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STATEMENT

of
Petre Tsiskarishvili, Minister of Agriculture of Georgiaand
David Tkeshelashvili, Minister of Environment Protection and
Natural Resources of Georgia

on publication of the Code of Good Agricultural Practices of Georgia

Georgiais one of the countries with oldest agriculture. Over thousands of years Georgian peasant had
been caring for and protecting the environment in which helived and worked. Histirelesslabor resulted
in the creation of anumber of varieties of cropsand animal species. Georgia's agricultural landscapes,
that have devel oped through harmoni zing agriculturewith cultural life and natural settings, are attracting
viewers from all over the World with their variety and unique beauty.

Unfortunately, nowadays even some basic rules of agricultural practice are not being followed in many
farms of Georgia, resulting in environment pollution and exhaustion of natural resources. The scale of
soil erosionin agricultural plotshasdramatically increased, soil fertility has dropped, pests, deceasesand
weeds have spread and surface and ground waters as well as air have got polluted. All the aforesaid
endangers human health, future sustainability of agricultural production and development of tourism.

The Constitution of Georgia requires from the citizens to take care of natural and cultura environment of
the country. The Sateinitsturn assumes responsibility for ensuring efficient nature management and while
taking into consideration economic and ecological interests of population of Georgia obligates everyone -
including agricultural producers- to protect the environment. The Law on Environment Protection of Georgia
(1997) requiresutilization of minera fertilizersaswell asgrowth stimulating of plant protection preparations
within the limits that do not endanger human health aswell as plants, animal's, nature and soil.

The Ministry of Agriculture of Georgia and the Ministry of Environment Protection and Natural
Resources of Georgia hereby present the Code of Good Agricultural Practices of Georgia.

The proposed document aims at providing information on environment friendly agricultural production
rules and increasing public awareness of the importance of adhering to them.

Notwithstanding the fact that the Codeis not alegally binding act, it is of crucial importance in terms
of socio-economic development of the country and its integration into the EU.

The Code of Good Agricultural Practices compiles obligations prescribed by law, recommendations, and
practical advice noteworthy for small farms alike large agricultural enterprises, providers of agricultural
service and extension —i.e. for everyone related to agricultural production and environment protection.

By developing and introducing the Code of Good Agricultural Practices, Georgia has made a step
forward towards harmonizing with the environment friendly agricultural practices introduced in the
EU and other developed countries. Georgiais willing to support further development of agricultural
sector and aswell astake care of environment protection and sustainable utilization of natural resources.

Signed by:
Petre Tsiskarishvili David Tkeshelashvili
Minister of Agriculture of Georgia Minister of Environment Protection and

Natural Resources of Georgia
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Introduction

1.1. Essentialis, Importance and Purpose of the Code

The Code of Good Agricultural Practice (CGAP) contains legal obligations, recommendations
and practical advice envisaged for individual growersand farmers, large agricultural companies,
agriculture service and extension employees and for everyone who is involved in agricultural
production and preservation of the rural environment.

The aims of the CGAP is to reduce the negative influence of farming on the environment to
prevent theirrational use and impoverishment of the main natural resources (soil, water and air)
and to promote environmentally friendly practices in Georgia. As in the European Union (EU)
and other devel oped countries, implementation of the Code of Good Agriculture Practice (CGAP)
isvoluntary in Georgia.

CGAP comprises al main sectors of agricultural activities that are critical in causing water, air,
and soil pollution. It gives advice for the prevention or decrease of pollution. A successful
implementation of CGAP has to be based on three integrated basic principles, which can be
defined as economically viable, environmentally friendly, and socially acceptable. Introduction
of environment-friendly agricultural practices will facilitate not only production of quality and
healthy food, but also conservation of biodiversity, improvement of the environment for living
and recreation, promotion of Georgian agricultural products in international markets and the
growth of attractiveness of Georgia's agricultural landscapes for tourists.

The recommendations and practical advice provided in the Georgian CGAP are placed in the
frame of the national legislature, which is less restrictive in terms of environment protection
compared to that of the EU-member countries. Neverthel ess, the code representsthe first attempt
to harmonize the Georgian agricultural practiceswith the production rules and standards adopted
in the EU and other developed countries. By developing the Code, Georgiais conforming to the
Nitrate Directive EEC/91/676, which binds the EU member-countries in having a code of good
agricultura practice to reduce the negative impact of agriculture on the environment.

The recommendationsand practical advice of the Georgian CGAPare based on therecent scientific
achievements and modern production practices of Georgia and provide for environmental
protection in the rural areas. The Code is subject to regular updates and revision that will
accommodate expected changes associated with the scientific, as well as social, economic and
political development of the country.

The Georgian CGAPis acknowledged as a statement of goodwill by Georgiato promote further
agricultural development without causing ecologically adverse consequences on the national,
regional, and global scales.

1.2. Brief overview of the history and present status of the Georgian agriculture
The Georgians have been cultivating land since the ancient times. The diversity of the climate
and the rich soils supported a great variability of crop production. Herodotus mentioned in the
5th century BC that the population of the eastern coast of the Black Sea used ploughs and
acknow!edged the importance of rotating cerealswith legume cropsfor maintaining soil fertility.
Georgia has old traditions in viticulture. Archeological excavation provides evidence that the
local population was engaged in wine-making in the 3rd-4th centuries BC. Up to 500 local grape
varietiesare still preserved in Georgia. The Caucasus and Western Asiabelong to the areawhere
wheat was believed to have originated. Three out of 12 wild or cultural varieties of wheat have
been preserved only in Georgia: Asli, Makha and Zanduri.
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Photo 1: Grape harvest in Kakheti Photo 2: Akhaltskhe Red Doli wheat

The total area of Georgiais 69.7 thousand km?. The lowlands and foothills occupy about 13%
and 33% of its arearespectively, while the remaining 54% is occupied by mountains. The arable
land is about 790 thousand ha (11.5%), while the permanent crops cover about 268 thousand ha
(3.8%). Hay meadows spread over 142 thousand ha, while the pastures occupy 1,800 thousand
ha. All agricultural lands along with forests occupy as much as 85% of the total area of Georgia

The environment of Georgia is characterized with a diversity of soils and climate expressed in
vertical belts. All climate types ranging from wet and dry subtropical to permafrost are found in
Georgia. Various soil types have been identified in the country starting from red and yellow
podzols, which istypical for wet subtropics, through grey-brown soils of the dry subtropics and
primitive soils of the high mountains. According to the variability of the environment, Georgia
is subdivided to 13 zones and 6 sub-zones which have different agricultural speciaizations. The
lowlands of East Georgia receive about 400-600 mm of rainfal during the growing season,
which hardly sufficient for plant production. The annual precipitation increases from East to
West, towards the Black Sea, and reaches 1,500-1,200 mm in the coastal zone.

Most of the East Georgian lowlands used to beirrigated, pre-dominantly by flooding. The present
status of theirrigation system is unsatisfactory and most of it isnot functioning. Asaresult, most
of the crops are grown under dry-land conditions in the East. In the West, al crops are rain-fed
so irrigation is not used because of the sufficient and excessive rainfall. The variability of soils
and climate in Georgia provides for opportunities for growing many different crops. Georgia
can produce crops of high export potential, such as seed and stone fruits, grape, citruses, tea,
nuts, hazelnuts and chestnut. The Georgian environment is very favorable for growing sugar
beet, tobacco, cereals, forage, potato, sunflower, vegetables, and melons, aswell asfor producing
of various aromatic and medicinal plants.

Tea, citruses, sub-tropical fruits, nuts, chestnut and tobacco areas are mostly located in West
Georgia West Georgiaisrichinraregrapevarieties, which are used for the production of expensive
wines. Among the annual cropsin the West, maizeisthe most widespread and there are anumber
of local food varieties. Maizeis often inter-planted with kidney beans. The soybean areahas also
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increased during recent times. Most of the seed, stone fruit and grape areas are located in East
Georgia. Themajor field crops of East Georgia are winter wheat and sunflower. Maize for feed,
beans and alfalfaare sown frequently inirrigated areas. Potato and barley are important cropsin
the mountain areas of West and East Georgia. Theirrigated part of South Georgiais specialized
in early vegetables and early potato growing.

Largeareas of Georgiaare covered by meadows and pastures which provides favorable conditions
for the development of livestock production. Cattle, sheep and pig production have always been
important sectors in Georgian agriculture and there are severa high capacity poultry farmsin
Georgia. Besides livestock, Georgian honey is known for its outstanding quality and Georgia
has resources for the development of fish production. There are about 856 lakes and 44 artificial
water reservoirs, with total areaof about 8,800 and 7,800 ha, respectively. Also, there are numerous
rivers with 1400 ha suitable for fishing.

The production of fruitsis less than half of what it was before the disintegration of the Soviet
Union and disruption of the tieswith Georgia s traditional markets. Grape production isathird,
citruses one eight and tea has declined by 20-times. According to official data, namely the
Agricultural Census of 20041, the area of fruit production was as big as 130.5 thousand ha in
1988, but has declined to as little as 37 thousand ha. During the same period, the area of grapes
has reduced from 117.7 hato 37.7 thousand ha, citrus from 27.1 hato 8.7 thousand ha and tea
plantations from 65 ha to 11.5 thousand ha. In contrast, the area under annual crops, such as
maize, wheat and sunflower has almost doubled. Nevertheless, the total area of utilized arable
land has decreased from 785 to 421 thousand ha, which is largely due to reduction of the area
under feed crops (from 344.8 to 20.3 thousand ha). There was significant reduction in the numbers
of cattle during the same period from 1,650 thousand to 1,250 thousand. For pigs and sheep the
numbers reduced from 1,150 to 730 thousand and 2,000 to 700 thousand respectively.

Farmers experienced significant problems with increased prices on inputs and decreased prices
on commodities as aresult of the collapse of the centralized supply system of the Soviet Union
and transition to free market. The competitiveness of the Georgian agricultural products was
adversely affected as was the income of Georgian farmers. Following the break-up of the Soviet
agricultural system many farms in Georgia are now managed inefficiently because of land
fragmentation, lack of machinery, deficit of good quality seed and planting material, and often
theinefficiency isdueto thelack of appropriate farming knowledge and experience. The produce
from such farmsisinferior compared toimported productsin terms of quality and competitiveness.

Most farmers, especialy the small ones, use minimal or no agricultural inputs. In the 1980s
about 600 thousand tones of mineral fertilizer and up to 800 thousand tones of peat were used in
Georgiaannually, aswell as 3.5 million tones of manure, which were collected from local cattle
and poultry farms. By mid the 1990s, only 12 thousand tones of mineral fertilizer were applied,
while manurewas not even collected. At present, growth of fertilizer application isbeing observed;
however the amount of applied fertilizer is far below of the amount applied in the 1980s. Sole
application of nitrogen has become characteristic of many farms. The drastic reduction of the
amount of applied fertilizer has negatively affected the balance of the nutritive elements and
fertility of soilsin Georgia. Similar to fertilizers, the application of pesticides has also declined.
As much as 35 thousand tones of pesticides were applied in the 1980s, while not more than 1
thousand tones were applied in mid 1990s.

lAgricultural Census of Georgia— Ministry pf Economic Development of Georgia. Thilisi 2005.



Historically, aswell as during the Soviet period, much attention was paid to crop rotation and its
importance in maintaining soil fertility and controlling weeds and pests. Nowadays, seed rotation
is almost abandoned as it is hard to apply it to small pieces of land. Undeveloped marketing
channels restrict the choice of cash-crops and farmers cannot afford to plant crops that provide
little or no income but which are necessary for the improvement of soil productivity and for
controlling weeds and pests, e.g. green manure and cover crops. Therefore mono-culture has
spread widely in Georgia which requires higher amounts of inputs and reduces significantly the
competitiveness of agricultural production and environmental sustainability.

Many farmers do not pay sufficient attention to safety rules while working with fertilizers and
pesticides, which resultsin the pollution of the environment. It is often found in rural areas that
sewage and waste water from residential buildings and livestock farms are directed to rivers and
other surface water bodieswithout treatment. Although the application of fertilizersand pesticides
has declined in Georgia, the agricultural sector remains an important source of pollution. The
importance of observing sanitary and hygienic standards in regard to food safety must also be
emphasized. The degradation of agricultural land has been progressing at a high rate in Georgia
since the beginning of the last century. The total area of arable land diminished by as much as
400 thousand ha from 1936 to 1988, caused mostly by erosion. The area of degraded forestsis
about 330 thousand ha. The illegal cutting of forest amounted to as much as 200 thousand mg,
which has caused damage estimated at 4 million GEL.

1.3. Types of farms, production and landownership structure in Georgia
Theintroduction of the system of collective and state farms by the Soviet government in 1929 to
1930 radically altered the traditional structure of landownership in Georgia. Most of the
agricultural land was transferred to big farms, which employed modern large-scale machinery
and equipment and high amounts of the inputs were supplied under the centralized investment
program. A land privatization reform is ongoing in Georgia since 1992 so that agricultural land
is being transferred back to farmers.

At the beginning of the land reform process, 681.1 thousand families, who were the former
employees of the state and collective farms, received on average about 1.25 haof land in private
property. Intotal, they received as much as 772.6 thousand ha. Plots of land were al so transferred
totherural population, which had not been engaged in agricultural production. Employeesin the
education, health care and cultural sectorsreceived on average 0.51, 0.68 and 0.61 ha, respectively.
The residents of urban areas, which were economically closely affiliated with rural areas, also
received about 0.22 ha of land (about 329 thousand families)2.

Since the adoption of the law ‘Lease of Agricultural Land’, about 825 thousand ha has been
leased to legal entities and individual farmers. Out of this total area, 322.2 thousand ha was
rented by 44 thousand individual farmers (in average 7.3 ha), while 5 thousand legal entities
rented about 502.8 thousand ha (on average 100 ha). The land reform has resulted in drastic
changesin the structure of land ownership. The former 2,063 big farms (including 821 collective
and 1,029 state farms, 116 inter-farm associations and 28 farmer cooperatives) were abolished
and replaced by new owners: private entrepreneurs, land tenants, small private farms, farmer
groupsetc. At present, the government i s undertaking privatization of the remaining land. During

2 K hutishvili Koba, Akhalbedashvili Iveri — Results of the reform implemented in the agrarian sector
of Georgia and the ways of overcoming the existing problems. http://www.csp.org.ge/ge/pages/
news.html (downloaded on August 25, 2006)



the Soviet era, there was about 7% of agricultural land in private use (not private ownership).
While more than 25% of agricultural land was passed to private ownership and as much as 30%
of agricultural land was leased to private farmers by 2003.

According to the Agricultural Census of 2004, there are about 730 thousand private farms
registered in Georgia, out of which 691.5 thousand farms own agricultural land (including hay-
meadows and pastures). The share of small farmsthat use lessthan 1 haof agricultural land isas
much as 75%. About 23% of farms usefrom 1 to 5 haland. Only 2% of farms use morethan 5 ha
land in agricultural production. The percentage of farms with less than 1 ha of arable land is
almost 85%, while the proportion of farms with more than 5 ha arable land is only 1%. Among
the vegetable, fruit, grape, citrus and melon producing farms the share of small farms is even
higher; horticultural enterprisesincluding orchards of less than 1 ha are managed by almost 98-
99% of farmers involved in fruit, grape, citrus and melon production.

Only 55% of the farms in Georgia keep cattle and of those 34% keep pigs. The overwhelming
majority of the farmsraising livestock are small. The share of farms having from 1 to 4 cattleis
almost 86%; those farms having more than 100 cattle are owned by 47 farmers. The share of
farms having 1-4 pigs is as big as 94%; only 8 farms have been registered with more than 100
pigs. The share of the big and medium size farmsis higher among the sheep farms. The share of
the small farms with 1-4 sheep is only 42%, while the share of those with 5-20 sheep is 46%.
Thereare about 32 trout farmsthat produce 250 tons of trout per year and 128 |akes which cover
as much as 2,650 haand produce 550 tons of fish annually. In conclusion it is evident that small
farms dominatein Georgiaat present. Almost 82% of farms consume most of their own produce,
while only 18% of farms sell most of their products in the market.

2. Soil protection from erosion and degradation

2.1. The present status of the soil cover in Georgia

According to data of the 1980s, there are as much as 650 thousand ha of eroded pastures and 380
thousand haof eroded arable land in Georgia. As much as 90 thousand ha of land is experiencing
lateral erosion because of flooding caused by un-protected rivers. In total, more than 1 million
ha are eroded, which as about athird of the total agricultural land. In East Georgia, soil erosion
is caused by both wind and water, while in West Georgia water is the main cause of erosion.
Overgrazing, cutting of tree shelterbelts, plowing of steep slopes and plowing down slopes has
resulted in dramatic reductions of soil fertility.

Increased soil salinity is observed on 7% of agricultural land. At present, large-scale secondary
soil salinization is observed in the Alazani valley due to the malfunctioning drainage system and
non-compliance of irrigation rules and dates. Asmuch as 7-8% of agricultural land suffersfrom
water-logging because of the malfunctioning drainage systems. Acid soils occupy about 11% of
the agricultural land in Georgia. The area of the very acid soils, which cannot support viable
agricultural production, has increased up to 37 thousand ha

During the last 15 years, the content of organic matter in the soils of Georgia has declined by
0.8-1.25%. More than 80% of the arableland isdeficient in phosphorus, while 60-70% is deficient
in potash. Soil fertility is managed inefficiently on many farms without observing elementary
rules or, application of fertilizers is completely abandoned due to an absence of appropriate
machinery or knowledge. Very few soil tests are conducted which are necessary in order to
recommend the type of fertilizers to be applied and their application rates.



