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Managing Water in Rural Areas 

Sustainability and Management of the Rural 
Landscape
In European countries with a high level of agriculture, 
modern rural development includes projects with the aim 
of shaping, improving and sustainably developing the ru
ral landscape. Such projects formulate and fulfil agricul
tural, economic and infrastructural aims together with the 
aims of nature protection, water resource conservation 
and landscape management. 

The impact of agriculture on the environment can be 
mitigated by using environmentally friendly methods of 
agricultural production and multifunctional use of rural 
space that improves the rural landscape by maintaining 
diverse ecosystems. Sustainable development of the ru
ral space must consider both the rural landscape with its 
patchwork of habitations and nature resource, and the tra
ditional way of management with extensive enclaves of 
arable land, wetlands and natural land with a high diver
sity of flora and fauna.

Supporting national functions such as ‘feeding’, ‘re
sources’ or ‘living’, rural areas should have a landscape 
function as well as recreational and ecological functions. 
The environmental and recreational potential of a given 
landscape is characteristic of the area and contains cul
tural values which are sparse or simply do not exist in 
urban and industrial areas (Pijanowski, 2006). 

Rural development projects should at best allow gen
eral issues to be resolved, while balancing interest and 
conflicts between the different functions mentioned 
above. They need to specify guidelines for spatial plan
ning, which should include the protection of water and 
soils, which are the basic resources in agricultural pro
duction (Rajda, 2005).

This chapter will mostly refer to the conditions in 
Poland. Poland has a large agricultural sector, much of 
which is traditional and still with a large proportion of 
small family farms. At the same time the knowledge and 
understanding for actions to protect the environment is 
limited in a rural population, which since 2004 is pushed 
by new European Union legislation to improve its envi
ronmental standards. Conditions in Poland are partly sim
ilar to those in the other Baltic Sea region countries which 
joined the EU by 2004. A big difference exist, however, 
between the former Soviet Union countries and the rest 
of Central and Eastern Europe since the farming was col
lectivised in the Soviet system which created big units. 
Many of these are still are running but under a different 
ownership and management. 

The Role of Water in the Landscape
In this concept of rural management, the water factor is 
perhaps the most important one. Water has different ar
eas of use such as productive in agriculture and forestry, 
social e.g. tourism and recreation and ecological, nota
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bly habitat protection. Limited access to water can cause 
friction in the agricultural landscape and a shortage or 
surplus of water can affect biodiversity, especially in wa
terreliant ecosystems.

In addition to its productive (production of biomass) 
functions, water in the agricultural landscape plays dif
ferent roles such as:
• Management of habitat conditions (soils, microclimate)
• Transport of chemical substances (solvent and 

substances carrier) and energy (changes in states of 
aggregation of water connected with heat absorption 
or emission)

• Aesthetic values of landscape management
• Management of conditions for biodiversity protec

tion (small reservoirs, ponds, wetlands, marshes and 
extensively used, reclaimed grasslands in watersheds)

• Absorption, reception and reduction of anthropogenic 
threats caused by agriculture and habitation.

As regards the economic and ecological function of wa
ter in a given area, the decisive factor is not its absolute 
amount but the time during which this water is taking part 
in different processes, in other words, the time that water 
spends in the landscape. This time is dependent on the 
degree of surface cover by flora and fauna, and on the 
time it takes for rainfall water to reach rivers (Kędziora 
et al., 2005).

The role of water in spatial management cannot be 
viewed separately from economic, social and ecological 
functions of rural areas or without the context of the agri
cultural policy of state and regional authorities. It is also 
important to consider the conditions caused by existing 
ventures from the field of drainage and water engineer
ing, supporting the economic needs of agriculture; and 
spatial management plans for habitats in rural areas 
(Rajda, 2005).

Figure 20.1. Vistula river in Poland, north of Warsaw illustrating the tight contact between the rural landscape and water. Photo: Sebastian Kruk.
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The Water Framework Directive (WFD)
During the last few years there has been a marked 
change in the approach to management of water re
sources. Water is regarded as a ‘restricted and sensitive 
resource, essential for sustaining of life, development 
and environment’. A new European water policy was in
troduced in the mid 1990s. It was based on the essential 
role of water in all ecosystems: ‘water is not a product 
as any other but is a hereditary good that has to be pro
tected and treated as such’. In year 2000 the Directive 
2000/60/EC, the EU Water Framework Directive (WFD) 
was finally adopted and has now been implemented in 
all member states. 

