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OPENING AND WELCOMING SPEECH

Ladies and gentlemen, Sericulturists and Distinguished delegates,

It is a privilege and a honor to meet all of you here and |1 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 | open the International conference
“Climate changes and chemicals — the new sericulture challenges”, “CLISERI” 2017

Thank you very much for your kind attention!

Prof. Dr. P. Tzenov, President of BACSA



LEAD PAPER!

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.
CO2 is the most common greenhouse gas.
Computer models verify that CO2 increases will cause significant global warming.
The United Nations' Intergovernmental Panel on Climate Change has proven that man—made
CO2 causes global warming.
CO2 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 t01200 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
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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 CO2 causes significant
global warming. Besides Carbon dioxide is no more a pollutant than nitrogen is. CO2 is
essential to life on earth. It is necessary for plant growth since increased CO2 intake as a result of
increased atmospheric concentration causes many trees and other plants to grow more
vigorously.

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,
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 1 am not going to discuss the reasons of raw silk prices increase, but this situation will lead
in @ 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.
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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 C 3 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 Cz 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.

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 — 1 m between the trees in the row.
In this planting scheme the number of trees per 1 ha is 9250 — 3330. The stem height is 0.50 —
0.60 m (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
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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 the | - rearing house with good insulation
grown larval instars and cocoon spinning - air conditioned rearing house

- 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 problem however is that the above methods, listed require more labor and capital
investments which most of the sericulture farmers do not want or are not able to make due
mainly to the too low economical interest.

Therefore presently, when the sericulture farmers are still one of the poorest people from
the society and the cocoon purchasing prices can not allow them to make big capital investments
the only solution to solve partly the problem of adverse silkworm rearing conditions is breeding
of silkworm races and F; hybrids, having higher tolerance to such a conditions.

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.
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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
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
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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 XI1I1-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
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
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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.1.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, ltaly, 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
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
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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.

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
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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
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
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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.

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

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.

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
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treatment and the concentration of the soil pH + Pb leaf.

Through data analysis was evidenced influence Pb concentration in soil, the duration of
treatment and the concentration of the soil pH + Pb leaf.
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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 | -1,17E-05 | 0,99999
f 160788,2 758,3735 212,0171 | 0,00002
g 30284394 | 51214,42 591,3255 0
h 1220190 598E+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

Residual 0
X1 X2 Yexp | Ycalc value Error%
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 21 274,3 274,281 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 42 322,2 322,204 -0,004 -0,001
320 63 352,2 352,187 0,013 0,004

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

Tabel 3
Standard
Variabla Value Error tvalue Prob(t)
a [-7059,488120378,724/ -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
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i 8,754

0,315

27,784

0,000

j 0,003

0,001

3,296

0,022

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 45 22,1 22,106/ -0,006] -0,028
42 4.5 25,4 25,411 -0,011 -0,045
63 45 28,2 28,210, -0,010, -0,035
21 5 23,8 23,7921 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 tvalue |(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 F13425,74 [12700554961,8 0,00 1,00
e [39023,59 112108,0 0,35 0,76
f  142979,79 40674,2 1,06 0,40
g 41694457 [145479084184,50,00 1,00
h  +988241,26 [2743666,9 -0,36 0,75
[ -285341,54 615647,1 -0,46 0,69
j -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

| Yecalc

| Residual |

Error%
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value
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

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.

= e ol
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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.
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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
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
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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%.

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 c¢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 variation (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
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
Variety 2010 2011 2012 Mean S.E.M. S.D. Coef. Var.
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
PO 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 2 | 1230.195 6.257 ** (P<=0.01) 3.118
V (Varieties) 16960.1 9 | 1884.462 9.584 *** (P<=0.001) 1.663
Y xV 6180.86 18 | 343.381 1.746 * (P<0.05) 1.524
YV 25602.4
R(YV) (Error) 23988.3 122 | 196.626
YVR (Total) 49590.7 149
Table 2.Total branch length (mulberry growth), variability and ANOVA
Variety vear Mean S.E.M. S.D. Coef. Var.
2010 2011 2012

40




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 4.71 0.12
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
P19 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 2 540.39 3.416 * (P<=0.05) 3.119
V (Varieties) 6668.27 9| 740.919 4.683 ** (P<=0.01) 1.663
Y xV 132.49 18 7.361 0.047 N.S. (P>0.05) 1.525
YV 7881.54
R(YV) (Error) 19301.8 122 | 158.212
YVR (Total) 27183.3 149

Table 3 Branch thickness, variability and ANOVA
Variety ear 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 2 0.905 1.166 N.S. (P>0.05) 3.119
V (Varieties) 45.10 9 5.011 6.454 *** (P<=0.001) 1.663
Y xV 14.83 18 0.824 1.061 N.S. (P>0.05) 1.525
YV (Interaction) 61.74
R(YV) (Error) 94.72 122 0.776
YVR (Total) 156.46 149

Table 4.Internodes distance, variability and ANOVA
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Variety ear Mean S.E.M. S.D. Coef. Var.
2010 2011 2012
No 3 4.84 4.7 4.97 4.84 0.08 0.14 0.03
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 5.36 511 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 5.61 521 5.96 5.59 0.22 0.38 0.07
Vratsa 18 5.42 521 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
Y xV 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

Variety ear Mean S.D. Range Coef. Var.
2010 2011 2012
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
P19 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 4.41 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
Y xV 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

42




Table. 6. Correlations and regressions

Mulberry E . . Coefficient of . .
character cological traits correlation Regression equation
Rainfall from September to May -0.113 | y=-0.034*x + 182.573
l:L)reann%tEegf Rainfall for all mulberry vegetation period -0.029 | y=-0.004*x +165.871
Sum of effective temperatures for 0.056 =-0.014*x + 124.283
Total branch | Rainfall from September to May -0.030 | y=-0.022*x + 58.783
length per Rainfall for all mulberry vegetation period -0.164 | y=-0.062*x + 79.497
tree Sum of effective temperatures for 0.183 =-0.110*x - 262.659
Rainfall from September to May -0.061| y=-0.001*x+ 10.783
t?\riacrllflgss 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
L?;?;Eggal 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
rSar;(raoutlng 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

= 0 el
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Influence of climate on the development and productivity of some Bulgarian
mulberry varieties. 2. Influence of some climatic factors on economic characters of
mulberry leaf and productivity in mulberry

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

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
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.
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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  relationshipsbetween
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
(20004a).

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 c¢m, 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
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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 2010-1.89q,
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
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 vyield 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.

46



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 ears 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
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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

Y xV 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

Variety Years Mean S.E.M. S.D. Coef. Var.
2010 2011 2012

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 2.31 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

Y xV 1.38 18 0.077 0.064 N.S. (P>0.05) 1.525

YV 53.61

R(YV) (Error) 146.15 122 1.198

YVR (Total) 199.76 149

Table 3.Tree leafiness, variability and ANOVA

: Years

Variety Mean S.E.M. S.D. Coef. Var.
2010 2011 2012

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
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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
P19 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 2 49.500 2.166 N.S. (P>0.05) 3.119
V (Varieties) 1911.38 9| 212.375 9.292 *** (P<=0.001) 1.663
Y xV 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 ears Mean S.E.M. S.D. Coef. Var.
2010 2011 2012
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 | 23291 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 2| 6258.57 7.756 *** (P<=0.001) 3.119
V (Varieties) 28364.89 9| 3151.65 3.906 ** (P<=0.01) 1.663
Y xV 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) 159344.21 149

Table. 5. Correlations and regressions

Mulberry . . Coefficient of . .
Ecological traits . Regression equation

character correlation

Length of Rainfall from September to May -0.061| y= 0.001*x+ 10.783
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leaves

Rainfall for all mulberry vegetation period -0.020| y= -0.001*x+ 10.194
Sum of effective temperatures for 0.035 y= 0.011*x+ 8.379
Rainfall from September to May - 0.058 y = -0.001*x + 2.285
Leaf weight | Rainfall for all mulberry vegetation period - 0.019 = -0.001*x + 2.084
Sum of effective temperatures for 0.033 y= 0.011*x+ 1.489
Rainfall from September to May -0.021 = -0.001*x + 53.630
;I;;‘?ness Rainfall for all mulberry vegetation period -0.031| y= -0.002*x + 53.858
Sum of effective temperatures for 0.013| y= 0.001*x + 52.231
Rainfall from September to May 0.038 y= 0.001*x + 4.053
ﬁgi?ﬁlhg Rainfall for all mulberry vegetation period -0.203 y = -0.001*x + 5.776
Sum of effective temperatures for 0.210 = 0.004*x - 6.315
Leaf yield Rainfall from September to May -0.069 | y= -0.297*x +247.631
per one Rainfall for all mulberry vegetation period -0.008 | y= -0.002*x +231.711
branch Sum of effective temperatures for 0.023| y= 0.008*x +207.112

O
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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.

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
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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).

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.

+1s]
-
25 V|
20 -
15
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5
0
KoHTpona ClxX2 b1xC2 Kom1l
w2011 20,1 10,9 10,5 6,7
[m2012 19,7 9,8 9,9 6,6
02013 19,9 10,7 9,8 6,6
Control S1xH2 B1xS2 Kom 1

Fig. 1. Fresh cocoon yield
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.
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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, | Filament  size | Filament weight Silk Ratio (%)
(m) (denier) (mg)

Control group

2011 1191 2,56 309 38,47

Experimental

groupS1xH2, 2011 2 2,25 160 35,36

Experimental

groupB1xS2, 662 2,72 159 38,99

2011

Control group2012 1274 2,48 319 45,91

Experimental

groupS1xH2, 2012 & 2,41 158 35,91

Experimental

groupB1xS2 — 618 3,32 158 4534

2012

Control group,

2013 1243 2,3 300 38,15

Experimental

groupS1xH2, 2013 88 1,7 145 32,99

Experimental

groupB1xS2, 2013 701 2,11 144 53,07

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).
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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.

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

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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Rwanda Agricultural Board, P. O. Box: 5016, Kigali, Rwanda.
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.

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
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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 mZ. The fertilizer treatments imposed were organic
manure (30,000 kg/ ha), mulberry wood ash (1125 kg/ha), lime (750 kg/ha) and N3oP24K1g (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 (1SO/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 HZO (2:1 soil: water ratio)

(1SO/10390. 1994).
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,
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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 soll

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).

. 0525 mg'kg 700 4 — . s
pH of soil 650 1 Mn
53 A 600 1
27 C 550 1
515 1 _/_x’_/ 500 1
450 4
54 15 400 4

505 - 350
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M-J: May-July, A-O: August-October, November-January, F-A: February-April
Figure 1: Acidity and chemical composition of soil

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.

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
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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/halyr 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,
mulberry trees are being pruned, through which enough timber is being collected for production
of wood ash (Figure 2).
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Figure 2: Mulberry plant grown in (A) acidic and (B) fertility of soil; (C)
mulberry wood ash
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Chemical analysis of 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

R f chemical iti Variant
ange of chemical composition Mulberry wood ash Cime
Stems | Branches | Leaves | Average
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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 51
Carbon 1,02 1,67 2,08 1,59 -
Concentration in mag/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 1 6,21 8,75 -
Other Chemical Properties

CaCOj3 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

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:
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
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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 (Nasi et al., 2005). In Sweden, ash is already produced in large
guantities 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
(Lundstrém 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) 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 N, P and K in the soil sharply increased as a function of
application of mineral fertilizer N3oP24K1g whereas, application of OM, Lime and especially

MWA not only increased the quantity of N, P 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 9th 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;
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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 (Figure 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 (Figure 4). Soil fertilization with OM and N3oP24K1g fertilizer

has 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.
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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
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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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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
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

66



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 ( r= + 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 Mday 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,
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).

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 +5x X158 X +85 X+5S5
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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.
Larval Cocoon Pupal Shell Shell
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

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.

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

Lines
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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 (r=+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 xXvh 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 | 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. 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
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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,
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At north; Trabzon, Giimiishane, 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 XV 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.

Silk Boads m Anatola

Figure 1. Silk Roads in Anatolia
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Silk Handcraft Cottage Industries Map of Turkey
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Figure 2. Silk Handcraft Cottage Industries Map of Turkey

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 .

Affter discovering the disease free-egg (seed) production method by pasteur and the
establishment of the school named * Harir-Darul-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
independence there were big production decreasing again and cocoon production dropped the
between 250-300 tons.

In addition, after the globalisation movement in the 20thcentury 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 | 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.
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Figure 3.“Harir-
Dari’t- Talimi’is
the first

Turkishsilkworm
education center in Bursa, 1893.
4 PresentSituation 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 ,

75



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 Fresh cocoon production
farmersNumber (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

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 handicratft.

Recently, handcrafting is supported by many local governments, like Bursa and Diyarbakar.
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.

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
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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.

