (m) leaves leaves
Gui No 39 40.8 2.00 2.65 1.57 44.75 5.12 38.01
Sang Si 48 45.2 4.75 1.56 0.37 77.25 4.88 55.4
You 62
Guangdo No 58 64.7 4.25 2.94 1.40 171.75 4.38 43.1
ng 11 Si 46 63.6 6.40 1.51 0.50 109.00 3.50 56.5
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Evaluations of eggs from different countries
Bombyx mori L. is considered an exotic organism in Cuba, it is subjected to biosecurity

regulations.

Eggs origin studied: Colombia, Brazil, Spain, Italy, India, Bulgaria, China (Liangguang 2),
Korea and Thailand (Chui Thai 1, Chui Thai 6, Chui Thai 7). these breeds showed a shorter
rearing cycle under Cuba’s environmental conditions, from 21-28 days to 21-23 days, which
makes possible to develop up to 9 rearing per year. The best origin were shown in the table 2:

Table 3:
Duration Hatchin | Mulberry Single | Weight Cocoon Cocoon | Cocoon Raw
of feeding | g consumption | cocoon | oercentage | length wide production | silk
Period (%) (kg/box) weight | of the (mm) (mm) Per box (%)
(day) (2) shell (%) (kg/box)
Origin:Thailan 36.1 25
21 95 7284 1.91 22 breed:Chui-Thai6
34.7 20.8
Origin:Thailan 35.1 24.2
1.79 23 breed:Chui-Thail
314 18.6
Origin:China breed: 29.2 19.7
21 95 810,5 1.41 20 Liangguang 2
23.4 14.4

These breeds showed a shorter rearing cycle under Cuba’s environmental conditions, from
21-28 days to 21-23 days, which makes possible to develop up to 9 rearing per year.

Detection and management of diseases BmNPV is the main diseases that affect the silkworm
rearing. Diagnostic protocols were established by PCR and molecular hybridization that allowed
detecting the disease from the 3rd instars.

Evaluation of physiological indicators (A) foliar water potential (‘P'f ), (B) foliar osmotic
potential (s ) and (C) stomas conductance.

The highest values of water potential were attained with the Criolla or Tigreada.

The low levels of stomas conductance found in the Tigreada ,this suggest that the plant is
able to make a stomas adjustment to avoid the loss of water by transpiration showing a better
adaptation to low water availability. This cultivar was one of the first introduced in the country
in 1996 from Costa Rica and consequently is better adapted.

Obtaining and evaluation of Silk protein hydrolyzed

The obtained product shows quality according to requirement to cosmetic industry when it
was compared to Hidrosilk (imported product).

The stability and toxicity assays confirmed its stability at temperatures below 300C, for more

than 1 year. This product classifies as no skin and eye irritant.

Researches are in these branch:

e To obtain fibrioin and chrysalis oil.

e Expression of proteins of pharmaceutical interests in silkworms (Bombyx mori) from genetic
modifications to it.

e To establish the condition for the national production silkworm eggs.

This is a “quality plus” value proving that under Cuba’s climatic conditions and with the
rearing technology used, there is a potential to develop and produce high quality silk.

162



Physical indicators

M1 EL]

LT a)

= [TTLLTTITIL]

(LLTIVAR CLLITVAR CULTIVAR

Evaluation of the coccon quality according to standards parameter

Breed Quality indicador Measuringunit ~ Value of the standard il Classification
Cleanness points 206.5¢97.5 99.0 bA
Neatness points 292.00<94.00 93,0 bA
Chul Thai 1 Silk yield of gross cocoons % - 46,62 47
Non-braken filament length m 2300<1000 9138 91
Rush upon cocoon per 10000m  time 43 04 |
TOTAL RESULT 6A 4791
Cleanness paints 206.5¢97.5 97 4A
Neatness points 292.00<94.00 93 1A
ChulThai6  Silk yield of gross cocoons % . 3792 38
Non-broken filament length m 2300<1000 5364 53
Rush upon cocoon per 10000m  tiempo 4 20 |
TOTAL RESULT 4A 3853
Cleanness points 296,5¢97.5 98.0 bA
Neatness points 202.00<94.00 94.50 5A
FC2 Silk yield of gross cocoons % . 39.36 39
Non-braken filament length m 2300<1000 1943 49
Rush upon cocoon per 10000m  time 43 048 |
TOTAL RESULT 5A 3949

THE NORTH-WEST REGION OF AZERBAIJAN SERICULTURE
INDUSTRY DEVELOPMENT CONCEPTION

Yusif Shukurlu, Farhad Ezizov, Gudurat Bakirov,
Aygun Ismailova, Yusif Rahimov, Agil Mustafayev

Affiliation: Regional Scientific Center of Sheki of Azerbaijan National Academy of Sciences

Abstract: Azerbaijan's north-western region has a unique place and role of the silk. The country is
located on the "Great Silk Way" — it is caused the formation and development of this industry especially
in Sheki, and encouraged the development of trade and economic relations with other countries.

The formation of economic relations of Azerbaijan as an independent state, the basic principles of
market economy taking interstate economic relations, land privatization, new approaches to solving the
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issues related to the development of sericulture became necessary. However, the objective and subjective
reasons, it did not have the desired level of attention to this area. As a result, a significant decline
occurred in this area. ~ 5921 tons of cocoons produced in 1982, when the figure to 57 tons in 2000, while
in 2014 it dropped to ~ 10 tons in Azerbaijan. Sheki Silk factory (Sheki Silk Company) did not give the
result of the measures taken to restore the activity and now this factory experiencing a period of
stagnation.

The concept is important in economic terms, gave an opportunity for the mass of people to work,
national and international experience in the cultural art of silk and new advanced technologies through the
use of innovative approaches based on the development of sericulture.

Keywords: objectives of conception, silk industry and human resources, modernization of silk
industry, international cooperation, implementation of conception

INTRODUCTION

The north-western region of Azerbaijan is located in the favourable geographical position, 6 districts
incorporate in this region, and share 15 percent of the country's economy. It is characterized as an
agricultural region, the country's main agricultural and livestock products manufacturer, developing a
wide range of production of fruit, vegetable, tea, honey, tobacco, sericulture, poultry, grains.

There are natural and biological resources in the region for the developing of these areas - reserves of
fertile and productive soil, groundwater and surface water resources, forests and plant reserves.

Azerbaijan's north-western region has a unique place and role of the silk. The country is located on the
"Great Silk Way" — it is caused the formation and development of this industry especially in Sheki, and
encouraged the development of trade and economic relations with other countries.

At the beginning, the entrepreneurs have engaged silkworm breeding in private factories and
workshops in Sheki (Nukha), but it was limited work. Later this precious Sheki silk products reputation
spread in the country and abroad, the demand for these products started to rise. The silk industry has its
highest stage of development in XVIII-XIX centuries in Sheki and 9-10 thousand tons of fresh cocoons
were produced every year during the same period. Silk products were exported mainly to Russia, and
European countries. In particular, Sheki silk products distinguished by their quality, highly valued in
foreign markets.

The first Silk Factory has been built in 1829, in Nukha (Sheki) and since 1830 was produced silk
fabric. During the Soviet period, Sheki-Zagatala region plays an important role in socio-economic and
cultural life and taking into account the development of the silk industry, the Silk Factory was established
in Sheki which its capacity was in third in the former Soviet Union. The factory was a manufacturer of
silk products and produced the qualitative production. The production of silk products have distinguished
qualitative, and exported to all republics and most regions of the USSR.

Sericulture production has began to develop in 60-70-years of XX century and produced~ 7800 tons of

fresh cocoons in Azerbaijan.
The formation of economic relations of Azerbaijan as an independent state, the basic principles of market
economy taking interstate economic relations, land privatization, new approaches to solving the issues
related to the development of sericulture became necessary. However, the object-tive and subjective
reasons, it did not have the desired level of attention to this area. As a result, a significant decline
occurred in this area. ~ 5921 tons of cocoons produced in 1982, when the figure to 57 tons in 2000, while
in 2014 it dropped to ~ 10 tons in Azerbaijan. Sheki Silk factory (Sheki Silk Company) did not give the
result of the measures taken to restore the activity and now this factory experiencing a period of
stagnation.

The concept is important in economic terms, gave an opportunity for the mass of people to work,
national and international experience in the cultural art of silk and new advanced technologies through the
use of innovative approaches based on the development of sericulture.
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2 . THE MAIN OBJECTIVES OF CONCEPTION

2.1. The main objectives of the conception are the following:

2.1.1. Sheki Regional Scientific Center of the National Academy of Sciences has the status of a legal
entity engaged in the cultivation of mulberry silkworm seed the creation of modern place kumxana (barn
for silkworm breeding);

2.1.2. The adoption of long-term state program for the development of sericulture in the country;

2.1.3. To equip the mulberry silkworm seed-producing plants with the most modern equipment, and
provide high-quality seeds of the species;

2.1.4. To make use of different kinds of achieved and patented high yielding mulberry silkworm silk
getting from Ganja Regional Scientific Center and the Sheki Regional Scientific Center Institute for this
purpose;

2.1.5. To organize the mulberry plantations in order to use of qualitative and high-yielding varieties of
forage;

2.1.6. Giving subsidies to farmers and entrepreneurs that engaged in this area, low-interest, long-term
loans, tax breaks and other incentives;

2.1.7. Cocoon production and silk industry in the acquisition and application of modern techniques
and technology used in the maintenance and support of the state;

2.1.8. To manage basing on modern technologies, communication systems and the creation of
kumxanas;

2.1.9. The organization of the relevant professions, training of staff on silk;

2.1.10. Measures for the protection of the internal market;

2.1.11. Directing the relevant research institutions and organizations, Institutions of National Academy
of Sciences in the field of sericulture technology research and application of research results;

2.1.12. To study the international practices and results and expansion of innovation in line with
application of silk;

2.1.13. To meet the international standards of competitive, high-quality assistance and to monitor the
organization of silk production, controlling this area and expand the scope of scientific research;

2.1.14. Product cocoon production was five (5) thousand tons, 10 thousand tons a year in the future
and to take measures to meet the demand for raw materials cocoon silk industry;

2.1.15. Silkworm mulberry cultivation and cocoon by applying artificial stimulation of the production
of the product, and creation "Agropark" s in republic.

3. DEVELOPMENT OF SILK INDUSTRY AND HUMAN RESOURSES

Presented conception of the North-Western region of Azerbaijan makes efficient use of natural and
biological resources, mulberry silkworm cultivation through modern farming methods and technologies,
cocoon and silk production based on innovative technologies, given the importance of human resources,
identifies the following trends:

3.1. Preparation of professionals highly skilled in the use of intensive methods for the creation and
cultivation of mulberry trees;

3.2. Preparation of professionals for being ready creative activity to control agro-technical care of
mulberry gardens, pest and disease;

3.3. Preparation of creative thinking specialists of silkworm seed area;

3.4.Preparation of professionals for identifying mulberry silkworm diseases and the medicines used
against them and carry out the activities of instructions;

3.5. Preparation of specialists of mulberry silkworm incubation and growth of the agro technical
service;

3.6. Preparation of specialists for using artificial feed on mulberry silkworm and feeding instructions;

3.7. Preparation of competent professionals in the field of sex selection and application of modern
equipment and sorting cocoon, calibration;
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3.8. Preparation of competent professionals in the field of opening of the cocoon stalk, determine its
technological performance;
3.9. Preparation of competent professionals in the field of various products of silk thread, including
Sheki, "Brand" of woman head coverings "kelegayi" and other production;
3.10. Organizing the educational and awareness among the people for the developing of the silk
industry in the country.
4. MODERNIZATION OF SILK INDUSTRY

4.1. The following measures must be implemented for the modernization of the silk industry:

4.1.1. Use of modern methods and technologies in the area of silk growing, organizing silkworm
breeding through the use of artificial feeding of mulberry;

4.1.2. To ensure production of high-quality seeds for cultivation with the use of modern equipment
production;

4.1.3. Creating of modern kumxanas for Mulberry silkworm breeding, production intensification, the
removal of the partial use of hand labor;

4.1.4. Collection of Cocoon production, sorting, silk thread, using the handle to open the process of
improving the quality of modern equipment;

4.1.5. Organizing high-quality, competitive, market demand, in line with international standards of silk
production.

5. INTERNATIONAL COOPERATION

5.1. Given the importance of international cooperation, the following measures should be taken to
facilitate the exchange of experiences:

5.1.1. Using artificial fodder and make use of local lines and species applying mulberry silkworm
breeding species from abroad and advanced technologies currently available in the silk world;

5.1.2. Ensuring to get the exchange experiences of the Sheki Regional Scientific Center (SRSC)
silkworm breeding specialists from specialization courses abroad;

5.1.3. Bringing the feed and mulberry silkworm breeds from the outside to SRSC for researching in
the Department of Sericulture;

5.1.4. To study he ability of species introduced, the use of artificial feeding of all ages during the
process, to watch the feeding process to evaluate all the positive and negative mark the end product,
determine the cocoon’s technical, biological and technological parameters;

5.1.5. Preparing of the appropriate methodology and recommendations for artificial feeding silkworm
cultivation. To investigate the composition of the artificial feed;

5.1.6. Selection work towards Species have been introduced to the local line and a new line between
the sexes more productive and resistant to local conditions and species.