Some priorities of water management, such as tech
niques for water resources management, have become 
subordinate to sustainable development rules. Instead of 
focusing on the usage and supply of water to satisfy dif
ferent parts of the economy, the aim is sustainable usage 
and protection not only of water itself, but also of wa
ter ecosystems and waterreliant ecosystems. Integrated 
water resources management takes in the natural, social 
and economic properties of water resources and connects 
them to the environment (WWF Polska, 2005).

According to the sustainable development approach 
management of rural areas, including water resources, 
should be considered in spatial planning and not violate 
the environmental protection requirements. Development 
plans should consider agricultural production space, resi
dential areas with their technical infrastructure, degraded 
areas and protected areas including water biotopes. The 
present socioeconomic conditions in the Baltic Sea 
region require a new view on the water factor in rural 
management.

The EU Water Framework Directive asks for integrated 
river basin management for Europe. It uses a river basins 
approach and has requested that all member states estab
lish River Basin Authorities to implement the Directive. 
The base of the legislative text is that all surface waters 
and groundwater should reach “good status”. Cleaner 
rivers and lakes, groundwater and coastal beaches are of 
high priority in European environmental policy.

Figure 20.2. The main steps and deadlines of the 
Water Framework Directive (WFD) implemen-
tation. Source: Steyaert and Ollivier, 2007.
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Protecting Water

Agriculture and Environmental Protection
The impact of agriculture on the environment is sig
nificant because, unlike other economic activities, farm
ing forms part of an ecosystem rather than being external 
to it. Agriculture manipulates the natural environment to 
produce food through a range of different practices, such 
as land drainage, tilling of soil, diverting natural water 
sources, irrigation and applying nutrients and pesticides. 
These practices affect the soil, air, water, biodiversity and 
landscape.

Rural areas are thus dealing with problems of envi
ronment pollution, which leads to disturbance of equi
librium and degradation of ecosystems. Even if this may 
be serious farmers are in reality foremost confronted 
with everyday financial problems. The majority of farm
ers, especially those with small farms, farm in the tra
ditional way, that is, the products of the farm are only 
for family use. Animal density on this kind of farm is 
rising, but it is still low and environmentally friendly 
(Manteuffel et al., 2003). Choices made by farmers in 
terms of specialisation of agricultural activities lead to 
more efficient production, but may also result in nega
tive environmental effects. The main forces behind this 
choice are economic efficiency and changes in market 
conditions. What may follow in terms of agriculture in
tensification, an increase in the use of mineral fertilisers, 
and a decrease in buffer strip areas both contributing to 
environmental pollution. 

Legal Base for Protection
Pollution of water means that surface water and ground
water resources in Europe do not meet the requirements 
of the EU Water Framework Directive. According to 
this Directive, there is a broad range of tools that can 
help minimise the impact of agriculture on the envi
ronment. It is usual to choose a number of instruments 
that work on the appropriate scale, from the catchment 
and river basin to the actions taken at farm scale. All 
of these instruments need to have an appropriate legal 
basis. In parallel, the instruments have to be supported 
by a system of data collection and analysis to assess the 
effectiveness of actions from the point of view of the en
vironment, society and the economy. Monitoring is very 

important in assessing the effectiveness of any actions 
taken (Kowalik, 2003).

But not only legal measures are used in the efforts to 
safeguard water resources. Farmers have to be willing 
and able to implement environmental protection meas
ures. The most important condition for success is there
fore the relationship of the farmers to the environment. 
The impact of agriculture on the environment depends 
on longterm and shortterm decisions by farmers, mainly 
concerning manure management. The correct decisions 
can result in integration of economic aims with good ag
ricultural practices, available technologies and the way 
of usage in the context of possibilities and limitations of 
political and economic situations. Most importantly ac
tions to develop farming and farm infrastructure have to 
be accompanied by educational programmes to inform 
the rural society about the importance of environmental 
protection and sustainable development of rural areas, as 
well as the development of the competence needed for 
modern farming and specifically water and environmen
tal management.

Water Protection Action
Actions taken for the protection and the use of water re
sources in rural areas need precise assessment of how 
agriculture influences, both positively and negatively, 
the environment (Pierzgalski, 2002). It is important to 
identify the kind of infrastructure that rural areas should 
be equipped with to ensure a balance between social and 
economic growth, while at the same time not degrading 
the resources of the environment. Development of infra
structure in rural areas is supported by regional policy 
and by structural funds of the European Union. 