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

Strengthes Weakness
Government supportting to encourage Low cocoon productivity due to traditional
cocoon and silk production by providing way of silkworm rearing and improper

subsidy of cocoon purchase and silkworm rearing conditions

eggs in free of charge Poor resources of silkworm varieties — only

Natural and social conditions are suitable to | one variety of silkworm for cocoon

improve sericulture industry production

Climate conditions and unemployed Rearing houses and equipment are not
manpower in the countryside suitable for high quality of cocoon and silk
Accumulation of technology in silk carpet Lack of young generations in the villages to
making by long tradition and history continue sericulture activities in the country
Opportunities Threat

International price of raw silk is increasing Import of raw silk from China and

due to decreasing silk production in the Uzbekistan with lower price than the

major countries domestic product

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

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

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.

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.
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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.

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.
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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.

Figure 4. The Picture of Hereke carpet factory from Izmit
WNatali Avazvan archive in 1967

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.
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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.
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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,
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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.
Key words: silkworm, the caterpillar, the environment, heavy metal

Hecmotpss Ha mporpecc YenOBEYECKON NHMBHIM3ALWU, OOYCIOBIEHHBIM HAy4yHO —
TEXHUYECKOH  PEBOJIIOIUEH, BO3HHMKAIOT  HETAaTUBHBIE  HKOJOTMYECKUE  SBIICHHUS:
MPOTPECCUPYIONINE HCTOUIEHHWE MPUPOJIHBIX pecypcoB, moreps OydepHocTH Omochepbr B
pe3yabTare OOBEAMHEHHS] €€ BHJIOBOIO COCTaBa, 3arpsA3HEHUE OKpYKAIOMIeH Cpeabl, pPOCT
PaaualMoOHHOTO M TEIUIOBOTO IIOKA, YTO B 3HAYMUTEIBHON CTENEHU OTPAXXKAETCs HAa XapakTepe
KU3HEACSITEIIbHOCTH JKUBBIX OPTraHW3MOB, UX QJAalITUBHBIX BO3MOXXHOCTSAX, BEJIET K CHUXKEHUIO
YCTOMYMBOCTHU K JIEUCTBUIO (DAKTOPOB CPEJIBI.

Bce 310 craBuT 3amauy pa3pa0OTKM HOBBIX MOJXOJOB K BOMPOCaM ONTHMH3AINH
pa3BeACHUS MOJIE3HBIX BUJIOB )KUBOTHBIX, B TOM YHCJIE U TYTOBOTO IIEJIKONPSIA.

ITo nannbIM AnoHckux uccinenoBanuil (Takuaa, 1987), ryceHuibl TyTOBOTO IENKONpsAa
OUEHb YYBCTBUTENbHBI K COJEp)KAaHUIO B aTMocdepe M TMOYBE IUIAHTALMM CONEH TAXKENIbIX
MeTaJuioB. IIpu ucnonp30BaHHWE JIUCTA ¢ TAKUX IUIAHTAUMKA OTMEUYEHHBIA CIydaill MOSIBJICHUS
YPOAJIUBBIX I'YCEHUII, HAPYIIAETCs IEATENbHOCTh B OPraHU3Me, PE3KO BO3pacTaeT UX ruberb.

Tak, HabmrOgaNMCh Cydail MaccOBOW THOENM TYCEHHUI[ OT3arpsi3HEHUE OKpYKaroIen
cpenbl BeiOpocamu Yepkacckoro xumudeckoro komounara (A.3. 3notun, 1984).

B MOCJIEIHUE OBl B TamKukucrane MOSIBUJINCH HU3KOYPOKAHBIE,
HEZ00pOKaYeCTBEHHbIE KOKOHBI TYTOBOIO HIENKOIPsAa, KOTOPhIE OUEHB TUI0X0 Pa3MaThIBAIOTCA.
Kak moka3zanu Hamm ucclieoBaHUs, TPUYMHA 3TOTO SIBJICHUS — 3arps3HEHUs] MOUYBBI TYTOBBIX
IUTAHTAUUN COMSIMHM TSDKENbIX MeTayuioB. Ha Takux BbIKOpMKax HaOIOAaeTcsi 3HAUUTEIbHBIC
rudens TYCEHHI] B Pe3y/IbTaTe CHUKCHHS UX YCTOMYMBOCTH K 3a00JIEBAHUIO U HKCTPEMATbHBIM
dbakTopam cpebl.

B crnoxuBmIMXcS YCIOBUSX CTal0 OYEBHIHOM HEOOXOAUMOCTH pPa3pabOTKU HOBOWM
CTpaTeruii ONTUMHU3AIMK IETKOBOICTBA B TaPKUKHCTAHE.

AHalli3 COBPEMEHHOI'O COCTOSIHUSI M3YYEHHOCTH BOIIPOCOB ONTUMU3AIMHU pa3BEACHUS
HacekoMbIx (A.3. 3motuH, 1989), a Takke ucciaemoBannbie qanubie (B.A.T'omoBko, 1991 - 1992),
NPUBEIH HAcC K MBICIU O HEOOXOIMMOCTH pa3palOTKH CTPATETHH MOBBIIIEHUS YPOBHs OOIIeH
YCTOMYMBOCTH TYTOBOTO HIETKOMNpsiia K HETaTUBHOMY BO3JIEHCTBHUIO SKOJIOTMUECKUX (HDaKTOPOB
cpenu U pa3paboTKH HA 3TOH OCHOBE MPUEMOB ONTUMHU3AIINH IETKOBOJICTBA.

[lo Hamemy MHEHUIO, TaKasi CTPATErus JOJKHA BKIKOYUTH JBA BAKHEHUIINX HAIIPABICHUS
ONTUMU3ALMH Pa3BECHUE TYTOBOTO HICIKONPSIA:

-MIOUCK U TIPUMEHEHHSI OMOCTUMYIATOPOB, BAJ] (Onomornyecknii akTHBHBIX TOOABOK K THIIIE),
MOBBIIIAIOIINX YCTOMUHUBOCTD U MPOAYKTUBHOCTH TYTOBOTO IIEJIKOTIPS/IA;

-pa3paboTka IpUEMOB MOBBIIICHHUS] T€TEPOT€HHOCTH TYTOBOT'O HIENKOMPsAa U MOA00p MOpPOJ
YCTOMYUBOCTH K HETaTUBHOMY BO3/IEHCTBHUIO (hPaKTOPOB OKPY’KAIOIIEH Cpeabl;
-pa3paboTka croco0a MOBBIMICHHUS OKUBJIIEMOCTH TPEHBI U €€ MPO(HIIaKTHKa aHTHOMOTHKAMH,
AQHTUCENITUKAMHU.

UccnenoBanusi mpoBoAwiiM B JIAOOpAaTOPHHM  PECIyOIMKAHCKON ONBITHOW CTaHITUH
menkoBoactBa TACXH wu kadenpa skonorus I'MUT Coramiickoit obmactu pecmyOnuku
TamxukucTa.

UccnepoBanusi mpoBOAWIM B HECKOJBKHUX HAIPaBICHUSX, CIEAYIOLIIME METOJUYECKUE
IIPUEMBI:
1. Metoauka 00paboTku rpenu npen uakyoanueit ¢ BAJl (a3aHaTopom U XUTO3aH).
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2. Metoauka 00paOOTKHM KOPMOBOTO JIMCTA ILIEJNKOBHIBI (23aHATOPOM M XHUTO3aH) IpHU
KopMJIeHUH 4-5B03pacToB HaEBpOa3naTCKUX MOPOJ TYTOBOIO MISTKOMPSIA.

Taonuma 1
Pa3pabdoTku cnoco00B MOBBIIIIEHUS 0KUBJIEMOCTH MPOMbILILJIEHHOI TPpeHn
(Becna 2016 1)
C JKu3HecrnocoOHOCTh
OXUBISIEMOCTb TPEH

3KCHO3ULIHEH I'yCCHHI]
BapuanTel

MUHYT U % K % K

KOHUEHTpauus | % KoHTpoto 2 | % KOHTPOJTIO 2
O6paboOTKH TPEHBI 15 96,2 105,9 94,8 105

30 98,4 108,4 96,6 107
O6paboTKa rpeHbI 1 kancyna 95,3 104,9 93,8 104
C XUTO3aHOM B BOJHOM | -
pactBope 1 nutp 2 Karmcyna 96,6 106,4 94,6 104,9
O6paboTtka I'pEHBI
BOJIOM (KOHTPOJIB 1) - 92,9 102,3 91,4 101,3
I'pena 6e3 kakoi 1m6O
00paboTKu  (KOHTPOJIb 90,8 100 90,2 100
2).

Ta0numa 2

Bansinne 00padoTku KOPMOBOIO JIHCTA MISJKOBHIBI ¢ 030HMPOBAHHBIMH BOJIAMH U
XMTO3aHOM HA MOKAa3aTeJH JKH3HECOCOOHOCTH I'YCEHHII H KAYeCTBA KOKOHOB.

- KuznecnocoO- Komnmaectso Conepxanu
BapuanTs E(* HOCTh COPTOBBIX KOKOHOB | € OOJBHBIX
2 E % | % K KOH. 2 % % KKOH.2 | U
5 9 OTCTAIOLIHX
3 g rycenuil %
Kopmienune  ryce- 15 93,2 107,3 90,6 103,7 5,82
HUITUCTOM
00paboTaHHBIM 30 95,4 109,9 93,4 105,9 5,60
A30HUPOBAHHBIM
BOJIOH.
Kopmnenne  ryce- | lkancyna | 92,6 106,7 91,2 103,4 4,82
HUI[ JINCTOM OOpa-
OOTaHHBIMXHUTO- 2kancyna | 94,6 109 92,8 105,2 5,46
3aHOMB KaricyJax
Kopmiienne rycenung
JUCTOM
00paboTaHHBIM 88,1 101,5 87,4 99,1 10,6
BOJIOM (KOH. 1).
Kopmiienne rycenung
aucToM 0e3  Kakou 86,8 100 88,2 100 10,2
1100 00paboTku
(koH. 2)
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Tabauua 3
Bausinue o0padoTkM JiMCTAa MIEJIKOBUIbLI a30HMPOBAHHLIMM BOJAAMH M XHMTO3aHOM HAa
NMPOAYKTHUBHOCTH I'YCEHHI] TYTOBOTO IIEJKONPAIA

% Cpennsis macca Cpennsis . Macea lenxoHoc-

e KOKOHa. HICITKOBOH HOCTb
BapuanTs! = 000JI0UKH.

= 0 0

é 3 rp. % K KOH. 2 | MT ;) KCKOH- ) o K/OOH ) K
Kopmnenue rycenun | 15 19 111,8 480 126.3 25,2 113
aucToM obOpaboTaH-
HBIMa30HAaTOPOM 30 2,1 123,5 510 134,2 24,3 109
Kopmiienne Ixan- 2,0 117,6 470 123,7 23,5 105,4
TyCEHUI] JUCTOM | cyJa
00paboTaHHBIM 2Kari- 2,1 123,5 490 128,9 23,3 104,5
XUTO3aHOM cyna
Kopmiienne rycenung
JUCTOM 00paboTaH- 1,80 105,8 420 110,5 23,3 104,5
HBIM BOJIOH (KOH. 1).
Kopmiienne rycenun
aucToM 0e3  Kakoi
i (6] 00paboTku 1,70 100 380 100 22,3 100
(KOHTpPOTB 2).

B mnepuon wuccienoBaHue NPOBENECHO XMMHUYECKHI aHAJIW3 TOYB, KOPM M OTXOJOB
(9KCKPHMEHTOB).

Ha ocHoBaHuM pe3ynbTaToB UCCIIEOBAHUE MOKHO CIIENaTh CeIYIOIINE BHIBOIDIL:
O06paboTka CcrOCOOOB TOBBIIMICHUS OKUBJISIEMOCTUIIPOMBIIIICHHOMIPEHH C a30HUPOBAaHUEM
BOJIBI ¢ dKcro3unueit 15 — 30 MuUHYT oOecrieurBaeT MOBBIMICHUS OKUBJISIEMOCTUTPEHH Ha 5,9 —
8,4% 1o cpaBHEHHIO ¢ KOHTPOJIS (TpeHu Oe3 Kakoit 6o 00paboTKu).

Bnusare 06paboTKH KOPMOBOTO JIMCTA IMISIKOBHUIIBI ¢ A30HUPOBAHUEM BOJBI C dKCIO3UIUEH 15
— 30 muHYT o0OecrmeuynBaeT MOBBIMICHUE XU3HECIMOCOOHOCTH TryceHunbl Ha 7,3 — 9,9% mo
CpaBHEHHUIO C KOHTPOoJIs (0e3 Kakoh 100 00paboTKM).