6. IMPLEMENTATION OF THIS CONCEPTION

6.1. The main condition for the effective implementation of the concept is the creation of a mechanism
that can provide the cost-effective performance.

6.2. In addition to the implementation of the concept of state bodies, local self-governing bodies,
farmers and entrepreneurs, stipulates that local people involved in this process, along with the provision
of the state budget to attract foreign and local investors, involves the use of alternative financing
mechanisms

6.3. The following are key measures of production diversification of funding sources:

6.3.1. Invertarisation of state budget funds allocated to this area, analysis, evaluation, as well as the
costs and types of targeted use of funds allocated by the state orders a wider application and strengthening
of control.

6.3.2. Alternative sources of finance (budget funds and other funding sources not prohibited by law)

6.4. Concept implementation is carried out by the National Academy of Sciences and the Ministry of
Agriculture, Ministry of Industry and Economy of the Azerbaijan Republic.

The ministries carries out and take control of getting artificial feed and acquisition of modern
equipment and organizing production in the Republic of Azerbaijan.
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ABSTRACTS
Section 1: Mulberry

EMPHASIS ON AN EXPERIMENTAL MODEL IN PLANTS TRANSFER
OF PB IN MORUS SP.
Maria Ichim*, Panomir Tzenov** and Dimitar Grekov***

Affiliation: Institute of Bioengineering, Biotechnology and Environmental Protection

* S.C. BIOING S.A., Bucharest, Romania e-mail: ichim52@gmail.com

** Sericulture and Agriculture Experiment Station, 24 Mito Orozov Str., Vratsa 3000 Bulgaria; e-mail:
panomir@yahoo.com

*** Agricutural University of Plovdiv, 12 Mendeleev Str., Plovdiv 4000 , Bulgaria; e-mail:
grekov@au-plovdiv.bg

Abstract: The objective of the paper is to achieve an experimental model to see Pb transfer in plants
Morus sp .

The lead is known that when penetrated in the soil it is very difficult to be removed. This metal resists
in the layer 0-15sm from the soil surface, where it is strongly bound by adsorption processes, ionic
process, precipitation and mixing with organic matter absorbed. To study the soil Pb phytoextraction with
Morus alba, it was conceived as an experimental model consisted of the introduction of lead in soil with
irrigation water, and translocation of Pb phytoextraction from roots to leaves. Experiments were carried
out with the mulberry trees at the pots, watered with the solution containing lead. Soil and leaf samples
were taken after 21, 42 and 63 days from the start of the experiment.

By the analyzes was evident influence of the concentration of lead in the soil, the duration of treatment
and soil pH on Pb concentration of leaf.

Keywords: Morus alba, lead, phytoextraction, soil

BREEDING AND DIVERSIFIED UTILIZATION RESEARCH ON
POLYPLOID HYBRID MULBERRY VARIETY YUESANG 11
Cuiming Tang*, Guoqing Luo, Zhenjiang Wang,
Fanwei Dai Affiliation: Sericultural & Agri-Food Research Institute, Guangdong Academy of
Agricultural Sciences, Guangzhou, P. R. China

Abstract: Yuesang 11, a polyploid hybrid mulberry variety, has been bred by the methods of artificial
tetraploid induction and cross breeding. The new variety is with the characteristics of vigorous and fast
growth, high leaf yield and excellent quality, strong drought tolerance and regermination ability. The
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length and width of mature leaves are 25.0~35c¢m and 22.0~30.0cm respectively. The weight of single
leaf is 8.0~12.0g. The suitable planting density is 60,000/ha. on irrigated field, while 75,000/ha. on dry
land. It can be harvested branches 4~5 times with the interval of 40~50 days throughout the year. The
leaves yield is 52,500~65,000kg/ha. per year. Crude protein and soluble sugar content of mature leaves
(dry mater) are 27.5~28.5% and 6.5~7.5% in respectively. Feeding silkworms of Liangguang 2, cocoon
yield of per 100 kg leaves is 7.0~9.0 kg. In addition to feeding silkworms, Yuesang 11 has also been
exploited and used for vegetable, tea, food ingredient, forage, etc.

Keywords: Mulberry, Polyploid, Hybrid, Yuesang 11

THE ROLE OF FLAVONOIDS IN MULBERRY (Morus alba L.) IN RESPONSE
TO Ralstonia solanacearum

Fanwei Dai, Zhenjiang Wang, Guoqing Luo, Zheshi Kuang,
Cuiming Tang*, Zhiyi Li, Jing Huang

Affiliation: Sericultural & Agri-Food Research Institute Guangdong Academy of Agricultural
Sciences, Guangzhou, P. R. China

Abstract: Bacterial wilt in mulberry (Morus atropurpurea Roxb.), caused by Ralstonia solanacearum,
is one of the most important production constraints in many tropical and subtropical areas. In our previous
work, we investigated gene expression changes in mulberry at the early stages of R. solanacearum
infection. Now we are investigating transcriptional changes in mulberry that occur during the entire R.
solanacearum infection process. Analysis of gene expression changes in two mulberry cultivars,
following infection with R. solanacearum, revealed that expression of a series of genes associated with
flavonoid biosynthesis was significantly responsive to infection at all sample time points. Specifically, the
expression of genes encoding key enzymes involved in flavonoid biosynthesis—such as chalcone
synthase, chalcone isomerase, and flavonoid 3’-hydroxylase—was altered. We obtained full-length
sequences of these three genes and additional transcriptional and phytochemical evidence to verify this
result using qPCR and aluminum chloride colorimetry. This work indicates that flavonoids may play
important roles in bacterial wilt resistance for mulberry plants and provides valuable gene targets for
breeding disease-resistant mulberry cultivars.

Keywords: Mulberry, Ralstonia solanacearum, Disease resistance, Flavonoid, Transcriptome

BIOMETRIC MEASUREMENTS AND ANALYSIS BIOMASS
TO THE ANTHRISCUS CULTURE

Maria Ichim, Liviu Ichim, Georgeta Petre

Affiliation: Institute of Bioengineering, Biotechnology and Environmental Protection S.C.
BIOING S.A., Bucharest, Romania, e-mail: ichim52@gmail.com

Abstract: The objective of the paper is to highlight the evolution of plant Anthriscus sylvestris in the
second year of culture on an experimental playground out in the field. Measurements were performed
over a period of 140 days, starting on 03/07/2016 and was completed in date 07/25/2016. Evolution waist
Anthriscus sylvestris plant was in close accordance with the climatic conditions typical development
period. Plant growth was influenced by variation in temperature during this period of time. The
experiments were conducted under conditions suitable for organic farming. Biomass was analyzed in
terms of physico-chemical, metal content and active ingredients, and after drying has been used for
experiments to extract compounds needed to achieve semi subject to final preparation of the project. In
conclusion, the decision on plant cultivation Anthriscus sylvestris in one or more generations should be
taken depending on the optimum ratio between the content of metal compounds and the active principle
in the preparation semi-final. On the one hand it is found that plant growth on at least two generations
after seeding increases the content of principles active type polyphenols and lower content of active type
flavonoids, on the other hand is recorded content increases in metals, some delving heavy metals category
(appearance that certain conditions could be considered negative).

Keywords: Anthriscus culture, biometric measurements, the climatic conditions.
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THE APPROPRIATENESS OF MULBERRY TREE HYBRIDS AND ECONOMIC
EFFECTIVENESS IN THE OF SLIDING ZONES OF WEST GEORGIA

Prof. G. Nikoleishvili, Prof. E. Shapakidze, Doct. T. Dalalishvili

Affiliation: Sericulture of Georgia

Abstract: The sclected breeds of mulberry trees are effectively used in the zones which are vulnerable
to water erosion, also in dry territories, as well as for other purposes.

According to the growing capacity of seedlings and young plants of different breeds of mulberry tree,
Triploid-13 seedlings have been distinguished, which is characterized by its strong vegetative mass being
in correlation with its amount of green mass. Moreover, the particular attention has been made on the
hybrids with strong root system.

Triploid plants develop fairly strong root system in compare with Diploid and Tetraploid plants.
Besides, the size of above-land mass and root system size is large in compare with overall mass. For
example, foliage mass, overall mass and root mass of Triploid -13 exceeds “Gruzias” comparable data by
26%, 30% and 15% accordingly. Correlation between Underground and above-land vegetative masses in
”Gruzia” is — 1,22 and in Triploid-133, — 1,40 which is a high record.

According to their vegetative mass, among mulberry breeds, 760 hybrid seedlings have been selected
and planted in the West Georgia.

Keywords: Mulberry, young plants, hybrids, strong root system, seedlings

MOLECULAR CHARACTERIZATION OF MULBERRY (Morus alba L.)
USING SSR MARKERS

H. Gonzalez Alvarez!, B. Garcia-Gomez?, L. Chang Sidorchuck’,
C. Martinez-Mora*, A. Ruiz Barcena®, M.C. Pérez-Hernandez?,

J.L. Cenis?, P. Martinez-Gémez* and Y. Martinez-Zubiaur-'

Affiliation: 'Centro Nacional de Sanidad Agropecuaria, CENSA, San José de las Lajas, Mayabeque,
Cuba; 2 Department of Plant Breeding, CEBAS-CSIC. PO Box 164, E-30100, Murcia, Spain; ® Instituto de
Ciencia Agricolas, INCA, San José de las Lajas, Mayabeque, Cuba; “Instituto Murciano de Investigacion

y Desarrollo Agrario y Alimentario (IMIDA), c/Mayor, 1, 30150 La Alberca (Murcia), Spain

Abstract: The objective of this work is the molecular characterization of mulberry (Morus alba L.)
cultivars present in Cuban germplasm bank from different origins using Simple Sequence Repeat (SSRs)
markers. Thirty-seven mulberry cultivars from 8 different countries including Cuba, Costa Rica, Brazil,
South Korea, China, Japan, Italy and Spain were analyzed using 12 nuclear SSR markers. Results
established the value of SSR markers for distinguishing different genetic lineages and characterize an
extensive and largely gene pool available to mulberry cultivars. The results revealed the presence of 53
different alleles in the 37 assayed genotypes. The Japanese, Italian and Spanish cultivars formed a
separated group in which only 5 genotypes were present in the Cuban germplasm bank. On the other hand
the Cuban cultivars ‘Cuba 2’ and ‘Cuba 3’ propagated from Chinese parents were grouped in the same
branch, which suggests that these cultivars retain the genomic characteristics of their selection. It was also
possible to relate the genotypes of cultivars ‘Tigreada’ and ‘Acorazonada’ present in Costa Rica as well
as to evaluate other cultivars for their use in silkworm feeding. Molecular results also evidenced the
dissemination of the cultivated mulberry specie from China around the world, the introduction in South
Korea and Japan in the first dissemination step and the later wide dissemination of modern mulberry to
the Mediterranean area and later to South America and the Caribean area. These results also allowed to
deep in the genomic characterization of different genotypes in order to be able to implement a breeding
program that responds to the obtaining of genotypes with a good behavior for sericulture.