There are several kinds of projects which farmers may 
do to improve the environment and protect water quality.

 
• The construction of buffer strips between the fields 

and surface water contribute to the absorption of nu
trients in runoff water and reduce the eutrophication 
of water. 

• Making water courses retain water longer, e.g. by 
building wetlands such as small ponds and increase 
meandering, also contributes to reduced environmen
tal impacts as nitrogen undergoes denitrification and 
phosphorus is bound to sediments. 
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• Using winter crops reduced runoff during winter 
months as the nutrients then are taken up by the crop. 

• Limitation of number of animals per farming area 
is important to reduce manure production to a level 
which is in balance with the fields available. 

The first two actions improve the environment as it is 
restored to more natural conditions, and contribute to a 
richer water and fish life. The two last actions are legally 
required by some countries in regions where nutrient run
off is especially serious.

Actions should at best also improve the quality of life 
by creating new work places that respect the social and 
economic aspects and the multifunctional development 
of rural areas. 

The problem of developing infrastructure for manure 
management, wastewater collection, and drinking water 
supply for the citizens has to be considered in the follow
ing categories (Wierzbicki and Krajewski, 2003): 

• Economic to create suitable conditions for techni
cal and technological development in rural areas, to 
meet competition from of the old EU countries and to 
obtain capital funding.

• Economic to choose suitable solutions and technical 
and technological equipment, following the speci
fications required by EU, and also the conditions of 
investment processes to make the most of funding 
and competitiveness in the EU.

• Political, to make the integration of Poland into the 
EU efficient.

Eutrophication – the Main Problem

Manure as Natural Fertiliser
The main impact of agriculture on water is eutrophication, 
that is, excess growth of algae caused by excess plant nu
trients, nitrogen and phosphorus, released into the water. 
The origin of nutrients is almost entirely excess fertilisers 
from fertilisation of the crop by either mineral or natural 
fertilisers i.e. manure either in solid or liquid form. Slurry, 
liquid and solid manure are natural fertilisers rich in nu
trients and therefore when used reasonably, in accordance 

with local climate, soil and water conditions, they con
tribute to increases in crop yields and lower the costs of 
production. It is also in accordance with the general view 
of sustainable development as it recycles a key resource, 
the nutrients. When used in agriculture it is important not 
to overdose and to properly take the climatic conditions 
into account. 

Extensive and uncontrolled use of slurry and ma
nure for fertilising leads to extensive water pollution. 
Collecting and storing manure in leaking or overflowing 
containers results in point pollution of surface waters and 
groundwater. Agricultural effluents have a high biologi
cal oxygen demand (BOD). For liquid manure it is 50 
times higher than for raw municipal sewage. When ef
fluents with high BOD reach rivers, the level of dissolved 
oxygen decreases immediately; it may even result in the 
death of fish and invertebrates.

From an aesthetic point of view, it is important to main
tain natural landscape values and limit the influence on lo
cal societies. Odour is a sideeffect of animal production. 
It comes from farm buildings and from manure storage 
tanks and pads, as well as from manure/slurry spreading. 
It may be avoided by proper manure handling.

The Nitrogen Balance
The potential agricultural pressure on water quality is in
dicated by the ‘gross nitrogen balance’, which relates to 
the potential surplus of nitrogen on agricultural land. This 

Figure 20.3. Fertilising fields with manure very often leads to excesss 
nutrients reaching surface water and groundwater with run-off from 
fields causing eutrophication, the most serious environmental problem 
in the whole Baltic Sea region. Photo: Karolina Kabat.
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is estimated by calculating the balance between nitrogen 
added to an agricultural system and nitrogen removed 
from the system per hectare of agricultural land. The gross 
nitrogen balance indicator accounts for all inputs and out
puts from the farm, and includes all residual emissions of 
nitrogen from agriculture into soil, water and air. 

At EU15 level, the gross nitrogen balance in 2000 
was calculated to be 55 kg/ha, which is 16% lower than 
the 1990 estimate of 66 kg/ha. In 2000, the gross nitro
gen balance ranged from 37 kg/ha (Italy) to 226 kg/ha 

(the Netherlands) (EEA 2006). For Poland the gross ni
trogen balance for the period 20022004 was calculated 
to be 45 kg/ha, ranging from 16.1 kg/ha in dolnośląskie 
voivodship to 75.2 kg/ha in kujawsko-pomorskie voivod
ship (Kopiński et al., 2006). 