Water erosion is very strongly evident and becomes areal threat in the foothill zone of both the
wet and dry subtropical areas of Georgia. It has been identified that as much as 200-300 tones of
soil may be washed out per year when the slopes are between 10-20 degrees. The gullies formed
by surface water may reach 0.5-meter in depth or even more, which may gradually evolve into
deep ravines and gorges. Water erosion isespecialy intensive on slopeswithout vegetative cover
in East Georgia, and which is explained by high susceptibility to erosion of the soil cover. In
these areas, slopes of 6-12 degrees may |oose about 30-40 tons of soil in regular years and as
much as 100-200 tones in the years with heavy rainfall. During the last decades of the last
century the erosion process intensified on irrigated lands due to malpractice in irrigation.
Particularly the irrigation of slopes without observing the rules has resulted in the washing out
of themost fertile layer of soil. Land fragmentation requires careful observation of theirrigation
rules and methods.

Wind erosion is widespread in East Georgia. Economic losses caused by wind erosion exceed
tens of millions of lari. Wind erosion results in soil drying and dusting, which facilitates
translocation of soil particlesto other places. As aresult of wind erosion, the most fertile layer,
richin soil nutrients, islost to plants. Theintensity of wind erosion is determined by the climate,
soil type, wind strength, presence of shelterbelts etc. Wind erosion is especially strong in winter
and early spring, when land is not covered by plants leaving soil unprotected. Wind erosion
processes intensify if soil is plowed with a moldboard plow, when the soil clod isturned so that
the upper layer, which is more compact and protected by plant roots, goes underneath while the
more susceptible lower layers are turned to the surface. Wind erosion is widespread in Gare
Kakheti and Shida Kartli regions, where strong winds are common with wind speed being equal
to 18-28 m/sec or more.

2.2. National legal framework for soil protection

The Georgian legislature clearly distinguishes agricultural lands from non-agricultural lands.
All obligations and relations in regard to agricultural lands are regulated by the Georgian law
dated 1996 on Proprietorship of Agricultural Land and Civil Code of Georgia. The Georgian
law dated 1997 on the Protection of Environment obligates everybody, including agricultural
producers (farmers), to protect the environment and requires that the application of mineral
fertilizers, pesticides, growth stimulators and other substances at rates that won't threaten human
health, plants, animals and soil.

Soil protection in Georgiaisconsidered asapriority for the state and itsimportance is emphasized
in the 1994 law of Georgia on Soil Protection. This law prohibits using fertile soil for non-
agricultural purposes and bans actions that may result in declining soil fertility, e.g. cutting
shelterbelts, overgrazing pastures, and the application of non-registered fertilizers and pesticides.
The 2003 law of Georgia on Soil Conservation and Restoration-Improvement of its Fertility
defines clearly those activities and methods, as well as restrictions and prohibitions that are
necessary for the promotion of soil fertility, its restoration and improvement. This law calls for
active participation of the government in soil protection and improvement and obligates the land
owners to abide by the law and respective subordinated acts, regulations and orders. The law
also requiresfarmersto submit datafrom soil tests that have been carried out and on the amounts
and types of applied fertilizers and pesticides to the appropriate regulation bodies.

The 1998 Georgian law dated November 25, on Pesticides and Agrochemicals coversthe adverse
impact on the environment while using pesticides and agrochemicals. On January 26, 2005, the
Minister of Agriculture signed the Order #7 which approved the standards and rulesfor importing,
storing and application of agrochemicals. It includesall the necessary rulesand standards, which
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must be observed by all farmers while working with agrochemicals. Following the 2003 law of
Georgia on Soil Conservation and Restoration-Improvement of its Fertility, the Ministry of
Agriculture issued the order #2-244 on the Measurement of Soil Fertility Levels and approval of
Regulations for Soil Conservation and Fertility Monitoring. This order lays the ground for the
underlying principles which are used for soil fertility evaluation and monitoring in our country.

Following thelaw of Georgiaon Soil Conservation and Restoration-Improvement of its Fertility,
the Minister of Agriculture approved its Recommendations for Soil Protection From Erosion
through the order of #2-277 on November 25, 2006. This document describesin detail the natural
processes and human activities which facilitate development of soil erosion and provides a
completelist of detailed recommendationsfor soil protection from erosion and for the restoration
and improvement of soil fertility.

The above-mentioned laws and subordinated actsrequire that all individualsand corporate entities:
e  Useagricultural land only for agricultural purposes;
e  Protect land from erosion and degradation;
e  Maintain and improve soil fertility;
e  Protect environment, human health, biodiversity and soil.

All farmers are obliged to protect soil from erosion and degradation.

2.3. Water erosion

Water erosion causes damage both to the surface and deeper layers of soil and resultsin leaching
and translocation of mineral nutrients from soil to surface water. Water quality is especially
threatened due to biogenic elements such as substances containing nitrogen and phosphorus.
Therefore, activities, which are carried out to protect soil from water erosion, apply also to water
protection.

Photo 3: Formation of gullies due to water erosion in the pasture

Well-planned farming represents the most efficient approach in order to protect
soil from degradation and to combat water and wind erosion.
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The farming system must make provision for the effective use of the soil and for the control of
erosion. Maintenance of plant cover and plant residues on the soil surface, selection of crops,
taking into account the slope steepness, the erosion threat level and the biological properties of
the plants can be considered as the most important anti-erosion measures.

Farmers can prevent land erosion significantly if they organize crop production properly and
apply agricultural treatments aimed at combating erosion. Lands with slopes greater than 15°
should be permanently grassed or afforested. Lands with slopes between 6 and 15° may be used
for field production, provided some agricultural measures are taken regularly preventing them
from erosion. Landswith slopes of lessthan 6°, especially those on long slopes areless threatened
with water erosion, but it is advisable to cultivate such lands with care.

Theintensity of water erosion depends on the amount and frequency of rainfall, slope, soil type
and vegetation cover. The susceptibility of soil to erosion is connected with its mechanical
composition, structure and organic matter content. High susceptibility to erosionischaracteristic
of light soils. Loamy soils are intermediately susceptible, while heavy clay soils are the most
erosion resistant.

Field crops can be divided into three groups based on their ability to prevent erosion: 1) cropsthat
control erosion efficiently (perennial grasses), 2) intermediate crops (most of the small grains)
and 3) crops that don’t control erosion (mostly row crops). It should be mentioned that planting
row crops on land with a slope of more than 15 degrees is not recommended, but marginally
admissiblein cases of land insufficiency, if erosion control measures areimplemented. Thetillage
system for slopes has to be planned to give the best possible solution to reduce or control erosion
throughout the whole growing season. Therefore, it is important to apply those tillage systems
that contribute to improving the water-hol ding capacity and the water infiltration rate of the soil.
One such system is considered to be deep plowing combined with forming ridges.

In East Georgia, when the maize-winter wheat-winter wheat system is applied to slopes of 4-5
degrees, soil has to be plowed crosswise applying the following technique: plowing should be
carried out at the depth of 30-32 cm and ridges should be formed for maize in the first year. In
the next year, deep plowing (30-32 cm) without ridging is recommended for winter wheat, while
shallow plowing (up to 22 cm) without ridging can be applied to winter wheat planted in the
third year. Ridges can be formed by fixing a prolonged wing on the moldboard plow to produce
ridges after every 1.5 meters, which will provide for soil erosion control.

Planting different crops in strips across the slope can also reduce erosion. Strips can be formed
by planting small grain and row crops, perennial grass and annual crops. Broad strips (35-50 m)
can be used on slopes of 3-5°, while the width of the strips must be reduced to 10-20 and 20-30
meters on slopes of 5-8°and 8-12°, respectively. On light soils, the strip width should be adjusted
by narrowing it by as much as 15-20%. Soil erosion may be reduced and soil fertility enhanced
considerably if alegume crop is planted as a catch crop after harvest of an earlier crop. Such
crops not only utilize free land between the major cash crops, but a so protect soil from erosion
and enrich it with biomass, which promotes soil fertility.

Buffer strips are an effective meansto reduce erosion on slopes of 10-12° which impliesleaving
strips without tillage across the slopes, while planting perennial grasses or small grains on the
tilled strips. The buffer strips disperse water flow running on the soil surface, reduce its speed
and strength, and slow down the erosion processes. Good strips are formed by planting mixtures
of perennial grasses such asalfalfa, ryegrass, sainfoin, etc. Trees and bushes can also be used for
buffer strips: raspberry, blueberry, hazelnuts etc. The width of the buffer strips depends on the
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slope; however it doesn’t have to exceed 5-10 meters, while the distance between them should
be 20-30 meters.

One of the most efficient ways of controlling erosion is under-sowing winter small grain crops
with perennia grasses in early spring. Such practice has great advantages as, firstly, pre-plant
plowing and cultivating are not required for under-sowing perennial grasses providing for
considerable saving in machinery and labor, and secondly, after harvesting the small grain crop
the soil remains protected by stubble until the perennial grass crop forms a dense canopy. In
contrast, if perennial grassis planted after the harvest of awinter small grain crop the soil will be
plowed in the fall and will have to remain without plant cover during the winter until the next

spring.

Terracing is one of the radical measuresto control erosion on land with a slope of more than 10°.
It means that steep slopes can be included in agricultural production and it also helps the
accumulation of moisture in the soil, reduction of surface water flow speed and prevention of
soil degradation. There are many types of terraces including plantage-plowed, stepwise, ditch,
ridge and individual types. To establish terraces, professional help is needed to assess the slope
and to develop aterracing project.

One of the most important measures to control erosion is regulation of water flow on the soil
surface with help of ditches that deviate water flows from the fields. For such purpose, specia
ditches are dug in the upper and other parts of the field, and are connected to water collection
ditches that take water eventually to rivers, springs and gorges. The beds of the ditches must be
covered by tilesor stones. Mulching isalso considered as an important practice for soil protection.
Mulch protects soil particles from being destroyed by rain drops and from being washing out by
water. Mulch also protects soil from compaction during heavy rains so that a soil crust is not
formed and more water permeates soil. Crop residues, turf, dry fern and even special mulching
paper can be used for mulching. Mulching can be applied to fields occupied by both permanent
and annual crops.

Sub-soiling combined with ridging may be applied to soils strongly susceptible to erosion. Its
aimisto increase water retention and the speed with which water soaksinto deeper layers of the
soil. Deep cuts are made across the slope with aspecial tool - asubsoil plough. Irrigation erosion
is observed not only during flooding (horizontal soaking), but also during the flowing of water
(vertical soaking) in the furrows. Erosion processes are much more intensive when slopes are
irrigated. The best irrigation practices avoid water flows. Drip, sprinkler and subsurfaceirrigation
practices cause almost no soil erosion.

2.4. Wind erosion

Wind erosion blows away small particles
from the soil surface, damages plants
mechanically, exposes the root system and
finally pollutes the environment as dust
particles contain mineral and organic
substances and pesticide residues (Photo 4).
Soils eroded by wind are often put out of
agricultura operation and special treatments
are required to restore their fertility and put
them back into production.

Photo 4: Sail particles blown away by wind
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Wind erosion causes most damagein Dedoplistskaro, Sighnaghi, Sagarejo, Gardabani, Gardabani,
Khashuri, Qareli, Gori and Mtskheta districts, wherein total, the eroded areareaches as much as
79 thousand ha. The characteristic of wind-caused erosion depends on the status of the soil
surface, the canopy density and the wind strength. Soil which is covered by a dense canopy is
not susceptible to wind erosion. In contrast, if the soil surface is not covered by plants or crop
residesit is very much susceptible to wind erosion. Itsresistance to erosion is totally dependent
on its properties, structure and texture.

To implement anti-erosion practices efficiently, it is recommended to carry out a quantitative
and qualitative assessment of the fields to identify their degree of susceptibility to erosion and
group them according to these parameters. Thiswill provide for amore precise planning of the
necessary measures to improve soil fertility. Establishment of shelterbelts of bushes and treesto
reduce strength of wind at the soil surface seems to be a very effective measure to protect soil
from wind erosion.

For soilsand areas especially threatened with
wind erosion the soil tillage system should
be changed radically to minimize the
disintegration of soil turf, avoid the turning
of soil clodsand retain as much crop residues
as possible on the soil surface. It is well
known that using amoldboard plow together
with disk and teeth harrowsresultsin the full
incorporation of residues into the soil;
however, it also contributes to the
disintegration of the soil structure and to
dusting, which raises the threat of erosion.
Therefore, in regions of wind erosion,

Photo 5: Planted shefterbelts cultivator-rippers ?Photo 6) should be used
for the primary soil tillage operation instead of moldboard plows. Cultivator-rippers retain a
large proportion (60-80%) of residues (Photo 7) on the surface while they loosen the soil to the
depth of 30 cm. Using cultivator-rippersresultsin less dusting of the soil, lessimpact of wind on
the soil surface and promotes the accumulation of snow resulting in a decline of wind erosion.

Photo 6: Cultivator ripper Photo 7: Plant residue on the soil surface,
coverage 65%.
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To reduce wind erosion, al types of disk harrows and rippers must be replaced by a blade
cultivator. It isused for light soils during primary tillage, as well as at the pre-plant stage.

To till autumn plowed soil, needle harrows (Photo 8) are more recommended than toothed or
zigzag harrows. Needle harrows till soil superficialy and leave up to 90% of the plant residues
on the surface after tillage (Photo 9).

Photo 8: Needle harrow Photo 9: Tilling soil with residues
by a needle harrow

If the above mentioned implements are used for tillage, as much as 80% of the previous crop
residesareretained in thefield. In such fieldsaspecial planter (!=-2.1m) can be used for planting
winter small grain crops, asits drills can work efficiently in soils covered by plant residues of
wheat or maize. The planter provides for equal distribution of seed and for soil rolling into rows.

Wind erosion can be controlled by reducing the number of machinery operations and amount of
traffic in thefield, e.g. by using a planter-cultivator (Photo 10), which performs 4 operationsin
one pass. pre-plant tillage, seeding, soil rolling into rows and the application of mineral fertilizers.
It can work in fields with residues (Photo 11).

Photo 10: Planter-cultivator Photo 11: Planter-cultivator working in residues

The importance of using subsurface implements is not restricted just to erosion control. Using
these implements can increase yield (0.1-0.2 tons/ha) and lead to significant savingsin fuel and
lubricants, as well as machinery maintenance and depreciation.

Cross seeding of small grain cropsisan important practice to control soil erosion on arableland.
In such case, seed isdistributed equally in thefield and the plantswhich are distributed crosswise,
slow down the wind speed at the soil surface. Soil rolling right after the planting of spring small
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grain crops is an important practice to control wind erosion. If the crop is planted after a good
predecessor crop and under favorable water and fertility conditions, seed germination, seedling
emergence and root development proceed well; this integrates soil particles and reduces its
susceptibility to erosion.

Planting small grain with higher seeding rates (by as much as 10-15%), using bigger seeds for
planting and increased depth of the seedbed (8-10%) are all methods that can be considered as
important practicesthat can control wind erosion. The usage of sub-surface (blade) cultivatorsis
limited under the Georgian conditions of shallow and stony soils. Among other important anti-
erosion practices are the no-tillage and minimum tillage systems for dry-lands and raised-bed
planting for irrigated farming systems.

2.5. Soil chemical reaction (pH)

Soil reaction is determined by the soil-forming rocks, soil type and the natural processes taking
place in the soil. Assuming there is enough carbonic lime in the sail, its interaction with acids
produces neutral salts, which provides for neutral or low acidic reaction of the soil. Gradually,
the soil carbonic lime content may decline because of plant absorption and leaching from the
upper soil layer. The increase of soil acidity is associated with the reduction of the carbonic lime
content in the soil.

The soil reaction exerts agreat impact on the development of plants and soil microorganisms, as
well as on the biological and chemical processes in the soil. Absorption of nutrients by plants,
mineralization of organic substances, decomposition of soil mineral substances, dissolving of
not readily soluble compounds, etc. depends on soil chemical reaction. On the one hand the
efficiency of the applied fertilizers is largely determined by soil reaction. On the other hand,
fertilizers may exert an influence on the soil and cause changes in soil reaction.

Soil reaction depends on the balance of hydrogen cathions (H+) and hydroxyl ions (OH-). The
hydrogen concentration in solution isexpressed through pH val ues, which isthe negative logarithm
of the value of the concentration. Depending on the hydrogen cathion concentration the soil may
have a different reaction: very acid (pH=3-4); acid (pH=4-5); slightly acid (5-6.5); neutral (6.5-
7); slightly alkaline (7-8); alkaline (8-9) and very alkaline (>9) Black soils have neutral reaction;
alkaline reaction is characteristic of chestnut, grey and saline soils. Slight acid, acid and very
acid reaction isfound in leached black soils, sod podzols, subtropic podzols, red soils and some
turf soils.

Crops can normally grow and produce good yields in soils of neutral reaction that have enough
nutrients available for plants. Most crops can adapt to slightly acid and slightly alkaline soils.
Tea, subtropical crops and lupine can tolerate very acid soils.

e  Toimprove soil fertility of acid and very acid soils, it is recommended to apply once
in every 7-8 years up to 10 ton/ha of lime containing ameliorants such as limestone,
marl, glauconitic limestone, dolomites, also sugar beet residues, slurry etc.

e  The exact application rate of lime is estimated through the assessment of soil actual
and exchange acidity, which is done by laboratories for soil testing. Excessive liming
may result in a decline of soil fertility and reduction of crop productivity.

e  Limefertilizer must be applied through a specia well-calibrated distributor and then
be incorporated into the soil at the 30-35 cm depth soon after application. Uneven
application of lime may result in fragmental liming of the soil
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e |tisnecessary toavoid direct interaction between lime and organic fertilizers (manure)
asit may result in high nitrogen losses.