Bnusaue o0paGoTKM JMCTa IIENKOBUI[ XMTO3aHOM M a30HHMPOBAHHOM BOJIOH OOecreyuBaeT
MOBBILICHHE CpelHel Macchl KOKOHOB Ha 17,6 — 23,5 % mo cpaBHeHue KOHTpoJis (0e3 Kakoi
1100 006paboTKH).
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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
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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.

AKTYaJIbHOCTB 3aauM: B nepuoj mycka cMaTbhiBaHUE C BpallaloNIeNcs KaTyIIKU HUTH
MOCITY’)KUJIO BBICOKOM HEPAaBHOMEPHOCTBIO HATSKEHHMS. OJTO TNPUBOAUT K YBEIMUEHUIO
OOpBIBHOCTH Ha TKALIKMX CTAHKaX W CHMXKEHHUIO MPOU3BOJIUTEIBHOCTH CTaHKA.

ITocranoBka 3amaum: CmaTbiBaHME C Bpallarouleiicss KaTyIIKd B YCTaHOBHMBIIEMCS
peXuMe XapaKTEpHU3yeTCsl BBICOKOW pPAaBHOMEPHOCTBHIO HATsbKeHMs. OIHAKO B IEepUo ITycKa
HEPaBHOMEPHOCTh TOpPa3[0 BBIIIE, YTO TOCIY)XHUJIO NPUYMHOW OTKaza OT 3TOro crocoda
CMaThIBaHWs MpU TOATOTOBKE OCHOB K TKaudecTBY. lIpoBenem aHamn3 HepaBHOMEPHOCTH
HATSDKEHUSI C TIeIIBI0 Pa3paboTKH MPEATIOKEHUHN 110 €r0 CHIXKEHUIO.

Pemienus 3axaumn:PacueTHas cxema cMaTbIBaHUsS yIPYrOW HUTH C KaTYyLIKU IIPUBEICHA
Ha puc. 1. Karymka ¢ HUTBIO MOXET Bpaiatbcsi BOKpyr ocu O, MpH 3TOM Ha HeEe JIEUCTBYET
MOMEHT TpeHHsl B onopax My, Ympyras HuTh, ¢ K03()(HHLUUEHTOM KECTKOCTU C, B Ha4aJIbHbIH
MOMEHT KOHeI| HUTH (ToYKa M) HauMHAET ABUTaThCs C IOCTOSTHHOM CKOPOCTBIO V.

K,Dt c 3,:

Puc. 1. PacueTHas cxema cMaThIBaHUS C TOABUKHOM KATYIIKH.

Cuny HaTsKeHHs, NeHCTBYIOIIYI0 Ha KaTyIIKy CO CTOPOHBI Ae(QOpPMUPOBAHHOW HUTH, B
MOMEHT BPEMEHH t MOKHO PACcCUUTATh MO PopMyIie

T=c(vt—-aR)
Torna nuddepennnansHoe ypaBHEHHUE JIBIKCHUSI KATYIIKH OyIeT UMeTh BU [ 1]
Jé=FR-M,, (1)

rae J — MOMEHT MHEPIMHU KaTyIIKKA ¢ HAMOTKOM.
[ToacraBuB B (1) 3HaUeHUE CUIIBI TOTYYUM

Ja =Rc(vt—aR)-M,,

[Tocne oueBUaHBIX Tpe0Opa3OBaHU, BBEIs 0003HAUYCHHS

Rcv
m=—
" J
2 ¥y
K2 = Rc
J

MOJIy4YUM
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a+k’ag=mt—-—m=

: ©)

Bripaxkenue (3) mpeacrasisieT co0oit tnHEHOE nuddepeHImanb Hoe YpaBHEHUE BTOPOTO
MopsiIKa C TMpaBoil 4acThio. Ero pemieHue, kak u3BeCTHO [2] COCTOMT M3 OOMIETO pEmIeHUs
ypaBHeHHUs 0Oe€3 TMpaBOMl YacTHM W YACTHOTO PEIICHHS YpaBHEHHUs C TPaBOW YacThio. Takum
00pa3om, HaiiieM pelIeHne ypaBHEHUS

d+k’a=0
XapakTepUCTHYECKOE yPABHEHUE JUIS HETO UMEET BUI (° + k® = (), @ €r0 peuleHue
g=+ik
rIe 1 — MHAMAas €INHALA.
Takum o6pazom, obmiee penienne AudepeHnnanTbHOro ypapHeHus (6) OyneT UMeTh BUJI
, & =C, coskt+C,sinkt
rae Cl u C2 — KOHCTaHThl UHTETPUPOBAHMUSI.
YactHoe pemenue (3) Oyaem UCKaTh B BUIE
a =At+B (4)
[Tpomuddepeniupyem (4) 1BaXKIbI
@=A & =0

[ToxcraBuM monydeHHbIe 3HaUeHUs B (2)

K?At+Kk?B = mt— M.

[TpupaBHMBas KOAPPUIMEHTH! IPU COOTBETCTBYIOLINX CTEMEHSX t MOIY4IUM

k’B = My
W3 nosmydeHHbIX BBIpAXEHUN HAalIeM
A= M
= 2 B - _ !
k* Jk

Takum 06pa3om, yacTHOE pelieHrne Oy1eT UMETh BH/T
a* — mt _ M TP
k k*J

Torma obmiee pemenue (3) OyaeT UMeTh BUT

a = C, coskt +C,sin kt+m2t— MZTP
k k“J

[Tponuddepenunpyem 3To BeIpakeHUE
¢ = ~Cksinkt +C,k coskt +%

HauansHaeie YCJ10BUA UMCIOT BUJ
Hth=00{=0 " a=0
IloacraBnsiss B HadaJbHBIE YCIOBHUS 3HAYCHUS O U COOTBETCTBYIOLIEH IIPOU3BOAHOU,
MOy IHM
— MOD m
KR T
OxkoHuatenbHO perieHue (3) OyaeT uMeTh BUJT

mt— MTP
k* k%J

a= %cos kt—mssin kt +
k<J k ,

HIIN
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a =ﬂ2£t—lsin ktj+ MZ”’ (coskt-1)
k k k<J

[ToacraBuM B monmydeHHOE BeIpakeHre k 1 m u3 (2), Torma

) onf

Onpenenum JUHEHHYIO CKOPOCTh KaTYIIKH, T.€. TOUKU K Ha ee mOBEpXHOCTH
Ve =aR

Jlist aToro npoauddepeHupyeM BoIpakeHHE (21)

o'czl 1—cosR\/Et _ Mgy sm R\/7
R J

[ToxcraBuM nomyueHHoe B (2)

C M c
V, =V|1-cosR,[—t P sin R, [—t
. Vi | e J -

[IpoBeneM aHanmu3 MOJNYYCHHBIX pe3yiabTaToB s ciaydas korga MTP=0. Torma (5)

npuoOpeTaeT BU
Ve = v(l— cos R\/gtj

I'padukn w3MeHEHHMs] CKOPOCTH MBM)KCHHS KOHIIA HHUTH (Touka M), K KOTOpPOMY
IpUJIOKEHAa cuila T ¥ TOUKUK — cX0Jla HUTU C KaTyILIKH, IpUBeIeHbl Ha puc.2. CKOpOCTh TOUKU
M 1o yciioBHIO 3a7a4M OCTAETCS MOCTOSIHHOM, a CKOpOCTh TOYKMK yBenuuuBaeTcs. Tak Kak
HUTH 0Opa3yeT OCBOOOXJAIOUIYI0 CBS3b, T.€. OHA HE MOXET CO03/aTh OTPULATEIbHYIO
(TOJKAOIIYIO) CHITY HATSKEHHUS T, TO CKOPOCTh VK OyZIeT YBETUUUBATHCS 10 TEX TOP, MTOKA CHJIa
T He craneT paBHOU Hymo0. OnpenenuM 3ToT MOMeHT BpeMeHH. [loacraBum B (1) 3HaueHue a u3

(4) ¥ mpUpaBHAEM HYITIO.
= C—V\/E sinR \/E =0
RVc J ©6)

U3 (6) cnenyer, uro npu R \/:HaTSDKCHI/Ie T cTaHOBUTCS paBHBIM HYJIIO, TIPH 3TOM
CKOpOCTh CX0/1a HUTH B JIBa pa3a MPEBOCXOAUT CKOPOCTh €€ KOHIIa, Touku M. B pe3ynbrare HUTDH
o0Opasyer meTJio.

CornacHo (6) MAaKCUMYM HaTsDKEHUSI HUTH MIPUXOAUTCS] HA MOMEHT BPEMEHHU

o |Jd-
1 ZE —~
T. K. MOMEHT TpeHHsI Ha OCH OTCYTCTBYET, TO BpallleHHE KaTyIIKU OyJeT MPOUCXOAUTh
OECKOHEYHO JIOJITO ¥ HOPMATBHBIN MPOIECC CMAThIBAaHUS HE BOCCTAaHOBUTCH [3,4].
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Puc.2. I3MeHeHne CKOPOCTH CXOJ1a HUTH C KaTYIIKU W €€ HATSKEHUS ITPU OTCYTCTBUM
MOMCHTA TPCHUA HAa OCHU KaTYUIKU

BBIBO/IbI
YcTaHOBNIEHBI MPUYMHBI BOSHUKHOBEHUS MMHKOB HATSDKEHUS B TIEPUOJ ITYCKa MPU CMAThIBAHUH
HUTH C BPAIIAIOIIEHCS KaTYIIKH.
[Tonyueno BeIpaxkeHue ISl pacueTa MUKOBOI'O 3HAUCHUS HATSKEHUS

JIUTEPATYPA

[Tanosko S1.I'. BBenenue B Teopuio MexaHnueckux konedbanuit. M.: Hayka, 1971.

bpoumreitn U.H., CemennsgeB K.A. CnpaBounuk o marematuke. M.: Hayka, 1986.
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NmmatoB A.b. OCHOBBI TEXHOJIIOTMH TPOU3BOJCTBA U TOATOTOBKY HUTEH HATYPAJIbHOTO MIENKa
K TKadecTBy. MoHorpadwus. [dymante: “Op-rpad” 2014. -270 c.

STUDY OF EXTRACTION PERFORMANCE SERICIN

Z.K. Muhidinov* - Prof. Professor, A.B. Ishmatov? -d.t.s. Professor
S. Salimjonov® - KS-Agricultural Sciences. Corresponding member.IART.

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.

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

CornacHO MaHHBIM CTAaTHUCTHUYECKOTO YIpaBJeHHS NpH mpe3uaeHte PecnyOnuku
TamxukucTtad[1], Ha KOKOHOMOTAJIBHBIX (abpukax pecrnyOINKU €XEerogHo odpasyercs
6omee 150 TOHH MIETKOBBIX OTXOJJO0B: HEMOAAAIMINXCS Pa3MOTKE KOKOHBI, BOJIOKHUCTHIE
OTXOAbl KOKOHOMOTAaHHA U KYKOJIKH.
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Yrunuzanus 3TUX OTXOJ0B MMeeT OOJbIII0e HAPOJHOXO3SHWCTBEHHOE 3HAYEHHUE IS
skoHOMUKHM TaJKMKUCTaHa, TaK KaK Ha KaXJbli KUJIOTpaMM BbIpAaOOTAHHOTO IIEJIKa-
ceipiia mpuxonutcs 6osee 1 xe.pa3nuuHbXx 0TX0A0B. O001M0YKa AePEKTHBIX KOKOHOB U
BOJIOKHUCTBIE  OTXOJbl KOKOHOMOTAHUM  SIBJISIIOTCS  LEHHBIM  TEKCTUJIBHBIM H
Ouonorn4eckuM coipbeM mMetomuM 10 30 % kiesmiero BemecTBa- ¢ € p M Il U H a
OPUTOAHOTO [JI1 TEXHUYECKOTO, CAHUTAPHO-MEIUIMHCKOTO, KOCMETHYECKOTrO U [p.
Ha3HAYCHUS.

N3BecTHB OTedecTBEHHBIE W 3apyOexHbIe padoOThl [1-5] KOTOpBIE HampaBiIeHBl Ha
YTHJIM3AIMUI0 IIETKOBBIX OTXOJOB, JJs MOJYYEHHUS M3 HUX [MOPOIIKAa HATYpPaIbHOTO
niejJKa WJIM CEpUIlMHA NYTEeM JKCTparupoBaHUsl MOJ [JaBJICHHEM U TMPH BBICOKOU
TeMIIEpaTyphl, IJI€ B KAUECTBE PACTBOPHUTEIEH MPUMCHSIOTCS IIEI0Yb UM KUCIOTA.