The availability of regional gross nitrogen balances could 
provide a much better insight into the actual likelyhood of 
nutrient losses to water bodies, when combined with data 
on farm management practices and climatic and soil condi
tions (EEA, 2006). The data given witness that eutrophica
tion of European waters is a main and serious problem.

Protecting Groundwater from Nutrient Leakage 
from Agriculture
Experiences gained from the treatment of groundwater 
show that water resources, once polluted, are lost for 100
200 years. Contaminated groundwater is very difficult and 
expensive to clean. Therefore the protection of resources 
and appropriate handling, if the resources are intended to 
serve future generations, are crucial (Sadurski, 2001). 

Appropriate manure management diminishes the dan
ger of pollution. The environmental effects are not visible 
immediately after building the infrastructure for safe stor
age of animal manure, as better quality of surface waters 
and shallow groundwater, less acid rain, smaller global 
warming will only be noticeable after a period of years 
(Dobkowski and Skopiec, 2003). Good manure manage
ment is extremely important especially when livestock 
production is carried out near areas with sandy soils, sen
sitive to water pollution.

Proper action for reducing nutrient leakage may give 
dramatic improvements. Implementation of a programme 
to limit the water pollution by nitrates in Denmark in 
1987 resulted in a 28% reduction in nitrate losses from 
agriculture and retention of 50% of nitrates on the farm. 

Within agricultural river basins, a 20% reduction in pol
lution in inflowing waters was recorded and the eutrophi
cation process was also reduced. 

In Sweden, a programme to limit nitrate emissions to the 
aquatic environment using a number of policy instruments 
achieved a 50% reduction in emissions from agriculture 
(Table 20.1). Research has shown that the most effective 
way of reducing nitrate emissions, apart from extensive 
farming, is appropriate manure management.

Activities that lead to improvement of the quality of 
shallow groundwater can be divided into three groups:

1) Building tanks for slurry and using environmental 
friendly techniques for spreading slurry on green 
areas and arable land. This would require farm infra
structure for environmental protection development 
and active protection of water resources, in situ pollu
tion limitations, etc.

2) Building deep wells and appropriate location of shal
low wells, activities which can make clean, unpollut
ed water accessible for people living in areas where 
water is already degraded.

3) Purification of water rich in biogens flowing from the 
catchment area before they reach larger water basins.

Experiences from Practical Projects
Table 20.2 summarises data on the motives of farmers 
in Poland which joined a socalled Rural Environment 
Protection Project, which subsidised the building of bet
ter manure storage facilities. The data show that reasons 
of taking part in the project were mainly economic (all the 
farmers), ecological (in the areas valued by tourists), qual
ity of the production improvement (on the areas where 
similar projects were conducted in the past) and aesthetic. 
Farmers also indicated other motives, such as ‘the wish 
to impress the neighbours’ or the possibility to implement 
new technologies.

Farmers who have decided to build containers for ma
nure storage can see no importance in this activity. At the 
beginning the most important thing is to build the con
tainer at the lowest possible cost, but after a year of use 
of the container the only return on their investment is the 
environmental protection benefit. 

It is clear that the interest of clean surface or ground
water is not a priority for farmers and cannot be achieved 
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only because they are encouraged to do so. There is a 
need for other policies. These include regulation, eco
nomic action, and information campaigns. 

Countries are authorised to use legal means based on 
the water framework directive. Another important piece 
of legislation is the Nitrate Directive, which limits the use 
of nitrate for  fertilization and requires that member states 
identify nitrate vulnerable zones on the basis of monitor
ing the sensitivity of groundwater and surface waters to 
nitrate pollution. 

Also economic instruments may be efficient. Thus a 
tax on mineral fertilisers was used in Sweden for a pe
riod, which importantly reduced nutrients run off from 
agricultural soil. 

Finally information may have an important place in the 
policy tool repertoire. Creating investment subsidies with
out thorough preparations and proper ecological education 
is not sufficient to guarantee good manure management 
and rural environmental protection. Advisory services and 
local seminars are important means to reach those aims.

Managing Water, Matter and Energy flows 

Changing the Landscape Water Cycle
Adjusting water circulation is an act of interference with 
climate, environment and soil of an ecosystem. The abil

Table 20.2. Farmers’ motives for accession to the Rural Environment Protection Project (Swatoń et al., 2002).