Liming provides for the improvement of physical and chemical properties of the soil. Crops
respond to liming with higher yields. In West Georgia, where citrus, maize, vegetables, melons,
grape and fruits are grown, liming of large areas of acid soilsis a very essential management
practice, which can improve drastically the soil fertility and promote growth in yields by as
much as 25-40%.

2.6. Chemical degradation of soil

Chemical degradation — is heavy soil contamination caused by harmful chemical substances
such as heavy metals, polycyclic hydrocarbons, and pesticide residues. Under particular
circumstances, high and excessively high rates of mineral and organic fertilizers (manure) can
also have adverse effects on soil. Soils with elevated contents of heavy metals (naturally or due
to contamination) require special treatments that are recommended by local agro-chemical and
soil specialists. Slurry must not be applied to soils that have an increased content of heavy
metals.

In order to avoid contamination of soil with pesticides and agro-chemicals, it is essential to take
the following measures before they are applied:

e  estimate precisely the health condition/infestation level of the particular crop,

e analyzethe possibilities of applying integrated protection, which may need to be only
supplemented by pesticides,

e  avoid applying pesticides which decompose slowly, or are of low selectivity, or those
which are recommended to be used at high rates,

e approved regulations and instructions must be observed. It is necessary to read them
carefully in advance.

e usebiological methods to control pests.

e rates of pesticide applications used in fields should vary according to the level of
infestation and anticipated harm. In cases where plants are grown in wide rows,
herbicides may be sprayed in strips to reduce the amount of the pesticide which may
pollute the soil.

e  Observe optimal rates, application methods and dates for applying agrochemicals.

2.7. Degradation of the soil physical structure
The soil structure, which isaresult of the soil properties and soil management, governs the soil
air-water relations.

Soil with a good structure can provide proper air-water relations essential for
development of plants and various soil organisms

The soil structure influences agricultural production to a great extent. The following practices
may improve the soil physical structure:

including legume and green manure crops in rotations,

carrying out various tillage operations, which make soil loose.

changing soil reaction,

applying organic (manure) fertilizers,

reducing the tillage operations;

removal of excess water through an efficient drainage system.
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Agricultural measures should be conducted as often as it is necessary to provide plants with
optimum growth conditions, but at the same time their intensity should be as low as possible.
Excessive soil compaction, especialy in the deeper soil layers, limits root growth and water
percolation and can also lead to soil erosion. Such soils may also get flooded after heavy rains.
Limited air access to the deeper layers reduces biological activity which in turn influences its
fertility and reduces the availability of nutrients for plants.

Plough pan

A B
Drawing 1: Soil profile:

A) Poorly structured soil with plough pan;

B) Well-structured soil.

To avoid soil compaction, especially on wet soilsavoid using heavy machinery. However, if itis
not manageable otherwise, use broad tires or double tires that lower the pressure on the soil.

Plowing, when it is done at the same depth for many years, especially on clay soils, resultsinthe
development of a plough pan. The plough pan can prevent water, air and plant roots from
penetrating into deeper layers of the soil. The soil physical properties may be improved by using
tinesin the furrow bottom, which breaks-up the plough pan and loosens the subsoil. If abad soil
structure (thick/compact) is accompanied by alow content of organic matter, it is advisable to
grow amixture of grass and legume plants for 2-3 years.

It is desirable to include crops requiring different management practices, which improves soil
aeration and water-holding capacity. Farmers, using drained lands, should feel responsible for
and take care of any network of drainage ditches on their fields. The maintenance of water
management systems (drainage and irrigation) should be conducted by qualified water service
technicians according to technical-agricultural principles.

2.8. Soil salinization

Soil salinization is a process of accumulation of water soluble saltsin the soil in such amounts,
which aretoxic to plants. Saline soils are often found in dry lowlands, where mineralized ground
water is close to the soil surface. Secondary salinization is observed onirrigated lands, if either
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rock or ground water are highly mineralized and, especialy, if excessive irrigation is applied.
Solonchak and solonetz soils belong to soils with elevated salinity.

The soil salinization process can be stopped, if an appropriate farming system is applied. The
most efficient method for salinity reduction isthe washing of saline soil with excessiveirrigation
water, which as accompanied by the removal of waste water and ground water from the field
using a drainage system.

3. Protection of water from agricultural pollution

3.1. Introduction

According to Georgian law, the community hasaright to claim accessto pure water for drinking,
bathing and recreation purposes. At the same time, all inhabitants of Georgia must provide for
the protection and rational use of water, and must mitigate against its pollution or depletion.

Industry, the municipal economy and agriculture are considered as the major sources of water
pollution in the world. However, most factories and plants are not functioning in Georgia, and
therefore, the industry is not a major source of pollution. This is confirmed by the fact that
contamination by hexacloran, heavy metals and oil carbohydrates in water samples taken in
2002-2003, were lower than the prescribed rates. In contrast, it was found that there is a high
concentration of biogenic, particularly nitrogen-containing substances, in many rivers of Georgia,
which are mainly caused by the municipal economy and agriculture. This happens when waste
water from cow-sheds and biological and household wastes flow directly to surface waterswithout
prior filtering or disinfection. Mismanagement of pesticide storage facilities or misapplication
of pesticides in agricultural fields promotes pollution of ground and surface waters including
rivers, lakes as well as the Black Sea. Non-observance of elementary individual safety rules
whileworking with pesticides results in accumulation of harmful substancesin the environment,
which presents a threat to the health of human beings and animals.

The Georgian legislature emphasizes the importance of purity of water and in this regard, the
water law is the most important law. Water quality is determined by the Georgian Sanitary
Standards. According to the standards, 1 litre of drinking water must not contain more than 45
mg of nitrogen nitrate or 0.5 mg of ammonium nitrate and must be microbiologically pure (24).

In 1993, the Georgian Parliament ratified the Convention on the Protection of the Black Sea
against Pollution and through this act it undertook responsibility for preventing pollution of the
Black Sea. According to the convention, special attention must be paid to the elimination of the
pollution sources, which are located on land. In the framework of the convention, a special
protocol has been devel oped, which underlinestheimportance of reducing agricultural pollution.

3.2. Application and storage of fertilizers

3.2.1. Plant nutrition

There are sixteen identified elements that are essential for plant growth. Three of these elements
are obtained mostly from air and water; they are carbon (C), hydrogen (H), and oxygen (O). The
other thirteen essential elements come from the soil solids and are the elements we tend to focus
more on in plant fertility management. The thirteen essential plant nutrients have been divided
into three categories based on the amount of element required for plant growth: primary nutrients,
secondary nutrients and micro-nutrients. Nitrogen (N), Phosphorus (P) and Potassium (K) belong
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to the primary nutrients, which are required by plantsin high amounts. The secondary nutrients
arerequired inlesser amounts by plants Calcium (Ca), Magnesium (Mg) and Sulphur (S). Micro-
nutrientsare needed only in small amounts: Iron (Fe), Manganese (Mn), Boron (B), Molybdenum
(Mo), Copper (Cu), Zinc (Zn), and Chlorine (Cl).

Nitrogen (N) is one of the most important nutritive elements for plants. It is contained within
numerous organic substances including proteins. Plants can absorb nitrogen mainly in the form of
nitrate anions (NO,-) or ammonium cathions (NH,+). The lack of nitrogen resultsin the slowing of
plant devel opment and adeclining yield. Plants, which experiencelack of nitrogen, are characterized
by small pale (light green) leaves. The lack of nitrogen in wheat results in a low grain protein
content and alow sugar content in maize. Naturally, nitrogen ismostly present in organic substances
therefore alack of nitrogen is especially evident in soils which are poor in organic matter.

Phosphorus (P) is also one of the most important nutritive elements for plantsand isheld in the
soil by numerous organic substances. Phosphorus facilitates plant development and improves
yield. If it is sufficiently available it provides a high content of oil, dry matter, sugar and starch
in oil crops, tomatoes, sugar beet and potatoes, respectively. Phosphorus promotes drought and
frost resistance in plants, as well as creating a better resistance to pests and diseases. Plants that
lack phosphoruslag in devel opment behind those that have a sufficient supply of it. Leafstalksin
phosphorus deficient plants are covered by brown spots and |eaves become dry and black and a
lack of phosphorus hinders protein synthesis. The soil phosphorus content generally variesfrom
0.3t0 2.0 %. The highest phosphorus content is observed in soilsrich in organic matter, however
it should be noted that most soil phosphorus is not available for plants. The plant absorbs
phosphorusin form of anions (H,PO, or HPO,*) and usesit in all stages of its development and
isusualy required by the plant in especially high amounts at the early stages of development.

Potassium (K) isimportant for plants. In contrast to nitrogen and phosphorus, potassium is not
contained in organic substances but isfound in the form of anionsdissolved in water. Itisknown
that young plants contain more potassium than adult plants. Potassium facilitates the absorption
of water by plants. Plant frost resistance increases when there are sufficient levels of potassium.
Potassium facilitates many of the biological processes: photosynthesis, vitamin synthesis,
deposition of sugar and starch in fruits and it improves the quality and transportability of
agricultural produce. Potassium is particularly important to enable plants to fully synthesize
nitrogen, for example crop responses to nitrogen fertilizer applications are very much improved
if the crop is provided with sufficient amounts of potassium. If potassiumissupplied at insufficient
levels then plant development slows, small grain crops start intensive tillering but without
producing productive tillers. Lack of potassium hinders protein synthesis. Particularly large
amounts of potassium are required by vegetables, root and tuber crops. Insufficient levels of
potassium in the soil affect plant development and a deficiency becomes visible in the leaves,
which dry and change color to yellowish-brown.

Therole of calcium (Ca) isalso important in plant nutrition and the lack of it affects negatively
plants. Leaves of vegetables and orchard crops become yellow, while their leafstalks start to go
rotten, the result of whichisadeclineinyield and quality. Calciumis particularly important for
soil and its presence considerably improves soil properties.

Magnesium (Mg) —alack of magnesium also affects plants negatively. Insufficient provision of
magnesium results in cholorosis, yellowing of leaves which eventually covers the whole leaf
surface. Leavesfall earlier than usual and thereis an increase to susceptibility of plantsto frosts
and with adeclinein yield.
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Sulfur (S) —used asan oxidizing agent, in chlorophyll formation and photosynthesis and therefore
it is of major importance for plant growth and development.

Microelements promote synthesis of sugars, starch, protein and amino acidsin plants. The lack
of microelements results in different disorders. E.g. iron and copper deficiency may result in
leaf chlorosis. Zinc deficiency may reduce plant growth and devel opment, while boron deficiency
hinders flowering.

Demand for nutritive elements depends on the plant biological properties, the devel opment stage,
the yield level and quality. The only nutritive elements that are available for plants are those
contained in moving soluble substances. The absorption of nutritive elements by plants is
influenced by soil type, soil moisture content, temperature, soil reaction and other environmental
factors.

Different plantsrequire nutritive elementsin different amounts and depending onyield at harvest
time they remove different amounts of nutritive elements from the field (see Table 1). Naturally,
the higher the yield the larger amounts of nutritive elements that are removed from the soil.
Incorporation of crop residues (straw) in soil has a positive effect, as a part of the nutritive
elements are returned to the soil. However, that is not enough for maintaining the required level
and the balance of the nutritive elementsin the soil.

Table: Removal of nutritive elements by yield of crop, kg/ton)

Removed (active ingredient)
Crop Nitrogen, | Phosphorus | Potassium

N P,0s K,0
Winter wheat 25,0 12,0 20,0
Barley 31,0 11,4 31,5
Maize for grain 25,0 10,0 37,0
Potato 4.4 2,0 78,0
Grape 8,5 3,0 11,0
Apple 3,6 2,0 6,4
Tomato 2.7 0,8 3,8
Cucumber 9,6 1,3 5,0
Cabbage 5,3 1,2 6,8
Carrot 4.3 1,8 6,6
Eggplant 3,0 0,7 5,0
Onion 3,4 1,4 4.6
Tea (ready product) 64,0 16,0 36,0
Tobacco (dry leaves) 65,0 20,0 12,0
Citrus 10,0 20,0 12,0
Sunflower 30,0 15,0 12,0

According to the above table farmers should be able to estimate how much of the nutritive
elements are removed from soil depending on the harvest and how much nutrients are then
needed to replenish the soil to maintain the nutrient balance. There are several approaches for
that to happen:
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a) application of mineral and organic fertilizers,

b) croprotation,

c)  green manure crops,

d) Leavefalow.
It is important to maintain the balance of the nutrients in soils which can be done through the
application of fertilizers. One should be aware that excessive supply of one of the nutritive
elements may raise plant requirement for other elements which could result in their deficit.

3.2.2. Mineral fertilizers

In Georgia, application of fertilizersisan important pre-condition for obtaining high and quality
yields. It isimpossible to achieve sustainability in agricultural production without maintaining
the balance of nitrogen, phosphorus and potassium.

Application of fertilizersis associated with high costs, while misapplication results not only in
the reduction of agricultural competitiveness but also in pollution of the environment and
particularly to water pollution. Therefore all decisions regarding fertilizer application must be
madein thelight of reliable economic data, the type of crop management system being employed
and soil test results.

Mineral fertilizers are very active substances. Their application may raise crop
yield and improve crop yield quality, maintain soil fertility and set favorable
grounds for the development of agricultural production. However, misapplication
of fertilizers may harm plants and soil and promote environmental pollution.

Periodically, the catal ogue of the approved agro-chemicalsis published in Georgia. The catal ogue,
which is valid at present, has been approved for 2006-2010. The most widely used mineral
fertilizersin Georgia are nitrogen, phosphorus and potassium fertilizers, complex fertilizers and
micro-fertilizers.

Nitrogen fertilizers
There are different types of nitrogen fertilizers. nitrate, ammoniacals, nitrate-ammonia, amide-
nitrogen and liquid nitrogen.

Inthe nitrate fertilizers, nitrogen is presented in the form of NO,. Theindustry produces sodium
nitrate and calcium nitrate, the nitrogen content of whichisequal to 15-16%. Nitratesdissolvein
water easily and rain can easily wash them out of soil. Therefore, it isrecommended that nitrates
are applied to soil just before planting or top-dressed at |ater stages of crop development.

Ammonium sulphate is one of the most popular ammoniacals, where nitrogen is presented in
form of the ammonium cathion (NH,+). The nitrogen content in ammonium sulphateis up to 20-
21%. Crop plants absorb nitrogen from ammoniaslower than from nitrates. Therefore, itismore
efficient to apply ammonium sulphate at plowing or planting. It dissolves in water well, is less
hygroscopic and can be easily scattered over the field. Ammonium chloride, liquid anmoniaand
aqua-ammonia also belong to the ammoniacals.

Ammonium-nitrate fertilizers contain nitrogen not only in the form of nitrate, but also in the
form ammonia. Ammonium nitrate is the most widespread fertilizer anong the ammonium-
nitrate fertilizers. Its nitrogen content is 33-34% and isapplied for all typesof cropsin agriculture.
Itismanufactured in agranulated form, which hasimproved physical propertiesand thereforeis
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less clogging at the time of application. However ammonium nitrate is more demanding it terms
of storing conditions: it has to be stored in polyethylene bags in adry building.

Ureabelongsto the amide-nitrogen fertilizers. Its nitrogen content is as high as 46%. In urea, nitrogen
transforms gradually to a form available for plant absorption. This reduces nitrogen leaching and
allowsfor itsgradual absorption by plants. In all crops, ureais applied to the soil before planting. It
is possible to use urea for top-dressing, but it should be incorporated in the soil. Urea contains
biuret, atoxic substance, which may harm plants, especially during the few days after its application.
Biuret isdecomposed in 10-12 days after the application of ureathereforeit isrecommended that it
is applied to the field one month before planting. Granulated ureais usually used asit contains less
buiret as compared to crystal urea (approx. less than 1%) and doesn’t harm plants.

Phosphorus fertilizers

All phosphorusfertilizers used in agriculture are phosphoric acid salts of calcium. The main raw
materials for phosphorus fertilizer production are the minerals: apatite and phosphorite. Milled
phosphorites, which contain up to 18-20% of P,0,, can be applied directly as fertilizer only to
acid soils. In acid soils, phosphorus containing water-insoluble substances dissolve so that
phosphorus becomes available for absorption by plants.

Ordinary superphosphateisthe most widespread form of phosphorousfertilizer. It mostly consists
of monocal cium phosphate and its P,O, content is about 18-20%. It has agrey color with asmell
of sulfuricacid. Itisused for al cropsand all types of soil and applied at plowing time. Phosphates
from the ordinary superphosphate are easily absorbed by the soil and are converted to theinsoluble
form so only about 25-30% of phosphorus is actually absorbed by plants. The industry
manufactures both powder and granulated ordinary superphosphates, the latter being preferable
asit has a higher effect on plantsand it is easier to transport.

Triple superphosphate is a concentrated phosphorus fertilizer, the P,O, content of which is as
high as 42-45%. It is used for all crops and al types of soil and applied at plowing. Because of
the high phosphorus concentration, its transportation and application is more cost-efficient than
that of ordinary superphosphate. Its application rate hasto be relatively low so that its potential
harm to the soil is relatively reduced.

Potassium fertilizer

Among the potassium fertilizers, the most widespread are, potassium sul phate, potassium magnesia
and potassium mixed salts. Potassium chloride (KCI) contains up to 54-60% of K,O. Potassium
chloride is manufactured in form of fine-grained crystals, large grains and in the granulated
form. Itisapplied at plowing to al crops, but especially in those crops, which respond positively
to chlorine. The negative influence of chlorine on the crops can be avoided if potassium chloride
isapplied in advance (in the fall).

Potassium sulphate contains up to 45-48% of K,O. Potassium sulphate is manufactured in the
form of fine-grained powder, which doesn’t clump. It isrecommended that potassium sul phate be
applied to cropsthat are sensitiveto chlorine (e.g. potato, flax, tobacco, buckwheat and oil crops).

