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Further reading: Wooldridge ed. 1991; Listori (WB) 1990; Mather/Bos {PEEM) 1989; Chanlett 1973

4.4 Control of Health Risks from Drainage Effluent or Surface Runoff

High fertiliser concentrations, pesticides and toxic trace element residues in c!rai_nage or
surface runoff effluent may pose a health risk to downstream users if, after dilution with
fresh water, the health advisory levels (HAL) are not observed (Table 4-14). Some ele-
ments are essential to human health at appropriate concentrations but at elevated con-
centrations cause damage to vital organs and symptoms of toxicity.

Most important are those metals which {bio-)accumulate in the food chain and thus in the
human body or other organisms. Important issues regarding chemicals in wastewa_ters are
also addressed in sections 2.1, 25 and 32.4. The same guidelines regarding quality stan-
dards are applicable for drainage effluents from agricultural lands.

Further reading: Hornsby in: Stewart ed. (ASA) 1990
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Irrigation is aimed at mitigating drought effects in agricultural production. Thus irrigation
technology and water management practices must be seen in the context of agricultural
production, and crop management must be seen in the context of Jand and water mana-
gement techniques and options. The following chapter gives an outline of new trends in
agriculture related to mitigation of drought or water stress, crop modelling in relation to
water stress, soil management for soil and water conservation, and crop management in
irigated agriculture.

51 Soil and 'Cl:og Management Practices

There are various agronomic management options which increase or stabilise soil produ-
ctivity and yields (Table 5-1). These include:

crop modelling, crop management, conservation tillage, crop rotations, improved
drainage, residue management, water conservation, terracing, contour farming, orga-
nic and chemical fertilisers, pesticide use, and improved nutrient cycling.

Some of them are outlined in the following sections.

5.1.1 Crop modelling

Drought (water stress) affects the most important growth and metabolic processes of
plants (Table 5-2). Understanding these processes has led to an improved recognition of
the mechanisms of stress escape, avoidance and tolerance and of the related morpholo-
gical and physiological characteristics (Table 5-3).

Crop modelling of water stress and water management can be an important tool in inter-
preting natural processes or to be utilised in irrigation scheduling:

- modelling physiological processes,

- modelling flux of water, solutes and assimilates, and quantifying the related resi-
stances on roots, stems and leaves; this allows, for example, recognition of water
stress avoidance and prediction of impacts from flux losses (eg groundwater pollu-
tion),

- modelling growth processes to manage crops and simulate the consequences of
crop management options,
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- modelling relationships between water use and yield, including models of agroclima-
tic influences, energy balances, soil-plant-water fluxes, transpiration, etc.

Source: Pereira 1990

Progress made in modelling has practical implications on agronomic (and irrigation) rese-
arch and should provide the scientific background for irrigation planning and design and
agronomic extension packages. Some of these models have already been treated in de-
tail in sections 2.3, 2.4, 3.1 and 3.2.

Progress in breeding new rice varieties which transpire less methane into the at-
mosphere or produce less methane in the rizosphere are mentioned in Part | section
5.3. Efforts have also been made to breed new varieties which use fertilisers, na-
mely nitrates, more efficiently, thus reducing water pollution risks and reducing nitro-
us oxide emissions (see Lantin 1992; Scharpenseel et al. ed. 1990; Boumans ed.
1990; Kimball ed. 1990). - -

Although beneficial effects may arise from genetic_plant manipulation the potential
negative impacts should be clearly seen. Such impacts and risks are still under de-
bate and solutions must be found at the policy level for research activities. It will
be essential to follow stricly the safety guidelines before new varieties are introdu-
ced at the field level.

5.4.2 Soil and Crop Management Techniques for Water Conservation

Conservation tillage and other soil conservation measures have positively affected the
hydrological status of irigated and rainfed fields and whole watersheds, minimising water
shortage and reducing erosion in advanced agricultural farming. Some of these methods
and techniques are also incorporated in 'ecofarming’, a sustainable agricultural production
system with low lewels of extemal inputs or other appropriate types of site specific far-
ming systems in the developing countries.

A review of current options and their benefits is shown in Table 5-4, covering the follo-
wing soil management and soil improvement techniques which are aimed at increasing:

- water retention on the surface and control of runoff,
- water yield and water spreading,

- water infiltration and soil storage volume,

- water retention in the soil profile.

The review shows that chemical modification of soil to improve water storage or decrea-
se evaporative and seepage losses, faces important limits, Tillage techniques have a lar-
ge potential despite small or contradictory effects for some problem soils (alkaline, sali-
ne, sodic, acid-sulphate, etc.}.

In agricultural systems of semiarid and subhumid regions, options for irrigation or the ad-
option of drought management techniquesmay may often exist. Such options imply the
needs to an economic perspective because modification of a crop system to avoid or mi-
nimise the risk of crop failure sometimes implies that farmers accept for some time a lo-
wer income although soil fertility is maintained or water resources are preserved in the
long-term. Nevertheless, crop management options {Table 5-5) should be evaluated and
some available techniques can be adopted in irigated famming in order to achieve water
savings in addition to water saving irrigation techniques {see section 2.3):

- drought risk management (or reducing water demand for irrigation},

- management for controlling the effects of water stress,

- cultivation techniques.

Sources: Pereira 1390; Pereira 1989, Further reading: Kotschi et al. {GTZ) 1989; Cleq/ Dupriez 1988
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5.1.3 Soil Tillage

Tillage forms an important component of agricultural production technology (Fig. 5-1}. Til-
lage is aimed at preparing the desired seedbed, controlling weeds, managing crop residu-
es, mixing fertilisers or other amendments or pesticides into the soil, improving aeration,
alleviating compaction, and optimising soil temperature and soil moisture conditons. Thus,
soil tillage plays an important role in achieving agricultural sustainability through its short-
and long-term effects on soil processes, eg soil structure, soil organic matter content, ra-
te and capacity for supplying or retaining water and nutrients to crops and also through
impacts on soil degradation, and ground and surface water pollution. Consequently, soil
productivity, economic profitability and environmental impacts are influenced by tillage
operations. Adoption of appropriate tillage systems and techniques of soil surface mana-
gement can facilitate attainment of agricultural sustainability by reversing degradative
trends and restoring the productive capacity of soils.