OOmuM HEeIOCTaTKOM YKa3aHHBIX padoT SBISETCS HEBO3MOXKHOCTH HCIOJIb30BAHUS
MOJIy4EHHOTO MOPOIIKA B TEKCTUIHLHOW MPOMBIIUICHHOCTH B KAaUECTBE KJICSIIETO BEIIeCTBA s
NUIMXTOBaHUA HUTEU. Tak Kak B KaueCTBE paCTBOPUTEISI UCIIOIB3YIOTCS 1IEJI0Yb MM KHCIO0Ta
BBICOKOW KOHIICGHTPAIlUM M TPOLECC AKCTPArUpOBAHUS MPOXOMHUTH MOJ JABICHUEM H
npu temmeparype 105-120° C. Ilpu Takoii 06pabOTKe Pa3pyIIAOTCS BOJOPOIHBLIE CBS3H,
crabunmusupytomue B- KIeTdaTelii CTPYyKTypa CepHIMHA IIeNKa, HapyIaeTcss HOHHOE
B3aMMOJICHCTBHE MEXKIY paJAUKaIaMd aMUHOKHCIIOT, CTAOUIN3UPYIOIIEe TPETUUHYIO CTPYKTYPY
MOJICKYJIBI IIIeTIKa, HApPYIIAIOTCS MOJCKYISpPHBbIE B3aMMOJICHCTBHUS Mexay QuOpmwuiamMu B
pe3yJIbTaTe 4ero Tepsercs Kiesuuid cBoMcTBa cepuliHa. [lomydeHHbI MOPOIIOK HEMPUTOJIEH K
UCIIOJIb30BAHUIO B TEKCTUJIBHOW MPOMBIIIIEHHOCTH. UTO KacaeTcss (U3MKO - MEXaHUYECKHX
CBOMCTB BOJIOKHUCTON Macchl HaTYpaJIbHOTO IIIE€JIKa, OHA TEPAET MPOYHOCTh MOCTE IKCTPAKIINU U
CTAaHOBHUTCS Tak)K€ HEMPUTOTHBIM JUIsl JTaTbHEWINEro WCIHOJIb30BaHUS B TEKCTUIHHON
MPOMBIIIIIEHHOCTH.

C uenpro  Hacrosimed  pabOThI  SIBISETCS  YTWJIM3AIMS  I[IEIKOBBIX  OTXOJIOB
KOKOHOMOTaNbHBIX (padpuk Pecnybnuku TamkukucTaH, myTeM SKCTparupoBaHUsl CEpUIMHA C
COXpDaHCHHEM €€  HCXOMHBIX (KJICSIIUX) CBOMCTB [UIsl JAJIBHEWIIETO WCIOJIB30BAHUS B
TEKCTUIIbHOW, CAHUTAPHO- MEIULIMHCKON U KOCMETUYECKUX OTPaCIIsIX.

Metoauka padoTsl

DKCTparupoBaHUsl MICIKOBBIX OTXOOB IMPOU3BOIUIIOCH B IBYX BapHaHTaX:
A- Ha EIOYHOM pacTBOpe KapOOoHATa HATPUS;
b - nuctunnpoBaHHoO# BoAE.

BAPHUAHT- A. llenouHas pacTBOp NpuroToBuiiv B cootHomennu 0,02 m. s 3Toro S r.
MopoIKa KapOOHAaTa HATpUs PAcTBOPWIM Ha | J. NUCTUIUNIMPOBAaHHON Bome. 3areM B
CTEKJIIHHYI0 Tocyny oObemoM 1,5 7. 3aceimanu 50 r. pa3pe3aHHBIX Ha MeJIKHe (parMeHTHI
000J104eK OpaKOBAaHHBIX KOKOHOB M TyJa 3alWJIH | JI. IIEIOYHOTO PacTBOPA. [TonyuenHsbIi
pacTBop mpu KoMHaTtHOM Temmeparypbl (32° C ) KunATWIM B BOAAHON Oade B Teuenuu 60
MUHYT. [loy4eHHBIH 3KCTPaKT (GUIBTPOBAIM Yepe3 TKAHHBIH MEIIOUeK M KOHLIEHTPUPOBAIN Ha
Bakyym- potope "Unipon-35P" (ITombima). B KOHIEGHTPHpPOBAaHHBIH pacTBOp 00BEMOM 50
MII.JOOABUITM ATHIIOBBIA CHUPT B COOTHOIICHHUH 1/3 1 ocTaBwim IS ocafky Ha 24 gaca. Uepes
CYTKM OCaJlOK CEpUILIMHA OTQHIBTPOBAIM Yepe3 TKAHHOE IOJOTHO M TMOJYYEHHYIO Maccy
NPOMBIBAIM CIIUPTOM. 3aTEM pPACTBOP OKCTPAKTa CEPHUIIMHA OTXUMAId Ha IeHTpudyre,
BBICYIIMBJIA TpPU KOMHATHOM TemmepaTypbl M U3MEIbYajdd Ha LIAPOBOM MEJIbHHUIIE.
[TonydenHslii nopomok BecoM 2,3783 I. MITKW, LIEJIKOBUCTHII Ha OLIYIb C XapaKTEPHBIM
ckpunom "Tyiie", 0OMHOPOJHON KOHCUCTEHIIMHU C TEMHO-KOPUYHEBBIM I[BETOM.

[To pe3ynbraram pacueToB yCTAaHOBHWIIM, YTO BBIXOJ MOPOIIKA CEPUIIMHA U3 TIEPBOHAYATIBHOMN
Macchl 000J1049eK OpakOBaHHBIX KOKOHOB coctaBmwio 4,76 % wumum 15,85 % wu3 umeromnierocs
CepHIIMHA Ha BOJIOKHAX IIEJIKA-ChIPIIA.
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BAPUAHT- b. Pa3pesannbix Ha menkue ¢parmeHTsl 50 T. 000s0ueKk OpakOBaHHBIX
KOKOHOB KHIISTHIM B TedeHUH 60 MUHYT Ha | JI. IUCTHIIZTMPOBAHHOW BOJBI B BOASHON OaHe.
[ToydeHHBI 3KCTPaKT (UIBTPOBAIM, KOHIICHTPUPOBAIM HA BaKyyM- POTOpE, MPOMBIBAIIN
STWJIOBBIM CIHUPTOM. Takke pacTBOp OKCTpakTa CepUllMHA OTXKUMaIM Ha UeHTpudyre,
BBICYIIMBAIIM TPU KOMHATHOM TeMIepaTypbl H M3MEJIbYald Ha IIapOBOM MEJbHHUIIE.
[Tonydennslii mopomok BecoMm 1,8271 T. MATKUH, IIETKOBUCTHIA Ha OIIYIb C XapaKTEPHBIM
cKpuroM "tymie", OAHOPOJAHONW KOHCUCTEHIIMM C CBETJIO-KOPUYHEBHIM I[BETOM.

Brixon mopomka cepuniHa coctaBuiio 3,65 % K mepBoHaYaJIbHOM Macchl 000JIOUEK WU
12,18 % w13 umeromierocs cepuiiiHa Ha BOJIOKHAX IIEIKa-ChIPLA.

Hcxons U3 BBIMIEU3IOKEHHOTO MOYHO CHENaTh CIEAYIONIUE BBIBOIDL:

1. 3BecTHBIE CMOCOOBI YTHIIM3AIMH MISIKOBBIX OTXO/IOB ITYTEM MX dKCTPArupOBaHUS U
IpEeBpalleHHs] B TOPOIIOK UCKIIIOYAET UX MPUMEHEHUE B TEKCTHIIBHON MPOMBIIIIEHHOCTH.

2. OnTUManbHBIMH MApaMeTPaMU SKCTPArUPOBAHUS IIETKOBBIX OTXO/OB ISl COXPaHEHUS UX
VICXOIHBIX CBOMCTB ABJIAIOTCA: TeMIepaTypa pactBopenus 85-90° C u BpeMs dKCTparupoBaHus
60 MUHYT.

3. Jl7s BCECTOPOHHETO aHaIN3a YKCTPAKIIMOHHBIX XapaKTEPUCTUK CEPUIIHA U3BIIEKAEMOTO
U3 MIETKOBBIX OTXOJ0B HEOOXOAMMO MpOBeACHUE (PAKIIMOHUPOBAHKS COCTaBa CEPUIIMHA.
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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 2509 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’
Slinstar of the larval stage by the parental breeds (P; and P,) and hybrid generations (F;, F,, BCP;
and BCPy,).

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
the participation of breed "Vratsa 55" as a donor. It was found a high degree of heterosis
expression for Fy, 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; 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
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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).

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
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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

Fi—HP
1
HP = X 100 (9
HP (%)
compared to MP
MP = Fl_MleDU %
~ MP (%)

Depression was determined using the formula of Omarov (1975)

Fi—F
1 _—2%100(%)
F
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 andMicrosoft 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 F,, F,, BCP; and BCP;, generations.

From the results on the table can be seen, that the generation and the scheme of
hybridization were influencing the phenotypic manifestation of the trait. With the highest
survival were the individuals in F;. The next generation (F,) was characterized by 13.44% lower
survival rate in comparison with F.
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83.08 83.36

Pl Jiss F1 F2 BCP1 BERE
Figure 1. Survival of hybrids and their parental forms (%)

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
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%).

29.43

(%) 30 -

17.34

9.46

Heterosis compared to Depressionin F,
HP MP

Figure 2. Heterosis manifestations inF; and depression in F, by survival(%)

From the results of the degree and character of heterosis manifestations it was seen that
F1 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 Fywere related to a depression in
Fo.
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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 F;, 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.

Pl l 92

P2

Fl
BCP1
BCP2 161

(h)

Figure 3. Development duration in hybrid generations and their parental forms (h)
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,.

Heterosis compared to Depresionin F,

HP MP

0
5 —
10 / 4,35 B

-15 -11.56
-20 /

-25

-30 / —
-35

-40 / —

(%) 45

-45.00
Figure 4. Heterosis manifestations and depression by development duration (%)

Conclusion
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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.

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

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

The heterosis manifestation in F; 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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! Georgian Agrarian University.
2 Georgian Scientific-Research Center of Agriculture;

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
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-1, 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.
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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-111 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;

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.

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.
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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.

Diagram 1. Effect of “Spirulina’ on the infested mulberry silkworm viability
1 m2 m5 mcontrol

M
P,
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VIABILITY

Diagram 2. Effect of “Spirulina”on the economic indices
of the infested mulberry silkworm
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Table 1. Effect of the feed admix on some biological indices of mulberry silkworm

Concentration biotechnological indices X+mx c C% P% >3
€0CcooNn mass,g. 2.6£0.2 0.2 7.6 4.3 9.0
silk capacity, % 21.4+0.41 0.2 7.6 4.3 8.6
50% cocoon yield per g. worm, kg. 5.2+0.54 0.3 5.8 34 6.5
€ocoon 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 55
2,0% cocoon yield per g. worm, kg. 5.5+0.3 0.3 6.4 3.7 6.5
€0CcooNn 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 3.2 6.5
cocoon mass, g. 2.0++0.1 0.2 125 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 55 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);

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 Yyield.

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.

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 sericincontentonsomebasictechnologicaltraitsinBombyxmori L.
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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.

MATERIALS AND METHODS
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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:

I _ Kmax = Xnmin
-k
where | is the width of the interval;
X max —the largest value of the character;

X min -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).

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 L S-estimate
Mean of the model 617 41,46%0,19
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

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%).
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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 (%0)

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 )
Mean of the model 617 | 8838:000 | —o estimae

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 1109,24+9,11 -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).

Table 4.Effects of sericin content on the non-broken filament length (m)
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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 i
Mean of the model 617 984,%5112,35 LS- estimate
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*

Ls-means and LS-estimatefor influenceof the sericin contenton theinitial rate of sericin
dissolution (x10°gl™*min™)

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/lI-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-1min-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.

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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MEJKOBOJACTBO TIPY3UU -BUYEPA, CEI'OJAHSA, 3ABTPA

E.lllanakuase — akageMuk AKajJieMHu ceJbckoxo3siiictBeHHbIX Hayk I'py3un, noxktop
TeXHH4YeCKHX HayK, npodeccop (I'py3us)

[llenkoBoacTtBO ['py3un — ApeBHEHWIAss OTPACIb CEIbCKOTO  XO3SMCTBa, KOTOpas
YCHEIIHO BBIAEpKAJIa CEPhE3HbIE HCTOPUYECKUE HCIBITAHUS CTPaHbl U CTajla UCTOYHHKOM
YCTOMUYMBOIO BAIIOTHOTO A0x0Aa. OHO SBISETCS HAWIYYIIMM [OKa3aTeleM KYJIbTYpPHOIO
Hacjaeaus Haluu, CPEeICTBOM MAaCCOBOW 3aHSATOCTH HACEJICHMS, 3HAYUTEIbHBIM HCTOYHUKOM
JICHeXKHBIX JOXOJOB M TPEAMETOM IOCTOSHHON 3a0o0Thl. IIpou3BoacTBo, mepepaboTka u
BSI3aHUE SABJISUIOCH  CaMbIM MPECTHKHBIM 3aHATHEM. BbICOKOKaueCTBEHHbIA [ 'py3uHCKHI
HIEJK IOJIb30BAJICSA OOJBIIMM aBTOPUTETOM Ha MHPOBOM pBIHKE, a “Benmkuii mmenkoBbli
nyTs’ Tpoxonws u yepe3 ['pysuio.