Keywords: Morus alba, Origin, Gene flow, Breeding, Genetic diversity, Molecular markers,
Microsatellites, SSR
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PHYTOPLASMA DISEASE OF MULBERRY AND THE
RESISTANCE OF PLANTS

Nodar Stepanishvili*- Doctor of Agrarian sciences; Irine Chargeishvili**- Doctor of Agrarian
sciences; Iveta Imerlishvili*- Doctor of Agrarian sciences; Kakhaber Vardukadze**- Head of the
center of development of silkworm breeding of Patriarchy of Georgia

Affiliation: *Scientific-Research Center of Agriculture of the Ministry of Agriculture; **Center of
development of silkworm breeding of Patriachy of Georgia

Abstract: The diseases and the resistance of plants depend on the various processes which take place
in plant cells. As a result of violation of normal living conditions of a plant, it appears in stressful
condition and is easily infected by pathogens. The pathogens, after penetrating in plant cells excrete
specific toxin which fatally damage the plant. Therefore, between the bacteria and plant is created
incompatible relationship that is a prerequisite of development of a disease. The cells of some plants are
sensitive to toxins, in such cases between the plant and the pathogen are created coordinated relations and
the plant doesn't perish. Such plants are considered resistant, i.e. they are diseased, but yield quite a big
crop of leaves.

Protection of a plant against pathogens is carried out in different ways, one of which is the content of
chemicals in plant itself. It is established that for the marker of resistance of mulberry to phytoplasma
disease can be considered the content of silicium and ascorbic acid and an indicator of the cell
environment reaction. And as the markers of the hidden self-defense are recognized a large amount of
physiologically active agents in the conducting system of a plant. It has been established that the most
powerful autolysis in mulberry leaves takes place only at pH - 5.8-6.0, and stops at pH - 9.0. Optimum
effect of hydrolytic enzymes takes place when pH-makes 6.6-7.5 units. Direct correlation dependence
between quantity of phloem cells and of the cell environment reaction has been established. Resistance of
the studied forms defined by coefficient of resistance/ratio between quantities of phloem cells to pH
indicator. The variety or the form of a mulberry is considered resistant if the coefficient of resistance -K is
more than 1.0.

Keywords: Mulberry, Disease, Resistance

INFLUENCE OF CLIMATE ON THE DEVELOPMENT AND PRODUCTIVITY
OF SOME BULGARIAN MULBERRY VARIETIES.
1. INFLUENCE OF SOME CLIMATIC FACTORS ON ECONOMIC CHARACTERS OF
MULBERRY BRANCHES
Doc. Zdravko Petkov, PhD
Affiliation: Sericulture and Agriculture Experiment Station, 24 Mito Orozov Str.,
Vratsa 3000 Bulgaria

Abstract: The influence of basic parameters which characterized the climate conditions on
economical important branch characters of some Bulgarian varieties of mulberry has been investigated.
The study was conducted at Moriculture Experimental Field of SAES - Vratsa during 2010-2012. It was
found that the values and the variability of climatic factors over the years affected sustainability in the
development of the tested varieties. Generally, climate affects significantly the length of branches and
total branch length of a tree. Correlation’s coefficients between the main branch characters of mulberry
and climate parameters have been ranged from negative to positive and from very low to medium by
power. Length of the branches correlates weakly and negatively with the amount of rainfall during the
growing period of mulberry and the amount of rainfall during the period from September to May, and
slightly positive by the sum of effective temperatures for the growing season. Internodal distance itself
negatively correlated with the amount of precipitation for the period from September to May and the sum
of effective temperatures for vegetation period and positively with the amount of rainfall during the
growing period of mulberry. The influence of air temperature on the main branch characters is proved,
and the sum of effective temperatures for vegetation period of mulberry correlates positively with most
economical characters of tested Bulgarian varieties at Vratsa’s, ecological conditions.

Keywords: mulberry varieties, climate, Vratsa, branch parameters, correlations
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INFLUENCE OF SOME CLIMATIC FACTORS CHANGE ON ECONOMIC
CHARACTERS OF MULBERRY LEAF AND PRODUCTIVITY IN MULBERRY

Abstract: The influence of basic parameters which characterized the climate conditions on
economical important characters of leaves and productivity of some Bulgarian mulberry varieties has
been investigated. The study was conducted at Moriculture Experimental Field of SAES-Vratsa during
2010-2012. It was found that climatic conditions over the years affected sustainability in the development
and productivity of the tested varieties. Generally, climate affects significantly the size and weight of
leaves. Mulberry productivity, expressed in leaf yield per branch also has influenced significantly by
ecological conditions. Correlation’s coefficients between the main leaf characters, together with leaf yield
of mulberry and climate parameters have been ranged from negative to positive and from very low to
medium by power. Most of tested characters, as leafiness percentage of tree, leaf weight and leaf yield per
one branch correlates negatively with the amount of rainfall during the growing period of mulberry and
the amount of rainfall during the period from September to May, and slightly positive by the sum of
effective temperatures for the growing season. The sum of effective temperatures for vegetation period of
mulberry correlates positively with most economical characters of tested Bulgarian varieties at Vratsa’s
ecological conditions.

Keywords: mulberry varieties, climate, leaf characters, productivity, correlations

EFFECTS OF MULBERRY (Morus alba) FRUIT CONSUMPTION ON LIPID PROFILES,
ANTIOXIDANT AND INFLAMMATION STATUS IN HYPERCHOLESTEROLEMIC
SUBJECTS

Suthira Ponjaruen', Wiroje Kaewruang!, Patcharanee Pavadhgul?, Anchalee

Sirikanchanarod”, Tipanee Senawong', Akkarach Bumrungpert?, Bavornnat Naprapasak',

Pimrumphai Wongwai', Jeeranun Basungnoen', Anan Suwannarat', Weena Pongpattananon"
Affiliation: 1/- The Queen Sirikit Department of Sericulture, 2/ - Faculty of Public Health, Mahidol
University

Abstract: Cardiovascular disease (CVD) is a non-communicable disease, but it is an important public
health problem worldwide. In mulberry fruit, there is plentiful of nutrients and phytochemicals;
especially, anthocyanin that can reduce a risk of CVD development. However, there is no research have
been studied in human. This study; therefore, emphasizes on an effect of freeze-dried mulberry fruit
consumption on lipid profiles, antioxidation and anti-inflammation of adult human that has Dyslipidemic.

The study was an experimental controlled trial (randomized controlled trial) that consist of 58 adult
human with Dyslipidemic subjects, age range between 30 and 60 years old. Thirty subjects (experimental
group) were consumed freeze-dried mulberry fruits, which contain 325 mg of anthocyanin, and the
remains (control group) were not consumed.

The results showed that the total cholesterol and LDL-C in Dyslipidemic subjects who consumed
freeze-dried mulberry were significantly reduced (p < 0.001). However, the consumption of freeze-dried
mulberry fruit did not effect on triglycerides, HDL-C and anti-inflammation; while, the anti-oxidation in
the experimental group was significantly increased (p < 0.001) after the experiment.

The mulberry fruit consumption can reduce total cholesterol, LDL-C and increase anti-oxidative
activity. Therefore, mulberry fruit may be an alternative choice for regulating the lipid level in
Dyslipidemic adults, and then can decrease the risk of CVD.

Keywords: Mulberry Fruit, Anthocyanins, Lipid Profiles, Antioxidation,

Hypercholesterolemic Subject
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Section 2: Silkworm and silk

NATURAL DYE TREATMENT OF SILK FIBERS IMPROVEMENT VIA SURFACE
MODIFICATION BY UV-IRRADIATION
Sasipim Limmanee, Wiroje Kaewruang, Somphob Jongruaysup, Manichaya Phuwang, Suradet
Teerakul, Suttisan Pimpasalee, Anuchit Choomjai, Sunantha Puangsema
Affiliation: The Queen Sirikit Department of Sericulture, Chatuchak,
Bangkok, 10900
Abstract: This work presents the comparative study on the structure and properties of silk yarns
produced in Thailand and used in the textile industry. The silk yarns used in this research were obtained
from four species as native variety (NangSew x NangTui), Thai hybrid (LeungPiroje, Ubon ratchathani
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60-35) and foreign varieties (Chul 1). The results indicated that all of the silk yarns obtained from the four
silkworm varieties had the similar morphology, chemical functional groups and thermal property.
However, it was found that silk yarns obtained from Chul 1 produced the highest quality of the
mechanical property because these silk yarns were reeled by the automatic industry machine.
Consequently, it produced the highest strength of silk yarns which were better than the silk yarns obtained
from LeungPiroje, Ubon ratchathani 60-35 and NangSew x NangTui, respectively. After degumming, all
of the four silk yarns decreased in tenacity and elongation.

For the effect of UV irradiation on the dyeability with natural dyeing stuff, the silk fabrics from Chul 1
silk yarns were irradiated for 0.5, 1 and 3h, and then dyed with natural dye. Dyeability was analysed in
terms of CIE L*a*b* values and K/S value. The result showed that the UV irradiation on silk fabric could
improve the dye absorption of silk fabrics. The silk fabric treated with 3 h of UV-irradiation had the
highest K/S value. However, treating a silk fabric with UV-irradiation resulted in a decrease of tensile
strength for all warp and weft direction.

Keywords: Silk Yarns, Silk Fabrics, UV-irradiation, Dyeability

BASIC CHEMICAL COMPOSITIONS AND ANTIOXIDANT ACTIVITIES
OF THAI SILKWORM AND SILKWORM PUPA
'Saowanee Apinyanuwat, ’Somchai Jomduang,*Wiroje Kaewruang, '"Nakorn Mahayosanan and
“Jutharat Chamkratoke
Affiliation: 1 -Queen Sirikit Sericulture Center (Chiang Mai), 2 - Faculty of Agro-industry,
Chiang Mai University, 3 - The Queen Sirikit Department of Sericulture,
4 - Queen Sirikit Sericulture Center (Nakhon Ratchasima)

Abstract: Silkworm pupa has normally obtained as a by-product during cocoon production. Some of
their antioxidant activities were studied, but not cover all Thai silkworm varieties which have been
promoted by The Queen Sirikit Department of Sericulture. Therefore, this research aimed to study on the
basic chemical compositions and antioxidant activities of Thai silkworm and silkworm pupa. The
experimental design was 7x2x2 Factorial in Completely Randomized Design. Three main factors were
studied which were 7 silkworm varieties (Nangnoi Srisaket-1, Samrong, NangtuixNangsew, Nangnoi
Srisaket-1xSamrong, Ubon Ratchathani 60-35, Luang Surin and J108xNanglai), 2 stages of silkworm
(mature silkworm and silkworm pupa) and sex (male and female). It was found that all silkworm varieties
had similar basic chemical compositions without significant differentiation (p=0.05) which were moisture
(77.13-78.93%), protein (56.11-61.71%), fat (11.02-19.11%), ash (4.19-6.73%) and carbohydrate include
fiber (18.49-23.86%) respectively. However, it showed that silkworm pupa had higher fat and
carbohydrate include fiber content than silkworm with having significant differentiation (p < 0.05). In
addition, male pupa had fat content more than female pupa but female pupa had protein and carbohydrate
include fiber content more than male pupa. Antioxidant activities analysis had been evaluated by using 3
methods; DPPH, TEAC, and TRAP assays). It can be seen that Nangnoi Srisaket-1 and Luang Surin
silkworm varieties had significantly (p<0.05) highest of antioxidant activities, while silkworm pupa
showed higher antioxidant activities than mature silkworm in each variety. Furthermore, both male and
female gave the same level of antioxidant activities with having no significantly differentiation.