Note: Aspects of labour saving through mechanisation are beyond the scope of this review.

Soil tillage techniques for improving water use efficiency and increasing nutrient use effi-
ciency may vary for different agro-ecological zones as indicated in Table 5-6. Such tech-
nologies are based on principles of soil and water conservation (see above), preventing
or minimising degradation (or over-use) of soil and water resources, restoring degraded
lands (eg compacted, saline, alkaline soils), and often on reducing dependence on off-
farm purchased inputs while enhancing or stabilising the productivity and profitability of
the farming system.

The exact nature of tillage operations is soil and crop specific and is related to various
farming systems and irrigation water management practices. Specific examples of tillage
based technological packages for small and medium sized farms are listed in Tables 5-7
a-b, respectively.

Specific components relevant for irrigation include:

- mulch farming,

= minimum or no-tillage which can reduce the soil degradation which occurs with me-
chanical tillage in most rainfed agricultural systems; its effect under irrigation is
less clear and much depends on appropriate tillage packages and proper timing of
operations; pest problems may be aggravated under no-tillage,

- soil inversion by ploughing, deep subsoiling,
- ridge tillage, raised beds, tied-ridges,
- land clearing.

Source: Lal in: Lal ed. 1991

The following regional reviews of cumrent tillage systems and their impacts on soils are
available:
Latin America - Alegre/Cassel/Amezquita (in: Lal ed. 1991),

West Africa - Aina/Lal/Roose (in: Lal ed. 1991). A regional guide to tillage me-
thods is shown in Table 5-8,

Semi-arid African tropics - Hulugalle/Maurya (in: Lal ed. 1991),
Semi-Arid Tropics in general - Laryea et al. {in: Lal ed. 1991),
Conservation tillage in semi-arid tropics - Unger et al. {in: Lal ed. 1991).

The choice of an appropriate tillage system is a function of the natural resource endow-
ments (soils, topography, climate, irrigation), expected crop yields, actual and anticipated
erosion rates and net return. Tillage systems in turn affect the types and amounts of in-
puts required, as reflected in operating costs for materials, labour, and machinery. Tillage
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choices are also influenced by ownership issues and types and usage rates of different
tillage equipment and power units (hand, animal or tractor) available to draw them. Crop
yields are a function of crop variety, tillage systems, soils, water management, climate,
and management skills. These diverse interrelated factors are shown in a framework for
economic analysis of tillage alternatives (Fig. 5-2}.

Sources: Stonehouse in: Lal ed. 1991; Lal in: Lal ed. 1991; Laryea et al. in: Lal ed. 1991; van Doren/
Triplett in: Lal (IITA} 1977

Further reading in: ISTRO 1991; Lal (1ITA) 1977

5.1.4 Pollution and Degradation: Case of Public Intervention

Where there is little or no economic incentive to implement soil and water conserving
measures to reduce off-farm impacts and on-farm soil degradation processes, rational
farmers should not be expected to adopt conservation tillage methods. On the other
hand, where such on-farm incentives do exist or they are realised by farmers, such tech-
niques are typically adopted. Exteral incentives may include government subsidies or
mandatory controls and regulations. It has recently been recognised in industrialised coun-
tries that off-farm costs from watercourse poliution far exceed the on-farm costs, so that
the expenditure of public funds as part of the intervention package would be justified.
Such a targetted approach to offering financial assistance to farmers would be superior
to a universal approach, and any subsidy programme should be combined with other ele-
ments such as education, extension assistance, and, if necessary, controls and penalties.
However, such programmes are difficult to introduce in most developing countries due to
budgetary restrictions and different perceptions or priorities. Development aid may assist
to enforce such programmes in areas where control measures are required (see also sec-
tions 2.3, 2.4, 3.3 and 4).

Source: Stonehouse in: Lal ed. 1991

52 Reducing Risks _from Uses of Agro-Chemicals

5.2.1 Nutrient Management Practices

The use of mineral fertilisers is steadily increasing in both industrialised and developing
countries {see Fig. 5-3 and Table 5-8; see also Part | section 2.3).

During the pericd 1973 until 1986 the total application of N-fertilisers increased
from 18 to 33 M t in developing countries, mainly caused by increases in Asia with
the use of high yielding varieties (FAQO 1987). Further increases in the range of 4-5
% can be expected (in some countries the increase may be in the range of some
10%, eg in China and Malaysia) and a larger proportion is often used under irrigati-
on. For example, the production of rice increased from 256 M t (1969) to 467 M t
(1985} in the Far East.

The average figures of fertiliser uses in Asian countries are shown in Table 5-10.

It is expected that by 2000 the total consumption in developing countries (except CIS-
states) will exceed 100 M t of N-P-K fertilisers, which is equivalent to the consumption
of industrialised countries in the early 80s. Therefore, side-effects of the fertiliser use
must be carefully monitored in future.

Agriculture is - with regard to salt, nutrient and sediment loads - a main polluter of gro-
undwaters and surface waters which eventually results in the eutrophication of surface
waters (see Part | section 2.3). Nutrients are derived from fertiliser applications, either as
mineral or organic fertilisers, or from wastewater applications {see Part | sections 3.5
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and 3.6). Some nutrient losses, either to waters or the atmosphere, are unavoidable and
should be regarded as part of the natural cycling of elements. Environmental concems are

‘related to excessive non-productive losses of plant nutrients from the soil, particularly N

and P. Although firm evidence of widespread impairments in developing countries are - to
date - rare, the following losses may occur:

Nitrogen - leaching of nitrates, production of ammonia and nitrious oxides by volati-
sation and denitrification, soil acidification,

Phosphorus - leaching is minor, but run-off losses of soluble P and especially the
transport with sediments during erosion can be of importance.