['py3uHCKMI 1IENK  MOJYyYWST BBICOKYIO OLIEHKY M MEJald Ha MEXKIyHapOIHBIX
BbicTaBKax B Typune eme B XIX Beke, B 1850 um B 1862 rogax B JloHmoHe.

Opranuzaropbl  MEXAYHapOAHBIX BBICTABOK OOpalaii TakkKe BHUMaHHE Ha
COCTOSIHUE M YXOJ TYTOBBIX PAacTUEHHM, UX MOCAAKy M pa3MHOkeHue. Tak , Hampumep.
JIBA BeKa TOMY Ha3aJl Ha AaHTJMICKOW MEXIyHapOJHOW BBICTaBKE OBUI OTMEYEH YycIex
TYTOBBIX TuTaHTanwii r. Banu (3amamnas ['pyswm ).

Tkanu, W3roTOBIEHHBIE Ha KOMOWHAaTe “Hucaptkena” (r.Toumucu, ['pys3us),
MOJIYYCHHBIE W3 HUTH TPY3UHCKHX MmenkonpsaoB ( “Msuypu 17 u “Msuypu 2”7 ) B 1998
rogy Ha MEXAYHapOJHOW BBICTaBKE B Manpune nojlydmsia BBICIIYIO — Harpaay
eBporeiickoro coobmectBa  “IlmaTuHOBYIO 3BE3Ty” .

l'eorpaduueckoe  pacmnonoxkenue I'py3un  GraronpusiTHO IS pa3BUTHUA
LIEJIKOBOJICTBA, TJI€ XOPOIIME NPUPOAHBIE YCIOBUS, APEBHEHIINE TPAJHULMM IIEIKOBOJCTBA
, BBICOKOE KaueCTBO MPOAYKIUHU, T[OJYyYEHHbIE Harpajabl HAa MHPOBBIX BBICTaBKaXx,
Majo3eMeIbe M CYIIeCTBOBAaHHE CBOOOIHOW pabodel CHIIbI, BCE 3TO CO3/IaeT OJIArONPHSITHBIC
YCIIOBHS JUIsl TIPUBJICUYCHHUS WHBECTUIMH U B CIyda€ pPa3yMHOTO HUX HCIOJIb30BAHUS, EIIIe
MO>XHO CIACTH OTPaCb.

B 60-pie romgsl mpouwtoro crojetus B [py3um exerogHo npousBoauiock 4,0 — 4,2
TBIC. TOHH XHBOr0 KOKOHa, 4,5 -5, 0 ToHH rpeHa, 450-500 TOHH HaTypajJbHOW IIETKOBOM
HUTH, 4,5-5,0 MJIH.  METpPOB HaTypaJbHOM TKAaHMU M Jp. NOPOAYKLHH, JOXOAOM OT
peanu3alny KOTOPBHIX MOMOJHSUIMCh BCE YPOBHHM OIOKETa CTpaHbI.

[IlenkoBOACTBO - KIACCHYECKUIl TNpUMEp 3aMKHYTOro O€30TXOJHOr0 MHPUPOIHOTO
nukia. OHO JTaeT LEHHBIM MPOAYKT-IIEIKOBBI KOKOH, M3 YEero IOJy4aeM IIEJIKOBYIHO HUTh
U TkaHb. OTXOOpl KOpMa 4YepBel HamiIydllee eCTeCTBEHHOE YHOOpeHHe /s TIOYBHI.
Otxonbl KYKOJIOK nocie OOMOTKM HHUTKH  HCHOJB3YIOTCS B (papMOKOJIOTHH,
KOCMETOJIOTUM ¥ I KOpMa JKUBOTHBIX. B pesynapTare wu3MenbueHUs (ApoOIeHMS)
OCTaBIIMXCSI TOJIBIX BETOK, IPUTOTOBISIOTCS BBICOKOKAUYECTBEHHBIE CTPOUTEIBHBIE IUINTHI.

Hacenenne cen I'py3um, TONBKO TMOCJHE pEAIU3BLUUU HKUBOTO KOKOHA , €XKErOAHO
noydasio 16-17 muH. pyOnel moxoma , mpu 3ToM B oTpaciu Obuto 3aHsTo 100-120 ThIC.
cemeit -14,5- 15, 0 Teic. pabounx MecT, B MPOMBINIICHHOCTH 5,5 - 6,0 ThIC., a B cHCcTeMe
VYrhpaBneHus  MIETKOBOACTBA MUHHCTEPCTBA CEIBCKOTO Xo3siiicTBa  ['py3um -  OOJBINION
KOJUICKTUB.

K coxanenuto, wmeHHO Ha »3ToM dtane (1964 r.) B 30HAJIBHO-OMBITHONW CTaHIIUU
Kyrancu, Obuta BbIsiBIeHa O0JIe3Hb —‘KypuaBas MEJNbKOJIMCTHOCTH’, KOTOpash YHHUYTOXUIIA
NOoYTH N0 15 MIH. COPTOBBIX TYTOBBIX JepeBbeB. K 3TOMy [100aBUIUCH TPYIHOCTH,
CBS3aHHBIE C TIEPEXOJOM Ha PHIHOYHYIO SKOHOMHUKY , YTO U BBI3BAIO OKOHYATEJIHHOE
nageHue ortpacaud. Ha cerogHsAmHWiA J€Hb OTpacib  YHUYTOXKEHA, BBIKAPUYEBBIBIOTCS
OCTaBIIIMECS TYTOBBIX HACaXJCHUS TOT/AAa , KOrJa B Ciyyae IIEJICHANPABIECHHOTO pPa3BUTHUSA
OTpaciu, ThICSYA KUTEICH CeJl CMOTJM OBl  JOMOJHUTH CBOM MPOXUTOYHBIH MUHUMYM. K

109



TOMY ele A00aBiseTcs  CBEACHUE [0 MHUHUMYMa HAayyHBIH NOTEHIMAJI OTpPacid, YTO
BbI3BaHO JukBuaanmeir HMUM nrenkoBoacTsa.

OTcTpaHEeHHEM ILIEIKOBOJCTBA M3 HCTOPUYECKH YCTAHOBJIEHHOH OTPACIEBOM CTPYKTYpBI
CEJIbCKOTO XO3SIMCTBA, YXYIIIUIACh SKOJOTMYECKas Cpela, YCKOPWJICS MPOLEeCcC MUIPALUU,
COKpAaTHJICS CEMEHHBIH OIOJDKETHBIM JOXOJ M  KAaTOCTPO(UYECKH YMEHBIIWICS YPOBEHBb
3aHATOCTH HacenleHus. Mcxoas W3 CO3AaBIIErocs TMOJOXKEHUS B IIEIKOBOJCTBE, CPOYHO
JOJKHBI  OCYIIECTBISIThCS  PagUKaIbHBIE MEpPhl 10 BOCCTAHOBJIICHHIO pPEAOWIMTAUUA U
JNAIbHEWIEro pa3BUTHS IIEIKOBOJCTBA, B MPOTHUBHOM Cllydae MOXET IPOU30WTH MOJIHAs
JUKBUAAIMS OTPACIH.

C yyeTroM  CO3Ja@BIICKHCS  HDKCTPEHHOM  CHUTyallud B  IIEJIKOBOJCTBE u  UiA
OCYILECTBIICHHUS] TIOCTaBJICHHBIX3 3aJa4, WHTCHCUBHO M 3(P(PEKTHBHO B 3TOM HAaIpaBICHUH
pabotaer Akamemus CEIbCKOXO3SIMCTBEHHBIX Hayk [py3um, koropas Ykazom Ne4 ot 25.
06. 2010 r. paccmoTpena Bompoc «Pa3paboTku Mep 1o peaOWiIMTalMM — MIEIKOBOACTBA
I'py3un u ee HayuHoe obOecreueHnue.» bbuta paspaborana « Konmemmus — pa3BUTHA
menkoBojcTBa 2015-2025 roapl» M KU3HEHHO BaXKHBIE PEKOMEHJAIMU IO BOCCTAaHOBJICHHUIO
OTpaciy, WHCTPYKIUHU, LIEHHbIE Hay4yHble TPYAbl, KOTOpble ObUIM TOCIaHBl B
rOCY/IapCTBEHHBIE M 3aKOHOJATEJIbHBIE CTPYKTYPHI.

B 5romM HampaBneHUM clieyeT OTMETUTh pPOJb ACCOLMAlMK MIETKOBOACTBA  CTpaH
pernonoB Yepnoro, Kacnuiickoro mopeii u ILlentpansHoit Asum (BACSA), BMmecTe ¢ ero
MPE3UJICHTOM, JOKTOopoM, mpodeccopom  [lanHomup IleHOBBIM, KOTOpPBIA MOAACPKUBACT
BOCCTAHOBJIEHME W Ppa3BUTHE LIEIKOBOACTBA I'py3un u Bce Meponpustus AKaIeMHHU.

[[IenkoBOACTBO KaK OJHO W3 3HAYMTENBHBIX OTpacieil HaIMOHAJIBHOIO XO3SMCTBa,
JOJDKHO  cpOpMUpPOBATHCS 3aHOBO. [l 3TOro HE0OXOAUMO:

BCECTOPOHHEE BOCCTAHOBJICHHME, YKPEIUICHHE U pa3BUTHE KOPMOBOIl 0a3bl HIENIKOBOJCTBA,
npuobpereHne HEoOXOJUMOro OOOPYAOBaHUS /Js NEPBUYHOM OOpaOOTKHM KOKOHOB M JUIA
MPOU3BOJICTBA CYXOH HHTH, OOECIEUYEeHHE IMporecca OOMOTKH, MPHOOPETECHHE TEXHUUYECKHX
CpeACTB Majiol MexXaHHW3aluu ( TEXHUYECKHEe CpEeACTBAa JJs 3aroTOBKM M IMOJITOTOBKH
TYTOBOTO KOpMa, HECJIOXHbI€ KOHCTPYKLUHU JUIsi BBIKOPMKHU T'YCEHMI] TYTOBOTO LIENIKOIpsAa
U MOJICPHU3UPOBAHHBIE WM MEHXAHU3HPOBAHHBIE YCTAHOBKU [JIS BBIKOPMKH, YCTpPOMCTBa
JUISL OYMCTKHA KOKOHOB OT CIbIpa, MEXaHHYECKHe CTaHKU Ui WHAUBUAYAJIbHOH HAMOTKU
HUTH U3 CHIPOr0 KOKOHA, JUIS CO3JaHUS M TOAAYd PBIHKY C Y4E€TOM HOTpPEeOHOCTH,
MPOU3BOJICTBO KOHKYPEHTHOCIIOCOOHOM MPOAYKIIHU;

peabunuTasi TPEHAXKHBIX 3aBOJIOB U CEJCKIMOHHBIX CTaHIMA W Ha ©X 0aze
MIPOU3BOJICTBO TUOPUIIHOW TpeHbl Ha OCHOBE YCTOMUYMBHIX COPTOB TYTOBOIO IIEIKOMPAIA
( rpynma “ Msuypu” u “ lurmypu” ), B TOM 4YHCJI€ Ha HKCIOPT;

BOCCTAHOBJIEHHME  3a0BITBIX  TpaJAMLMUNA  KyCTapHOIO  MPOM3BOJACTBA M  oOecredeHue
noTpeOHOCTEH TYpHCTOB Ha MECTHBIC W3S,

MHOTOIIEJIEBOE  HCIOJNb30BaHUE  TYTOBBIX  pAacTeHUU yriayOieHue  WHTerpaiu,
YCOBEPUICHCTBOBAHUE CHCTEMBl YIPABICHHS U OCYLIECTBICHHE JPYIHMX HEOOXOIUMBIX
MEpONPUSATHIA;

Hay4yHOe M 00Opa3oBaTelbHOE OOecreueHHe OTPACIM IIEIKOBOJICTBA.

B nenme ykpemsieHuss KopMoBOW 0a3bl IIJIKOBOJACTBA  MaKCHUMAaJIbHO  JIOJIKHBI
UCIIOJIb30BaTh ~ BCE METOJbl BBIPAIIMBAHUS TYTOBBIX HACaXICHHMM M B TOM YHCIE
CcOOCTBEHHO  KOpHEBYIO0  cucreMy. OcoOeHHBI  HMHTEpeC TMPEACTaBIIeT  YKOpPEHEHUE
YEepeHKaMU O3MMbl€ YCTOMYHMBBIE TYTOBBIE COpPTa B TPYHTAX, YTEIJIEHHBIX TEPMUYECKUMH
BOJaMH, M3 KOTOPBIX BpEMs BbIPAIMBAHUSA CAXKEHIEB COKpallaercs Ha 2 rojaa Mo
CpPaBHEHHMIO C TIPUBUTBIMH, a ce0ecTOMMOCTh cokpamaercs B 2,5-3,0 pasza ( cm.
pexkoMeHaalun “YKOpEHEHHE TYTOBBIX CAXKEHIIEB B YTEIUICHHOM TPYHTE€ M 3KOHOMHYECKas
3P PEKTUBHOCTD ).