Keywords: Silkworm, Silkworm pupa, Chemical composition, Antioxidant activities

INFLUENCE OF THE SERICIN CONTENT ON SOME MAIN
TECHNOLOGICAL CHARACTERS OF Bombyx mori L.
M. Panayotov, R. Guncheva, K. Bobov
Affiliation: Faculty of Agriculture, Trakia University, Stara zagora, 6000, Bulgaria,

e-mail: panayotov_m@abv.bg

Abstract: Sericin content is of great importance in the production of raw silk. The study has been
carried out at the educational and experimental base of the Silkworm breeding section of the Faculty of
Agriculture at Trakia University, Stara Zagora-Bulgaria. The aim of the study was to investigate the effect
of sericin content in the Bombyx mori silk thread on the phenotypic manifestation of technological
characters: raw silk ratio (%), reelability (%), total and non broken filament length (m), filament thickness
(denier) and initial rate of dissolution of sericin. Analysis of variance showed that the sericin content had
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significant effect on the technological characters raw silk ratio (p<0.01), reelability (p<0.01), non broken
filament length (p<0.01) and initial rate of sericin dissolution (p<0.001).
Keywords: Silkworm, Bombyx mori L., Sericin, Technological characters

THE ROLE OF ADAPTIVE SELECTION IN CREATION OF BREEDS PRODUCTIVITY
Yusif Shukurlu, Gudret Bakirli, Agil Mustafayev
Affiliation: Regional Scientific Center of Sheki of Azerbaijan National Academy of Sciences

Abstract: The results of the experiment show that spring, summer and autumn feeding has highly
effectiveness in the method of selection. As a result of analysis of the scientific research,
some biological parametersof mulberry silkworm such as the weight of wet cocoon, the weight of
cocoon shell and the silkness of wet cocoons change in accordance with the law as a result of changes of
environmental conditions.

Keywords: weight of wet cocoons, the weight of cocoon shell, wet silk cocoons

EFFECT OF THAI SILKWORM PUPA EXTRACT ON
ACTIVATION OF VASODILATION

Wiroje Kaewruang!, Somchai Jomduang?, Daenpen Wangmao®, Prachya Kongtawelert”,
Natthachai Duangnin®, Nakorn Mahayosanan®, Saowanee Apinyanuwat?,
Jutharat Chamkratoke®, Sasipim Limmanee', Anuchit Choomchai' and Suthira Ponjaruen"

Affiliation: 1/ - The Queen Sirikit Department of Sericulture, 2/- Faculty of Agro-Industry, Chiang
Mai University, 3/ - Department of Bio-Chemistry, Faculty of Medicine, Chiang Mai University, 4/ -
Queen Sirikit Sericulture Centre (Chiang Mai), 5/- Queen Sirikit Sericulture Centre (Nakhon
Ratchasima)

Abstract: This research was aimed to study on the activation and mechanism of vasodilation of Thai
silkworm pupa extract obtained from two different solvent layers. Both male and female pupae of two
silkworm varieties as Nangnoi Srisaket-1 and Luang Surin were studied. Silkworm pupa was extracted
using ethanol and water, then each sample was evaporated, dried by freeze dryer and crushed into small
powder. Silkworm pupa powder was analysed for Cytotoxicity on blood vessels cell using MTT {3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium} bromide assay. It was found that maximum
concentration of Nangnoi Srisaket-1 and Luang Surin extracted powder samples from ethanol layer which
90% of cells could survive were at 60 and 410 pg/ml respectively, while extracted powder from water
layer were at 2200 and 125 pg/ml respectively. Ability of extracted powder on blood vessel cells to
produce nitric oxide comparing to standard solution, Sildenafil (Viagra®), using Griess’s method of
extracted powder from ethanol layer from Nangnoi Srisaket-1 and Luang Surin were high activity which
were 101.57% and 102.55% respectively, while extracted powder from water layer had lower activity
which were 80.83% and 79.23%, respectively. In addition, mechanism of nitric oxide production in blood
vessels by extracted powder from both layers comparing to standard solution had also been studied.
Endothelial nitric oxide synthase (eNOS) mechanism was positive effect on health by controlling blood
circulation. Extracted powder of Nangnoi Srisaket-1 from ethanol and water layers had stimulated eNOS
gene expression for 2.7 and 2.6 times respectively, related to f-Actin which were slightly lower than
standard solution (3.1times), while extract from both layers of Luang Surin had lower level. Another
mechanism was inducible nitric oxide synthase (iNOS) mechanism which was negative effect on health
by causing inflammation of cells. Extracted powder from ethanol and water layers had stimulated iNOS
gene expression for 1.1 and 1.2 times respectively, related to B-Actin which were higher than standard
solution (0.65 time), while extract from both layers of Luang Surin were at least 4 times higher than
standard solution. In summary, extract of Nangnoi Srisaket-1 pupa from ethanol layer was the most effective
on activation of vasodilation which also provided beneficial effect on health and had high potential to
produce as a functional food.

Keywords : Silkworm pupa , Nitric oxide , Sildenafil, Vasodilation
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HETEROSIS MANIFESTATIONS AND DEPRESSION BY SURVIVAL AND
LARVAL DURATION OF BOMBYX MORI L. HYBRIDS REARED
WITH ARTIFICIAL DIET

R. Guncheva*, M. Panayotov*, P. Tzenov**,
Y. Vasileva**, D. Grekov***

Affiliation: * Faculty of Agriculture — Trakia University, Stara Zagora 6000, Bulgaria, e-mail:
radostina.guncheva@gmail.com; ** Sericulture and Agriculture Experiment Station, 24 Mito Orozov
Str., Vratsa 3000 Bulgaria, e-mail: panomir@yahoo.com ; *** Agricultural University, 12 Mendeleev

Str., Plovdiv 4000, Bulgaria, e-mail: grekov@au-plovdiv.bg

Abstract: The aim of this paper was to study the influence of the degree of heterosis (compared to
higher parent value - HP and mean parental values - MP) and inbred depression on the signs, survival and
larval duration of Bombix mori L. hybrids. The study was conducted at the Training Experimental Station
of the Sericulture section of the Faculty of Agriculture at Trakia University. Object of the study is a
hybrid, created in Sericulture and Agriculture Experiment Station (SAES)-Vratsa, with the participation
of maternal breed with high survival rate and shorter larval duration ("Vratsa 55" - 83.08% and 92 h) and
a father's breed with very low survival rate and extended larval duration ("Banysa P" - 57.44% and 107
h). Silkworms were reared with artificial diet containing 15% powder of dried mulberry leaf produced at
SAES-Vratsa and prepared by methods, developed by the manufacturer, whereby 250g of dry substance
and 675ml of distilled water are homogenized using a mixer. The mixture is cured thermally in a
microwave for 10 min at ~800W.

The susceptibility of hybrid, heterosis manifestations of the signs in F; and the depression in F» was
determined based on the results from the survival rate and larval duration in the I-st instar of the larval
stage by the parental breeds (P, and P») and hybrid generations (F;, F2, BCP; and BCP;).

The results (90.94% survival and 88 h duration of larval duration) show that hybrid "Vratsa 55 x
Banysa P" shows a high degree of susceptibility to artificial diets with reduced content (15%) of mulberry
leaf powder. Better results were seen in BCP; hybrid generation with the participation of breed "Vratsa
55" as a donor. It was found a high degree of heterosis expression for Fi, as compared MP and as to the
HP for the both analyzed signs. The high degree of heterosis in F; was accompanied by depression in F.

Keywords: Silkworms, Bombyx mori L., Artificial diet, Heterosis, Depression

STRUCTURAL CHARACTERISTICS AND PROPERTIES OF ARGIOPE AMOENA
DRAGLINE SILK FIBER OBTAINED BY DIFFERENT REELING SPEED

Lei Zhang, Xianxun Bao, Masao Nakagaki
Affiliation: Institute of Sericulture, Anhui Academy of Agricultural Sciences

Abstract: Spider dragline silk is of practical interest because of its excellent mechanical properties.
To obtain stronger spider silk fiber, we studied the mechanical properties of dragline silks of Argiope
amoena obtained under reeling speeds ranging from 2 to 100 mm s, and its microstructure were

evaluated. It is surprising that our experiments show that relationship between mechanical properties and

reeling speeds of 4. amoena is different with those of Araneus diadematus, Nephila edulis and Nephila

pilipes of previously reported. The results show that the breaking stress, the B-sheet structure contents and

crystalline structure of the silk fibers reeled at 20 mm s are remarkably superior to those of silk fibers
reeled by other speeds, suggesting that the fine dragline silk fiber of A. amoena obtained at 20 mm s™'.

Keywords: Spider dragline fiber; Reeling speed; Mechanical properties; Molecular conformation
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BREEDING OF NEW HIGHLY PRODUCTIVE SILKWORM, BOMBYX MORI L. BREEDS OF
JAPANESE TYPE BY INITIAL PARENTS SELECTION FOR MORPHOLOGICAL TRAITS
Panomir Tzenov*, Jolanda Vasileva* and Dimitar Grekov**

Affiliation: *Sericulture and Agriculture Experiment Station, 24 Mito Orozov Str., Vratsa 3000
Bulgaria;e-mail: panomir@yahoo.com
**Agricutural University of Plovdiv, 12 Mendeleev Str., Plovdiv 4000 ,
Bulgaria; e-mail: grekov@au-plovdiv.bg

Abstract: By selection of parents from an initial foreign F1 hybrid population for morphological
characters two new silkworm breeds of Japanese type Ana 11 and Chislau 21 have been created.

The new breeds are characterized with high biological and technological characters values. The breed
Chislau 21 manifested higher values of the main quantitative traits, namely egg - 99.68%, pupation rate —
95.75%, fresh cocoon weight — 2464 mg, silk shell weight — 533 mg and shell ratio — 21.63%.

Both new silkworm breeds were recommended for using in the future breeding programs.

Key words: silkworm, Bombyx mori L., breeds, selection, productivity

COMPARATIVE TRANSCRIPTOME ANALYSIS OF Bombyx mori (Lepidoptera) LARV AL
MIDGUT RESPONSE TO BmNPV IN SUSCEPTIBLE AND NEAR-ISOGENIC
RESISTANT STRAINS

Jiaping Xu, Minghui Liu, Dehui Huang
Affiliation: Anhui Agricultural University, Institute of Sericulture,
Anhui Academy of Agricultural Sciences

Abstract: Bombyx mori nucleopolyhedrovirus (BmNPV) is one of the primary pathogens causing
severe economic losses in sericulture. However, the molecular mechanism of silkworm resistance to
BmNPV remains largely unknown. Here, the recurrent parent P50 (susceptible strain) and the near-
isogenic line BC9 (resistance strain) were used in a comparative transcriptome study examining the
response to infection with BmNPV. A total of 14,300 unigenes were obtained from two different resistant
strains; of these, 869 differentially expressed genes (DEGs) were identified after comparing the four
transcriptomes. Many DEGs associated with protein metabolism, cytoskeleton, and apoptosis may be
involved in the host response to BmNPV infection. Moreover, some immunity related genes were also
altered following BmNPV infection. Specifically, after removing genetic background and individual
immune stress response genes, 22 genes were found to be potentially involved in repressing BmNPV
infection. These genes were related to transport, virus replication, intracellular innate immune, and
apoptosis. Our study provided an overview of the molecular mechanism of silkworm resistance to
BmNPYV infection and laid a foundation for controlling BmNPYV in the future.