Potassium magnesia (Shenit) contains 28-30% of KO and 8-10% of Mg,0 and also some mixture
of potassium chloride and sodium chloride. Its main advantage is the presence of potassium and
sodium and itslow content of chlorine. Potassium mixed salt isamixture of sodium and potassium
chlorides (KCI+NCIl) and contains as much as40% of K,O. It hasagrey color with someinsertions
of rose crystals. It is not hygroscopic and form lumps. It is a major potash fertilizer, which is
applied to al crops at plowing.
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Microfertilizers

Microfertilizers are used to replenish microelements in soil. They are boron, copper, zinc,
manganese, cobalt and other microfertilizers. Salts of microelementsand metallurgy waste (slags)
areused asmicrofertilizers. Microfertilizersare applied at planting, when they are banded together
with seeds in rows. Foliar application of microfertilizersis also possible.

Complex fertilizers

Fertilizers that provide two or more nutritive elements are called complex fertilizers. Complex
fertilizersare easy for handling and application and convenient in transportation. Because of the
high concentration of the nutritive elements, they are applied at lower rates and frequency as
compared with the conventional fertilizers. Because of these reasonsthey are more cost-efficient
and less harmful for the environment. Complex fertilizersinclude: ammophos (N-12%, P-52%),
monoammonni phosphate (N-12%, P-52%), diammophos potassium (N-10%, P-26%, K-26%),
nitroammophos potassium (N-16%, P-16%, K-16%), etc.

In each case, it is necessary to select the most appropriate and efficient fertilizer.
This will provide for yield increase, yield quality improvement and reduction of
environmental pollution.

Cristalon is a new generation of complex fertilizers, which is unique by its composition. It
contains not only nitrogen, phosphorus and potassium but also the secondary elements and
microelements (Mg, Ca, Fe, Cu, Mb, Zn, Bo, Mo). Cristalon is readily soluble in water and is
highly absorbed by water. It can not only increase crop yield but also yield quality. Cristalon is
compatible with pesticides and it can be combined with pesticide for foliar application.

3.2.3. Soil fertility management

The order of the Georgian Ministry of Agriculture #2-7, issued on January 26, 2005, states that
fertilizer application rates must be based on results of soil tests, leaf diagnosticsand scientifically
grounded recommendations and standards.

Soil fertility management implies the following:

e  Selection of appropriate crops for different types of soil;

e  Development and implementation of crop rotation systems;

e Assessment of soil, identification of soil fertility level, development of recommendations
on the use of agrochemicals based on test results.

e  Selection of agrochemicals and their application according to the recommendations,

e  Development of measures to protect soil, conserve biodiversity and maintain ecological
equilibrium.

3.2.4. Estimation of fertilizer application rate:

Soil tests must be carried out every 5-6 years by appropriate laboratories. Soil
fertility levels and the necessary amount of nutritive elements to be applied to the
soil are determined based on the soil test results taking into account the
requirements of the target crop.

After the assessment of soil fertility, the farmer determinesthetype of thefertilizer, itsapplication
rate and the necessary amount to be applied. Fertilizer application rates can be estimated based
on the crop requirements and their demand for nutritive elements taking into account the amount
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of the nutritive elements removed by the previous crop. However, this fertilizer rate estimation
method is not accurate and eventually will require the farmer to periodical take soil teststo avoid
soil degradation and ineffectual costs. Thisisparticularly relevant to soilsof low and intermediate
fertility which will require applications of fertilizers at high rates.

Thenutritive element content in soilsand the fertilizer application rates necessary for maintaining
its balance can be determined based on soil testing. Different fertilizers are characterized by
their different content of nutritive elements (activeingredients). Therate of fertilizer to be applied
per hectare (physical weight) can be determined based on the recommended amount of the nutritive
element and the nutritive element content in the fertilizer to be used. E.g. the nitrogen (active
ingredient) content in ammonium nitrate is 34.5%. The recommended amount of nitrogen to be
added per ha is 90 kg. To determine the ammonium nitrate application rate, 90 kg must be
divided by 34.5 and multiplied by 100, which is about 260 kg/ha.

If mineral fertilizersare applied in combination with organic fertilizers, the mineral fertilizer rates
must be adjusted considering the content of the nutritive elementsin the organic fertilizers. It is
necessary to apply nitrogen, phosphorus and potassium to soil in a balanced way to observe the
well-known law in crop husbandry of “minimum, optimum and maximum”. Otherwise, the balance
of the nutritive elements may get distorted and the soil fertility and crop yield may decline.

3.2.5. Dates and methods of fertilizer application

Application of fertilizers at optimal dates and with the right method is very important for their
efficient use and for environmental protection. Fertilizer application methods and optimal dates
have to be determined according to the results of long-term studies. The fertilizer application
method must be sel ected based on agronomic, economic and ecol ogical considerations. All applied
fertilizers must be incorporated into the soil to make them more accessible for plant roots and
avoid losses through volatilization.

The main dates for fertilizer application are associated with plowing, planting and the stages of
active vegetative development. Under dry-land conditions in Georgia, nitrogen, phosphorus and
potassium fertilizers must be applied to the soil before plowing. Under irrigation, phosphorus
and potassium must be applied before plowing, while nitrogen fertilizer must be split into two
applications and applied at planting and top-dressed at a |ater stage of plant development.

Pre-plough (main tillage operation) application of fertilizer is called the “main fertilization” of
the soil. During plowing thefertilizer isincorporated into the soil and accumul ates at the bottom
of the plow layer. At plowing the only fertilizers applied are those which are not solublein water
and do not leach. Such fertilizers are phosphorus and potassium fertilizers. Urea is aso
recommended for pre-plowing application and incorporation in the soil. After incorporation,
urea releases ammonia, which is transformed into soil nitrate. Application of urea without
incorporation in soil resultsin high losses of nitrogen through volatilization of ammonia. Under
dry-land conditions, when rainfall is not available before spring, soluble nitrogen may also be
applied at plowing. This will then readily dissolve under rainfall as without proper moisture
content nitrates may not be available for plants.

Pre-plant water soluble nitrogen fertilizers are applied. Water soluble superphosphate and
potassium salts can al so be applied as the short roots of young plants can not reach the bottom of
the plow furrow to access the pre-plough applied nutritive elements. If fertilizers are applied
during planting, it isrecommended they beincorporated in the seed rowsto facilitateits absorption
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by crop plants. Fertilizer application into rows may require the rate to be reduced by as much as
3-times compared to when fertilizer is broadcasted on the surface.

Top-dressing of fertilizersis carried out after the emergence of crop plants to stimulate plant
development at those later stages when plants require high amounts of nutritive elements: at
tillering, heading, fruit formation/grain filling, etc. At these stages, nitrogen can be applied in
the form of adry preparation (powder or granules) or dissolved in water.

Water soluble superphosphate and potassium salts can also be applied at later stages of crop
development if it is possible to incorporate them in ridges or rows, close to the plants. Similarly,
it is possible to apply complex fertilizers at plowing, planting and at the later stages of crop
development.

For the efficient utilization of fertilizers, it is necessary to broadcast them evenly over the field
area. Because of this, it isrecommended to apply fertilizers mechanically: by plantersor sprayers.
Pre-plough and pre-plant applied fertilizer must be broadcasted on the soil surface and incorporated
into the soil during plowing or cultivation. Before application, one must check on the mechanical
implementsto make surethat they arein good order. Application of fertilizer by hand isadmissible
only in the case of small plots with hilly and uneven surfaces.

Uneven distribution of fertilizer may result in uneven development of crop plants, lodging,
pollution of ground water, etc. The effective distribution of fertilizer onto the soil surface depends
on what implements are used, quality of fertilizer (its physical properties), field conditions,
application method, weather, qualification of the operator, etc.

Fertilizers must be applied in a way to avoid losses due to volatilization and
leaching. It is recommended that mineral fertilizers be applied when absorption of
nutritive elements by plants reaches the highest level. It is prohibited to apply
water soluble fertilizers a long time before planting, especially at autumn plowing.

It is possible to mix nitrogen, phosphorus and potassium fertilizers to lower the fertilizer
application costs and to protect the soil from excessive traffic and dusting. However, certain
rules must be observed, while mixing fertilizers:
e |tisprohibited to mix nitrates with ash or slack lime as ammonia s released, which
volatilizes easily.
e |tisprohibited to mix nitrate with super-phosphate as phosphorus transforms to the
insoluble form and becomes unavailable for plants.
e  Preparation of afertilizer mixture must start with the mixing of super-phosphate with
potassium salts, which can be followed by mixing with nitrogen fertilizer.
e  Application of complex fertilizers is an effective practice to enhance soil fertility,
which may reduces costs, augment yield and improve quality of produce.

3.2.6. System of fertilizer use in crop rotations

Plants respond to fertilizer applications through their faster growth and production of more
biomass and yield. Thisis especialy true in high-input farming systems, when the soil is well
tilled, the field is free from weeds, the soil has an optimal content of moisture, well-adapted
varieties are grown and when al crop management operations are carried out at optimal dates
and according to prevailing conditions. Under such circumstances, the application of fertilizers
isat its most efficient.
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The application of fertilizers may influence not only the crop to which it is applied but also on the
next crop. Thereason isthat the present crop plants can not utilize all the nutritive elements available
inthesoil. A part of the nutrientsis absorbed by soil and they may become availablefor the next crop.

Significant adjustments must be made to dates and rates of mineral fertilizer applications, if
manure is used together with mineral fertilizers. A positive impact of manure on crops may last
for as much as 3-4 years after its application, which is explained by the slower and gradual
mineralization of the nitrogen-containing organic substances of the manure in the soil. Manure
has a positive impact on the soil physical and chemical properties and on the organic matter
content. However, the nutritive element content is often unbal anced in manure and it can negatively
influence the soil. The manure nutritive element content can be balanced if manure is applied
together with mineral fertilizers. Manureisapplied to black soilstogether with nitrogen fertilizer.
Nitrogen and phosphorus fertilizers are added to nitrogen if applied to podzol soils. In light
sandy soils, the phosphorus fertilizer rateis reduced, while the potassium fertilizer rateisraised.

Therequirement for minera fertilizerscan bereduced if green manure cropsare used in crop production.
Soil fertility can be improved if residues of the previous crop are plowed back into the soil. The soil
nitrogen content can be improved if nitrogen fixing legumes are included in the rotation.

3.2.7. Practical recommendations to reduce the loss of nutritive elements in the soil

L osses of nutritive elementsin soils are caused by leaching, volatilization and transformation of
nitrogen substancesto formswhich cannot be used by plants. Lossesdueto leaching are significant
in case of water solublefertilizers, such asnitrate fertilizers. Vol atilization is more characteristic
to ammonia fertilizers and its risk is especialy big in akaline soils. In acid soils, phosphorus
often transforms to substances that are not soluble and can not be used by plants.

Application of either organic or mineral fertilizersis prohibited:
» tosoilswhich are flooded or water saturated to full field capacity;
»  to soilswhich are frozen or covered with snow,
»  to bare soilslocated on slopes, if there is no possibility of mixing them with the soil
immediately,
»  to permanent grasslands if the level of ground water reaches 20 — 40 cm below the
surface;

It is necessary to avoid applying either organic or mineral fertilizers:

e if heavy rainisexpected. Rain will facilitate|eaching of nutritive elementsand pollute
ground water.

e incaseof prolonged droughts. The nutritive elements will not be available for plants.

e  atlatestagesof crop development, when plants require diminishing amounts of nutritive
elements. Nitrogen will accumulate in the soil and after harvest will pollute ground
water as soon asrain comes. Late application of nitrogen at low ratesis advisable only
for those cropswhose yield needsto have higher protein content following theindustry
requirements.

To reduce losses of nutrientsit is necessary to:
o apply fertilizers when plant requirement for nutritive elementsis high (at emergence,
tillering, heading, flowering, etc.);
° incorporate fertilizer into the soil;
e plant acover crop which covers the field during winter, protects it from erosion and
reduces leaching of nutritive elements from the soil.
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e  apply limeto acid soils, which improves absorption of nutritive elements by plants;

e  estimate application rates based on soil tests and |eaf diagnostics,

e gplit the rate and apply fertilizer in portions several times during the later stages of
crop development in case of light and eroded soils.

3.2.8. Environment protection measures

Itisprohibited to apply fertilizers either through broadcasting or incorporation into soilsin protected
areas next to rivers. The width of the protection zones depends on the length of the rivers: for the
smallest rivers (< 25 km long) the zone width is 10 metres, rivers of less than 50 km long it is 20
metres, rivers of lessthan 75 km long it is 30 metres and rivers longer than 75 km it is 50 metres.

It is prohibited to store mineral fertilizers in the environmental protection zones of resorts or
drinking water sources. Such zones are determined based on geo-structural and geomorphologic
properties of the area and often include watersheds or whole valleys to exclude any negative
impact on drinking water and recreational resources. Soil and plants may be fertilized only with
fertilizers that have gained appropriate market access and are listed in the official register.

3.2.9. Influence of fertilizers on yield quality and food safety

Application of fertilizersisimportant for obtaining high yields. Fertilizers have a positive impact
on such quality traits such as the content of protein, sugar, starch and oil. Fertilizers may also
influence taste, processing and storage properties. However, it is widely known that excessive
use of fertilizers may have anegative impact on yield and promote accumulation of detrimental
substances in the produce. High nitrogen content in vegetablesisthe result of excessive and late
application of nitrogen fertilizer and may harm human health. Therefore top-dressing of nitrogen
fertilizers must be completed at least one month before the harvest. For crops with a short
vegetative season (e.g. herbs), nitrogen fertilizers must be applied once only at planting. It is
prohibited to dissolve nitrogen fertilizer and apply it to crops 1-1.5 months before harvest.

Table: Allowed nitrate content in different crops (mg/kg) (54)

Crop Allowed nitrate
content mg/kg

Potato 150
Cabbage 400
Carrot 200
Baby potato 300
Eggplant 250

Dry beans 150
Green beans 300
Tomato 100
Cucumber 100
Water-melon and melon 50
Green salad 1200
Spinach, dill, parsley, sorrel 1300
Seed and stone fruits 50
Cauliflower 300
Citrus 50
Radish 1000
Onion 60
Green onion 300
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3.2.10. Purchase and storage of fertilizers
Fertilizers may be purchased only in specialized retail outlets. The buyer must be provided with
instructions on efficient and safe use of the fertilizer. A Georgian label must be attached to the
fertilizer. The label must indicate:
e  Name and chemical formula of the active ingredient;
Content of the fertilizer including all elements with names and percentage;
Full name of the manufacturer, its contact details and trade mark (if available);
Weight of the fertilizer and percentages of the elements.
Content of heavy metals and chlorine, if available;
Registration certification copy;
Explosive substance content and toxicity, if available;
Manufacturing date and expiration date;
Conditions for storage;
Rules and terms for application;
Name of the regulation or standard;
In case of the complex fertilizers, it is necessary to list all elements both in words and
chemical formulasin thefollowing order: nitrogen (N), phosphorus (P,O, or P), potassium
(K,0 or K), calcium (CaO or Ca), magnium (MgO or Mg), and sulfate (SO, or S).
e  Those fertilizers that contain calcium, magnesium and sulfur, must have the following
content:
CaSO, — Ca0 — 25%;
SO, — 35%;
MgSO, - 15%;
SO, - 28%.

Mineral fertilizers must be stored in warehouses, which are allocated for fertilizer storage. Itis
very important to select a suitable place for a fertilizer warehouse. This place must be dry,
elevated and located far from other buildings. Its capacity must fit the requirements of the farm.
Fertilizers can be stored together with pesticides in one warehouse only if they are separated
from each other.

Mineral fertilizer warehouses must be well protected from water. The warehouse must be
surrounded by banked earth and ditchesto avoid penetration by surface water flow in the building.
The bottom of the warehouse must be water-tight. For that purpose, a 30-cm soil layer must be
removed and replaced by gravel, which must be covered by asphalt. Thefertilizer storagefacility
must be roofed. Fertilizers must be stored in original containers and packages, which have the
fertilizer name and expiration date on it. Each type of fertilizer must be placed in stacks on
wooden pallets, the height of which may not exceed 2 meters. The warehouse must be ventilated.
After spreading the fertilizer, its certificate must be destroyed to avoid repetitive use of its
container.

Explosivefertilizers (nitratesand nitrate-derived fertilizers) must be stored in separate warehouses
or in specia sections of awarehouse, which are separated by fire separation walls and which are
located in side parts of the building. The warehouse must have a set of fire-fighting equipment.

Mineral fertilizers are chemically active substances, which can cause corrosion. It is not
recommended to roof the warehouse with metal roofing as it will be corroded. To work with
fertilizer by hand, it is necessary to use protective glasses, working clothes and gloves. It is not
recommended that fertilizers be applied in strong wind.
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3.3. Organic fertilizers and management of biological waste in Animal husbhandry

3.3.1. Introduction

The management of natural organic fertilizers and biological waste, which are produced as a
result of animal husbandry, is crucial for protection of the environment from apollution viewpoint.
Manure, slurry, carcass processing waste etc. may contain great amounts of water soluble and
volatile substances, as well as micro-organisms, which may threaten human health.

3.3.2. Organic fertilizers

To maintain domestic animalsin good condition for animal production purposesthey requirefeed in
great amounts. Unfortunately farm animals assimilate only apart of the nutritive elements contained
inanimal feed. Therest of the nutritive elements are excreted from the animal organism together with
the excrements and represent a significant source of environmental pollution. Domestic animals
assimilateonly up to 50% of dry matter, 20-30% of nitrogen, 20% of phosphorusand 5% of potassium.
If excrements of domestic animals are collected, stored in aright way and applied to sail in theright
time, significant amounts of nitrogen, phosphorus and potassium will return to the soil.