Other side-effect are related to impurities in fertilisers, especially those derived from the
widespread use of rock phosphate. Impurities of cadmium (Cd; see Table 5-11) and lead
(Pb} are known and gaseous fluoride (F) impairments occur especially during the manufa-
cturing process. Under normal conditions and applications, these impairments do not crea-
te serious health risks to farmers, although close monitoring is recommended if such ferti-
lisers are in use {McLaughlin 1991),

The indiscriminate application of fertilisers (and pesticides) in connection with over-irriga-
tion or poor surface irrigation water management leads to the leaching or surface run-off
of applied chemicals into downstream waters. There is a widespread opinion that the lar-
ge scale increase in fertiliser use may be justifiable because the cost to individual far-
mers is less than costs for other means to increase yields. Research has revealed, howe-
ver, that increased fertiliser rates are closely related to water pollution than to increased
yields (Holy 1980). This indicates that it would be sensible to combine the application of
mineral and organic fertilisers with other measures aimed at raising soil fertility, eg by re-
ducing soil erosion, improving tillage practices, crop demand oriented irrigation practices
etc., and that fertiliser rates should only be increased after all other agronomic techni-
ques having less or no adverse environmental impacts had been utilised (see Fig. 5-4 a).

It is obvious that nutrient management is probably the most effective measure to prevent
soil contamination and water pollution (Fig. 5-4b) with the same applying to pesticides.
The easiest method, besides low application rates, is to prevent soil erosion and to pre-
vent excessive leaching into surface and groundwaters. In irrigation it is unavoidable that
some fertilisers and chemicals are leached into the deeper soil horizons or layers (see
sections 2.2, 2.4 and 3.3). However, this seems less dangerous than their direct transport
into the hydrological system through runoff, especially in paddy systems with continuous
flow. In soils many chemicals are buffered, filtered and most of them are transformed af-
ter some time. Hence, leaching at low rates after this interactive period is less hazardous
to the water system,

Major concern should be given to improving the efficiency of utilisation; for example, it is
estimated that only 30-35% of the N applied to lowland rice is utilised (Uexkull/Beaton
1990). Some major management decisions to be made in the use of nitrogen fertilisers are
as follows:

- selection of a realistic target vyield,

- selection of the N-rate to meet this target,

- use of split applications,

- timing of N-application,

- precision placement (eg banding) especially deep placement of urea in rice fields,

- history of manure use and rate,

- history of legumes in the rotation,

- source of fertiliser N to use,

- use of nitrification inhibitors (to slow conversion of NH4-N to NO3-N),

- avoiding an imbalanced nutrient supply which restricts the net use of N,
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- avoiding unnecessary fertilisation due to incorrect diagnosis of plant deficiency
symptoms,

- ensuring healthy and dense crop stands which make use of the fertilisers applied at
design rates,

Source: Anderson in: USDA 1988; for rice irrigation: De Datta/Buresh 1989; further reading: Finck
1992, 1991

Various policy measures may also be applicable {see policy options; next section). To
summarise, a number of agronomic practices will reduce direct runoff and erosion and,
thus, reduce nutrient transport into surface waters or excessive gaseous losses. In irriga-
tion leaching control by water management and associated agronomic methods which can
control deep percolation may be used to reduce nutrient losses to the groundwater and
surface water systems. A list of common practices is given in Table 5-12,

Sources: Anderson in: USDA 1988, Canter 1986; Holy 1980

Further reading: Stoy/Sattelmacher in: Blume ed. 1930; Conway/ Pretty 1986; Kohlmeyer in: Nieder et
al. 1987

5.2.2 Pest Management Practices for Pollution Control

Irrigation permits crops to be grown where it is not possible to grow them otherwise and
it increases total biomass production, but at the same time it provides conditions condu-
cive to high rates of population development of various pest species. Hence, the use of
pesticides is typically high in irigated agriculture, if other measures of pest control are
not undertaken. '

The use of pesticides to control pests is still rising sharply in most developing countries.
Due to the rather indiscriminate and often inadequate use of pesticides in many localities
in developing countries, potential {(on-farm) environmental and direct health risks are hig-
her (fatal incidents) than in many industrialised countries {see Part | sections 2.3, 4.3 and
8.3).

The demand for pesticides is predicted to rise from the present level of $ 2,550 M
to about $ 5,000 M within a decade. It is likely that the usage of insecticides in
Latin America will be 55% of the overall use in developing countries by 1993, and
that of herbicides will rise from $ 730 M to $ 1,845 M over the same period. The
equivalent fungicide market is likely to rise from $ 368 to $ 1,165 M over this peri-
od. The pattern of both regional and national demands, by class of pesticide and by
the type of crop, will probably change very little over the period, with a few ex-
ceptions, including great increases in Africa.

Sources: Edwards 1987

Fig 5-5 shows a steady increase in the use of pesticides in both industrialised and
developing countries. However, figures are often inconsistent and an UNIDO report

(1987) shows that there was no increase in the use of pesticides in all developing
countries between the period from 1975 to 1985 {(Brader in: DSE 1989):

total insecticides fungicides herbicides unit
global 1975 2,073 567 844 661 1000 MT
1985 2,425 483 968 953 "
developing countries
1975 533 263 194 57 "
1985 507 232 201 75 "

Fig. 5-6a shows that there are marked regional differences in the use of various
pesticides (fungicides, insecticides, herbicides). In developing countries, insecticides
are more important than herbicides, whereas herbicides are widely used in industrial
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countries and Eastemn Europe (including CIS). These differences are also caused by
different cropping pattemns. Pesticides are often used for orchards and vegetables
{Fig. 5-6 b), followed by maize, soyabeans and rice. The use of different pesticides
for different crops is shown in Fig. 5-6¢c. Most pesticides in developing countries
are probably used for rice cultivation (Hiittenbach in DSE 1989).

The average figures of pesticide uses in Asian countries are shown in Table 5-10.