Keywords: Bombyx mori (B. mori); Nucleopolyhedrovirus (NPV); RNA-seq; differentially expressed
genes; response mechanism

CREATION OF A MULBERRY SILKWORM BREED RESISTANT TO
A DISEASE “NUCLEAR POLYHEDROSE”
N.Baramidze', I.Gujabidze, M.Khutsishvili, Z.Tskaruashvili
Affiliation: 1. Scientific-Research Center of Georgian Agriculture; 2. Georgian Agrarian University

Abstract: In distinct from other insects the mulberry silkworm is more sensitive to the impacts of
environment factors, to breeding and artificial selection led by a man in various directions.

Study of the principles of historic development of mulberry silkworm, its hybridization, rearing and
selection is most important and will enable us to control and manage the worm growth, development and
its productivity.

Our research is dedicated to the management of silkworm productivity, and it pursues to prepare high
quality grain that would be resistant to the silkworm disease “nuclear polyhedrose”.

With this in view, to induce mulberry silkworm disease “nuclear polyhedrose”, we have developed a
method of artificial infestation of a mulberry silkworm.

At the initial stage we collected hemolymph of silkworms artificially infested by the method of
induction, then polyhedrons were isolated by the use of a centrifuge which was washed and polyhedral
suspension was prepared.
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At the second stage the following polyhedral suspension concentrations were used for artificial
infesting:500mm?, 1000mm?, 5000mm?, 10000mm? and 500000mm?. The last version of the above listed
concentrations resulted in mass death of worms, the 10000mm?® version was lethal for 74%, 50000 mm?
- for 39%, 1000mm’ - for 6 % and 500mm?® - for 3%.

From 5 concentrations listed above the 500mm?® polyhedral suspension, as the most efficient was used
for creation of a new breed resistant to this disease.
Keywords: mulberry silkworm, diseases, grain.

STUDY OF NEWLY INTRODUCED SILKWORM, BOMBYX MORI L,
BREEDS FROM AZERBAIJAN

Panomir Tzenov*, Jolanda Vasileva* and Dimitar Grekov**
Sericulture and Agriculture Experiment Station, 24 Mito Orozov Str.,

*Vratsa 3000 Bulgaria; e-mail: panomir@yahoo.com; **Agricutural University of Plovdiv, 12
Mendeleev Str.,

Plovdiv 4000 , Bulgaria; e-mail: grekov@au-plovdiv.bg

Abstract: A study with 4 silkworm breeds from Azerbaijan has been carried out during the period
2011-2015 at the Sericulture and Agriculture Experiment Station, Vratsa, Bulgaria.

It was detected that the breeds Azeri and Vatan could be characterized as Japanese type and the breeds
Karabakh and Jafar — of the Chinese type.

The results obtained manifested that the Azerbaijani breeds performed a good adaptation to the
Bulgarian conditions, which was proved by the comparatively high main quantitative characters valuses.
In average the eggs hatchability was 99.35%, the pupation rate was 94.50 %, fresh cocoon weight was
2185 mg, silk shell weight was 528 mg and the silk shell ratio was 24.16%.

The results clearly bring out that the Azerbaiojani breeds could be used both as initial material in the
future breeding programmes as well as for direct commercial hybridization.

Key words: Silkworm, Bombyx mori L., Hatchability, Pupation ratio, Cocoon weight, Shell weigh,
Shell ratio.

RECEIVING OF COLOR COCOONS WITH FLUORESCENT SUBSTANCES
Panomir Tsenov!, Yusif Shukurlu?, Gudurat Bakirov?
Affiliation: 1 - Sericulture and Agriculture Experiment Station, Vratsa, Bulgaria; 2 - Regional
Scientific Center of Sheki of Azerbaijan National Academy of Science; e-mail: yusifsh@hotmail.com

Abstract: When feeding caterpillars of a silkworm a natural forage, on fresh leaves of a mulberry
sprayed a 0,025% aqueous solution rhodamine-B and received color cocoons that silk threads received
from these cocoons give a fluorescence (bloom) in the light of UF-lamps. By application of repeated
feeding of caterpillars and cleanings of a fibroin, we specified that molecules of fluorescent substance are
included into structure of proteins of a fibroin. Therefore, these threads can be used with success as
protective threads for identification in case of falsification of non-foods and banknotes.

Keywords: protective thread, luminophore, rhodamine, identification and falsification, fluorescent
threads, protection of banknotes, non-foods

MICRORNA DIFFERENTIALLY EXPRESSED IN DIAPAUSING
VERSUS HCI-TREATED Bombyx EMBRYOS

Wentao Fan'Y,Yangsheng Zhong'Y, Mingyue Qin?, Bimin Lin3,
Fangyan Chen*, Huichao Yan®, Wenchu Li¢, Jianrong Lin"*
Affiliation: Department of sericulture, College of Animal Science, South China Agricultural
University, Guangzhou, Guangdong, China

Abstract: Differentially expressed MicroRNAs (miRNAs) were detected to explore the molecular
mechanisms of diapause termination. The total small RNA (sRNA) of diapause-destined silkworm eggs
and HCl-treated eggs was extracted and then sequenced using HiSeq/MiSeq high-throughput method. 44
novel miRNAs were discovered. Compared to those in the diapause-destined eggs, 61 miRNAs showed
significant changes in the acid-treated eggs, with 23 being up-regulated and 38 being down-regulated.
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The potential target genes of differentially expressed miRNAs were predicted by miRanda. Gene
Ontology and KEGG pathway enrichment analysis of these potential target genes revealed that they were
mainly located within cells and organelles, involved in cellular and metabolic processes, and participated
in protein production, processing and transportation. Two differentially expressed genes, Bombyx mori
SDH (BmSDH) and Bmo-miR-2761-3p, were further analyzed with qRT-PCR. BmSDH was significantly
up-regulated in the HCl-treated eggs, while Bmo-miR-2761-3p was down-regulated. These results
suggested that these two genes were well coordinated in silkworm eggs. Dual luciferase reporter (DLR)
assay demonstrated that Bmo-miR-2761-3p inhibited the expression of BmSDH.
Keywords: Bombyx mori, miRNAs, silkworm eggs, qRT-PCR, BmSDH

REGULATION OF ANTIMICROBIAL PEPTIDE GENES VI4 INSULIN-LIKE
SIGNALING PATHWAY IN THE SILKWORM, Bombyx mori

Jie Zhang'?, Weike Yang', Junfeng Xu', Wanying Yang', Qingrong Li,
Yangjin Zhong' ,Yang Cao'", Xiao-Qiang Yu*", Xiaojuan Deng'’

Affiliation: 1. Guangdong Provincial Key Laboratory of Agro-animal Genomics and Molecular
Breeding/Guangdong Provincial Sericulture and Mulberry Engineering Research Center, College of
Animal Science, South China Agricultural University, Guangzhou, 510642, China; 2. The Sericultural
and Agri-Food Research Institute of the Guangdong Academy of Agricultural Sciences, Guangzhou,
510610, China; 3. Division of Molecular Biology and Biochemistry, School of Biological Sciences,
University of Missouri-Kansas City, 5007 Rockhill Road, Kansas City, MO 64110, USA

Abstract: Antimicrobial peptides (AMPs) are important effector molecules of insect humoral
immunity, and expression of AMPs is mainly regulated by the Toll and immune deficiency (IMD)
pathways. FoxO, a key downstream regulator of the insulin-like signaling (ILS) pathway, has been
recently reported to be involved in the regulation of AMPs in Drosophila melanogaster. In the present
study, we investigated AMP expression and the regulation pathway controlled by starvation in the
silkworm Bombyx mori. We discovered that antibacterial activity in the hemolymph of B. mori larvae was
induced by starvation, and AMP genes (BmCecB6, BmAttal, BmLeb3 and BmDefB) as well as the ILS
target genes (FoxO, InR and Brummer) were strongly activated in the fat body by starvation. Moreover,
phosphorylation of Akt kinase was reduced in the Bm-12 cells after starvation, suggesting that the ILS
pathway was inhibited. We then showed that more FoxO protein was present in the cytoplasm than in the
nucleus of Bm-12 cells under normal conditions, but more FoxO was detected in the nucleus after cells
were starved for 8 hours, indicating that FoxO was activated by starvation. In summary, our results
indicated that starvation can induce AMP gene expression in B. mori via the ILS/FoxO signaling
pathway.

Keywords: FoxO transcription factor; antimicrobial peptide; ILS; starvation; Bombyx mori

TRANSCRIPTOME AND PROKARYOTIC EXPRESSION
ANALYSIS OF HMG1 OF Nosema bombycis

Jiping Liu, Xiaojing Song

Affiliation: Regional Sericulture Training Centre for Asia-Pacific ; Guangdong Provincial Key
Laboratory of Agro-animal Genomics and Molecular Breeding ; Guangdong Provincial Sericulture and
Mulberry Engineering Research Center, Department of Sericulture, College of Animal Science, South
China Agricultural University, Guangzhou, China

Abstract: Nosema bombycis, as a typical pathogens of Silkworm Pebrine disease, has the
characteristics of eukaryotes, parasites in cell, and always has been as the pathogen to quarantine in
silkworm eggs’ production. On the basis of the transcriptomics research of N.bombycis (GD), Here we
selected N.bombycis sex related locous genes: HMG, TPT, RNA helicase gene to sequence and do
bioinformatics analysis. The main results as follows:

1) 20 nucleotide fragments of HMG, TPT, RNA helicase gene of sex related locus in our database of
N.bombycis were confirmed. The similarity is more than 90%, respectively.

2) HMGI gene (KR057922) was conducted with bioinformatic analysis, the result showed that
N.bombycis HMG1 protein contains conserved structure domain HMG-box, and also implied that
microsporidia exists sexual cycle. Phylogenetic analysis showed that homology of different N.bombycis
strains was 100%, HMGI1 proteins of the same species were highly conserved, and showed that
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microsporidia and fungi were closely related.

3) In silkworm infected N.bombycis developmental periods, HMGI has showed different transcription
activity. HMG1 gene has a highest express quantity in the 24hr after p.i. of the forth star silkworm, and in
the 72hr without acid treatment eggs , or in 24hr for acid treatment eggs from the p.i. moth, respectively.
These results suggested that HMG1 could be influenced microsporidia reproduction, and involved all
procedure of the embryo development of the host.

4) After conducting HMGI prokaryotic expression, the MW 21.5 kDa recombinant protein were
harvested and prepared for antibody. We successfully detect the HMG1 protein in N.bombycis. But we
failed to detect fluorescence signal in nucleus with the indirect immunofluorescence technique. We still
less understand HMG1 protein. (This work supported by the project of CARS-22-7J0205)

Keywords: Nosema bombycis; sex related locus; phylogenetic, HMGI; transcription; prokaryotic
expression

IDENTIFICATION OF silkworm pebrine BY LOOP-MEDIATED
ISOTHERMAL AMPLIFICATION
Jiping Liu, Wei Jianying Yang Jilong

Affiliation: Regional Sericulture Training Centre for Asia-Pacific; Guangdong Provincial Key
Laboratory of Agro-animal Genomics and Molecular Breeding; Guangdong Provincial Sericulture and
Mulberry Engineering Research Center, Department of Sericulture, College of Animal Science, South

China Agricultural University, Guangzhou, China

Abstract: In order to control the silkworm pebrine disease, it is essential to identify the pathogen of
N.bombycis from the silkworm tissues and other. Loop-mediated Isothermal Amplification(LAMP) as an
new developed molecular amplification method in vitro. It is very rapid, helpful and economic to detect
the pathogen. Here LAMP method was applied to identify and to detect the pebrine pathogen of M.
bombycis . The main results as follows:

Firstly, basing on the LAMP primer design program to analyze the pseudogene of 16sstDNA, lots of
groups of primers were designed. Then, after investigating of their effectiveness, specificity and reaction
time in virtual and in lab, one group of primers FI2/BI2 and F2/B2 were screened.