Percentage of interviewees questioned in the local implementation team Torun
%

Elblag
%

Ostrołeka
%

Total
%Problem - motive

a) Possibility of realising the investment with financial support 77.20 100.0 56.70 72.70

b) Contribution to lower environment pollution 42.50 55.20 48.50 45.70

c) Aim to improve the aesthetics of surroundings and get rid of odours 56.90 48.30 38.10 49.80

d) Recommendations by advisors from CAC and LIT 23.40 27.60 9.30 19.10

e) Possibility to implement new techniques and methods of farming 18.60 27.60 39.20 26.30

f) Future requirements of international conventions 37.70 44.80 36.10 37.90

g) Aim to increase production quality 15.00 13.80 21.60 17.10

h) Aim to improve the effectiveness of production 13.20 24.10 22.70 17.40

i) Aim to improve the conditions and hygiene  of working 24.60 34.50 33.00 28.30

j) Possibility to decrease the labour requirement 11.40 6.90 19.60 13.70

k) Wish to impress the neighbours 1.80 0.00 4.10 2.40

Table 20.1. Effectiveness of activities for reducing nitrate emissions from the agricultural sector in Sweden effectiveness (Mosiej & Wyporska, 2004)

No. Activity Nitrogen runoff reduction 
[t/year]

Reduction in comparison 
to starting year (1993)

1 Reduction in intensity of crop production by lowering prices and 
having a fertiliser tax  5,000 10.2%

2 Reduction in animal production  2,300 4.7%

3 Liquid manure storage and limitations on agricultural usage  5,400 11.1%

4 Academic research and licences for agricultural equipment  2,400 4.9%

5 Leaving stubble over the winter period  3,300 6.8%

6 Reduction in area of cereal production  4,000 8.2%

7 New protein feedstuffs  1,000 2%

8 Animal health improvement  1,000 2%

Total  29,400 49.9%
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ity to modify the distribution of solar energy used for 
water evaporation when air or soil is heated is of great 
importance for water circulation and habitat conditions. 

Natural ecosystems are in the state of relative balance 
/homeostasis/. This means that the energy supplied to the 
ecosystem is equal to the amount of outgoing energy. If 
additional energy is added in the form of human labour, 
mechanic energy or chemical energy, an artificial ecosys
tem (e.g. agroecosystem) is created. If drainage causes a 
change of natural water conditions the flow of energy and 
matter will change. The deposition of organic matter in 
the soil is qualitatively and quantitatively dependent on 
the hydrothermal conditions. Changing the natural wa
ter conditions of soil by drainage or irrigation on the one 
hand increases the biological activity of soils, on the oth
er hand affects the hydrochemical regime of the system 
soil  minerals – plants, and leads to increased outflow; it 
promotes the leaching out the nutrients and leads to mi
gration of enormous amounts of minerals.

Managing Local Climate Through Heat Balance 
Adjustments
The amount of solar energy used for evaporation de
pends on biotic factors, such as vegetation type, percent 
of vegetation cover and its condition, and the humid
ity of the habitat. A more developed vegetation cover 
increases evaporation. As plants grow higher the wind 
speed increases in the leaf area, and when the roots are 
deeper the plants have better access to water. This means 
that in the same microclimatic conditions, more water 
evaporates from forest than from grassland and more 
from meadows than from farmland. Evaporation from 
areas without vegetation cover cannot be larger than the 
water transport from deeper layers of the soil to the sur
face. Evaporation occurs only at the few millimetres of 
topsoil. Plant productivity of the area depends on the bal
ance between solar energy used for evaporation and for 
heating the air. 

That distribution may be influenced by appropriate 
technical and agricultural operations. Increased drainage 
leads to decreased evaporation, and an increased share 
of solar irradiation is used to warm the environment. 
Conversely, by retention of water in the basin leads to 
increased evaporation; a smaller share of the solar heat is 
used for warming the environment. Coordinating water 

Table 20.3. Radiation balance for different vegetation types. (Ryszkowski, 
and Kędziora, 2008)

Land cover type Share of radiation 
used for evapotran-

spiration/evaporation 

Share of ra-
diation used to 
heat the habitat

Fallow 0.55 0.40

Forest 0.88 0.07

Field Crops 0.75 - 0.80 0.20 - 0.25

Shallow water 
reservoir

0.86 0.14

Steppe without plant 
cover 

0.14 0.86

balance with balance of radiation may be used to create 
permanent changes in the internal circulation of water in 
e.g. agroforestry. At the current level of agricultural pro
duction and water management in Poland 6070% of the 
energy is used for evapotranspiration and the rest to heat 
the habitat. An optimal radiation for agriculture should 
aim to 80% evapotranspiration. 