On the other hand, there are reports from Indonesia about the successful introduc-
tion of country-wide integrated pest management practices in rice cultivation. The
use of pesticides fell and rice production steadily increased at a reasonable rate
(Table 5-13). The programme gives first priority to the use of non-pesticide agents
for pest and disease control. For example, this involve taking into account the time
of planting, the timing of irigations, the farming pattern, the amount of fertiliser
used, hand weeding, land sanitation measures, and the use of pest restistant varie-
ties. Under such a system, insecticides are applied when the population of insects
reaches a pre-dertermined limit or biologigal threshold. The number of pesticide ap-
plications per season fell from 4.5 in 1386 to 0.5 in 1988 (FAO cit. in Reus 1992)
There are also measures such as mechanical, physical and biological pest control.
Thus, mechanical controls seek to eliminate pests by hand, traps or by other equip-
ment. Physical pest control uses high or low temperature, moisture, light or sound
waves. Natural pest predators are used in biological pest control.

Source: Kastyna et al. in: OECD 1981d {Erscal ed.)

The systems description of pesticide-soil-water-plant relations gives an indication about
management options (Fig. 5-7). Although the transport into surface water is typically less
than 1% of the total application, some agro-chemicals are extremely toxic to fish and ot-
her aquatic life so that even a small level of transport from irrigation return flow into the
surface water system should be avoided or minimised. There are three general (policy)
means to control soil contamination and water pollution by pesticides {and fertilisers):

- reducing intensity of agriculture: eg using taxes on fertilisers and pesticides; chan-
ging extension messages,

- changing land use: using only fertile soils for cuitivation and establishing land use
zones according to soil properties,

- special restrictions: on handling of fertilisers and pesticides; spatial restrictions on
pesticide use within protected zones.

Fig. 5-8 indicates how to assess the pollution and associated problems. Generally, there
are three strategies to controlling pests in agriculture to ensure that they are kept below
the damage threshold:

- ensuring that the pest does not get into the field {sanitation),
- ensuring that the pest has little chance to muitiply,
- eliminating the pest: mechanical methods or curative chemical or biological control.

Main advantages of most chemical control methods are speed and effectiveness of con-
trols, flexibility in timing, easy application in comparison with many other methods, and the
possible economy of control (eg if manual weed or insect controls are costly).

Main disadvantages are related to possible human health risks and environmental conta-
mination, high costs of safe storage and disposal of containers, requirement to use speci-
al equipment for safe and efficient application and especially that the application requires
technical skill which is often not available in developing countries. Local conditions must
be known in order to assess risks involved in pesticide application in a given project.

Several agronomic methods are applicable for pest control which can be summarised un-
der the headings: improved pesticide use, biological pest control techniques and integra-
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ted pest management, including cultivation methods (see also Fig. 5-9). Some important
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\\ 7 Boes Size Dlatribution s oy, en - biological control: use of microorganisms or microbially produced pesticides {eg
N I EReerategy ety e avermectins; however, the use of biotechnology/genetic engineering is controversi-
Qrganic Matter Contant MR . . .
=SorbentPropecttes ", al); use of semiochemicals (many pheromones and attractants for pests have been
Aquiter - - Endagencus Envronmental | Advectononn) identified and active ingredients isolated for field use, eg in cotton); controlled use
\\ P ER fonle Strangth, 02, G0 N W e wat of predators and parasites of pests,
“|__ Motsture Coplent and Temperaturs v B~ Paatieide

- integrated pest control and management: this includes any suitable technique to de-
crease pest populations and maintain them at levels below those causing economic
injury (this differs from ’supervised control’): forecasting; scouting; use of crop varie-
ties resistant to pest attack; use of varieties with shorter growth periods; timing of
crop sowing/planting and harvesting to avoid pest attack; depth of sowing/plan-
ting; careful disposal of plant residues by grazing, burning or ploughing under,

= cultivation methods that increase diversity of habitat, flora and fauna: changes in
cropping pattern; frequent crop rotations to avoid carrying over of pests; mixed or
strip cropping etc..

Sources: Canter 1986; Edwards 1987

Further reading on integrated pest management: eg CON 1990, DSE 1987
Biological control methods are shown in Yaninek/Heren ed. 1989,

Fig, 14~1. System description of pesticide-soil/porous media-plant interactions.

source: in Cheng ed. 1990
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The following measures may be used to minimise fungicide use:
- use of minimal amounts of fungicides based on disease forecasting methods
- use of crop rotations to minimise disease attack,

- better application techniques for fungicides using small amounts and better palce-
ment,

- timing of crop sowing to avoid the disease incidence period or climatic periods fa-
vourable to development of the disease,

- use of disease antagonists; eg a number of microorganisms inhibit growth of plant
pathogens,

- use of crop varieties that are tolerant or resistant to disease,
- leaving stems dry during irrigation (eg furrow irrigation).
Source: Edwards in: Edwards et al. ed. 1990

10. Selest Appropriate Pesticide

r—_ snd Runoff Comtral Practices.
o et 6. Will Sel i
o 13l Selected Practices Create
* S 4 Serious Fertolacicn Probleml

L1. Lisx all Phyesacally Fessible Practices and Hote
and Eveluate any nev Evoaton and Nutrient
Problems that theee Practices asy Crewte.

Alternative measures for weed control other than herbicides may include:
- preventive measures prior to planting,

¥. Ivaluate Potential Leaching
Prohlea with use of Nuttient
Tlaw Chart.

- thermal destruction of weeds prior to planting,

- mechanical measures: tillage practices for weed control; row spacing,

Figure 23; Flow Chart for Assessing Pesticide Pollution Problems and Controls
(Frere, et al., 1977)

Source: Canter 1986
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Fig. 5-9

Source: Hughes 1980

IRRIGATION AND THE ENVIRONMENT AGRONOMIC MEASURES

- agronomic measures such as crop rotation to minimise weed seed germination, or
selection of uncontaminated seeds and plant materials; cover cropping to minimise
weed seed germination,

- mulches to provide soil cover and inhibit weed seed germination,
- irrigation scheduling to hamper weed growth,
- use of mycoherbicides,
- release of pests of weeds,
- rotation of weed control methods,
Further reading: Loop in: Blume ed. 1990; Edwards in: Edwards et al ed. 1990; FAO 1986

A detailed list of common crop protection practices is given in Table 5-14. Any method
which reduces surface rungff (soil erosion) is also effective in reducing pesticide losses
into surface water (see Fig. 5-8 and Part | Fig. 3-17).