Havanuce TpeBoBaHMS O Hay4yHOW MOMOIIM B J€Jie BOCCTAHOBJICHHS IIEJIKOBOJICTBA B
pEeruoHax CTpaHbl, TaK MyHHIMIAIUTET BaHCKoro paifoHa yke oOpaTHiCS € TOMOILIBIO K
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AKaleMuu CeNbCKOXO3SIMCTBEHHBIX Hayk [py3un, u Axkagemusi paspaborana MPOEKT:
“MIHBeCTHIIMOHHBIA ~ TPOEKT  peadWIWTallud W BOCCTAHOBIIGHHMSI  IEJIKOBOJACTBA U
koonepatuBa CaunHO B BaHckoM paiioHe”.

TyToBble HacakIeHUS - 3Ta OCHOBA pa3BUTHS IIeIKoBojacTBa. I[lpu sTOM TyTOBBIE
HACaXJCHUSl , C TOYKM 3PEHUS MHOIOIICJIEBOIO MCIOJb30BaHUs,  OHU BBIIEISAIOTCS Kak
camble Iy Ha 3eMJie Cpelud pPacTEeHUM.

B mpomienmem THICSYMIETHH ~ M3YYE€HO MHOTO TIOJIE3HBIX CBOMCTB TYTOBBIX , HO Kak
BBISICHSICNITCSI UX BO3MOXHOCTH HEHUCYEPIIaeMBl.

B sToM HampaBieHHH CleIyeT OTMETUTh MpPEUIOKEeHHs, pa3paboTaHHble [py3MHCKUMHI
YYEHBIMH O II€JIeCOO0Pa3HOCTH W BBICOKOW HSKOHOMHUYECKOH A()PEKTHUBHOCTH MPOU3BOJICTBA
TPaIUIIMOHHBIX KOPMOB [UIsl JKMBOTHOBOJICTBA W3 OIABIIMX OCEHBIO JIHCThEB (ToOeru u
BETBM)  TYTOBBIX HAaCaXJIEHUU. Y COBEPILIEHCTBOBAaHHBIN MaTepuan TpeACTaBlieH B
pekoMmeHnauuu : “BO3MOXHOCTb, TEXHOJOTHUS U HKOHOMHUYECKAS 3¢ (HeKTHBHOCTH
HETpaauIIMOHHOTO kKopMa Hexepu”

OTMEUeHHBI METOJ| YCIIEITHO BHpeApsieTcs B AKapud B (PEpMEpPCKUX XO03SHUCTBAX
Kenckoro paitona, a B Oyaymem , B ciaydae TOMOIIM Majloro OwusHeca, Oyner
pacmpocTpaHeH BO BCEeX pailoHax  IIETKOBOJACTBA. OJTo  OymeT  CcrocoOCTBOBATH
BOCCTAHOBJICHMIO KaK IIEJIKOBOJCTBA, TaK M MOBBIIIEHUIO IPOU3BOJCTBA HETPAJAULIMOHHOTO
KOpMa B XUBOTHOBOJCTBE (MSICHOE , MTHIIEBOJCTBO, PHIOOJOBCTBO ), O37OPOBICHUIO MAajoro
Ou3HEeca W YKPCIUICHUIO cera.

[To HampaBneHUIO BOCCTAHOBIEHUS KOPMOBOW 0asbl IIIETKOBOJACTBA, BO3MOXHO
UCIIOJIb30BaHNWE TYTOBBIE HACaXJEHWW B  BETPO3AIIMTHBIX 30HaX, BBIOJIb JOPOT U
OpOIIaeMbIX KaHAJOB, HAa CKIIOHAX, II€ OXHUJAIOTCSA OMOJ3HHU U T . [I.

31ech K€ MPENCTaBISIEM JIUTEPATypy M CHPABOYHBIA MaTepuay, MOATrOTOBICHHbBIN
AxkanemMuell CeIbCKOXO3SIICTBEHHBIX HayK [py3uW MO BOCCTAITHOBICHHIO, PEaOMIIMTAlMU |
BO3POXKICHHUIO IIIEJIKOBOJICTBA, KOTOPBIA OyneT TMoJje3eH HE TOJbKO M KOHKPETHBIX
WHBECTOPOB, HO W Ui  3aWHTEPECOBAHHBIX JIUI[ OTPACIbIO IIETKOBOJACTBA, (hepMeEpoB,
CIIEIIMATINCTOB U 3aHITBHIX B CEJIILCKOM XO3AHCTBE JIIOOCH.
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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”, Thbilisi, 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
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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
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.

= e el
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WAYS OF INFLUENCING OF SERICULTURE TO THE DEVELOPMENT OF
TOURISM INDUSTRY

IN SHEKI-ZAGATALA ECONOMICAL-GEOGRAPHICAL REGION

Zaur Imranit, Yusif Rahimov?®, Khadija Badalova®
1 - Head of the department of “Tourism and recreation geography” of the Institute of
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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.
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
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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 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.
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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
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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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-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, dye substances, natural silk

Fulfilling method of the work:

Getting the dye — Obtained autumn leaf samples are dried in drying cupboard in 40°C until
getting constant weight. The dried leaves are used. It is boiled b
adding 30 gram F(6) precipitator, 15 grams grinded autumn leaves =
and 300 ml water. Amount of the precipitator with grinded autumn / ’p,
leaf was adopted 1:2 ratio. The same mixture was made precipitate ;

in centrifuge after the brewing precipitation and limped dye matter ™03 r":f“-  —
are separated each other. - ( ' “‘“‘-w
Dyeing of silk: For the coloring of natural silk, the preparation o ‘*

of the material to be painted is carried out. In preparation, 2 grams == * - =
of pure and dry silk is immersed in 20 ml 1% (CS(NH).) solution - 'r h“
and is aged for 1-2 hours and then extracted and dried. i

Then it soaks with 30 ml 3% acetic acid (CH3COOH). After | Sy | &
it, the silk is considered ready for dyeing stage. The silk that ready i - il
for dyeing is inserted to the dye matter and boiled in it for 1-2 hours. | £ “‘";p- é '
The case which has dye matter and silk in it is put aside, and the silk |7 L .?g 30 ﬁ’a
dried after cooling completely. For durability and luster, the dyed igf’ g

silk is immersed in a 1% solution Na,SO3 and aged for 10-15 " #= {a_.'u
minutes and dried in open air drawing off. After, it is steamed in o
120° C. The dyeing silk was dried once again being washed in

soapy water for being ready to use (Fig. 1). Fig. 1. Painted fibroin with
amaranth juice.

e

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.

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

119


mailto:panomir@yahoo.com
mailto:yusifsh@mail.ru
mailto:quduret.bekirov@mail.ru

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
Organization (WTO), it is necessary to improve the technology of identification and falsification
of non-food 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
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 rhodamine B and the choice of this
substance was related to the fact that rhodamine dyes have -
high absorption factor, broad fluorescence in the visible Pic.1l Fluorescent silkworm cocoons.
range of the spectrum, a high quantum yield of fluorescence Credit image: Natalya C Transil
and light fastness. All these properties of Rhoda mine-B ~DOIL10.1002/adma 201003860
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
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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 5,5 I'VCEHI] MMTAROIIXCH THCThSMH TYTOEOTO TEPEEa I

of the fifth instar of Caterplllars' INEJKOEHITEL, TIOCTIE TPEX OHEH 0T Ha4dana ECEAPMIIHE aHHA KOPMMOD,

breeds SHZEM_4 Used 0025% B KOTOpOM HMECTCA pD,HaMIvﬂ-I-B? HaHHACTCA HIMEHCHHE [BEETa
aqueous solution of rhodamine-  ponoga rena.

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 is 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 caterpillars of a
silkworm, as seen caterpillars
fed by mulberry leaves or
mulberry, after three days
from the start of feeding,

. : : which has a rhodamine-B,
Puc. 3. I[peTsble KokoHEL nomy4eHHsle B llermcrom PernonameroM  begins change of the body
Hayunom enrpe Hammonamesodi Axanenin Hayve Asepbafimsana. cover color.

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 experimental batch makes up 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. 1t 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.
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Puc. 4. BabGo4kH TYTOBOTO MIETKONPATA H OTEIANCHHEIE HMH A (rpeHs )
3 - H3 KOHTPIEHOH NapTHH. b - U3 ONEITHOMH DapTHH.

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

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

Dr. Y.H. Shukurlu, Dr. G.M. Bekirov, A.G. Mustafayev

Sheki Regional Scientific Center of the National Academy of Sciences of Azerbaijan,
e-mail: guduret.bekirov@mail.ru

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.

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.
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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.

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

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 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.

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.

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%.
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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:

. 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.

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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THE INFLUENCE OF ETHOLOGICAL DIFFERENCES IN OAK AND
MULBERRY SILKWORMS ON THEIR CULTIVATION TECHNOLOGY IN TODAY'S
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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.

Keywords: ethology, oak silkworm, mulberry silkworm, breeding, intensification

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. I.
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
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
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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.

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%z+0.47%. Cocoon output of
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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 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
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2)

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.

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). 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 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.

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.
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Fig. 1. Red circles: Progressive landscape 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 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
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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, c) 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, ) 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 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
Head of the department of “Landscape science” of Sheki Regional Scientific Center of the

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

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

Season of feeding

Indexes In spring In summer In autumn
Exper | Moni- | Exper | Moni- | Exper | Moni-
-ience | toring | -ience | toring | -ience | toring
Viability of caterpillars, % 98,0 | 90,0 | 97,0 | 91,0 | 98,0 | 90,0
Mass of a silk envelope, mg 320 | 220 | 2,70 | 2,10 | 2,80 | 1,90
Mass of a silk envelope, mg 800 500 630 421 680 430
Silk-screening of silkworm 25,0 | 22,72 | 23,33 | 20,0 | 24,28 | 22,63
cocoons, %
Harvest of cocoons with 1 g of 6,74 | 4,63 540 | 4,20 5,89 4,0
caterpillars, kg
Duration of the fifth age, working 11 9 11 9 11 9
day
e 0 ool
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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“
YThe 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
(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
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-Stone et 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 day in postmenopausal women found to associate with decreasing rates of death from
cardiovascular disease was statistically significant (Mink et al., 2007).
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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
(Castafieda-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 et 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 that group.
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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 of 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.

Table 1. Anthropometrics at baseline (week 0) and the end of study (week 6) in
the mulberry and control group®”
Variables Group p - value
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Mulberry Control
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 + 5.28 31.34 + 6.14 0.471
week 6 32.34+ 5.44 31.09 + 6.81 0.563
% visceral fat week 0 7.17 £ 4.04 7.99 + 5.93 0.621
week 6 6.93 = 3.92 8.00 + 5.55 0.433
Waist circumference (cm) week 0 81.67 + 9.87 82.98 +12.90 0.667
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 (mmHgQ) week 6 115.77 + 13.40 116.96 + 14.55 0.745
Diastolic week 0 7737 + 931 76.93 + 10.62 0.868
blood presseure (mmHQ) week 6 74.23 +10.44 73.79 + 10.03 0.869

#Data are shown as mean + SD
® There were no significant differences between the two groups at baseline in any variable by the

independent-sample t 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 + 442 0.422
(% of energy) Mulberry 59.2+8.2 58.8+7.3 59.1+8.3 0.974

Control 589+ 74 59.0+8.2 57.7+8.2 0.796
Protein (g/d) Mulberry 43.1+14.72 415+12.7 441 +175 0.793
Control 43.1+122 41.9+105 41.7+11.8 0.890
(% of energy) Mulberry 13.7+26 141+23 147+29 0.315
Control 140+£3.1 140+2.9 148+4.1 0.650
Fat (g/d) Mulberry 38.1+13.3 37.0+£14.1 35.4+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 25.5%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+6.9 194 +5.9 184 +4.3 <0.001*
(g/d) Control 8.0+49 8.3+3.7 7.7+3.8 0.865

®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
significant decrease the LDL-C around 13.6% and increased the HDL-C around 13.7%. Zhu et
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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 et 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 et al.,
2011)

2) It inhibited of cholesterol ester transfer protein (CETP) activity. (Qin et 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+24.26 -9.23+10.75 -3.73% 3.99
Control 237.26 + 32.72 244.70+33.12 7.44+1213  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 £ 1259  62.57 + 13.66 1.43 +4.96 2.40 £ 8.60
Control  65.39 + 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

nTC: total cholesterol, LDL-C: low density lipoprotein cholesterol, HDL-C: high density

IiEOprotein cholesterol TAG: triacylglycerol
Data are shown as mean + SD
° The mean change was calculated as value at wk6 — value at baseline
9 The percent change was calculated as (value at wké — value at baseline) Value at baseline
** Significant differences, p-value < 0.001 by Independent-sample t test

*
+
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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).