Secondly, the primers were used to detect the species specificity. LAMP could identify N.bombycis,
and the mixture of N.bombycis and BmNPV polyhedron, from the microsporidian spores isolated from
Prodenis litura, the results were confirmed by PCR.

Finally, we found that the sensitivity of LAMP related with the extracting DNA from microsporidian
spores, DNA extracted by boiling precipitation method was 10* times higher than the DNA extracted by
CTAB method, and was 100 fold than PCR, the lower limit concentration was 3.6 x 10* spores / mL of
the N.bombycis. Furthermore, pre-denaturation could reduce the false positive. (This work supported by
the project of CARS-22-7J0205).

Keywords: Nosema bombycis, loop-mediated isothermal amplification, PCR pseudogene rRNA, Bst
polymerase, silkworm pebrine

PROGNOSTICS OF MULBERRY SILKWORM DISEASE —
- nuclear polyhedrosis IN GRAIN PHASE

N.Baramidze!, G.Gigolashvili?, I.Gujabidze?,
M.Khutsishvili?, Z.Tskaruashvili?

Affiliation: 1.Scientific-Research Center of Georgian Agriculture;
2. Georgian Agrarian University

Abstract: Among mulberry silkworm diseases nuclear polyhedrosis is distinguished by its
pathogenicity and it is the infectious disease that affects sericulture greater than others. .Soon after
exposure of disease in silkworm, it is spread rapidly intensely. Therefore, it is most important to predict a
disease in grain phase, which will enable us to prepare absolutely healthy grain and to avoid mass
spreading of disease and significant economic loss. Early diagnostics of resistance to polyhedrosis is
possible by the use of modern methods of genetics, biochemistry and molecular biology. This is why we
pursued to expose polyhedrosis virus in grain phase.

Initially mulberry silkworms of the Mziuri-1 species were infected by the induction method to incite
polyhedrosis; then hemolymph was isolated from diseased worms and gathered in Pendorf flasks; it was
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washed and pure polyhedrons was obtained; various polyhedral suspension titers were prepared:
1000mm?, 5000mm?, 10000mm?, 500000mm?, which were sprayed to mulberry leaf; leaf was given to
mulberry silkworm in the morning on the first day of the 5" instar.

As aresult of infection of silkworms with the above listed polyhedral suspension concentrations a part
of worms died, other silkworms made cocoon. From the moths the diseased grain was prepared which
was tested.

After testing the selected grain was vivificated and obtained worms were fed; they showed 70%
viability and from those worms the grain was prepared. Selection of grain will be continued till a
generation is obtained which will be characterized by 96-98% viability.

As a result of investigations optimal concentrations of polyhedral suspensions were determined and
an average concentration was defined when a worm makes cocoon and at the same time lays grain. Study
of passing a polyhedral disease into generations is in progress by the use of modern methods of molecular
biology.

Keywords: mulberry silkworm, diseases, grain

GLOBAL WARMING, ENTOMORESOURCES AND
HIGH TECHNOLOGIES

Madyarov Sh. R.

Affiliation: Institute of Bioorganic Chemistry of Academy of Sciences of the Republic of
Uzbekistan; Uzbek Research Institute of Sericulture

Abstract:  Class of insects (Insecta) is the most numerous among zoogenous living organisms
containing about 2 million of species. These animals have a billions tons of annual reproduction.

Insects historically originated in the same epoch as plants. Both plants and insects survived difficult
periods of sharp climate changes and safely exist and grow in present-day world having accumulated
same defense mechanisms of survival, metabolic path ways and especially diversity in morphological
architecture as plants.

Unfortunately pharmaceutical industry still is mainly based on pharmaceuticals from plants, on
synthetic preparations. Preparations from insects and other animals are very few, often they represent
products of alternative medicine.

During last years the world warming is progressively felt due to greenhouse effect This promotes high
development of all flesh including insects which have a real danger for world economy and mankind.
These animals apart from several of insect species are not used industrially. Even such historically
biotechnological originated industries as sericulture and apiculture exist only for production of such main
products as silk and honey with co-products. But other parts of bioorganic materials of these industries
practically are not used.

Last decades biotechnological goods became reality because of intensively development of non-textile
and functional sericulture. These new approaches increase cost effectiveness and employment in the
branch.

Precise study, modeling and mimics of their architecture, physiological, biochemical and biophysical
processes in insects on molecular level can lead due to high diversity of insects species and morphology
to heuristic discoveries of rational ways of the bioresources use for progressive achievements in material
science, bio-nanotechnology and present day pharmaceutical industry.

Bio- and nanotechnological approaches and methods developed in the last decades for well studied
mulberry silkworm will be significantly useful in complete study of renewable organics of numerous
insects. The data on nutritive value of protein, carbohydrate and lipid isolates, on stimulatory and
biological activity of pupae, fibroin and sericin hydrolyzates, isolated enzymes, inhibitors and methods of
utilization of sericulture and silk technology wastes into new products are represented in the study.

From the other hand the integrated study of such most important biopolymers as fibroin, sericin and
chitin, their biosynthesis, obtaining of their different derivatives and composites as well as improvement
of their physical property will give both new biomedical and biotechnological materials and will lead to
creation of such high-tech processes as 3D bioprinting, space biotechnology, smart drug delivery systems,
integrated biotransformation, self-assembling, refolding, tuning of biomolecules in biomembranes, nano-
packaging, programmed regulation of drugs activity, etc.

Different pharmaceutical products are proposed at present for health support. Refined pharmaceutical
forms of active substances or their incompletely studied mixtures, biologically active additives with
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unscientifically based composition as well as complex mixtures of natural components in alternative
medicine with long courses of use are among them.

The new effective pharmaceuticals, real Paul Ehrlich’s “magic bullets” will replace there with use of
last achievement in metabolomics, with strict consideration of natural chelating properties of
bioregulators on membrane level and based on the detail studied pharmacokinetics data, on biocompatible
nano-dosage, on organ targeted specific drugs action and on other achievements of modern medicine,
pharmacology and biotechnology.

Keywords: world warming, insects, organic materials, renewable resources, sericulture, pharmaceuticals,
biopolymers, bio-nanotechnology

THE CORRELATION BETWEEN LARVAL WEIGHT, COCOON WEIGHT,
SHELL WEIGHT, SHELL RATIO, PUPA WEIGHT IN FOUR LINES
OF SILKWORM, BOMBYX MORI L
Umran Sahan, Arda Sézcii, Merve Giindiiz
Affiliation: University of Uludag, Department of Animal Science, 16059,
Gorukle, Bursa-Turkey
*Corresponding author: umran@uludag.edu.tr

Abstract: Silkworm, Bombyx mori, is one of the most significant insects in silk production as well as
in biological studies. The objective of this research was to investigate the correlations between larval
weight, cocoon weight, shell weight, pupal weight and cocoon shell ratio of M, Showa (China), N,
Kinshu (Japan) lines of Silkworm, Bombyx mori. The relationship in quantitative characters and the
possibility of using them in selection were also investigated. Lines were reared in the standart and
optimum conditions. Each line had 3 replications, with 250 larvae for each. Analysis of variance showed
that, the mean values for cocoon characters of lines were not to be significant, on the contrast larval
weight was found to be significant (P < 0.05). Significant and high positive correlation was observed
between larval weight and cocoon weight (r = + 0.787), pupal weight (r = +0.742). In other characters,
cocoon weight was correlated with pupal weight (r = +0.926) and shell weight with cocoon shell ratio (r =
+0.596) for all lines. From obtained results, the correlations coefficient of Japanese lines were found more
significant than Chinese lines. Both cocoon weight and pupal weight has positive correlation with larval
weight, and also cocoon weight with pupal weight in Chinese and Japanese lines. In addition to that, the
correlation between shell weight and shell ratio were found to be significant for Chinese lines. As a result,
genetic correlation for the quantitative characters, the application of appropriate method for selection and
estimating genetic improvement is possible.

Keywords: Silkworm (Bombyx mori), correlation, larval weight, cocoon weight, pupal weight,
Cocoon shell ratio

THE EFFECT OF BIOLOGIC ACTIVE SUPPLIMENTS ON
PRODUCTIVITY OF THE SILKWORM AND ON THE QUALITY
OF SILKWORM COCOONS

Satorova M. — post graduate student, Marupov J. — researcher, Jurabaev J. — K.S.H.N,
Salimjonov S. — k.a.s. Corresponding Member IART
Abstract: The demand of many sectors of inductry for natural silk is constantly growing. Industry can
be achieved by increasing yield and grade of produced raw materials.
Key words: silkworm, the caterpillar, the environment, heavy metal

PULLING THE THREAD OF RAW SILK WHILE COILING FROM ROTATING REEL

Askarali Bozorovich Ishmatov! - d.t.s.Professor,
Salimjonov Sanginjon? - k.a.s. Corresponding Member IART
Affiliation: 1 -Technological University of Tajikistan
2 - Republican Experimental Station of Sericulture TAAS

Abstract: This article discusses the causes of the tension peaks in the start-up period when the thread
is wound with a rotating coil. Proposed design scheme winding elastic thread from the spool through
which are determined depending on the analytical calculation of the peak tension.

Keywords: tension peaks, friction, coil uneven.
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STUDY OF EXTRACTION PERFORMANCE SERICIN

Z.K. Muhidinov' - Professor, A.B.Ishmatov? -d.t.s. Professor,
S. Salimjonov® - PhD Agricultural Sciences, Corresponing member of IART

Affiliation: 1 - Institute of Chemistry named after, Nikitin AN RT; 2 - Technological University
of Tajikistan, 3 - Republic Experiment Station of Sericulture TAAS
Abstract: The results of the physico-chemical studies on the extraction of waste not recycled silk,
the aim of which is to obtain a sericin powder preserving its initial properties for future use as an adhesive
when sizing yarns.
Keywords: cocoon, waste, powder, silk, sericin.

PAINTING OF SILK WITH NATURAL DYE SUBSTANCES GETTING FROM AUTUMN
Yusif Shukurlu, Adishirin Khalilov, Vefa Atayeva (Mustafayeva)
Affiliation: Sheki Regional Scientific Center of Azerbaijan National Academy of Sciences

Abstract: It is important being clean of the products of food and light industry which are directly
related to human hygiene. Having antibacterial and antioxidant craracteristics of natural dye substances
match with the conditions and it is applied with the purpose of painting protein-based materials with
natural dye.

So, it has a special urgency getting the natural dye substances, especially antocians (antociandins)
without damaging the environment, modification of silk and other protein-based materials.

In the presented article, the main result is getting dye matter from the instruction of feedstock (autumn
leaf of the plant) expending less energy, that without the use extaction. With this dye matter the natural
silk was painted step by step.

Keywords: antocian, autumn leaf of the plant, dye substances, natural silk, expentoion less energy

THE INFLUENCE OF ETHOLOGICAL DIFFERENCES IN OAK AND MULBERRY
SILKWORMS ON THEIR CULTIVATION TECHNOLOGY IN TODAY'S ENVIRONMENTAL
CONDITIONS

Bogoslovsky Vasily Vasilyevich

Affiliation: Federal State Budget Scientific Institution Research Station of Sericulture, 357432,
Russia, Stavropol Territory, Zheleznovodsk sity, Inozemtsevo settlement, Pushkin str. , 13.

Abstract: The article presents the results of studying the influence of ethological characteristics of
mulberry and oak silkworm on the degree of intensification of their cultivation technologies.
Anthropogenic silkworm is adapted to the highly intensive cultivation in artificially created envionmental
conditions. Semi-wild oak silkworm is better adapted to extensive farming in natural conditions. With the
advent of the market economy, new materials and technologies, a significant intensification of oak
silkworm cocoon production is possible.

Keywords: ethology, oak silkworm, mulberry silkworm, breeding, intensification

EFFICIENCY OF ENRICHMENT OF FERTILITY AND REGULATION
OF SOIL ACIDITY ON GROWTH AND YIELD OF MULBERRY

Homidy H.S. and Papaskiri A.N.