Major concem should also be given to the increase in on-field delivety efficiency. Present
spray technologies are inefficient and do not conform to principles of spray physics. New
delivery technologies must be based on efficient delivery to the target. With herbicides,
control of spray drift is of overriding importance. Major components of pesticide losses in
spray processes are assessed as:

- delivery losses are about 60-80%: directly to the soil and the peripheral foliage,

- primary volatilization losses to air some 3-10%: depends on volatility,

- primary particulate drift [osses in the air amount to some 3-5% of most sprays.
Source: Himel et al. in: Cheng 1950

Irigation can also be used to increase the pesticide’s efficiency and thereby decrease
the amount applied per unit of surface area, and to minimise its transport below the root-
zone, thereby preventing leaching of the chemical into the groundwater. Irrigation beco-
mes a tool in the control of pesticide behaviour in the soil environment (Yaron/Gerstl/
Spencer 1985). This potential, however, can only be fully exploited under advanced water
mangement systems and it requires a basic understanding of the fate of pesticides in so-
ils {see Part | sections 2.3 and 3.4). Both preconditions are probably not yet met under
prevailing conditions in many developing countries.

Irigation may also be used to control pests by manipulating the pests’ habitat. Well plan-
ned flooding and drying out for local pest control may be used prior to planting (eg rice
caseworm). Temporary ponding with about 100 mm of water may also be used for weed
control. On the other hand, water stress during the growing season makes most crops
susceptible to a number of diseases (eg CON 1990).

Eficacy. Further improvements in the application of pesticides are also related to at-
tempts to evaluate efficacy under field conditions. Guidance for such biological evaluati-
ons are for example given in FAO paper 'Guidelines on Efficacy Data for the Registration
of Pesticides for Plant Protection’ (FAO 1985b) and the FAQ ’Code of Conduct’ or other
relevant FAQ -guidelines. Other national institutions and international organisations {eg
CON 1990, CTA 1989; Alebeek (CTA)} 1989; GIFAP 1983) have been producing docu-
ments on the safe and effective application of pesticides.

Begistration. In addition, the potential environmenta! risk of a given pesticide should be
assessed separately for the agronomic, managerial and environmental conditions under
which the pesticide is used. These conditions may differ significantly from those in indu-
strialised countries where most pesticides are being tested for their environmental ef-
fects. National registration authorities and research institutions are urged to evaluate en-
vironmental risks implicit in the proposed use by conducting field observations and test
programmes to supply specific information on application and use pattem, the fate and
possible occurence of residues in relevant parts of the environment, and the effects of
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i d monitoring activities
icted exposures on nhon-target species. Such [programmes  an ing ac
E:\df:ﬁinez ?n FAO 'Guidelines for the Registration and Control of Pesticides’ (FAO

1985a: chapter 8.5).

Waste disposal. Special attention should also be given to tI:le handiing of V\I{astde i;;esFt;:é;
des on the farm. Recommendations for methpds of safe‘d.lsposal are outline e
‘Guidelines for the Disposal of Waste Pestic:tde and I?estmdes Contf:nners on fhe Fam
(FAO 1985c). Since most farmers in developing countries are layman in terms o nand fogi
chemicals and understanding chemical reactions, et!ucatlongl.allld training grogr:a::\ res 1o
safe handling, application and disposal are essen_tlal to minimise soil and water imp
ments, biological imbalances and to reduce health risks.

Further reading: Loop in: Blume ed. 1990;

itoring dequate management of pests in irrigated agriculture requires a monito-
ylr:;m:;'ggrr;nr::\:aPegt surveiliange, a process tha? collects, analyses and mter-pret:ctga:’e;
for pest management decision-making is best suited to ensure that ad\{ers‘_e "3p3uch !
pesticides on users, consumers and natural resources are avonded. or minimise ihe i
system, established by the agricultural extension service, shou!d train farmers OE iden
tificatic;n of pests and their natural enemies s0 t_hat regular ‘fleld surveyshc.;.\; Ieevl;Ts -
decision making on contro} methods by identifying eco.nomlc pest thres ol SDSE o
example from Thailand is given in GTZ 1982; other pro]fect examg?les are in o do-.
Joint projects by UNDP/FAQ and national plant protection agencies .haw; pro uced ao
cuments to train the extension staff {eg the UNDP/ FAQO Plant Protection Projec
wana).

Rapid assessment methods for potential hazards from pesticides to soil contamination and
. -
water pollution are shown in section 324.

523 Heavy Metal Pollution of Agricultural Lands

Most emphasis to date has been given to the conditions of disposal of sewage sludge
and wastewater, but the principles involved can also apply to othgr metal-contamgg.dm?_
terials deposited on agricultural lands or effluents coming from agricultural lands. Guideli
nes for regulatory control may comprise:

- experimental approaches: need for a sound experimental base whij::h' int_egrates
such factors as composition and application rate with agronomic .and irrigation pra-
ctices: evaluation of long-term effects on plants and soils must be included,

islati : icti ications; controlling application; defining ma-

- legislative approaches: restricting applica ; ' ma-

)figmm permissible contents; controls of heavy metal contents of foodstuff; combina
tions of these with restrictions related to land use and crop type.