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).

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) / ml (g)] Control 49.34 +11.91 47.25+10.37 -2.09 +4.45 -3.16 + 10.37
FRAP* [TE (uM)/ml (g)] Mulberry 15.45+233 17.06+2.11 161+1.58 11.39+11.42
Control 14.31+2.18 14.06+1.65 -0.25+1.97 -0.09 + 15.65
Inflammation hsCRP (mg/L) Mulberry 1.75+187 159+ 184 -0.15+0.77 -6.6 +37.49
Control 230+1.87 208+1.76 -0.22+0.87 -4.64 +34.69

®ORAC: Oxygen radical absorbance capacity, FRAP: ferric reducing ability of

plasma, hsCRP: High sensitivity C-reactive protein
® 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

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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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
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
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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) :

- 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)
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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 mi
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
. 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 et al. (2003).
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 78.93 + 59.18 + 20.77 = 513+ 15.46 £ 13.12
Srisaket-1 3.27 11.21 9.89 2.25 15.65+11.24
Samrong 7741+ 59.77 + 23.86 = 419+ 11.02 £11.54
Nangtui 2.13 14.45 6.56 1.98 16.92 +
xNangsew 78.36 = 61.71 + 23.27 = 444+ 7.36
Nangnoi 1.43 12.15 9.44 2.06
Srisaketl 77.16 = 56.11 + 22.04 + 4,92 + 15.40 £ 13.70
xSamrong 1.65 10.52 7.31 1.69 19.11 £ 10.69
Ubon 16.36 £9.14
Ratchathani 60- 77.55% 65.41 + 18.49 = 6.73 £
35 0.74 15.48 9.49 2.92
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Luang Surin 77.13+ 58.16 + 21.72 + 545+

J108xNanglai 2.65 11.24 9.55 2.44
7828+ 5614+ 2146+ 620+
1.90 12.17 7.87 2.32
stage ns ns
silkworm 7764+ 6765+  16.88+ 5.21 + 12.00+5.23"
silkworm pupa 227  10.21° 5.75" 1.03 19.40 + 6.49°
7801+ 5134+ 2643+ 5.37 +
1.93  11.25° 6.23°2 2.41
Sex ns ns
male 7774+ 57.08+ 2489+ 525+
female 1.56 10.81° 5.28° 1.18
7791+ 6191+ 1842+ 533+ 14.15+5.19°
2.31 12.45° 516" 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). 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.
Table 2. Interaction of silkworm variety and silkworm stage on their basic chemical

composition.
variety  stage component
moisture  protein fat ash carbohydrate
s (%db) (%db)  (%db) (%db)
(Yowb)
Nangnoi 7891+ 69.32+ 26.55 4.43 15.30 +
Srisaket-1 silkworm  4.60 7.092 +11.44%*  +276%® 1689 %
silkworm 7895+  65.58 + 27.55 5.83 15.63 +
pupa 1.95 10.58 2 +4.27 ° +1.72% 10792
Samrong 76.72+ 5278+ 20.17 3.20 7.32 +5.86
silkworm  2.09 8.48 Pede +6.78 % +197° @
silkworm 78.08+  50.23 14.98 5.17 23.99 + 8.69
pupa 2.24 13.92 % +2.88%  +164% 2
Nangtui 7760+ 70.62 21.03 4.69
xNangsew silkworm  0.57 7.942 +11.13%° +216% 502+6.87°
silkworm 7911+ 5279+ 25.50 4.18 17.02 +
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pupa 1.71 8.35 Pede +8.41%®  +226° 12.95%

Nangnoi

Srisaket-1 7745+  62.62+ 19.42 4.03 13.94 +5.27

xSamrong silkworm  1.64 8.97 2 +4.84%°  +180° @
silkworm 76.86+  49.61+8.06 24.67 5.82 19.91 + 8.66
pupa 1.85 de +9.11%°  4113% @

Ubon

Ratchathani 60- 7767+ 49.34+ 14.55 8.10 9.59 + 7.60

35 silkworm  0.21 5.87% +2.87"  +3652
silkworm 77.43+  58.10 22.44 5.35 21.21 +17.04
pupa 1.10 +16.60%°°%  +12.66%° +1.25%

Luang Surin 7651+  72.71+ 27.99 5.98 18.92 +
silkworm  2.49 11.90° +5.41°2 +2.62% 14247
silkworm 77.75+  66.98 + 30.30 4.92 19.31 +7.99
pupa 3.03 7.29% +3.39 +2.50% @b

J108xNanglai 7866+ 6573+ 14.94 6.61 13.64 +9.34
silkworm  2.24 7.1180° +1.28 %  +33g8% @
silkworm  77.91+  46.54 + 13.14 5.80 19.08 + 9.39
pupa 1.73 7.04° +2.26 ° +0.85%

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.
1.3 Two factors between silkworm variety and silkworm sex
Considering to interaction chemical composition between silkworm varieties and

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 851 % and female Luang Surin variety had highest
carbohydrate include fiber which it tended to different from the other group with statistical
different (Table 3).
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).
Table 3. Interaction of silkworm variety and silkworm sex on their basic chemical

compositions.

variety sex component
moisture protein fat ash  Carbohydrate
ns (%db) (%db) (%db) (%db)
(Yowb)
Nangnoi male  79.23+4.87 60.63+14.86 23.18 5.96 11.30 £13.13
Srisaket-1 +12.26% +2.23 ab
a
female 78.64+1.00 57.73+8.18 18.35 4.31 19.62 +13.53
+7.90%° #2240
Samrong male  77.46+2.53 56.70+15.86 27.21+5.30 4.73 18.30 +13.95
a

+1.60° @
female 77.35+2.04 62.85+14.50 20.51+6.25 3.64 13.01 +9.05
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Nangtui
xNangsew

Nangnoi
Srisaket-1
xSamrong

Ubon
Ratchathani
60-35

Luang Surin

J108xNanglai

male 78.26+1.62

female 78.45+1.45

male 76.18+1.01

female 78.13+1.67

male 77.23+0.94

female 77.87+0.36

male 77.29+2.37

female 76.96+3.27

male 78.56+2.06

female 78.01+1.98

61.30+£13.95

62.11+12.23

53.18+13.51

59.04+7.28

57.77+19.96

73.04+2.35

58.13+15.24

58.19+7.91

51.87+11.55

60.40+12.80

ab

28.70
+10.37 2
17.83
+4.64 2
25.62
+8.62 %

18.46
+4.04
24.04

+11.31%°

12.95
+0.42°
23.19
+10.31%
20.25
+10.04 2
22.30
+8.51%
20.62
+8.38 2

+2.41°
451
+2.79°
4.36
+1.45°
450
+2.32°

5.34
+0.88%°
4.94

+0.89%°

8.51
+3.26% @
6.44
+2.78%
4.45
+1.87°
5.68
+0.65%°
6.72
+3.38%

6.34 +10.73 °
15.71 +11.72
ab

16.69 +7.02

17.16 +8.78 %

14.03 £15.05
ab

16.77 +14.38
12.24 +6.83 %
25.99 +9.70 @
20.14 +6.05 *°

12.58 £10.97
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.

Table 4. Interaction of silkworm stage and silkworm sex on their basic chemical

compositions.

stage sex component
moisture protein fat ash carbohydrate
n (%db) (%db) (%db) (%db)
(Yowb)
silkworm 67.01 23.18
male  77.80+2.78 +10.08° +12.26%° 5.01+2.23 9.78 +8.68 "
68.29 18.35
female 77.49+1.69 +6.83° +7.90 @ 5.43+3.51 14.24 +9.52 %
silkworm pupa 47.16 27.21+5.30 18.51+10.88
male  77.68+2.10 +9.02°¢ a 5.49+1.69 @
55.53 20.5146.25 20.29 £11.65
female 78.34+1.77 +9.01° ab 5.24+1.47 *°

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
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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.

variety stage sex Component
moistu  protei fat ash carbohydr
re™ n (%db) (%db) ate
(Yowb)  (%db (Yodb)
)
NangnoiSrisak 70.64
et-1 silkwor 7962+ +11.6 6.11 10.41
m male 7.74 3¢ 1494+206% +246% +1471%
61.38
femal 7821+ +263 2.76 12.20
e 1.28 abede  1503+455% +234° 417252
69.78
T
silkwor 78.83+ 16.08 5.80 28.64 +7.42
mpupa male 3.28 abed 314645247 +297% 2@
74.80
femal 79.07+ +4.48 21.67+11.07% 5.86 18.40
e 0.79 a bede +0.12%  +22.79%
Samrong 51.48
silkwor 7637+ +829 2483+7.06 3.37
m male  3.50 abede  abede +0.28°  7.7+10.07°
54.08
T
femal 77.08+ 11.84 1550+1.00 3.03 6.68 £0.11
e 0.57 abcde cde +3.38 b ab
63.84
silkwor 7855+ +3.29 2958+3.46  6.10 20.85 +4.84
mpupa male 1.51 abede - abed +0.33%° @
49.57
femal 77.62+ 4232 25524511  4.25 19.34 +9.23
e 3.44 5 cde abcde +2.14 b ab
Nangtui 50.90
xNangsew silkwor 77.80+ +6.26 26.36+15.83% 4.71 18.03 +0.00
m male 0.70 bede bede +3.28° @
70.61
femal 77.31+ +7.33 15714279  3.65 10.04 +
e 0.37 abe cde +1.84° 6382
51.97
silkwor 78.63+ +10.0 31.05+7.11 431 12.67
mpupa male 2.62 3 abede ahc +354°  #1350%
53.61
femal 79.60+ +10.3 19.9616.22  5.07 21.37

e 0.95 Q abcde  abede +0.93° #1558
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Nangnoi 62.28
Srisaket-1x silkwor 76.19+ 141 19.79%7.70 2.86 15.07 £8.41
Samrong m male 0.44 1 @bcde abede +1.99°
62.96
femal 78.71+ +6.46 19.05+3.23  5.20 12.81 +2.73
e 1.25 abcde abcde 10.49 b ab
44.08
silkwor 76.17+ +4.10 31.43+13.23 6.15 18.31 +8.16
mpupa male 1.70 ¢ ab +1.18% @
55.13
femal 7755+ +7.50 17.8846.10  5.49 21.51
e 2.35 abede  abcde +1.42%  +1217%
Ubon 70.94
Ratchathani silkwor 7751+ +20.1 16.16 +3.73 5.34 9.13 +12.91
60-35 m male  0.20 Qabc  bede +1.24° P
44.60
femal 77.82+ +9.86 10.87+2. 10.06
e 0.0 e 12.94+0.64° 81° +2.35%
50.77
silkwor 76.94+ +7.09 31.93+10.99 4.54 23.49
mpupa male 1.51 abede - a +0.44°  +20.84°
71.60
femal 77.93+ +0.30 6.16
e 0.62 ab 12.95+0.34¢ +1.36% 7.93+3.70°
Luang Surin 70.19
silkwor 7736+ 1919 29.38+4.12  7.33 16.55 +7.21
m male 1.03 abe abed +3.643 @
63.77
femal 7566+ 581 26.60+7.95  4.63 18.93
e 3.83 abede  abede +0.26°  +20.14%
70.04
silkwor 7723+ +8.37 5.56 22.07
mpupa male 3.98 abe 31.82+4.25% +262%  +1044 %
74.48
femal 78.27+ +2.87 28.78+2.70  4.27 29.92
e 3.27 ab abed +3.21°  +10.55°
J108xNanglai 46.08
silkwor 79.68 + 1558 5.35 17.99 +3.66
m male 1.85 de 1523 +0.10% +0.76° @
52.61
femal 77.64+ +5.44 7.86 9.30 +13.15
e 2.74 abede 1465 +2.14% 15233 @
61.43
silkwor 7744+ +2.80 6.01 22.30 +8.82
mpupa male 2.08 abede 1457 +1.85% +049% @
42.31
femal 78.37+ +5.19 5.59 15.87
e 1.64 e 11.72#1.93° +1.323  +12.04%®

Remark : Mean comparison along the column by DNMRT test, the different letter had statistical
significant different (»p < 0.05).
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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.

factor antioxidant activities (mg/ml garlic acid)
DDPH assay TEAC assay TRAP assay

variety

Nangnoi Srisaket-1 0.505 + 0.09 & 0.694+0.05%*  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%°  0.343+0.07°¢