Manure represents a mixture of the solid and liquid excrements of domestic animals. Itisrichin
nutritive elements, required by plants. One cow, which weighs about 500 kg, produces about 10-
15 tons of manure per year. Manure with bedding contains 0.5%, 0.25% and 0.6% of nitrogen
(N), phosphorus (P,0O,) and potassium (K_»), respectively. Ten tones of manure contain about 50
kg of nitrogen, 25 kg of phosphorus and 60 kg of potassium. However, these figures may vary
depending on the duration of stabling, animal breed, type of feed and quality, etc.

Nitrogen in manure is presented in the form of ammonia (contributed by urine) and the organic
substances result from grain and straw. In the soil, ammoniais transformed to nitrate. Nitrateis
readily soluble and can be easily absorbed by plants. Other organic components of manure
transform to nitrates slowly and gradually and provide plants with nutritive elements over a
certain period of time.

Phosphorus is aso contained in manure in form of organic molecules, which are absorbed by
soil particles soon after manure is incorporated into the soil. Transformation of immobile
phosphorus to water soluble phosphatesis a slow and gradual process. Therefore, nitrogen and
phosphorus leach lessin soil if they are applied in the form of manure rather than in the form of
mineral fertilizers. Manure can provide plants with nutritive elements for longer time.

There are two types of barnyard manure: manure with bedding and manure without bedding.
Straw and peat are mostly used for animal bedding, rarely leaves, sawdust, etc. Bedding is used
to maintain cleanness of the animal in the barnyard. Manure without bedding is more liquid and
isdifficult for storing and usage. Manure can be solid, semi-liquid and liquid depending on the
method of removing manure from the stable. Solid manure is produced in deep barnyards and
contains large amounts of bedding material. Its dry matter content is not less than 20%. It can be
piled up and stored.

Solid manure can be fresh, semi-rotted and rotted. One mé of fresh, semi-decomposed manure
will weigh 0.3-0.4 tons and well-rotted (completely decomposed) manure will weigh, 0.8 -0.9
tons. Semi-liquid manure is produced at big farms, where water is used for washing the stables.
Dry matter content of semi-liquid manure varies from 12 to 20%. It can not be piled up so
special measures need to be taken to dispose of it. It may be mixed or not with bedding material.
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Slurry ismostly produced at big farms, where bedding is not used. Its dry matter content isless
than 12%. Its fertilization value depends on the amount of water, which is used for removal of
solids from the barnyard.

3.3.3. Rotted manure

Rotted manureis preferred to fresh manure in agriculture. Fresh manure contains nutritive elements
mostly in the water soluble forms, which can be leached easily from soil. Fresh manure may contain
seeds of weeds, disease causing microorganisms, and residues of pesticides, antibiotics, hormones
etc., which are usualy absent in rotten manure. Humus, which is produced as a result of rotting of
fresh manure, is a chemically active and stabile fraction, rich in nutrients. It is a “safe” fertilizer,
which contains less water soluble salts than fresh manure and therefore doesn’t “burn” plants.

Manure may be collected and stored on areas which have water tight bottom surfaces and are
surrounded by water drainage ditches or it may be stored in up to 2-metre deep dung pits. Dung
pits must have poured-in-place concrete on the bottom surface and its walls must be covered by
blocks or bricks. In dung pits, manure must be protected from drying and flooding. The area
around the manure-pit as well as the roads to livestock houses must be hardened (e.g. by gravel
or concrete), which makes it easier to bring manure and keep the surroundings clean.

Manure dung pits must be located at least as far as 50 meters from the stable and at least 200
meters from residential buildings. It is recommended that dung pits must be big enough for
storing manure during 6 months. In such case, the farmers will have enough flexibility to use
manure at optimal dates based on plant requirements. The dung-pit size must be planned according
to the assumption that manure produced by each large cow would occupy 3-m? area. Of course,
the dung pit’s volume will depend on the height of the manure heap.

A typical 300-ton capacity dung pit must have awidth of 9 m, length 21 metresand depth 0.5-1.0
m. Soil, which is dug out of the hole, is used for making an embankment along the longer sides.
The bottom of the dung pit must have a slope towards awater tight tank, where all outflows will
be diverted and collected (Drawing 2). The bottom and the road to the dung pit must be covered
by concrete. The height of heap can be up to 2 metersin such dung-pits.
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Drawing 2: Dung pit with a slope to the liquid manure tank
To obtain rotted manure, manure must be stored for at least several months using a special

method depending on the farmer’s obj ectives. There are three major methods of storing manure:
firm, semi-loose and loose.
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When the “firm” method is used for storing, manure is placed in the pit in layers (piles, about 1
m thick) and each layer isrolled. When the height of the pile reaches 1.5-2.5 meters, it is covered
by straw, peat or soil (8-15 cm thick). Using this method, semi-rotted manure can be obtained in
3-4 months with minimal losses of nitrogen.

If the “semi-loose” method is used for storing, manure is placed in the pit in piles but without
rolling. Manure isrolled again later, only when its temperature reaches 60-70° C. After rolling,
manure is placed in piles again, which drops the temperature to as low 30-35 ° C. The “semi-
loose” method is used when it is urgent to obtain rotted manure or when it is necessary to
eradicate microorganisms and weed seeds.

Manure is not rolled at all when the “loose” method is used. Its decomposition goes very fast at
high temperature with participation of aerobic bacteria and results in high nitrogen losses.
Nitrogen losses during manurerotting are 11-12% (firm), 21-24% (semi-loose) and 31-32 % (loose).

3.3.4. Slurry

Slurry isamixture of urine, solid excrements of animals and water and is produced at big farms.
Slurry is accumulated in water-tight tanks, which are connected to the barnyards. The outflow
from manure pits can also be considered as slurry. Water tight tanks are connected to the dung
pits to accumulate slurry. It is liquid and doesn’t contain bedding material and is an efficient
organic fertilizer. It contains nitrogen (0.25%) and potassium (0.5%). The efficiency of slurry
can beincreased if 10-15 kg of superphosphate is added per one m? of slurry.

At small farms, slurry is produced through dissolving rotted or fresh manure in water. Firstly,
manure and water are mixed in the proportion of 1 to 1 and the slurry is stored for one week.
Afterwards, slurry isdissolved in water again at aproportion of 1to 5. Most of the nutrientsin such
slurry arereadily dissolved in water and thereforeit isused only for top-dressing or foliar application.

All liquid excrements of domestic animals must be stored in special water-tight reservoirs, far
from residential buildings and beyond the borders of agricultural fields. The capacity of the
slurry storage tank must be big enough to store slurry for 6 months and provide for optimal dates
of slurry application to agricultural fields. It is estimated that about 1 m® capacity is necessary
for storing slurry produced by alarge animal.

3.3.5. Using manure in agriculture

Manureisthe best fertilizer toimprovefertility of soil. It provides soil with al necessary nutrients
and organic substances. Manure is rich in nitrogen, phosphorus and potassium. It facilitates
biological processesin soil and improves soil water holding capacity and physical properties.

It is recommended that manure be applied to soil before plowing. It is possible to apply liquid
manure and slurry at planting and at |ater stages of crop development. Manure must be applied
to soil at least 2-3 months before harvest to avoid pollution of food. In general, manureisagood
fertilizer for al crops. Regarding crop types, the highest response to manure is observed for
potatoes, sugar beet, vegetables, orchard crops and citruses.

Manure must be broadcasted in the field and afterwards it must be incorporated into the soil. In

case of permanent crops, manure can be applied between the rows or around the trunks of trees
at about of 0.5-m distance and incorporated in soil.
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Manure should always be incorporated into the soil. Manure, which has been left
on the soil surface looses as much as 21% of nitrogen during 4 days, while
manure, which is incorporated in soil looses only 5 %.

It is possible to use manure and minera fertilizers simultaneously. This may happen for several
reasons. Adding mineral fertilizer may be necessary to correct amisbalance of nutritive elements
in the manure which may be as aresult of feeding animals with certain types of feeds. Another
reason for using both sources of nutrients would be if the crop requires greater amounts of all
three major elements: nitrogen, phosphorus and potassium or if one of them becomes limiting.

Manure can be used as a source of energy to produce biogas. Anaerobic processes in manure
produce methanein big quantities, which can be used asfuel by households. However, to produce
methane from manure, it is necessary to build a biogas plant (Drawing 3). A biogas plant will
provide an optimal environment for anaerobic processes to produce methane. The manure, which
is left after methane production, is a good fertilizer and can be applied to soil.

3.3.6. Manure and slurry as pollution
sources in agriculture

Manure and slurry are important organic
fertilizersand, if they areused in theright way,
soil fertility can beimproved without pollution
to the environment. The problems vis-a-vis
possible pollution come from the fact that
ammoniavolatilizesvery fast and nitrates|each
in great quantities from manure which is left
open to weather conditions. Nitrates dissolves
in water and flow together with it and so can
easily bypass the root zone and enter ground
water and eventually flow toriversand surface
water reservoirs.

Drawing 3: Biogas plant

The digestive tracts of domestic animal s contain numerous microorganismswhich are also found
in manure. Among them are microorganismsthat can cause diseases and may harm human beings
and other domestic animals. These microorganisms can live in water and move together with it
posing athreat to human beings.

The main objective for farmers in terms of environmental protection is to protect manure and
slurry from surface water flows and to reduce ammonia volatilization as mush as possible. The
livestock producer must pay great attention to flows of surface water in hisfarmyard and around
his farm buildings. Water flows along slopes, infiltrates soil and enters ground water. Dung-pits
if flooded can therefore become sources of infection for humans and animals.

Pollution of water by livestock can be prevented much more efficiently if cow-sheds and dung-
pits are located and constructed according to special rules. All solid waste must be accumulated
in pits with water-tight floors and walls and which should be located in isolated places and be
periodically disinfected. Manure and slurry must be collected from cow-sheds, stored in special
pits and tanks, and transported and applied to fields in away to minimize losses of nitrogen.
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Storage containers for semi-liquid and liquid manure must have water-tight walls and floors. It
isprohibited to direct slurry to a public sewage system. It is recommended to reduce the amount
of slurry that is produced at farms. This can be done through the economic use water for washing
stables, by fixing water |eaking from feeding-troughs and by using bedding in cow-sheds. Storing
manure in the field is not acceptable because it may result in pollution of ground water with
nitrogen and phosphorus substances.

With regard to sewage, for farms which are provided with a mains water supply but which are
not connected to the public sewage system it is necessary to build cesspits or septic tanks with
water-tight wallsand floors. Farms which have amainswater supply use more water and produce
greater amount of sewage. Livestock access for drinking at river banks can be limited by fences
so that only a part of the herd may drink water simultaneously the result of which will be less
manure is dropped into the river.

Effluent which results from fermentation of silage must be collected in a special sedimentation
tank connected to asilo bin, to avoid pollution of water. Fermentation of one metric ton of silage
can produce up to 0.2 m® of liquid which can be used as an organic fertilizer.

3.3.7. Biological waste management in animal husbandry

Biologica waste from animal husbandry practicesincludes carcasses of dead animals and birds,
aborted embryos or dead-born fetuses, entrails of slaughtered animals, veterinary remains
(confiscated products resulting from veterinary-sanitary examinations) and other waste which
may be generated during the processing raw materials of animal origin.

Destroying animal husbandry waste may be carried out in special animal waste processing plants
under veterinary hygiene guidance or it can be buried in exceptions. Carrions of infected animal's
must be incinerated. Carcasses, entrails and skin must be incinerated if a sudden infectious
diseaseisidentified (e.g. anthrax, malignant carbuncle, malignant edema, lyssa, glanders, cattle-
plague, tetanus, botulism etc.).

In the case of the death of adomestic animal or upon finding of an aborted embryo or dead-born
fetuses, the owner of the animal must inform a veterinary surgeon who will make a
recommendation on the safest way to dispose of the waste. Animal carcasses must be isolated
from humans, other animals and insects. Is not allowed to cut or open a carcass of adead animal.

If disposal of carcasses by incineration is not possible, carcasses can be buried according to the
following rules:
e  Ananima burial pit must be at least 250m away from any well, borehole or spring
that supplies water for human and animal needs;
e Ananimal burial pit must be at least 50m from any river or other non-drinking water
source and at least 10m from a drainage system;
e A buria pit hasto be at least 500m from a settlement;
e  The bottom of the pit must be dry and free of standing water;
e A burial pit has to be of such depth that after burying the carcass there would be at
least 1m of soil layer aboveit;
e |tis prohibited to throw dead animals to rubbish-dumps, dung-yards and compost
sites.
e |nexceptional cases and under the supervision of aresponsible institution, carcasses
can be used for research purposes, fed to zoo and circus animals, fur animals and
hunting dogs.



Slaughter-houses and slaughtered animal processing units must have aconcrete water-tight floor
covered by tiles; such places must be provided with hot and cold water. Water used for processing
of slaughtered animals and meat must be of drinking water standard. If the slaughter-house is
not provided with a sewage system, waste water must be disinfected with adisinfection solution.

Only healthy animals can be slaughtered. If a sudden disease is identified at the
slaughter-house, the whole facility must be treated with a disinfection solution.

All labour employed in aslaughter-house must wear working clothes, treat any wounds obtained
during their work with medical disinfection and anti-bacterial solutions and undergo medical
checksregularly. All equipment and implements used in slaughtering must be made from materials
which can be easily washed, cleaned and disinfected and must not have any negative impact on
the quality of the meat products. Working tables must have covers made from stainless steel,
ceramic tiles or from specialized synthetic materials.

Slaughter-houses must have refrigerators for meat storage. There must be a special refrigerator
and sterilization equipment for meat which isconditionally considered asedible. After slaughtering
or at the end of each working day it is necessary to clean and sterilize thoroughly all equipment,
implements, storage facilities, repositories and containers for transportation with soda ash or
sodium hydrate.

3.4. Plant protection from pests

3.4.1. Legal framework

Protection of plantsfrom pestsisamatter of state and publicimportance. Efficient plant protection
must provide for not only sustainability of agricultural production and food security, but also for
the reduction of environmental pollution and the leaving of a safe environment (1).

The state policy covering the efficient application and safe use of pesticides and agro-chemicals has
been developed and isimplemented by the Ministry of Agriculture, athough some aspectsrelated to
the safe use of the pesticidesare regulated by the Ministry of Environment and Natural Resourcesand
by the Ministry of Health and Social Protection. These bodies implement state control and the
surveillance of pesticide-related activities in the respective fields of their competence (2).

A set of the laws and subordinated acts have been approved for the effective use of pesticides
and agro-chemicals, which are mandatory to al land-users and those who areinvolved in activities
with pesticides and agro-chemicals. Thelist of the laws and subordinated actsis provided in the
attachment.

Pesticideswhich are registered by the Georgian State arelisted in “ State Catal ogue of Pesticides
(Plant Protection Products and Growth regulators), Which are Approved for Use from 2005-
2009 in Georgid’ (3, 4).This document describes the mandatory regulations, hygienic and
ecological standards related to the use of pesticides. The state catalogue is published every five
years. Amendments to this catalogue are made and published annually.

In Georgia it is legal to import, store, transport, sell and use only those pesticides
which have been registered by the National Service for Food Safety, Veterinary
and Plant Protection of the Ministry of Agriculture.
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3.4.2. Methods of Plant Protection

Plant Protection (pest control) methods are applied to reduce the negative impact of pests, diseases
and weeds on crop plants. Good agricultural practicesimply not only obtaining high yields, but
also the reduction of the negative influence of pest control practices on the environment. Plant
protection in agricultural production can be carried by a number of different methods including
agro-technical, chemical, biological, physical-mechanical and through quarantine.

The agro-technical method means the growing of agricultural crops by providing optimal
conditions that induce plants to grow and develop rapidly and so stimulate their own natural
resistance to pathogens. The negative influence of pathogens can be reduced through planting
resistant varieties, applying the right tillage and crop rotation systems, removing plant residues
fromthefield, using quality planting material, applying theright irrigation schemesand providing
crops with balanced nutrition.

The chemical method is the use of chemical preparations, generally known as pesticides.
Pesticidesare normally used in three ways: for the eradication of plant diseases, pests and weeds,
for the limitation of the abundance and harm caused by plant diseases, pests and weeds and for
the regulation of plant growth.

The biological method is the use of natural enemies, i.e. insects, nematodes and ticks;
microbiological preparations from bacteria, fungi or viruses, as well as applications of plant
extracts to stop or to limit the spread of harmful organisms and their harmful effects.

The physical-mechanical method isthe collection of pests by hand or by specialized equipment
for their elimination; the eradication of pests by heating, cooling or drying, removal of damaged
plants from crop fields and applying radiation methods of sterilization.

Integrated Plant Protection isthe integrated use of all plant protection methods valuable for a
particular case giving preference to non-chemical measures versus chemical methods used to
raise plant resistance and maintain natural equilibrium. Integrated plant protection systems are
based on knowledge of the biology of insects, pathogens, weeds and beneficiary organisms and
the relationships between pests and beneficial organisms. Biotechnological methods of pest
population prognosis (pheromone catchers) are used in conjunction with estimations of the
economic damage thresholds. Usually complete eradication of the pest is not the objective of
Integrated Plant Protection but the reduction of its population and the keeping of economic
damage to a minimum.

3.4.3. Threats from pesticide application

Pesticides, which are active chemical compounds, can pollute surface and ground water and soil.
If not used properly, pesticides can damage human and animal health and the environment;
induce undesired changesin ecosystems, particularly the eradication or reduction of populations
of beneficial organisms which naturally control numbers of pests. Pesticide residues can easily
penetrate the human organism through polluted water and plants, which are used for food.