Sources and further reading: Blume ed. 1990, Tiler 1985

The assessment of the behaviour of soils with regard to hea.vy |.'net;fnls is- treate‘d in2 ;eCtI‘
on 3.2.4 further information on the reuse of sewage for irrigation is given in section 2.5.
24,

Sources: Blume in: Biume ed. 1990; Brink in: Lessafre 1990; Himel et al. in: Cheng ed. (SSSA) 1990;
Edwards 1987; Canter 1986

53 Control of Air Pollution

irri i i measu-
Control of emissions from irrigated agricultural lands can be achieved by several
res:

- reduction of gaseous emissions from fertilisers by careful selection of suitable N-
forms, application rates and application methods,
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control and reduction of gaseous emissions during pesticide applications (eg avoi-
ding windy days; use of low pressure spray nozzles) and selection of pesticides
which are less volatile (specific information from suppliers and extension services),
use of crop varieties which emit less gas or which are suitable to modified water
management practices which allow reduced methane emissions,

use of soil cultivation and water management methods which reduce methane and
nitrous oxide emissions, especially in paddy rice,

prohibiting buming of organic debris (by direct regulations or laws),

prohibiting or restricting burning during land clearing activities,

restriction of burning to limited periods {daytime/nightime or seasonal restrictions,
periods with favourable weather conditions, regarding wind, temperature and humi-

dity), or establishment of distance requirements between residents and open burning
areas; or other regulations,

control of emission standards from farm vehicles {application of control devices, re-
gular inspections and maintenance, proper use of vehicles),

Control of emissions can be achieved by changes of individual behaviour, supported by

training and information or regulations, which may be either direct or act as nuisance or
hazard regulations.

Control or reduction of dust pollution can be achieved by several methods which reduce
wind erosion and dust produced during tillage operations:

use of soil preparation methods and practices which stabilise soil structure, eg ag-
gregation,

practicing tillage operations when soil surfaces are moist,

cropping practices which reduce wind erosion (eg continuous cropping, strip crop-
ping, stubble mulching),

keeping soil surfaces moist during periods of strong winds {eg preventive watering),
control of wind erosion on farm fields thorugh the use of windbreaks/shelterbelts,
control or reduction of particulate pollution by crop processing and grain handling,
all measures to prohibit or control biomass burning {see above).

Qutlook. If current trends continues, a considerable increase in air pollution from fertiliser
emissions is to be expected over the coming decades. Despite the fact that agricultural

{and thus irrigation) pollution contributes to emissions on a global scale {eg methane, ni-
trous oxide, dust) it is agreed that

* their importance with regard to global warming should not be over-emphasised, eg
methane and nitrous oxide respectively contribute 2.4% and 4.2% to the current me-
an world temperature {Schénwiese/Diekmann 1989)

the growing world population requires the development of new agricultural and and
air pollution will increase with the intensification of agriculture and increased live-
stock numbers. Regulations on other avoidable or unnecessary emissions of gases
resulting from non-agricultural sources, especially in industrialised countries are of
more importance in controlling the greenhouse effect (Schénwiese/Diekmann 1989).

Therefore, environmentally sound planning - regarding air quality - should be mainly focu-
sed on the reduction of emissions at the local level. However, there are again problems
resulting from the scale effect: generally, each individual emission only contributes margi-
nally to the overall impact. Thus, individual control measures also contribute also only
marginally to improve air quality. Also, in many cases those resposible for emissions do
not suffer directly from the pollution which makes progress difficult; it can probably only

be achieved by changes in individual behaviour. This, in tum, depends on changed per-
ceptions towards the protection of the environment.
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IRRIGATION AND THE ENVIRONMENT AGRONCMIC MEASURES

Some measures can reduce costs or avoid health risk, eg in the proper use of fertilisers
and the safe use of pesticides. Control measures may be possible in these fields, where-
as regulations, eg regarding field burning, are often difficult to enforce by law even in in-
dustrialised countries. Therefore, efficient reduction or control of pollution from agricultural
sites will remain a long term aim which should also be seen in the context of a continuo-
us increase in irrigated areas. Some contributions to reduce air pollution may also be ex-

pected from agricultural research, especially in paddy rice cultivation where techniques
are to be developed to reduce methane and nitrous oxide emissions.

54 Energy Conservation and Use of Non-Conventional Energy

urc

5.41 Irrigation and Energy Resources

Conservation of resources includes conserving on-farm energy. Irrigation is one of the
main consumers of energy in modern farming systems in industrialised countries. Energy
use for irrigation on farms in developing countries may even be considerably higher in re-
lation to other activities. Direct on-farm energy use is mainly related to mechanised pro-
duction, pumping of groundwater or surface water, operation of pressure systems (sprink-
ler, drip), transportation and post harvesting activities. An important indirect form of ener-
gy use is application of fertilisers and pesticides.

Typical energy uses on US-farms are shown in Fig. 5-10,

In China, irrigation and drainage systems account for about 5% of total electrical
consumption and 25% of agricultural diesel oil consumption for the whole country
(Z Xiaoying). However, solar power in agriculture is developing in China and the use
of solar power is promoted (Xin Muigyi 1991} '

Irrigation may influence the demand for on-farm energy in three ways:

intensification of agricultural production: it is obvious that irrigated agriculture is a
highly intensive and specialised form of agriculture. Intensification usually implies the
increased use of farm inputs, such as machines for tillage operations, weed control,
application of fertilisers and pesticides, and harvesting, but also machines for post
harvest operations,

- energy used for lifting water and field distribution of water,

drainage machinery systems used for construction and maintenance works.

5.4.2 Energy Conservation

It is estimated that in the USA, the use of energy for irrigation alone can be cut by some
25% without seriously affecting production (Fig. 5-11). Energy audits (ie studies to measu-
re energy use on farms) for developing countries are not at hand. For China, the wutilisati-
on ratio of agricultural energy sources and the efficiency of irrigation and drainage equip-
ment are assessed to be low compared to intemational standards:

China other countries
utilization ratio of agricultural energy 23 40-50 in %
irrigation/drainage - pump stations 36 * 60-65 in %
irrfigation/drainage - motor pumped wells 27 % 60-65 in %

Source: Z.Xiaoying 1991 * Chinese standards for diesel engines are 54 and 45% respectively

ParT I1
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IRRIGATION AND THE ENVIRONMENT AGRONOMIC MEASURES

Potentials for energy savings that reach national standards would make up about 1% of
consumed electricity for the whole country.