NangnoiSrisaket- 0.484 +0.14 2 0.630+0.11%*  0.399+0.06"

1xSamrong

Ubon Ratchathani 60-  0.544 +0.15% 0.643+0.08%  0.417+0.29"

35

Luang Surin 0.641+0.20° 0.728 +0.11*  0.576+0.08°

J108xNanglai 0.371+0.05° 0.651+ 0.07%°  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 0.4602+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
assay which were 0.808 and 0.755mg/ml garlic acid respectively. In addition, by TRAP assay, it
was found that Nangnoi Srisaket-1silkworm had antioxidants activities which was 0.631mg/mi
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 assay TEAC assay TRAP assay
Nangnoi Srisaket-1 ~ silkworm  0.453 +0.02 0.735+0.03%  0.631+0.12°

defg
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silkworm  0.558 + 0.11 0.653+ 0.03 34 0.455 + 0.02 2°
pupa bcd

Samrong silkworm 0.180+0.03' 0.503 +0.06 ° 0.220 +0.04"
silkworm  0.665+0.02° 0.715+0.03%  0.430 +0.01 P
pupa

Nangtui xNangsew  silkworm 0.305+0.05" 0.588 +0.04°®  0.377+0.07
silkworm  0.513 + 0.02 0.715+0.052 0.309+ 0.07 9
pupa cde

Nangnoi Srisaket- silkworm 0.378+0.06  0.550+0.08 %  0.380 + 0.07 °**

1xSamrong foh
silkworm 0.590 +0.11°° 0.710+0.072 0.417 + 0.05 %
pupa

Ubon Ratchathani silkworm  0.445 + 0.09 0.600 + 0.07 "% 0.235+0.09"

60-35 defg
silkworm 0.643+0.14° 0.685+0.06%° 0.600 +0.31%
pupa

Luang Surin silkworm %75 +0.13 0.700+0.15%® 0596 +0.03%

cae

silkworm 0.808+0.06% 0.755+0.05%  0.555 +0.11 %
pupa

J108xNanglai silkworm 0.338+0.04% 0.595+0.05°® 0.243+0.10°f
silkworm 0.405+0.03  0.708+0.04%  0.458 + (.08
pupa efgh

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.

variety sex antioxidant activities (mg/ml garlic acid)
DDPH assay TEAC assay  TRAP assay

Nangnoi male 0.458 +0.03%° 0.683+0.06%°  0.604 +0.15%
Srisaket-1

female 0.553+0.11%° 0.705+0.04%  0.482 + 0.06 2*°%*
Samrong male 0.423+0.28%° 0578+0.14°  0.311+0.04%f

female 05423 +0.0.28 0.640+0.11%° 0.340+0.11°%f

apc

Nangtui male 0.393+0.13"  0.675+0.06%® 0.283+0.04°
xNangsew

female 0.425+0.11%° 0.628+0.10°®  0.403+ 0.04 P
Nangnoi male 0.525+0.18%°  0578+0.10°  0.407 + 0.04 "%
Srisaket-1
xSamrong

female 0.443+0.09%° 0.683+0.10%  0.390 + 0.08 °%f
Ubon male 0.445+0.10%" 0.610+0.09°  0.591 +0.33%°
Ratchathani 60-

35
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female 0.633+0.15%  0.675+0.06%  0.244+0.10"

Luang Surin male 0.678+0.11*  0.770+0.07®  0.512 +0.06 >
female 0.605+0.28 0.685+0.13%®  0.639 +0.012
J108xNanglai male 0.345+0.05°  0.643+0.10%® 0.343+0.21 %

female 0.398+0.04°  0660+0.052° 0.358 + 0.04 %

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 (»<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 assay 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 pupa male 0.568 +0.13% 0.691 +0.05°? 0.484 +0.19

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.
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NangnoiSrisaket-1 0.445+0.02 0.730+0.01 0.473+0.01°
silkworm male efg abede
0.460 + 0.700 = 0.08
female 0.01°1 bedef 0.527 +0.05¢
0.665+0.02 0.735+0.01
pupa male be abed 0.735+0.01°
0.760+0.01 0.765+0.03
female ab abe 0.437 +0.01°f
Samrong 0.470+0.04 0.630+0.01
silkworm male ef defghij 0.194 + 0.04'
0.645+0.03 0.675+0.01
female ¢ caefg 0.246 + 0.00%
pupa male 0.180+0.04' 0.455+0.01" 0.427 +0.02°"
~0.550 + 0.06
female 0.180+0.01' JKm 0.433+0.01°
Nangtui xNangsew 0.285+0.08 0.700 +0.04 _
silkworm male h beef 0.317 +0.01!
0.325+0.01 0.730+0.01
female h abede 0.437 +0.00*'
0.500 £0.08 0.620 +0.01
pupa male de efghij 0.248 + 0.01%
0.525+0.02 0.555+0.03 _
female de ikl 0.369 + 0.02"
NangnoiSrisaket1x 0.380+0.09 0.500 +0.08
Samrong silkworm male feh K 0.433+0.02°
0.375+0.06 0.600 + 0.03 )
female o fohijk 0.327 +0.03 "
0.670+0.08 0.655+0.03
pupa male be cdefghi 0.381 +0.04%"
0.510+0.03 0.735+0.05
female de abed 0.453 +0.02°
Ubon Ratchathani 0.385+0.09 0.540+0.01 _
60-35 silkworm male fah I 0.310 +0.04!
0.375+0.06 0.660 £+ 0.04
female o cdefghi 0.160 + 0.02'
0.670+0.08 0.680 +0.07 B
pupa male be bedefg 0.327 +0.01"
0.510+0.03 0.690 £+ 0.09
female de bedef 0.567 +0.01¢
Luang Surin 0.585+0.01 0.720 +0.06
silkworm male cd abede 0.625+0.01°
0.365+0.08 0.580 + 0.06
female fah ghilk 0.457 £ 0.01°
0.770+0.01 0.820 £ 0.06
pupa male a a 0.653 +0.01°¢
0.845+0.06 0.790+0.01
female a ab 0.873+0.01°
J108xNanglai 0.315+0.06 0.560 +0.04
silkworm male h hijkd 0.158 +0.02"
0.360+0.00 0.630+0.04
female gh defghij 0.327 +£0.03 "
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10.

11.

0.375+0.01 0.725+0.05

pupa male fah abede 0.527 +0.01¢
0.435+0.01 0.690 +0.03
female efg bedef 0.389 + 0,02 fon

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.

ACKNOWLEDGEMENT

This study was supported by The Queen Sirikit Department of Sericulture, Ministry of
Agriculture and Cooperatives Thailand and Department of Agro Industry Of Chiang Mai
University, Chiang Mai, Thailand.

REFERENCES

AOAC. 2000. Official Methods of AOAC International. 17" . USA : The Association of Official
Analytical Chemists. Bodenheimer, F. S. 1951. Insect as human food. The Hague: W.Junk.352
pp.
De Foliart, Gena R.1999. Insect as foods. Why the western attitude is important. Annual Review
of Entomology. 44. 21-50.
Frinke, M.D., deFoliart, G. R. & Benevenga, N.I. 1989. Use of four parameter logistic model to
evaluate the quality of the protein from three insect species when fed to rats. Journal of
Nutrition. 119. 864-871.
Jintasataporn, O., Tabthipwon, P., and Ohshima, T. 2001. Chemical composition, lipid class and
fatty acid composition of eri silkworm (Philosamia ricini). Proceedings of the JSPS 70 ™
International Commemorative Symposium. Yokahoma, Japan. pp 1-2.
Longvah, T., Mangthya K., Ramulu P., 2011. Nutrient composition and protein quality
evaluation of eri silkworm (Samia ricinii) prepupae and pupae. Food Chemistry, 128, pp.400-
403.
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.
Misuhashin, 1. 1997. Insect as a traditional foods in Japan. Ecology of Food and Nutrition.36.
187-199.
Moreira, F T. C., Guerreiro, J R. L., Barros, R., Sales, M G. F., 2012. The effect of method,
standard and sample components on the total antioxidant capacity of commercial waters assessed
by optical conventional assays. Food Chemistry, 134, pp.564-571.
Office of Sericulture Research and Development. 2015. Silkworm Variety, 2 July 2015.
http://www.gsds.go.th/osrd_new/inside_page.php?pageid=9

Orhan L. E., Senal F. S., Ercetin T., Kahraman A., Celep F., Akaydin G., Sener B., Dogan M.,
2013. Assessment of anticholinesterase and antioxidant properties of selected sage (Salvia)
species with their total phenol and flavonoid contents. Industrial Crops and Product, 41, pp.21-
30.

Sravani, T. and Paarakh, P.M. 2012 “Antioxidant activity of Hedychium spicatum Buch. Ham
Rhizomes” Indian journal of natural products & resources, Sep.2012, 3(3), 354- 358.

157


http://www.qsds.go.th/osrd_new/inside_page.php?pageid=9

12.

13.

14.

15.

Sukritanon, Y., Seannamwong, K., Sukasem, S. and Panyavanich, M. 2003. The period of
silkworm pupae for best nutrition. http://gsds.go.th/research/file/171. pdf.(In Thai) Tailor, C. S.
and Goyal, A.. 2014. Antioxidant Activity by DPPH Radical Scavenging Method of Ageratum
conyzoides Linn. Leaves. American Journal of Ethnomedicine, Vol. 1, No. 4, 244-249.
Usub, T., Lertsatitthanakorn, C., Poomsaad, N., Wiset, L., Yang, L.F., and Siriamornpun, S.
2008. Experimental performance of a solar tunnel dryer for drying silkworm pupae. Biosyst
Eng.,101, pp.209-216.
Zhou, J., Han, D.X. 2006. Proximate, amino acid and mineral composition of pupae of the
silkworm (Antheraea pernyi) in China. Food Composition and Analysis., 19, pp. 850-853.
Yang, R. ,Xiangjie, Z., Zheshi, K., Minggiang, Y., Guoging L., GengshengX., Sentai L., Lin L.
And Zhiyong X. 2013. Optimization of antioxidant peptide production in the hydrolysis of
silkworm (Bombyx mori L.) pupa protein using response surface methodology. Journal of Food,
Agriculture & Environment VVol.11 (1): 952-956. 2013.

= a0 et

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®

Y The Queen Sirikit Department of Sericulture
% Faculty of Agro-Industry, Chiang Mai University
% Department of Bio-Chemistry, Faculty of Medicine, Chiang Mai University
* Queen Sirikit Sericulture Centre (Chiang Mai)
> 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 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),
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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 plagque
(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

RBOoOo~NoAMLNE

12.

0.

Both sexes of Nangnoi Srisaket-1 and Luang Surin silkworm pupae after spinning cocoon 6 days
3- (4, 5-dimethylthiazol-2-yl) — 2, 5-diphenyl-tetrazolium bromide (MTT) solution

Dimethyl sulfoxide (DMSO)

Sildenafil (Viagra®) standard solution

. 80 % ethanol

Distilled water
Cells (Ea.hy 926)
RNA NeucleoSpin® RNA 11 Kit
cDNA RevertAid™ First Strand cDNA synthesis kit
ABI Fast 7500 System
11. UV-VIS Spectrophotometer
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. The mixture was blended and centrifuged at 3000 rpm.
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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 ug/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 (DMSQO) was added to activate the reaction of colour production. The
solution was measured the absorbance at 540 nm (ODsg40) 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.

e ege oD led)—0D I
% cell viability = gniiTaSaE—:lcn.'.;:::::;}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 I1 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 22T, 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.

Duration October 2014 — September 2015
Location Queen 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%
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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).
Table 1. Production yield of extracted powder from 2 varieties of silkworm pupae
Solvent Silkworm pupa extract yield (%)
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< 0.05 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 pg/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 pg/ml, respectively (Fig.1).
A. Nangnoi Srisaket-1 (ethanol layer) B. Nangnoi Srisaket-1 (water layer)
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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.
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Table 2. Activation of nitric oxide production by silkworm pupa extract compared to standard

solution

Varieties Layer Concentration of| Concentration Nitric oxide
extract (ug/ml) | of nitric oxide compared to
(ng/ml) Sildenafil, (%)

Nangnoi Srisa [Ethanol 60 2.083 101.57+6.06
ket-1 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 iNOS (Inducible nitric oxide synthase). For eNOS mechanism,
Standard solution(Sildenafil) could induce gene expression higher than control for 3.1 times
related to B-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 B-Actin,
recpectively. For iNOS mechanism, Sildenafil could 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).

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 - (Related to -
Actin) Actin)
Nangnoi Srisaket-1 Ethanol 60 2.7 1.1
Distilled 2200 2.6 1.2
water
Luang Surin Ethanol 410 1.8 3.4
Distilled 125 2.2 2.6
water
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
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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.
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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

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
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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.

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
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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;

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
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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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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. lts 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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