Abstract: Rwanda, located in Central Africa between 1°04” and 2°51° latitude south and between
28°45° and 31°15’ longitude east, enjoys a tropical temperate climate due to its high altitude (900 ~ 4507
m ASL). It receives an annual rainfall of around 700-1000 mm/year. Almost all soils of Rwanda are
reported to be acidic (pH 4.8-5.8), which negatively affects soil fertility and results in 50% reduction in
productivity of all basic grains and root crops. Of late, development of sericulture as a new branch of
agriculture has started receiving great attention in Rwanda, as the state has big hopes to increase its export
potential through it. Since mulberry plantation being the major economic component in sericulture, the
quality of soil indirectly has a profound influence on silk production. Soils with the slightest tinge of
acidity (pH 6.8) are ideal for good growth of mulberry plants. Both the lateritic and sandy types of soil
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observed in Rwanda are characterized by low concentration of K, Mg and other basic vital elements, low
water holding capacity and low pH. Hence, administration of suitable soil reclamation measures is an
essential step towards raising superior quality mulberry leaf. Usually dolomite limestone or wood ashes
are recommended for regulation of soil acidity. Chemical analysis of mulberry wood ash has shown that
the composition of basic elements, necessary for a plant, except for Ca, Mg and Zn surpass that in lime
since the young branches are rich in macro and micro elements. Average calcium carbonate equivalent
(CCE) in mulberry wood ash is 43.0%. Use of mulberry wood ash as fertilizer in combination with other
mineral and organic fertilizers improves the soil fertility, regulates acidity and enriches chemical
compnents of soil, incidenatlly decreasing the incidence of dieases in a mulberry plantation and ultimately
improving productivity and quality of leaves.

Keywords: Leaf yield, mulberry, mulberry wood ash, soil chemical composition, soil fertility, soil pH

DETERMINATION OF OAK SILKWORM DOMESTICATION LEVEL AS THE KEY-FACTOR
IN THE TECHNOLOGICAL EFFECTIVENESS OF ITS BREEDING
Natalya Prudnik
Affiliation: State Scientific Institution Republican Scientific Research Station for Sericulture of the
Russian Academy of Agricultural Sciences, 357432, Russia, Stavropol Territory, Zheleznovodsk
sity, Inozemtsevo settlement, Pushkin str. , 13.

Abstract. The article covers the attempts to eclaborate the methodology to determine oak silkworm
domestication level. It also analyzes the possibility to breed Chinese oak silkworm (4Antheraea pernyi) for
commercial purposes on basis of its comparison with domesticated mulberry silkworm (Bombyx mori) in
accordance with their ethological differences and breeding technologies.

Keywords: level of domestication, ethology, oak silkworm, mulberry silkworm, breeding, breeding
technologies

EFFECT OF THE BLUISH-green alga Spirulina ON MULBERRY SILKWORM
DISEASE “NUCLEAR POLYHEDROSE”

Gujabidze', N,Baramidze?, M.Khutsishvili!, Z.Tskaruashvili'
Affiliation: 1. - Georgian Agrarian University.
2. - Georgian Scientific-Research Center of Agriculture

Abstract. Properties of microbes that is of pathogenic agents which produce diseases are conditioned by their
virulence and toxicity. At the infestation they collide with active opposition of the organism, that is, with the
immunity reaction.

Our research pursues to control the productivity and it aims to prepare high grade grain, resistant to the disease
- nuclear polyhedrose.

With this in view, to induce mulberry silkworm disease - nuclear polyhedrose, we have developed a method of
artificial infestation of mulberry silkworm. As a result of application of various concentrations of “Spirulina” we
managed to increase silkworm viability, that is, elevated silkworm immunity, and this, in its turn, resulted in the
increase of silkworm viability and finally, significant increase of cocoon output.

Effect of the leaf enriched with the biostimulator, on the mulberry silkworm productivity is very important;
additional nutrient solution contributed to the processes of metabolism, ferment activation, assimilation of protein
and phosphoric compounds, mono- and disaccharides and other substances, which improved silkworm body
immunity and protein synthesis.

According to the economic indices obtained as a result of experiments carried out by us, the priority was
granted to 5.0% solution of the biostimulator.

Keywords: mulberry silkworm, disease, biostimulator.

THE INFLUENCE OF BIOECOLOGICAL FACTORS
ON BIOLOGICAL PARAMETRES OF SILKWORM

Adigozalova D.M., Isgondarov T.F.
(Doctor of Philosophy in Agricultural Sciences )
Affiliation: Azerbaijan State Agrarian University

Abstract: In the article, it is pointed out that during the last 30-50 years, there were intense climatic
changes. According to the records, “About climatic changes “of the UN in 2014, it became clear that
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climate will considerably change in 39 countries; it will be cold snap or warming. It was expected in
Azerbaijan too. Such a change of climate will affect all animate organisms as well as silkworm.
Concerning that on the 10-12" of December in the France-Paris was made an agreement “Paris- climate”.
There was set a goal to study impacts of climatic changes on biological parameters of silkworm and
preparation of suggestions. The results of investigations of 2012 and 2013 confirmed that despite the
changes of macroclimate during feeding, parameters of microclimate, practically, did not change. In
2013, as a result of premature warming biological parameters were low. By comparison of silkiness of
alive cocoon, in 2013 this parameter was low of 0, 12%. Especially, the bulk of cocoon decreased by O,
03 q in comparison with 2012. If convert this number into ton and this into a currency unit, it became
clear that tones of products and plenty of money are going to waste. In order to prevent this loss, it is
necessary to use hybrids and breeds specific to animal climatic conditions. It is necessary to cultivate
populations and lines which are resistant to environment. Feeding must be conducted with such sorts of
mulberry, climatic parameters of which are considered. Taking into account climatic and environmental
factors, it is effectually to regionalize silkworm based on climatic conditions.
Key words: silkworm, cocoon, silk, biological parameters

COORDINATION BETWEEN SERICULTURE AND OTHER LEADING BRANCHES OF
AGRICULTURE IN GEORGIA AND ITS ECONOMIC EFFECTIVENESS
Prof. G. Nikoleishvili, Prof. E. Shapakidze
Affiliation: Sericulture of Georgia

Abstract: Rational harmonization of sericulture with the leading branches of Georgia is one of the
important issues related with the increase of economic effectiveness. Also, one of its goals is rational
approach to further application of human resources, agricultural lands and means of production. The
problem is that the zone where sericulture is mostly developed coincides with agricultural zones of
viticulture, horticulture and tea production, therefore, the demand for labor force appears. However, a
solution to the existed problem has been found. For example, in the main regions of tea production, a
demand for the labor force reaches its pick when tealeaf is collected. This coincides with the period
(second half of May) when it is time to feed the silkworm at the age of IV — V. Consequently, the
deficiency in labor force emerges.

To solve this problem, it was decided to start incubation of silk egg with a two-week delay after tea
leaf had been already collected. So, the workers could be involved into sericulture.

Sericulture, when it is rationally coordinated with other branches, provides an opportunity to employ
effectively human resources and means of production also used in other branches of agriculture. The
relevant materials describing the efficiency of human resource management when coordination between
different branches are achieved, are published as recommendations and
Keywords: Sericulture, Economic effectiveness, Feed the silkworm, Silk egg, Incubation

THE NEW GEORGIAN MULBERRY SILKWORM VARIETIES

(New Georgian mulberry silkworm varieties, which define FAO widespread program (“Sericulture
Development Perspectives in Georgia” (TCP/GEQ/3201 Comp.3) and the micro-model
(TCP/GEO/3201 (D)) value. (FAO Contribution in the Budget of the micro-model was USD
1261621,40)) Nana Kandelaki*

Affiliation: The Georgian National Sericulture Association (SEMA) * Head of the Georgian
National Sericulture Association

Abstract: NAME OF ANIMAL BREEDS - Mulberry silkworm:

I. "Nina" — Number of Certificate: P 2016 153B

"Nina" is a univoltine breed, tolerating high temperature in summer. Cocoon form is cylinder or
slightly narrowed middle, thread is very fine, with high metric number. Breed is characterized with high
percentage of molting 100%, high silk content (27.53%), high yields (112.4 kg) and, most important for
the industry - "production length" of the thread (1500-1600 m). Length of cocoon thread - 1900-2000 m.

II. TBILISURI-2 - Number of Certificate: P 2016 154B

New breed "Tbilisuri-2" is a stable univoltine breed, tolerating high temperature in summer. This is a
highly immune breed to all diseases characteristic for this variety; it is characterized with high percentage
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of grain molting (99- 100%), high quality cocoons, high silk content and high yields. With its economic
characteristics, it is much better than initial breed, as well as the world standards and those of leading silk
producing countries.

HI. KVATSIKHE - Number of Certificate: P 2016 155B

"Kvatsikhe" was selected in severe environment; it is univoltine breed, well tolerating high
temperature.

The breed has stable immunity to the diseases as in the open environment, stimulation of its cyclic
development is conditioned by both, seasonal and daily changes. It is distinguished from the other
breeds.: cocoon weight: 2.9 g, shell weight: 750 mg, silk content: 26%, yield per 1 g: 6.5 kg

IV. MEDGARI - Number of Certificate: P 2016 156B

New breed "Medgari" is characterized with stable breed characteristics. Its economic characteristics
steadily repeat from generation. The breed meets industry's all requirements to the raw material - most
important physical-mechanical properties of silk fiber, thread length,
thickness, strength, stretch ability, high percentage of winding, thread production length metric number.
Data for the last 8 years (2009-2016) average silk content: 27.69%, as well as high yields - 98.97 kg
shows high immunity and vitality of the breed.

V. FIGURULI - Number of Certificate: P 2016 157B

Breed "Figuruli" tolerating high temperature in summer, this breed does not even know any diseases
(similar to other new breeds that we have presented). The cocoon is very dense, weight - 2.43 gr, absolute
percentage of molting, high silk content (27.%), achieving sometimes even 31%, with high yields (108.45
kg) and the most important for production - impressive "productive thread length" (1500-1600 m).

VI. IVERIA - 2 Number of Certificate: P 2016 158B

"Iveria-2" is a stable immune breed with respect of all diseases characteristic for this variety and this is
the primary argument for cost effectiveness of silk production industry. The breed is characterized with
high percentage of grain molding (99-100%); high silk content (28.57%) (initial material silk content was
21.5%); high yields of cocoons (108 kg from average 1 box of silkworms) and, most importantly, the
"production length" of the thread (1500 m), i.e. length of the thread before first tearing. All these
characteristics of "Iveria-2" are two times higher than those of the world's leading silk producing
countries (provided by the silk production ordination)

Keywords: animal breeds, physical-mechanical properties of silk fiber, thread length, thickness,
strength, stretch ability, high percentage of winding, thread production length metric number

APPLICATION OF INTRADUCTIVE PLANT AMARANTH IN SERICULTURE

Yusif Shukurlu, Guduret Bakirov, Evgeniya Bakirova, Hikmet Yusifov
Affiliation: Sheki Regional Scientific Center of Azerbaijan National Academy of Sciences

Abstract: The plant-introduced amaranth is rich in proteins, trace elements and macro-elements. This
plant has anti fungicidal and antibacterial properties. As part of the amaranth oil obtained from the seeds
of the plant amaranth is Squalene. In addition, the flour obtained from the seeds of amaranth exceeds in
amino acid and protein composition all cereal plants, even cow's milk. In addition, this plant has an
antioxidant property. Given these useful properties, it is advisable to use products derived from the plant
amaranth and the plant amaranth in sericulture. At the fourth age we nurtured the silkworm caterpillars
with mulberry leaves sprinkled with fresh squeezes from the leaves of the amaranth. We got a good result.
Amaranth flour can be included in the composition of artificial silkworm feed. Perspective on the
outskirts of the garden mulberry planting amaranth plant, as this plant enriches the soil and protects it
from harmful bacteria and fungicides, and the roots of amaranth accumulate radionuclides from the soil.