Risk-free chemicals do not exist but there are safe ways of using them!

3.4.4. Types and preparations of pesticides
Thetype of pesticide is defined according to the target organism: herbicide (weeds), insecticide
(insects), acaricide (ticks), fungicide (fungal diseases), rodenticide (rodents) and others. Growth
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regulators are also included in pesticides. All plant protection products have different forms of
preparation. Some of them are powders and others are granulated powders or water insoluble
concentrated emulsions. Respectively, they are packaged in different types of containers.

Pesticides can be used in accordance with the regulations that areindicated in the State Catal ogue
of Approved Pesticides and according to the recommendations on the label of the container
provided by the manufacturer.

3.4.5. Pesticide purchase and labeling

Pesticides can purchased only at specialized retail outlets!

Before purchasing a pesticide the buyer must require aproduct quality certificate and make sure
that the container is not damaged. The pesticide, once purchased, must be accompanied by
instructions and additional information about the product in the language the purchaser can
understand. He may also request a leaflet about the pesticide. Violation of the rules concerning
the trade of pesticidesis punishable by the law (5,6).

The purchaser must examine the container of the pesticide. It must be plugged hermetically and
the cap must have an undamaged protection ring. It is prohibited to buy pesticides in open
unpacked containers. The label must be read carefully from the beginning to the end! Store and
use plant protection products according to the instructions on the container. Never use pesticides
which have expired or are prohibited by the State (7).

Pesticides must have alabel with the following information on it:
e  Genera name;
Active ingredient;
Preparation form and active ingredient concentration;
Type (insecticide, fungicide, herbicide);
Target pest, crop and type of facility (greenhouse, warehouse etc);
Compatibility with other preparations;
Amount of preparation;
Toxicity class, threat signs and threat pictograms;
Antidote;
Restrictions;
Full name of producer, trade mark and address,
State registration number;
Production date and expiration date, coding of the lot for traceability;
Storage conditions;
Prohibition statement on reusing the container and guidance for its safe disposal and
utilization.

Attention must be paid to the following symbols that indicate the threat associated with its
storage, transportation and application of the pesticide:

E— explosive; T+ - very toxic

O —oxidizing; C - corrosive

F - very inflammable; Xn —harmful;

F+ - extremely inflammable; Xi —irritant;

T —toxic; N — dangerous for the environment.
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The user must read very carefully the safety instructions given on the label and the simple rules
for the application of first aid, which is provided in case of poisoning by the pesticide.

3.4.6. Safe transportation and storage of pesticides

It is important to follow the safety rules during the transportation and storage of pesticides.
Pesticides must be transported by the transportation means specifically designated for pesticide
transportation. Pesticides must be stored and transported in their original intact containerswhich
must have appropriate |abels. Pesticides must be stored in a specially designated warehouse (5).
Violation of the pesticide transportation and storing rules are punishable by the law (6).

While transporting the pesticides they must be kept at a distant from any passengers, animals
and food. After transportation, the vehicle must be cleaned and washed thoroughly. The loading
and unloading of pesticides must be carried out carefully. To avoid damage to the pesticide
containers and the spilling of the pesticide nothing heavy should be placed on the containers.
Before loading the pesticidesin the vehicle thefloor should be checked for nails and other things
which may damage the container. The vehicle floor must be smooth.

It is prohibited to store pesticide together with food and feed!

Pesticide warehouses must be located far away from residential buildings and be unreachable
for children. Pesticides must be stored in a cool, dry, well-ventilated, well-roofed and light
protected room. Pesticides must be isolated from inflammable substances such as fertilizers.
Household chemical goods must be stored separately from the pesticides.

Never purchase more pesticidesthen it is necessary for the current season. Thiswill avoid storage
of excessive and residual amounts of pesticides. Pesticides must be stored far away from sources
of drinking water and sewage systems. Baits, impregnated by rodenticides, must be stored
separately from herbicides. Seed treated with pesticide must be |abeled appropriately to avoid
mixing with grain intended for food.

Pesticide containers must be checked regularly for damage and leaks.

In the case of pesticide spills or leaks:

e  Exclude access of humans and animals to the polluted areas.

e Do not smoke or make fires near the polluted area.

e Sawdust or soil must be spread over the polluted areawhich must be swept up and dug
into soil;

e  Polluted vehicles must be washed far away from surface water;

e  Working clothes must be worn during the cleaning;

e  Polluted food must be dug into soil or burnt. Polluted food must never be used and
must not be given to animals. It can cause death!

3.4.7. Safe use of pesticides

Before purchasing a pesticide, the user must assess the problem through the
identification of the pest and the extent of the crop damage in consultation with a
specialist.

The decision to apply a pesticide must be made based on the assessment of the crop damage
potential versus costs related to the application of the pesticide. Pesticide applicationisjustifiable
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only if the spread of the pest exceeds a scientifically grounded threshold. The date and method of
pesticide application is determined based on the prognosis for the pest development and its spread.

The required pesticide application rate can be reduced significantly if some preventive
measures are included in the crop management system:
e |tisvery important to have healthy planting stock and seeds, and healthy soil.
e  Growing crops that are adapted to the local climate, soil and topography may reduce
pesticide application rates,
e Inclusion of the right cropsin acrop rotation system (that don’t have common pests)
may provide for a better control of the pest through disrupting their life cycles.
e  Growing cropsthat are resistant to diseases/pests and competitive to weeds varieties.
e  Application of the right crop management practices in order to establish a favorable
environment for crops to express their natural resistance to pests.
e  Plantsmust be observed at |east once every 2 weeks. Less pesticideisrequired if itis
applied in the early stages of disease or weed development.

Before using the pesticide the operator must understand the following instructions carefully in
order to get familiar with the necessary information and the application rules for the pesticide:
e  The purpose of the pesticide: i.e. which is the target pest;
e  Application time: when it isalowed and when it is prohibited to apply the pesticide:
month, crop growth stage, pest development stage etc.;
o  Whereitispermissible to use the pesticide: which crops, regions, etc.;
Restriction of use: weather, minimal period between the application and harvest dates,
waiting period etc.;
Possibility of joint application with other chemicals, if necessary;
How to avoid damage to beneficial insects (e.g. beesand wild insects) and wild plants;
Recommended application rates.
Possibilities of development of resistanceto the herbicidein the target pest populations
and how avoid it.

The preparation of the pesticide solution and its application to the field requires skilful
operators who are familiar with sprayers, who can select the right nozzle and who can

define the distance and direction of spraying.

Preparation of aworking solution

Preparation of pesticide solutions requires the
exact observance of the indicated concentration
and rulesfor mixing. Containers and implements
used for the preparation of pesticide solutions
cannot be used for other purposes. After washing
the implements and containers used in the
solution preparation, water can be added to the
sprayer’s tank. It is prohibited to use the empty
pesticide container for any other purposes and
they must not be burnt or buried.

o » Photo 12: Adding the preparation to the
Before the application of pesticides the operator sprayer's tank

needs to prepare the appropriate spraying
equipment and check its readiness. After, we need to pour required amount of water in the tank,
fill it up to the required level and add the preparation to the tank (Photo 12).
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Theinstructionson thelabel must beread in order to select the concentration rate for the solution. The
recommended gpplication ratesand rulesfor dissolving the pesticide must be adhered to. It isimportant
to remember that excessiverateswill not provideabigger effect but reduced rateswill belesseffective.

Powder or granules should be added to the sprayer’s tank in a solution of water. The required
amount of an emulsion must be put into the tank first and then water should be added afterwards.
Thetank should never befilled to therim to avoid spilling of the pesticideduring itsfield application.
Only enough solution should be prepared for carrying out a single application operation.

Safety advice for pesticide use:

e  Thedirection of spraying must take in account the drifting of pesticide to neighboring
plots and the inhalation of by the operator of the pesticide droplets. Pesticide should
be applied in the morning or evening, when air the humidity is relatively high.
Application of pesticides is not efficient on windy (>4m/sec) days. In the case of
moderate wind, the operator should account for its direction and strength to avoid
harming neighboring fields, especialy if susceptible crops are grown there.

e  Herbicide should not be applied during rain as most of the herbicide will be washed
out and flow into the soil and surface water so the effect will be reduced.

e  Humansand animals must not enter the newly treated fields. The treated fields can be
entered only after a certain period, which isindicated in the instructions.

e  The pesticide residue level of the crop must not exceed the allowed rate. To avoid
pollution by pesticideresidues, it isimportant to observe the necessary “waiting period”
between the last application of the pesticide and harvest date. The waiting period is
indicated in State Catalogue (3, 4).

e |fthewaiting periodisnot observed, the pesticidewill not disintegrate and the crop product
will be polluted with pesticide residue. Thisis considered as detrimental to human health.
Selling unsafe food is strictly prohibited and such food must be destroyed (9, 10).

Theapplication of pesticidesisnot recommended at adistance lessthan 5 metersfrom residential
buildings, nor at a distance less than 20 meters from gardens, bee hives, surface waters or safe
zones of water collection systems. Application of pesticidesto soils (granulated, solutions, powder,
dense vapor) must carried out by a special fumigator and operator. It is prohibited to apply
pesticides to soils using a planter.

Violation of the pesticide application rules are punishable by law (5,6).

3.4.8. Personal safety of operators

All pesticide products are accompanied by a Guide for Safe Usage, which must be read carefully
by the operator in advance of pesticide application. The guidance includes saf ety measures and
precautions.

The following rules must be observed while preparing pesticide solutions:

e  The operator must be dressed in working clothes including the following clothing
itemsto preserveindividual safety: rubber gloves, rubber boots, protective cap, glasses,
and respirator.

e  The preparation of pesticide solutions must be carried out far away from residential
houses and domestic animals. Children and animals must not be allowed to approach
the solution.

e  Surface water must not be polluted with pesticides as it can be used for watering
animals.



Use specialized implements for the preparation of pesticide solutions. measuring
glasses, plastic scoops (to take powder). Solutions must not be touched by unprotected
hands and mixing implements must not be used for any other purposes.

Only pure water must be used for the preparation of pesticide solutions.

The sprayer’s tank must be filled with water carefully to avoid spilling. Powder must
be added to the tank with great precaution to avoid scattering. Attention should be
paid to the wind direction to avoid inhaling of harmful substances.

The pesticide container and sprayer should not be left unattended! The pesticide
containers should not be left open.

After application of the pesticide

After completion of the work, the equipment must be cleaned and washed and
maintained regularly.

The pesticide container must be capped well to avoid spilling or scattering. The pesticide
must be stored initsoriginal container. It must not be moved to other vessels or bottles.
Used containers must be washed out at |east three times and water should be pouredin
the sprayer’s tank and applied through the nozzles.

It is prohibited to work with pesticides without using personal protection!

Things to remember about personal safety while working with pesticides:

It is forbidden to eat, smoke and drink water while working with pesticides or being
nearby pesticides,

Itisnecessary to protect the eyes. If pesticidefallsinto an eye, the eye must be washed
with abundant water;

It is necessary to protect the respiratory tract: it is very harmful to breath or smell
pesticides or the smoke obtained from its burning;

Contact with pesticides on the skin isnot desirable. Polluted clothes must be taken off
as fast as possible.

Special clothes (coverals, aprons), rubber shoes, eye-glasses, rubber glovesand respirator
must be used during the application of pesticides. Bandages or cotton cloth can be used
to cover the mouth and nose if arespirator is not available.

Itisprohibited to clean polluted nozzles and sprayer filters by blowing using the mouth.
After completion of work, the operator must first wash hands without taking off the
rubber gloves with disinfectant solution (e.g. 0.3% CaSO,), and then takes off the
glasses and respirator, clothes and shoes. Afterwards, the operator must wash hands
again and only after that takes off the gloves. Finally, hands are carefully washed by
soap and then the operator should take a shower.

The working clothes must be aired for 8-12 hours and washed by washing soda or soap.

3.4.9. Safe disposal of pesticide waste

The safe disposal of pesticide waste is carried out according to the Georgian Law on Pesticides
and Agrochemicals. According to international practices and recommendations3 farmers must
not accumulate pesticide waste and obsol ete pesticidesin big quantities. Farmers should therefore
avoid the purchasing of excessive amounts of pesticides. The accumulation of pesticide waste
must be destroyed following the instructions of the Environmental Protection Authorities and
instructions given on the pesticide container labels.

3 Global Plant Protection Federation and European Plant Protection Association recommendations on
pesticide waste management.
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There arefivetypesof pesticide waste: 1) surplus products, 2) containers, 3) excess mixtures, 4)
rinse water from containers and application equipment, and 5) materials generated from the
cleanup of spills and leaks.

Surplus pesticide: According tointernational practices, surplus pesticide must be destroyed through
incineration at a temperature higher than 1000 C° using special equipment at licensed waste
treatment premises, or that it isburied at licensed landfillsstrictly following all safety instructions.

When licensed waste treatment premises and landfillsare not available, small quantities of leftover
pesticide can be buried in a special site, alocated by the Environmental Protection Authorities
for agroup of farms, observing the following rules:

e  Pesticide leaching and surface water pollution by pesticides must be avoided,;

e  Pesticide waste can be buried in places only wherewater lodging is excluded. The site
must be fenced and marked by a caution sign;

e  Theholefor burial must be concave, with adiameter and depth being equal to 2-3 and
1-1.5 meters, respectively. The bottom of the hole must be 2 meters above the surface
of ground water;

e  Thebottom of the hole must be clayed with a 10-cm thick clay layer and covered by a
3-cm thick layer of lime;

e  Pesticideleftover must be placed in the holein 10-15 cm layersin rotation with layers
of lime and domestic waste which is subject to biological decomposition;

e Tofacilitate biological decomposition, the hole must be covered by a 50-cm layer of
compost or soil and planted with shrubsto avoid disturbance.

Pesticide containers must be destroyed at alicensed landfill. If alicensed landfill isnot available,
used pesticide containers must be buried at a site, allocated by the Environmental Protection
Authorities, observing the following safety rules:

e  Maetal containers must berinsed threetimes, pierced to avoid their re-use, squeezed to
reduce volume and buried in alandfill. Holes must not be made in aerosol pesticide
containers!

e  Plastic containers must berinsed threetimes, pierced and buried in alandfill or, except
for polyvinyl chloride containers, burnt.

e  Paper and cardboard containers must be burnt or buried. Sites for burning and burial
must be far away from residential places and water reservoirs. Care should be taken
not to swallow smoke from burning the containers!

Excess mixtureisdiluted pesticide that isleft over in the spray tank after a pesticide application.
It usually cannot be stored so one should not generate excess mixtures. If there are excess mixtures
the way to dispose of it isto use it on a designated and labeled site. To avoid the problem of
excess mixture the required amount should be properly estimated and the spraying equipment
carefully calibrated. The spray tank should befilled with only the amount required to do the job.

If rinse water from the application equipment is improperly disposed of it has a great potential
for causing ground and surface-water contamination. Therefore:
e  Onemust not discharge rinse water to the ground,;
e One must not discharge rinse water to septic systems — this will increase the chance
that it will get into the ground water;
e  Onemust not discharge rinse water to ditches or streams—it isillegal and may cause
damage to neighbor’s crops, trees, or be a serious hazard to fish and other wildlife.
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e  Onemust not bury rinse water — it may contaminate ground water;

e  The amount of rinse water should be kept to a minimum — wash out equipment only
when necessary;

e  One must not apply rinse water to a treated field. This will not result in an applied
concentration above the label’s recommendation. Rinse water should be disposed of
inthe same way aswaste water generated as aresult of the clean-up of pesticidesfrom
stained or contaminated surfaces.

Material generated from cleanup of spills and leaks: Materials such as soil, sand, sawdust, or
other absorbent materials should be used to adsorb liquid pesticides. These materials, and soil
contaminated with aspill should be collected in acontainer and delivered to alicensed landfill or
if that isnot possible, buried in hole at a specially designated site strictly following safety rules.

3.5. Protection of the environment from pollution from sewage water and waste

3.5.1. Legal framework

According to the Georgian Water Law of 1997, a permit is required to direct industrial sewage,
household sewage and drain water to surface water. The permit can be given only if sewage
water has been purified to alevel which meetsthe requirements stipulated by the Environmental
Protection Authorities.

According to Georgian Law on Environmental Protection (1997), all subjects involved in
economic activity are obligated to understand waste reduction, disinfection, utilization, correct
disposal and landfill and to follow the environmental protection and epidemiologic requirements.
It has to be emphasized that landfill is allowed only in specially assigned places.

Centralized sewage water purification systems consist of several steps and includes collection of
sewage water (sewage system), filtration of large solid particles, settling of small particles,
mineralization of organic substances (through adding bacteriaand oxygen), and the sedimentation
of the products of mineralization and disinfection. The modern solid waste utilization and
sterilization system is even more complex. Often, rural households and processing units don’t
have access to a centralized sewage and waste collection system. Therefore they are responsible
themselves for disposal of waste and used water.

3.5.2. Waste from primary processing of agricultural produce

Primary processing of agricultural commodities generates waste. The generation of each type of
wasteisrelated to the properties of the raw materials and the technology that isused in processing.
E.g. fruit peels and pips from fruit processing units, bones and blood from meat processing
units, and bran and grain flour scattered on the floor in bakeries.

Waste can be also generated through the failure of equipment, labor malpractice and
mismanagement of the unit. Some good examples of such types of waste would be the rejected
outputs resulting from the mistakes in dosing ingredients, transporting or storing of products.
Such waste may consist of unprocessed, partly processed or fully processed products.

Large amounts of water are used by processing units. Waste water is generated through washing
raw materials, processing equipment, storage facilities and mopping floors. Depending on the
waste products, its amount and the amount of water used in processing the waste water can be
liquid or be athick like sludge.