Energy conservation measures must meet the following requirements to be accepted and
applied by farmers:

- they should be cost efficient, ie costing less than current expenditures on fuel, gas
etc. and the benefits should be immediate not only relaised in the long-term,

- they should be neutral to labour demand, ie a new water lifting method should not
impose considerable additional labour requirements,

- they should be balanced: a new technology should not save energy at the expense
of increased demands for other operations (ie switch of costs),

- they should be at least neutral to the efficiency and reliability of operations, eg suf-
ficient wind energy must be available at times when it is needed for lifting given
quantities of water.

In order to conserve energy the following measures and techniques should be adopted
(see also section "conserve energy” in Fig. 5-12 and detailed Charts in Table 5-15):

(1) utilise technologies that require less on-farm energy:

- more efficient use of chemical fertilisers and pesticides,

- switch to crops which require less energy for preduction, eg during harvesting,
post harvesting storage and drying,

- more efficient use of water by increasing efficiency of conveyance systems
and avoiding over-imrigation,

- more efficient use of machines during cultivation, harvest and transport; proper
maintenance of machines,

- use of tillage systems which require less mechanization and machine operati- -
ons, '

(2} adoption of technologies that use renewable resources: eg for water lifting (wind
power, photovoltaic power, bio-mass fuel} and drying {solar heat) etc.,,

(3} use of an irrigation and drainage machinery system which has a high device effi-
ciency index.

There are many variations and combinations of these options and an interested reader is
referred to documents dealing with such systems in detail (eg Kenna and Gillet 1985).

Because labour substitution is often not a primary goal in agricultural development, a ge-
neral option regarding agricultural mechanisation may exist in developing countries. For
example developing animal drought power instead of introducing on-farm machinised ope-
rations or to the combined use of non-mechanised and mechanised operations.

5.4.3 Planning for Energy Conservation

An energy conservation plan may be established for an individual farm or for an entire
project. The plan may, for example, be established for new farms to assess pump power
requirements for various altemative lifting devices and irrigation methods. The following fi-
ve steps should be undertaken:

- conducting an energy audit to identify the best targests for conservation efforts and
to provide a basis for evaluation of the conservation effort,

- planning of the conservation programme; this includes general decisions about the
type of water lifting device(s) to be used on the farnm. After selection of the con-
servation target, the approach must be determined,
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IRRIGATION AND THE ENVIRONMENT AGRONOMIC MEASURES

- implementing the plan with repeéted evaluation of performance and discussion with
all people involved,

- evaluation of effectiveness of conservation efforts at regular intervals (eg half-year-
ly or seasonally}. The interpretation must consider that many factors, some of which
are beyond the control of the individual farmer, affect energy use, for example
emergency activities,

- reassessment of the efforts and repeating the steps above if required, for further
improvements,

Source: Hughes 1980

The required power by a pumps depends on the pump and the power source: the dischar-
ge rate, vertical lift or head, and the efficiency of the motor pump combination. Energy
conservation in pumping may be achieved by installing fuel-efficient power plants, redu-
cing operation time by efficient water use, and by keeping the head as low as possible
{eg by conjunctive use of ground- and surface waters, or the use of gravity-fed or low-
pressure irrigation systems).

Increasing the device efficiencies of irrigation systems (including prime movers, transmissi-
on, water pumps, pipelines) would require the following steps during

measurement - regular calibration - calculation of energy efficiencies - analysis of
the technical condition of the device - technical transformation - verification.

Measures of technical transformation are explained in ICID 1991 (STS p.262-270).
Transformation programs in China resulted in the overall efficiency rising from 27%
to 40% within a period less than one year (Z.Xiaojing 1991).

Energy losses in pipeline systems (ie friction and system losses) can also be greatly re-
duced, eg by designing various systems in undulating topography, optimum allocation of
elevation differences, and the selection of optimum pipeline diameters. Energy-efficient
system designs may be drawn up by linear programming or the cost potential method
(Mitsuno 1991)

Possibilities for energy savings in sprinkler and drip systems are determined by incresa-
sing reducing the pressure requirement and increasing water distribution effectiveness.
Pressure losses in mobile sprinkler systems are caused by water transportation and pres-
sure requirements (42%), friction losses in delivery hoses (25%) with the remainder being
lost at sprinklers (33%) (see Fig. 5-13).

A mgbile drip irrigation system which combines the advantages of both drip irrigation
(high water application efficiency and low operating pressure) with mobile irigation ma-
chines (lower capital and labour requirements per unit area; higher operational safety
compared to stationary drippers) proved to be cost efficient thorugh savings in water and

energy. Fig. 5-14 compares fixed and variable charges for a number of systems (Sourell
1991).

Intake works for medium and minor irrigation projects can also be designed for energy
saving.

A successful example is reported from China: hydraulic flap gates retain water,
creating head differences between upstream and downstream sides, and driving tur-

bine pumps which rise water directly onto the river bank (Xionghan/Xuannian 1991
in: ICID (STS-25 1991).

Sources: T.Mitsuno in: ICID (STS-B22) 1991; Zheng Xiaoying in: ICID (STS-B21) 1997; Y.Xionghan and
G.Xuannian in: ICID (STS-B25) 1991; Hughes (DEERE) 1980

Further reading: FAQ (EEP 5)1985; Kenna/ Gilet 1985
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Table 16-1 Table 1-2 a

NATURAL GOODS (RESOURCES) AND SERVICES

Table 1-1
I.Goods/Products (Resources) ll. Ecosystem Maintenance services {Cont.)
1. Surface and ground water for drinking — breeding
2. Surface and ground water for industry — nursery
3. Surface and ground water for lrrigation — resting {refuge) -
4, Biomass for Jumber — migration route
5. Biomass for firewood 10. Habitat for cruslacea
6, Biomass for construction materials {posts, vigas, etc.) — feeding
Table 9-10 7. Omamenta! plants (indoor, landscaping, dry) — breeding
B. Vegetabie fibers — nursery
ENVIRONMFNTAL MANAGEMENT: CONFLICTS IN THE HUMID TROPICS g, Megdicma| plants . — resting (refuge)
. 10. Food for human consumption (fruits, chicle, honey, sap, — migration route
i : : " : shoots, etc.) 11, Habitat for moltusks
Agricultural Conflicts Within the Contflicts with 11, Plant chemical substance {dyes, stains, waxes, latex, — teeding {inciuding transient food source)
Activity Agriculure Sactor Other Sectors Solutions gums, tannings, syrups, drugs, etc.) — breeding
o n " 12. Fish for human food {crustacians, finfish, molusks)
Utilization of Loss of predator-prey Fish/Wildlife - Direct and Investigation of integrated pest 13, Fertilizer (guano, other dung, fish meal} 12. Bultering

fertilizers and )
pesticides for more
intensive agriculture.