Keywords: amaranth, sericulture, radionuclides, squalene, antioxidant

ABOUT SCIENTIFIC-PRACTICAL IMPORTANCE OF BEING CULTIVATED
IN PROGRESSIVE LANDSCAPE SURVEYS OF MULBERRIES
THAT INTENDED TO USE IN SERICULTURE

Husein Mustafabeyli, Etibar Letifov
Affiliation: Sheki Regional Scientific Center of Azerbaijan National Academy of Sciences

Abstract: As it is shown in the countries like China, India, Japan that sericulture developed well, there
are special plantations of high sort mulberry trees and making this type of mulberry tree gardens is one of
the norms that adopted in sericulture economy. The development of this sector still fell behind in
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Azerbaijan and CIS countries. It is impossible to get qualitative silk from the leaves of mulberry trees that
having different types, maybe being infected with diseases, and growing in random places-roadsides,
yards and so on. Nowadays the time has run out to use the leaves of mulberry trees that are among the
cucurbitaceous, native bushes and trees being infected with different fungal trees. Lately, decreasing type
and biomass amount of phytoncidal and bactericidal property of plants in the area of Sheki-Zagalata
economical region prove that, in past times the risk of being infected of trees increase. That is why,
cultivation of mulberry trees intended to use in sericulture only in progressive landscape surveys and
protecting of pine and juniper trees with forests that their surveys have high phytoncidal from each side
are considered expedient.

Keywords: fungal diseases, progressive landscape surveys, plants with phytoncide and bactericidal,
pine and juniper forests.

THE AFFECTION OF ALTOZID SR-10 SIMILAR TO JUVENILE HORMONE TO SEVERAL
BIOLOGICAL INDICATOR AND FERTILITY OF MULBERRY SILKWORM IN THE
FEEDING SEASONS

Zerbali Khalilov (PhD)
Affiliation: Regional Scientific Center of Sheki of Azerbaijan National Academy of Sciences

Abstract: According to the researches it has been defined that when we include altozid SR-10 drug to
the organism of mulberry silkworm in spring feeding cocoon productivity increase 45,45%, weight of
silk shell 60,0%, silkiness of wet cocoon 10,0%, life ability of worms 8,88% and in comparison to
oversight cocoon productivity from 1gr worm 45,57%, it has been 28,57; 49,64; 16,65; 16,59; 28,57,
47,36; 58,14; 7,29, 8,80; 47,25% in summer and autumn feeding seasons.

Application of alfozid SR-10 drug in sericulture allows earning 5-6 thousand manat (~1,75manat=19)
additional income from lkg of cocoon seed.

Keywords: altozid SR-10, cocoon, silk shell, sericulture, productivity, feeding seasons

THE INFLUENCE OF MALE BUTTERFLY RECYCLING ON THE QUALITY
AND QUANTITY OF GRAINS

Gulnar Baghirova (Graduate student)

Affiliation: Azerbaijan State University of Agriculture

Abstract: The fundamental goal of our experiment is to learn the influence of repeat mating male
members on quantity and quality of grains. The results of experiment show that repear mating led to
decrease in weight and quantity of grains.

After repeat mating process the quantity and weight of eggs lied by female member of Ughur breed
stood at 845 and 0,45 mg, relatively. However these data were 594 and 0,33 mg in Chinar breed. There
was a decrease by 251 eggs and 0,13 mg.

Chinar breed has shown lower numbers, but the difference between numbers rose. The results of
experiment makes clear that, the decrease in size was accompanied with the decrease of sizes of the eggs.
In conclusion, Ughur breed’s results are more positive than other two breeds (Aghbaramali and Chinar).
Keywords: grain, male butterfly, conception

COUNTRY REPORT

SERICULTURE: A SUSTAINABLE ALERNATIVE FOR THE AGRICULTURAL
SECTOR IN CUBA

Authors: Maria del Carmen Pérez Hernandez!, Yamila Martinez Zubiaur?, Marlen Prieto Abreu?,
Adileidys Ruiz Barcenas*, Héctor Correa Rivero?, Pedro Rodriguez Hernindez', Yakelin
Rodriguez Yon!, Manuel J. Frias Abreu*

Affiliation: ! National Institute of Agricultural Science; 2 National Center for Animal Health;
SExperiment Station for Pastures and Fodders “Indio Hatuey"; * Sericulture Project.

Abstract: Sericulture in Cuba dates back to the XIX century (1824-1945), however, it was abandoned
for different reasons, among them, the emergence of diseases and the lack of a scientific basis to cope
with these difficulties. In 2001, it was taken back again and at the end of 2011, the National Sericulture
Project emerged in order to produce byproducts for the medical-pharmaceutical, cosmetic,
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biotechnological and textile industries. This paper derives from research studies done from 2011 to 2016
within the National Sericulture Project, aimed at developing this activity on scientific foundations from
which to implement methodologies allowing sustainability for Sericulture in Cuba and its development as
an agricultural item. The main results were associated to the comprehensive characterization of mulberry
(Morus alba L.) under Cuba’s conditions. The silkworm (Bombyx mori L.) in 2001 was introduced and its
biological cycle was studied as well as the potential of different breeds from different origins. The best
breeds adapted to Cuba’s climatic conditions were selected. Procedures for disease detection by
molecular hybridization and its control were implemented. Both products were produced with adequate
quality parameters. The applications of Sericulture opens new possibilities of income sources by
incorporating new products to the national market allowing the link of different industries, replacing
imports and with possibilities of penetrating into the international market.

Kew words: sericulture, mulberry, silkworm

WAYS OF INFLUENCING OF SERICULTURE TO THE DEVELOPMENT
OF TOURISM INDUSTRY IN
SHEKI-ZAGATALA ECONOMICAL-GEOGRAPHICAL REGION

Zaur Imrani', Yusif Rahimov?, Khadija Badalova!

Affiliation: 1 - Institut of Geography of Azerbaijan National Academy of Sciences, 2 - Sheki Regional
Scientific Center of Azerbaijan National Academy of Sciences

Abstract: Lately, social-economic development of regions caused reviving imnon-oil sector that, its
main field is agrarian industry complex. Agrarian industry complex develops in mutual relation with
agriculture and insures several fields with fudstock. If we have a look to the historical development period
of sheki-Zagatala economical-geographical region, we can use see that, weaving, mainly sericulture have
developed well. This factor has reflected in the article and influence ways to the of sericulture to the
development of tourism economy have been noted. Because new producing institution are opened in the
region with the development of sericulture, people ensured with job, tourists benefited from the products
of sericulture industry.

Keywords: Sheki-Zagatala, tourism, sericulture, nonoil sector, agrarian industry, agriculture,
investment, economical-geographical development, economical development strategy.

SERICULTURE GEORGIA-PROBLEMS AND PROSPECTS OF DEVELOPMENT
OF THE INDUSTRY

Prof. G. Nikoleishvili, Prof. E. Shapakidze
Affiliation: Sericulture of Georgia

Abstract: Sericulture is one of the most ancient and traditional fields of agriculture in Georgia. High
quality of the product helped it to establish one of the major places among world silk production. But
since the 1960s -70s, when mulberry tree disease known as “dwarf leaves” was widely spread in Georgia,
sericulture has become economically inefficient. The cocoon production has declined and restoration of
feed base of sericulture production faced serious problems. In addition, in 2010, the research Institute of
Sericulture was abolished and the scientific studies were discontinued.

However, for the last decade, in the result of government effort, stable endeavor of the Georgian
Academy of Agricultural Sciences and of individual entrepreneurs, the field of sericulture in Georgia has
slowly recovered from collapse. The Academy worked out the strategy for stable development of the field
till 2025. Moreover, new investment projects for Western Georgia, and some recommendations to restore
sericulture in other regions of the country have already been developed. In the result of the efforts of the
investors, the silk worm feeding has been successfully carried out in number of regions, and the first
positive outcome — a silk thread has been obtained. Following the plan of development, new technologies
and technical means of mechanization are being implemented in Georgia.

Keywords: sericulture, mulberry tree disease, silk cocoon, investment projects, feeding of silk worm,
silk thread
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THE NORTH-WEST REGION OF AZERBAIJAN SERICULTURE
INDUSTRY DEVELOPMENT CONCEPTION

Yusif Shukurlu, Farhad Ezizov,
Gudurat Bakirov, Aygun Ismailova, Yusif Rahimov, Agil Mustafayev

Affiliation: Regional Scientific Center of Sheki of Azerbaijan National Academy of Sciences

Abstract: Azerbaijan's north-western region has a unique place and role of the silk. The country is
located on the "Great Silk Way" — it is caused the formation and development of this industry especially
in Sheki, and encouraged the development of trade and economic relations with other countries.

The formation of economic relations of Azerbaijan as an independent state, the basic principles of
market economy taking interstate economic relations, land privatization, new approaches to solving the
issues related to the development of sericulture became necessary. However, the objective and subjective
reasons, it did not have the desired level of attention to this area. As a result, a significant decline
occurred in this area. ~ 5921 tons of cocoons produced in 1982, when the figure to 57 tons in 2000, while
in 2014 it dropped to ~ 10 tons in Azerbaijan. Sheki Silk factory (Sheki Silk Company) did not give the
result of the measures taken to restore the activity and now this factory experiencing a period of
stagnation.

The concept is important in economic terms, gave an opportunity for the mass of people to work,
national and international experience in the cultural art of silk and new advanced technologies through the
use of innovative approaches based on the development of sericulture.

Keywords: objectives of conception, silk industry and human resources, modernization of silk
industry, international cooperation, implementation of conception
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BACSA 8™ Executive committee meeting proposals:

Dr. Maria Ichim, Romania: BACSA should focus its activities in promotion of organic
sericulture, which has a bright future.

Dr Yusif Shukurlu, Azerbaijan:

1. Before organizing each international meeting BACSA should contact the official state
authorities in the hosting country respective, like Ministry of agriculture or so.

2. Its already time to create a scientific journal of moriculture, sericulture and cocoon processing,
all together. Among the BACSA members there are many scientists, technical staff etc. This
capacity gives the opportunity to establish a serious editorial board, editor in chief and
responsible body. The title of this journal could be “Moriculture and sericulture”. The journal
should have the necessary chapters like physic-chemical, biological, technological,
entomological and other chapters respective. The papers should be edited accordingly and the
publishing must be paid by the authors or their institutions.

Prof. Dr. Sanginjon Salimdjonov, Tajikistan: After each BACSA international conference and
Executive committee meeting a declaration should be accepted in order the national coordinators
will further be able to inform their governments about the necessary measures in sericulture
development.

Prof. Dr. Elgudja Shapakidze, Georgia:

1. BACSA should stress its activities especially in sericulture revival and development in the
Ex - Soviet union countries, because the sericulture in those countries, especially in
Georgia is in a deep crisis in nowadays.

2. In the next BACSA conferences programmes, the problems of innovative technologies and
technical means adoption in the whole sericulture value chain, starting from mulberry,
through silkworm rearing and up to silk reeling may be included.

3. A possible organizing of the next BACSA conference in 2019 in Georgia may be very
beneficial for the sericulture development in this country.

4. In the sericulture revival and development the silk quality is of a crucial importance, thus
the adoption of modern technologies and silkworm and mulberry genetical improvement
will play a vital role in this process.

Dr. Vasilii Bogoslovskii, Russia: Proposed enhancement of BACSA sericulture promotional
role by sending official letters to each member country government about the sericulture
importance and need for development. Establishment by BACSA an international scientific
journal in sericulture with its possible further inclusion in the international databases (Web of
Science, Scopus etc.).

Prof. Jiping Liu, China: Now is already time to re-consider the sericulture products, especially

silk clothing so that to become more fashionable and attractive for the customers, especially the
young generation.
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