3.5.3. Reduction of waste in processing units

Large amounts of waste are often associated with mismanagement of the processing unit and/or
usage of an inefficient technology, which results in economic losses. Raw materials must be
stored in appropriate conditions and used efficiently in processing. The proportion of rejected
product must not exceed 5% of the total processed.

Pollution of the environment by waste from agricultural processing can be reduced and profitability
of processing units increased if waste is recycled: organic waste can be used for production of
methane in biogas equipment or compost. Organic waste obtained from the processing of certain
types of agricultural produce can be used as feed. It is recommended that expert opinions are
sought to better understand the economic viability and in some cases the safety of recycling
organic materials.

To utilize waste, it is necessary to sort organic waste from other types of waste and store it
separately. Fewer detergents must be used for washing processing units where waste is managed
for recycling.

Processing units which have a centralized water supply but are not connected to centralized
sewage systems produce waste water in particularly big amounts. The amount of waste water
can be reduced if:

e dry andliquid waste is stored separately;

e  dry substances scattered on floors is cleaned up by using brushes or brooms;

e  highpressuresprayersare used to raisewater pressure and which reduce water consumption.

3.5.4. Human domestic waste

Domestic waste includes household garbage, waste water and human biological waste. It is
necessary to accumul ate organic and non-organic waste separately. Organic waste can be used as
feed or raw material for the preparation of compost. Compost can be prepared not only from
organic waste but also from hay and dry grass residues. Compost is used as organic fertilizer.
Metal, glass, plastic and other solid (non-organic) waste cannot be included in compost but it
must be accumulated in aspecially designated place and transported and dumped at aspecial site
near designated by the local authorities. If it isnot possible to recycle paper and cardboard they
can be burnt also at a designated place and the resultant ash can be used for soil fertilization. Ash
isrich of potash.

Human biological waste represents a dangerous source of contamination and potential spread of
infection. Human biological waste entering riverswithout prior disinfectionisstrictly prohibited.
If a centralized sewage system is not available, the simplest although considered a temporary
solution is an outhouse, which should be set over a hole that has been dug to at least 1.5 meters
into the ground. The outhouse should be constructed at least 15 metersfrom the housefor hygienic
and odor reasons. More importantly, the outhouse must be at least 20 meters away from any
water well to avoid contamination of drinking water. If the holeever fillsup, it will be necessary
to dig another and drag the outhouse over the top of it. In some regions of Georgia, a special
service is available, which pumps out human biological waste and transports it with tanks to a
special site for processing.

Even if waste water doesn’'t contain much waste it is prohibited to direct it to surface water

without further processing. Cesspits are used for processing of waste water. A cesspit is a hole
with its bottom filled by gravel. Waste water is directed to the cesspit by a pipe and it becomes
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filtered whenit infiltrates gravel and soil and

is naturally purified by the time it reaches

ground water. A waste water disinfection N ;J/h sepigtank poil crainiioid
system can be improved significantly if

waste water passes a septic tank beforeit is L 00 mﬁiﬁm L2t
drained into the soil. Such asystemiscalled
septic tank-soil absorption system (Drawing
4).A household sewage pipe can be
connected to septic tank-soil absorption
system. This system is widely used in rural
areas of developed countries where
centralized sewage systems do not exist.
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Drawing 4: Septic tank — soil absorption system
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until the tank needs to be cleaned. Heavier |
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they are gradually decomposed by bacteria. 2 pipe
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But some non-decomposed solids remain,

forming a sludge layer that eventually must e sludge =

be pumped out. After passing the septic tank,
effluent flows to the soil absorption system, Drawing 5: Septic tank with effluent filter
which works as a sanitation well. It further

filters water and distributes water in soil to facilitate its purification.

The tank size is determined by the family
sizein the house and water consumption rate

per person and taking into account that waste e
water must stay in the septic tank for at least P—
48 hours before it passes to the soil Y

absorption system — possibly a waste water PR

drain in a drain field. The accumulated b
sludge must be pumped out at least once a
year and sterilized.

Drawing 6: Waste water drain

Further treatment of wastewater occurs in the soil beneath a drain field (Drawing 6). A drain
field consists of long underground perforated pipes or tiles connected to the septic tank (Drawing
7). The network of pipesis laid in gravel-filled trenches. A typical trench is about 40-70 cm
wide. Thelength of the pipes can reach as much as 50 meters. If the areaavailableis not enough,
acesspit can be constructed instead. The soil below the drain-field provides the final treatment
and method of disposal of the septic tank effluent. After the effluent has passed into the sail,
most of it percolates downward and outward, eventually entering the groundwater. A small
percentage is taken up by plants through their roots.



Gravel and heavy clay soils are not suitable
for soil absorption and may not provide for
complete treatment of waste water. In such
cases, reed-sand filters can be used for
completion of waste water treatment. One-
square meter of the reed-sand filter can treat

up to 30-50 litres of water per day.

The reed-sand system consists of a siphon
and a reed-sand hole, which are connected
to each other by a pipe (Drawing 8)*. Waste water first flows to the siphon, where mechanical
mixtures form sediment, and after enters the reed-sand whole, where it is completely treated.

Drawing 7: Drain field
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The siphon represents a 0.5m x 0.5m x 0.5m size cube, which is made of concrete (Drawing 9).
The siphon is partly buried in soil. Concrete has to be 10 cm above the soil surface. The siphon

Drawing 8: The reed-sand water filter system
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The reed-sand filter represents a40-cm hole, whichisfilled by sand up to about 20 cm (Drawing
10). The distance between the reed plants is 20 cm. It is recommended that the reed hole be

Drawing 9: Siphon

surrounded by fence to avoid contact of humans and animals with waste water.

4 The reed-sand filter system drawing has been provided by NGO " Civil Society to Peasants (President

Koba Khutsishvili).
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Drawing 10: The reed-sand filter-hole

3.5.5. Application of sewage and sludge for irrigation and fertilization

Sewage and sludge can be used in agriculture to irrigate and fertilize agricultural land under
certain circumstances. Each person who wants to use sewage for this purpose is obliged to
obtain awaste-disposal license, issued by the competent departmentsfor environmental protection.
Sanitation requirementsfor sewage and sludge that areintended for usein agriculture are presented
in the Sanitation Regulations (20). It is not allowed to apply sewage on soils containing higher
than admissible amounts of heavy metals.

Sewage cannot be used on slopesinclined more than 10 degrees and on grasslands more than 20
degrees. It must not be applied on arable lands or on grasslands if the level of ground water is
lessthan 1.5m from the surface. It isnot allowed to use sewage for plants (fruits, vegetables) that
will be eaten in the raw state. According to legal regulations slurry and liquid manure are not
regarded as sewage and they must be applied in the same way as natural fertilizers.

3.5.6. The passing of effluent from fish production ponds to surface water

Fish production ponds accumulate floating and dissolved organic substances in large amounts,
e.g. fish excreta and uneaten food. Large concentrations of antibiotic residues, chemicals for
controlling growth of mollusk and algae and detergents for cleaning cages can also be observed
in fish production ponds. A small fish production pond, which produces up to 500 tons of fish,
can accumulate and pass to surface waters as much organic waste as a community consisting of
5-7 thousand inhabitants. Fish can fall sick in production ponds and this sickness may spread to
natural populations of fish. Water from fish production pondsisrich in microorganismsbut it is
deficient in oxygen. Such water, if it passesto anatural water reservoir, may cause eutrophication
and promote abnormally large growths of algae.

To improve the quality of fish pond water and enhance the productivity of fish ponds, it is
necessary to apply slaked or burnt lime to the bottom of the ponds either after emptying themin
the fall or 2-3 weeks before filling the ponds in the spring. It is also recommended to apply low
rates (0.2-0.3 ton/ha) of burnt limeto ponds during hot daysin summer. Lime application promotes
the reduction of pond water acidity and facilitates mineralization of organic residues and hinders
the development of algae and “water bloom”.
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Pollution of surface waters by fish production ponds will be reduced, if:

e thefrequency of water changesin fish production pondsisreduced. The necessity of changing
water in fish production ponds is exaggerated as it is possible to use the same water many
times for fish production;

o  effluent must be held in a retention pond for 48 hours before its release to surface water
where most of the organic contaminants settle on the bottom;

o if possible effluent should flow through a bog before release to surface water. Wetlands
represent a natural biological filter as effluent becomes purified while being retained by a
bog. It is not difficult to make an artificial wetland and to pass to it fish pond effluent
before eventual release to surface water.

o  fish must be fed with good quality feed. High quality feed facilitates digestion and less
nutritive elements are released by fish.

e water circulation isimportant as this improves the oxygen content. A good oxygen supply
raises the appetite of fish and reduces the amount of uneaten food in water.

e  fish pond water can be used for irrigation of crops. Thereis about 0.9-1.2 kg of nitrogen in
1 cm of water per haavailable for plants. About 27-36 kg/ha of nitrogen will be applied to
the soil if the field isirrigated at the rate of 300 mm/ha.

e  fish ponds must be kept away of surface water flows. Pond water must not overflow the
pond banks and flow into surface waters or water reservoirs.

4. Protection of atmospheric air

4.1. Introduction

There are many air-polluting substances that may come from agriculture: greenhouse gases
(methane, nitrogen oxides and ammonia), odor substances associated with livestock production
(volatile nitrogen compounds of unpleasant smell that come from the decomposition of animal
excrement), dust (soil particles), smoke (from burning organic and non-organic residues and
waste) and other substances.

According to recent data, agriculture is not considered as a significant source of air pollution in
Georgiacompared to transport, public utilitiesand industry in thisrespect. Thisopinion is based
on the decline of agricultural production and in particul ar the drastic reduction in use and import
of the pesticides as compared with the 1980s. Unfortunately recent agricultural production
practices do not incorporate care and attention to the reduction of environmental pollution.
Therefore the anticipated growth in agricultural production, some signs of which have been
observed in recent years, will result in significant growth of pollutant emissionsto the atmosphere.

The 1999 Georgian Law on Atmospheric Air Protection provides the legal framework for air
protection in Georgia. This law states the major criteria according to which the ambient air
quality isdetermined. Thisrefersto theair content of dust, sulfur dioxide, nitrogen oxide, carbon
dioxide and hydrates. Thelaw statesthe upper limitsfor air components according to the European
Union Directive N96/62/EC issued on September 27, 1996. The marginal concentration rates of
pollutantsin ambient air of residential districtsare given in the respective air hygiene standards,
which have been approved by Ministry of Labor, Health and Social Protection (33). The Georgian
Law on Environmental Protection obliges everybody who isinvolved in any activity that they
pay due attention to the law in matters of waste reduction, disinfection, in al forms of disposal
and landfill following the hygienic and epidemiologic standards and rules.



4.2. Emission of ammonia and other odorous substances

Unpleasant smells can not be completely eliminated from livestock production. The most
unpleasant odors are characteristic of pig and poultry farms. However, taking some precautions
may reduce the emission of bad odors to the atmosphere and therefore reduce their detrimental
impact on the environment.

Livestock production produces nitrogen containing substances such as ammonia, nitric oxide,
nitrogen oxide, nitrogen dioxide, aswell as more than 330 substances with unpleasant odors. As
much as 50% of all ammonia emitted to the air is related to agricultural activities, primarily
because of domestic animal production. Ammoniain theair causes chemical reactions, produces
acids and returns to surface in form of “acid rain”.

Nitric oxide, nitrogen oxide and nitrogen dioxide is emitted to the atmosphere from animal
farms, manure storage sitesand fieldsfertilized with manure. Emission of ammoniafrom manure
reduces the nitrogen content in the fertilizer. Ammonia (in form of agas or anmonium salts) can
enter into water and cause water pollution. Pollution of soil with ions of ammonium may increase
the acidity of the soil.

Ammonia and other nitrogen containing substances are emitted in great quantities from animal
excrements. Emission of anmonia by volatilization depends on the surface area. Also the dryer
the manure the faster the volatilization proceeds. Emission of ammonia is reduced if farmers
remove manure often from cow-sheds to dung heaps. It is better to store manure in a concave
dung heap and to avoid spreading manure on aflat surface. Manure must be removed from cow-
sheds every day. Slurry should be also removed from yards and passed to specially closed water
tight tanks (lagoons) for storage and used later as liquid organic fertilizers.

The highest losses of ammonia happen during the transportation and spreading of manure and
during the 12 hours after its application to the soil. Emission of ammoniawill declineif organic
fertilizer is mixed with soil right after application. It is not recommended that ureais applied to
neutral and alkaline soils as it promotes losses of ammonia. Emission of ammonia s greater if
the period between urea and lime application is less than one year.

The high content of ammonia and other nitrogen containing substances in animal excrement is
related to theincomplete digestion of feed. Lower nitrogen levelsinfeed may reducethe nitrogen
content in animal excrements without lowering the production level. The nitrogen content in
animal excrement may declineif the diet (especially for pigs) isadjusted to animal requirements
at different periods of development (stages of feeding). Nitrogen absorption may improve if
maize silage is used as feed.

4.3. Emission of greenhouse gasses

Methane, carbon dioxide and nitrogen oxides are regarded as greenhouse gases. It is estimated
that on average 30% of emitted greenhouse gases come from agriculture. Agricultureisespecialy
responsiblefor 50% of the emission of methane. The greenhouse gases gather in the upper layers
of the atmosphere and promote the warming of the climate.

Carbon dioxide is emitted in large quantities as aresult of the consumption of fuel by internal-
combustion engines and the burning of waste and crop residues.

To reduce the emissions of carbon dioxide, it is essential to:
e  ban the burning of plant resides,
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e  reduce fuel consumption (lower powered tractors with fewer empty journeys and
agricultural treatments) and change systematically fuel filters and fuel injectors,
e  use non-conventional sources of energy for heating (biogas, solar energy, wind and
water power);
e  reducelosses of heat from buildings through insulation.
Emissions of carbon dioxide can also be reduced through the implementation of conservation
agriculture systems which implies the reduction of fuel consumption through the minimization
of the amount of tillage.

Methane is a scentless, colorless, invisible but inflammable gas and is emitted as a product of
the metabolic processes of farm animals. Its greenhouse effect is stronger than that of carbon
dioxide by as much as twenty times. Most of the methane is released by ruminants, especially
dairy cows, during their digestion of feed. Some amount of methaneisreleased by bacteriawhen
manure is stored and applied to soil. Emission of methane may also take place during anaerobic
fermentation of organi ¢ substances. Reduction of methane emission through changes of the animal
diet isimpossible.

The most feasible way of reducing methane emissions is through controlled fermentation of
manure in air-tight tanks. Such tanks are called biogas plants. Methane produced in biogas-
plants can be used as fuel for household needs.

Nitrogen oxides emission is related to soil cultivation, application of mineral and organic
fertilizersand fuel combustion by internal-combustion engines. Their greenhouse effect is stronger
than that of carbon dioxide by as much as 300 times. Emission of nitrogen oxides can be reduced
to a minimum if nitrogen (mineral and organic) fertilizer application rates are determined as
accurately as possible based on crop requirements. Emission of nitrogen oxides are observed in
soils with excessive moisture, the latter can be reduced though the improvement of the soil
water-air holding properties.

4.4, Air pollution caused by the application of pesticides
The protection of atmospheric air must be done by the strict observance of plant protection
technology requirements, environmental protection and hygienic standards.

Pesticides are especially harmful to living organisms when their concentration is higher than the
recommended usage rate. Therefore the exact amount of pesticide must be dissolved in water as
isindicated in theinstructions. Pesticide drift, which isthe physical displacement of pesticidein
the form of particles or droplets from the intended target to non-target plants during application,
is the most frequent problem in environmental pollution.

The operator, who is spraying a pesticide, must observe all safety rules and exclude any drift of
pesticides to non-target plants. Therefore, it is necessary that the operator familiarizes him/
herself with the weather forecasts, select the right application rate, check the working condition
of the spraying equipment in advance, select theright position for the nozzles and apply theright
speeds and pressureswhile spraying. Only in such circumstanceswill the pesticide will be applied
equally at the desired rates to targeted plants.

The operator must avoid spraying on areas already treated. It is better that the wind is blowing

with the spraying direction. It is better to apply pesticide when wind is weak as the chances of
drift are much bigger when the wind is strong.
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Table: Weather conditions as they influence the application of pesticides

Wind strength . Wind speed at
reng Weather .. . Recommendation for P
according to . Additional signs - the level of
description pesticide operator
Beaufort scale sprayer

spraying is possible

0 Calm Smoke rises vertically | only with “medium” less than 0.5

and “big” drops m/sec
. Smoke moves and
1 Some air shows the direction of Acceptable for 0.5-0.9 m/sec
movement b spraying
reeze
Breeze rustles the Ideal conditions for
2 Gentle breeze leaves and can be felt sprayin 1.0 - 1.9 m/sec
by skin of the face praymg
Wind of Leaves and thin . .
3 intermediate branches keep Rlsk of drift, bett-er 0 2.0 -2.9 m/sec
. retain from spraying
strength rustling

Branches keep
moving constantly
and paper pieces
released from hand
are gone with the
wind

4 Strong wind Spraying is impossible | 3.0 — 5.0 m/sec

Application of pesticidesis prohibited, when the speed of wind is higher than 3-5 m/sec. Never
spray pesticide against the wind!

It isless damaging to the environment when pesticides are applied using small-sized hand and
tractor-mounted equipment. These are more efficient technol ogies which reduce pesticide |osses
by as much as 50%. Thisresultsin sharp reductionsin environmental pollution aswell asin the
lowering of plant protection costs.

When pesticides are applied in open fields they must be applied not less than 100m from buffer
zones, recreation zones and areas of organic agricultural production. Large fields that require
many applications of pesticides must not be closer to residential areasthan 200 m. Special attention
must be paid to the hydrology of the area to the directions of seasona winds and to the wind
speed during the application.