The water retention in the landscape, extent of forest 
cover, soil moisture in agricultural lands, in addition in
fluences precipitation.

Table 20.3 summarizes the radiation balance of evapo
ration and heating for a variety of vegetation types. Forest 
evaporates almost twice as much as fallow. On areas not 
covered with vegetation, dry steppe, only 14% of the en
ergy is used for evapotranspiration. As most solar energy 
heats the air, an updraft of hot air is created drying not 
only the steppe but also adjacent areas. On the contrary 
in a highly moistured area, most energy (86%) is used for 
evaporation. The amount of energy required to evaporate 
1 mm of water is enough to heat 10 cm of water by 6 °C 
(Kędziora, 2005).

The Role of Matter/Mineral Transport
One purpose of rural landscape engineering is to control 
and reduce the transport of matter in water streams to 
combat erosion, lifting silt, reduce loss of nutrients and 
reduce eutrophication of the recipient. The intensity of 
the matter turnover depends very much on management 
of the catchment area. Important factors include intensity 
of farming, distribution and type of vegetation cover, to
pography (slopes, valleys), and drainage. Rapid leaching 
of nutrients from the upper layers of the soil increases 



Planning, Management and Assessment

242

both by irrigation and drainage. With increased agricul
tural production the retention of matter in local circu
lation decreases, water and wind erosion increases, as 
does humus mineralization and leaching of the released 
minerals, mostly nitrogen and phosphorus. These are all 
important causes of eutrophication (Somorowski, 1996; 
Ryszkowski and Kędziora, ? ). 

The amount of substances dissolved and carried by 
the rivers to the sea is a measure of the intensity of land 
use. Vistula River in Poland transports on average 47 tons 
matter per km2 per year from its basin, some from pre
cipitation, but most from leakage from agricultural land. 
The background (natural) level has been estimated to 24 
t/km2 year. At the dawn of history the rate was much low
er as the water table was lower and the amount captured 
by peat deposits was higher. It has been estimated that 
around year 1000 transported matter was about 12 t/km2. 
The flow of matter from land was, however, higher, as part 
was captured by wetlands. The natural losses of chemical 
components important for agricultural production a thou
sand years ago has been estimated to be about 30% lower 
than today (1518 t/km2) (Maruszczak, 1988).

Landscape Management Preserves Scarce Water 
Resources
Land management practices that regulate water condition 
in a field (runoff, evaporation, retention), may significantly 
change the thermal conditions of the soil. So for example, 
draining excess water from arable land in springtime caus
es faster warming of the soil, spring irrigation of the val
ley meadows contributes to faster thawing of the soil and 

earlier beginning of vegetation; summer irrigations cause 
increase of the soil moisture and at the same time lower its 
temperature. Changes in the catchment, such as afforesta
tion or building artificial water reservoirs, increases the 
water storage capacity of the area and thus reduce surface 
runoff, which in turn influences the local climate.

To secure optimal use of scarce water resources one 
should avoid fast draining of excess water from the catch
ments during winter and spring, as this reduce water sup
plies for the summer and more energy goes into heating 
of soil and air. Proper management in the agricultural 
landscape must be consistent with the two cardinal rules:

• to maintain as long as possible and as much as pos
sible water in the landscape (with its reasonable redis
tribution), which minimizes the unproductive drainage 
of water out of a water basin and increases the reten
tion of a surface and groundwater in the catchment,

• to get a maximum amount of water passes from the 
soil into atmosphere through the plants, and as little 
as possible by direct evaporation from the soil.

These effects may be obtained by proper management of 
the landscape. Introduction of plants into the landscape 
will increase evaporation from the surface of the whole 
area, but will reduce evaporation from fields lying be
tween the riparian zones. Trees reduce wind speed, in
crease temperature and reduce evaporation from fields 
between riparian zones. The tall trees with deep root sys
tem in riparian zones evaporate more than crops. The ef
fect is greater the drier the climate.
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