Pesticide mist generators and aerosol generators with aregulated dispersion may be used only if
the aerosol flows won’t reach residential communities and when the wind is blowing in an
opposite direction to the residential communities. The application of pesticide aerosols with
elevated ratesis prohibited when misters are used indoors (greenhouses and storage facilities). It
isprohibited to stay next to the mister or at the target building closer than 5 meters. While using
misters, the recommended application rates for the crop must be observed strictly to minimize
dispersion of the aerosol into the atmosphere.

While applying pesticides attention must be paid to the operating mode of the machinery and
equipment so asto provide an application at the required rate. In the pesticide application area,
the content of pesticide in the air must not exceed the designated limit.
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Aeroplanesfor pesticide application are used when it isnecessary to treat large areasin arelatively
short period of time. In such cases, preferenceis given to light aircraft, which can fly aslow as
2-5 m above the plants and which can spray as little as 1-10 liters of working solution per ha.
Through such aircraft, it is possible to apply pesticides precisely and accurately to crops and
avoid pollution to nearby areas and crops. Light airplanes, the weight of which do not exceed
3,000 kg, can take off from a strip on firm soil or a grassy field and do not need a special
aerodrome. Such planes are equipped with small-sized spraying equipment.

When such small-scale aircraft are used for pesticide application, at |east a500-m wide buffer zone
must be observed from drinking water sources, livestock and poultry farms, pastures, reserved
areas and national parks. For bee hives the buffer zone must be about 2-5 km. Application of
pesticides using aircraft is allowed if the wind speed does not exceed 3-5 m/sec at the flying level.

Lower pesticide rates are used for carrying out fumigation indoors (rooms, storage facilities)
because there is no pesticide drift. However the operator must be very careful as chances of
poison inhalation are very high. The application of pesticides in greenhouses is alowed only
after completion of the daily crop management work.

Fumigation safety rules must be observed when carrying out fumigation in greenhouses.
Fumigation (gasing) is carried out simultaneously in the whole compartment. Fumigation is not
allowed during harvest. The preparation of pesticide solutionsfor greenhouses, with areas larger
than 5 ha, must be carried out in special compartments with ventilation and foul drainage.

Operators using hand-sprayers and in greenhouses must keep a distance from each other of at
least 10 m and spray in one direction only. Greenhouses must be kept closed for some period of
time after the application of pesticides. The period depends on the pesticide and its purpose. A
sign should be placed at the entrances with the inscription: “Caution: treated with pesticide!”
Entering treated greenhouses is allowed only after a certain period which is indicated in State
Catalogue. In emergency cases or as may be stipulated in the pesticide instruction, in the first
few days, greenhouse |abor may enter greenhouses only when using personal means of protection.

Regular work in greenhouses after fumigation and disinfection can be resumed only after aeration
of the greenhouse. The operator must be provided with personal protection such as respirator,
protection glasses and working clothes (protective apron with sleeves, rubber gloveswith knitted
lining and rubber boots). Air sample tests on pesticide content are taken and analyzed according
to the requirements of the environmental protection and sanitation rules.

4.5. Pollution of air by dust and smoke

Air can be polluted with dust as aresult of wind erosion, fertilizer (especially lime and powdery
superphosphate) transportation and untimely agricultural movements. Agricultural machinery
moving on dry soil and many harvesting operations may also lead to air pollution from dust. Itis
not recommended for people to breathe air polluted with dust or chemical substances as it may
harm their health.

To reduce air pollution from dust, it is necessary to obey the following rules:

e  conduct soil tillage and other operationsinvolving machinery when the soil moisture content
isfavorable;

e  cover fertilizers that are transported in bulk to avoid their dusting;

o apply powdery fertilizers on windless dayswith high relative air humidity. Such conditions
usually occur during the evening hours or early in the morning.
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e only leave soil without plant cover for aslittle of the year as possible.

To reduce pollution with smoke, the following recommendations must be used:

e  Useorganic waste for production of compost in prescribed conditions;

e  Reduce burning of waste and rubbish as much as possible. It ismore advisable to dispose of
farm waste at designated sites and processing units,

e  Burn only those wastes which cannot be safely managed and that do not contain harmful
substances.

e  Re-use containers and foil whenever possible. Preferably use bio-degradable containers
and foils when available.

It is not admissible to burn plant residues in fields, pastures, fallow lands and ditches or beside
roads. It is aso not admissible to burn straw if it can be used as feed or bedding for animals.

5. Glossary

Anti-erosion measurements — methods and means by which maximum or certain (acceptable)
levels of erosion controls are achieved.

Bedding — straw, peat, sometimes sawdust, plant leaves etc., used to cover floorsin cow-sheds,
stables etc. Bedding is important for maintenance of animal cleanliness.

Classification of soil — assessment of soil and its classification according to many traits such as
fertility, acidity, salinity, resistance to erosion, water-holding capacity, etc.

Crop rotation —rotation of crops by time and area; use of arable land by division into fields of
similar size and fertility. Crops in these fields are changed according to an order determined in
advance to achieve optimum soil fertility and crop production.

Ground water — waters below the ground level, in the saturation zone, and which maybe in
direct contact with the soil and subsoil.

Liquid manure — fluid that separates from manure (animal urine and rainwater washed from
manure).

Nitrogen fertilizer — fertilizer containing nitrogen in nitric, ammoniacal or ureic form or as a
combination of ureic-ammoniacal or nitric-ammoniacal-ureic forms.

Pesticide drift —the physical displacement of a pesticide in the form of particles, or droplets
from the intended target area during the application.

Pesticides — includes chemical and biological preparations which are used for controlling plant
diseases and the disease carriers, pests and weeds. Pesticides are also used for ware-housed
agricultural commodity diseasesand pests, animal parasitesaswell asfor plant growth regulation,
leaf removal (defoliants) and drying plants (desiccants) before harvest. Other uses include
disinfection of warehouses, transportation, greenhouses, soils, plants and other products subject
to phyto-sanitation control.

Phosphorus fertilizer — fertilizer, in which phosphorus is present in the form of primary,
secondary or tertiary calcium phosphate.
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Rotted manure — decomposed manure, which is prepared from fresh manure through fermentation
(rotting) with the participation of aerobic and anaerobic bacteria. Completely decomposed manure
isvery similar to soil humus by its composition and is a very efficient organic fertilizer.

Salinization — accumulation of water-soluble salts in soil.

Semi-solid manure - manurethat has 12-20 % of dry material. It cannot be heaped and hasto be
stored in special manure storage facilities until it is taken out to the fields. It may be with or
without litter.

Slurry — manure that arises in barns and yards without bedding. It is a mixture of solid and
liquid faeces from animals. Its fertilization value depends on the amount of water. Slurry has
less than 12 % of dry matter.

Soil fertilization — the application of fertilizer at the major tillage operation, namely plowing.

Soil water erosion — the washing out of soilsfrom slopes by temporary flows of water (e.g. rain,
melted snow and irrigation water).

Soil wind erosion — the picking up and carrying of soil particles (sometimes crop plants) from
the surfaces of fields (plots) and their translocation to other places by wind.

Solid manure — manure that has a dry matter content of no less than 20%. Solid manure is
usually stored in deep heaps with alarge amount of bedding material.

Surface waters —interior and marine, stagnant and flowing waters, where the water surfaceisin
direct contact with ambient air.

6. Relevant Legal Acts

6.1. Plant protection

1. Georgian Law “On Protection of Plants from Pests’ (Georgian Parliament, October
12, 1994);

2. Georgian Law “On Pesticides and Agrochemicals’ (Georgian Parliament, November
25, 1998);

3. State Catalogue of 2005-2009 of the Allowed for Use Pesticides (Plant Protection
Products and Growth Regulators), (approved by the order Ne2-168 of the Ministry of
Agriculture on July 11, 2005);

4.  Additionsand Changesto the order N:2-168 of the Ministry of Agricultureon July 11,
2005, which approved State Catal ogue of 2005-2009 of the Allowed for Use Pesticides
(Plant Protection Products and Growth Regulators), by the order Ne2-100 of the Ministry
of Agriculture on June 19, 2006;

5. TheRulesof Storing, Transporting, Selling and Using PesticidesAnd Agrochemicals’
(approved by the order N-2-211 of the Ministry of Agriculture on November 30, 2006).

6. Georgian Code of Administrative Violations (Articles 97-100; Georgian Parliament,
August 1, 2000);

7. Thelist of dangerouschemical substances, production, use and import/export operations
of which are prohibited or are subject to severe restrictions (approved by the order
Ne133/n of the Ministry of Labor, Health and Social Protection on March 26, 2001);



Therule of labeling of pesticides and agro-chemicals (approved by the order Ne2-150
of the Ministry of Agriculture on August 7, 2006);

Georgian Law on Food Safety and Quality, (Georgian Parliament, December 27, 2005);
Therulesof unhealthy food destruction (approved by the order Ne2-146 of the Ministry
of Agriculture on August 7, 2006);

6.2. Soil protection

11.
12.

13.

14.

15.

16.

17.

18.

19.

Georgian Law on Soil Protection (Georgian Parliament, May 12, 1994)

Georgian Law on Soil Conservation and Soil Fertility Restoration-Improvement
(Georgian Parliament, May 8, 2003)

Regulations on Soil Conservation and Soil Fertility monitoring (Approved by the
Georgian Ministry of Agriculture, Order Ne2-244, October 19, 2005);
Regulations for Soil Fertility Level Assessment (Approved by the Georgian Ministry
of Agriculture, Order Ne2-244, October 19, 2005);

Recommendations of Integrated Practicesfor Soil Protection from Erosion (Approved
by the Georgian Ministry of Agriculture, Order Ne2-277, November 25, 2005);
Regulations for Conservation of Agricultural and Other Lands, Degraded as result of
Pollution with Toxic Residues and Radi oactive Substances (Approved by the Ministry
of Environment and Natural Resources, Order Ne36, March 18, 2005);

Regulations for Removal, Storing, Use and Re-cultivation of Soil Fertile Level
(Approved by the Ministry of Environment Protection and Natural Resources, Order
Nel13, May 27, 2005);

Assessment of Risk of Contamination of Soil with Chemical Substances (Methodical
Recommendations 2.17 004-03; Approved by the Ministry of Labor, Health and Social
Protection; Order Ne38/n, February 24, 2003);

Hygienic Assessment of Soil Status at Residential Areas (Methodical Recommendations
2.17 004-03; Approved by the Ministry of Labor, Health and Social Protection; Order
Ne38/n, February 24, 2003);

6.3. Water protection

20.

21.

22.

23.

24.

25.

26.

Hygienic Requirements on Use of Waste Water and Its Sediments for Irrigation and
Soil Fertilization (Soil, Cleaning of Residential Areas, Household and Industrial Waste.
Soil Sanitary protection. 2.1.7 001-01 From Sanitary Regulations. Approved by the
Ministry of Labor, Health and Social Protection; Order N297/n, August 16, 2001);
International Convention on Protection of the Black Sea from Pollution (April 21,
1992);

Georgian Law on Water (Georgian Parliament, October 16, 1997);

Hygienic Assessment of Materials, Reagents and Technologies Used in Water Supply
Systems (Methodical Recommendations 1.4. 007-04; Approved by the Ministry of
Labor, Health and Social Protection; Order Ne16/n, January 22, 2004);

Hygienic Requirements on Water Quality for Non-Centralized Supply Systems
(Drinking Water and Provision of Residential Areas with Water. From Sanitary
Regulations 2.1.4 002-01. Approved by the Ministry of Labor, Health and Social
Protection; Order N297/n, August 16, 2001);

Sanitary Protection Zones for Drinking Water Sources and Piped Drinking and
Industrial Purpose Water Supply Systems (Drinking Water and Provision of Residential
Areaswith Water. From Sanitary Regulations 2.1.4 003-01. Approved by the Ministry
of Labor, Health and Social Protection; Order N297/n, August 16, 2001);

Sanitary Normsand Rulesfor Protection of Surface Watersfrom Pollution (Protection
of Water Reservoirsin Residential Areas. From Sanitary Regulations 22.1.5 001-01.
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6.4.

6.5.

27.

28.

29.

30.

Approved by the Ministry of Labor, Health and Social Protection; Order Ne297/n,
August 16, 2001);

Protection of the Coastal Strip of the Sea from Pollution in the Areas of Water use
(Protection of Water Reservoirsin Residential Areas. From Sanitary Regulations22.1.5
002-01. Approved by the Ministry of Labor, Health and Socia Protection; Order Ne297/
n, August 16, 2001);

Methods of Calculation of Threshold Values of Norms for Polluting Substances
Directing to Water Reservoirs Together with Water Flows (Approved by the Ministry
of Environment Protection and Natural Resources, Order N:105, August 12, 1996);
Regulations on the rules of and conditions for Releasing Permits for Obtaining Water
from Water Objects or Directing Water to Surface Water Objects (Approved by the
Georgian Government, Decree Ne137, August 11, 2005);

Regulations on the Rules of Exploiting Water reservoirs with Irrigation Purpose
(Approved by the Georgian Ministry of Agriculture, Order Ne2-25, February 19, 2001);

Protection of Atmospheric Air

31.
32.

33.

Georgian Law on Protection of Atmospheric Air (Georgian Parliament, June 22, 1999);
Hygienic Requirements for Protection of Atmospheric Air in the residential Areas
(Atmospheric air and Air of Covered Areas. Sanitary Protection of Air”; From Sanitary
Regulations 2.1.6 001-01. Approved by the Ministry of Labor, Health and Social
Protection; Order N297/n, August 16, 2001);

Threshold Values for Concentrations of Polluting Substances in the Residential Areas
(Hygienic norms; From Sanitary Regulations 2.1.6 002-03. Approved by the Ministry
of Labor, Health and Socia Protection; Order Ne297/n, February 24, 2003);

Land Property

34.

35.

36.

37.

38.

39.

40.

Georgian Law on Ownership of Land of Agricultural Purpose (Georgian Parliament,
March 22, 1996);

Georgian Law on Ownership of Land of Agricultural Purpose (Georgian Parliament,
cancelled in November 25, 1997);

Regulations on the Rules of Leasing out of Publicly Owned Agricultural Land
(Approved by the President of Georgia by Order Ne446, August 2, 1998);

Georgian Law on Privatization of Publicly Owned Land of Agricultural Purpose
(Georgian Parliament, July 29, 2005);

Regulations on the Rules of Privatization of Publicly Owned Land of Agricultural
Purpose (Georgian Ministry of Economic Development, September 23, 2005);
Georgian Law on Reimbursement of the Costs of Developing Equivalent Land and
Damages Incurred as a Result of the use of Agricultural Land for Non-agricultural
Purposes (Georgian Parliament, October 2, 1997);

On the Reform of the Land of Agricultural Purpose (Georgian Cabinet of the Ministers,
Decree Ne48, January 18, 1992);

6.6. Livestock laws
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41.
42.
43.

Georgian Law on Livestock Husbandry (Georgian Parliament, September 5, 1996);
Georgian Law on Veterinary (Georgian Parliament, September 16, 1997);

The Rules for Destruction of Recognized as Not Edible Livestock Products, Infected
by Pathogens Causing Epizootic, Zoonotic and Zooanthorponosic Diseases and
Biological and Chemical-Pharmaceutical Preparations (Approved by the Georgian
Ministry of Agriculture, Order Ne2-236, October 11, 2005);



45,

46.

47.

48.

Quarantine Rules for Domestic Animals (Approved by the Georgian Ministry of
Agriculture, Order N:2-71, May 1, 2006);

Rulesfor aTypica Slaughterhouse (Approved by the Georgian Ministry of Agriculture,
Order N22-218, September 16, 2005);

Veterinary and Sanitary Rulesfor Livestock Commodity and Product Producing (in a
industrial way) Processing, Storing and Selling Units (Approved by the Georgian
Ministry of Agriculture, Order Ne2-206, September 7, 2005);

Rules for Checking Animals for Slaughtering and Sanitary-Veterinary Expertise of
Meat Products (Approved by the Georgian Ministry of Agriculture, Order Ne2-235,
October 11, 2005);

Veterinary-Sanitary Rulesfor Animal Driving and Translocation (Including to Summer
and Winter pastures) (Approved by the Georgian Ministry of Agriculture, Order Ne2-
190, August 17, 2005);

6.7. Other Laws

49,
50.
51.
52.
53.
54.

55.

57.

58.
59.

60.
61.

Constitution of Georgia of August 24, 1995;

Georgian Law on Environment Protection (Georgian Parliament, December 20, 1996);
Georgian Law on Licenses and Permits (Georgian Parliament, June 24, 2005);
Georgian Law on Health Protection (Georgian Parliament, December 10, 1997);
Georgian Sanitary Code (Georgian Parliament, May 8, 2003);

Hygienic Requirements on Food Commodity and Food Product Quality and Safety.
From Sanitary Regulations 2.3.2 000-00. Approved by the Ministry of Health and
Social Protection; Order N:301/n, August 16, 2001);

Georgian Law on Food and Tobacco (Georgian Parliament, June 25, 1999);
Georgian Law on Protection of Consumer’s Rights (Georgian Parliament, July 22,
2003);

Georgian Law on the Bases of Space Arrangement and Town-planning (Georgian
Parliament, June 2, 2005);

Georgian Law on the System of Protected Areas (Georgian Parliament, March 7, 1996);
Georgian Law on Crop Variety Release, and Quality of Seed and Planting Material
(Georgian Parliament, June 25, 1999);

Georgian Law on Beekeeping (Georgian Parliament, May 18, 2002);

Georgian Law on Grape and Wine (Georgian Parliament, September 30, 1998).
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