equilibria; disease
and insect resistance
to pesticides require

indirect effects because of
increasing levels of biocides
in the water.

management {echniques, Establishing
regulations controlling pesticide
use with training, extension services,

. Aquatic plants for human food (algas)
. Aquatic precious/semiprecious materials (pearl, coral,
conchas, mother of pearf)

iy
[, T

Non-tangible Goods and Services

increasingly-expensive  Water - Potential contamina- and enforcement, Evaluation of crop 16, Materials for artisan work {rock, wood for carving, fibérs for 1. Windbrake
controi. tion of drinking water. mixtures and agroforestry systems basketmaking, etc.} 2, Shade -
_Livestogk -‘Potenlial to increase production and 1o minimize 17. Metallic minerals {bauxite, ores, nuggets, eic.) 3. Racreation use of water (swimming, boating, waterskiing,
. contamination of mea! and milk probiems with weeds and plagues. 18. Non metallic minerals sailing)
products, Pesticides need to be properly used 18, Construction materials {sands, clay, cinders, cement, 4, Zones for scenic tourism -
Foresis - Reduces the needto  for both economic and health reasons. gravel, rocks, marble) 5. Zones for recreation tourism
clean forests for agriculture. 20. Food materials (salt) 6. Zones for scientific tourism
- — - - - - 21, Mineral nutrients {phosphorus) 7. Scientific values
Increasing cultivation Continued subsistence  Fish/Wildiife - Habitat oss Encouragement of intensified agricul- 22, Materia! for mineral dyes, glazes . 8. Spiritual values
on marginal areas preduction levels and because of forest destruction. * ure on the best soils, evaluation of 23. Hides, leather, skins 9. Historical values
because of spontaneous standards of living Water - Accelerated sedimenta- sustained agricultural production 24, Other animal materials (bones, feathers, tusks, leeth, claws,  10. Cultural values

cultivaticn,

because of low yieid.

lion, increased water volumes  systems adapted to the humid tropics.
in rivers, water quality is Emphasizing the rehabilitation of
adversely affected by rapid abandoned faliow !lands and of

bulterlies)
. Other vegetation materials {seeds, pods)
. Live fish {ornamental, aquaria)

P NS
(=2

11. Sport hunting and fishing
12. Early warning system
13. Moisture modification (humidity)

r'unoff and reduced infiftra- degraded pastures before new forest 27. Live animats for pets, zoos 14. Temperature modification
tion, land is cleared. 28, Live animals for research (medical, other) 15. LLV. filtration

Forests - Addifional losses 29. Fossil fuels {oil, gas, coal) " 16. Endangered species (fauna)
due to clearing. 30. Other fuels (peat, other organic matter dung - biomass) 17. Endangered species (flora)

Sacial Problemns - Rapid margin-
alization of small farmers near
new settlements and limited
development potential of

w
-

. Livestock forage
. Food for livestock (fish meal)
. Pulpwood

P

18. Gene resource {fauna)
19, Gene resource (flora}

occupled areas. IV. Economic Services
— . 1. Ecosystem Maintenance Services
Underutilization of Loss of profits Fish/Wildlife - Indirect loss Evaluation of land use, considering 1. Hydroelectric power source
land resources obtainabie from more due to continued clearing of climatic, soil and economic limita- 1. Nutrient cycling 2. Cther energy sources (wind, sun, tides)
{planting of fertile intensive uses, need forests, tions, land tenancy, market condi- 2. Nutrlent storage 3. Dilution cf contaminants
sails In grass for utilizing marginal Water - Indirect conflicts due  tions, and cultural characteristics. 3. Nutrient distribution 4. Decomposition of contaminants
instead of more lands for intensive to continued agricultural 4, Photosynthesis-Respiration {biomass-succession) 5. Oxidation of contaminanls
intensive uses). cultivation of annuat activity on marginal soils in 5. Population contro! (predator/prey) 6. Transportation of contaminants
or high-value crops. watershed highlands. 8. Flooding 7. Airshed (dilution of air contaminants)
. Forests - Utilizatlon of 7. Sediment fransport 8, Erosion control
torest lands for agriculiural 8. Habitat for local finfish 9. Sediment control
use; loss of forest resources. — feeding 10. Flood control
— breeding 11. Groundwater recharge
— nursery 12. Space for urban, industrial, agricuiiure, occupation,
~ resting (refuge) roadways, canals, airports, waste storage
. 9. Habitat for migrating finfish 13. Physical support for plants
Source: OAS 1987 — feeding {including transient food source) 14. Pollination -
Table 1-2 b
Table 16-2

NATURAL GOODS PRODUCED BY PROTECTED AREAS IN THE AMERICAN HUMID TROPICSa and b

National  Naticnal  National Historic  Protective  Wildlife  Reserved  Nalive

Goods Parks Reserves SanctuariesSanctuaries Forest Areas Zones Reserves
(-1} (VY {1Il-1v) V) (vt (VI v (V)
Léater' Vi Vi S NS vi S vl NS
=anetic bank (Flora) Vi | 1 NS I S vl NS
Genetic bank (Fauna) Vi l | NS | 1 v NS
. Goods from fauna Vi | vi Vi
- Goods from fishing { § NS Vi
Non-lumber vegetative goods vl 1
Lumber vegetative goods S s

v

8. The Aoman numbers {I-Vill) indicate management categories adapted by IUCN (1878).

b. Vi: Very important; I! Important; S: Significant; NS: Not Significant,

Sources: OAS 1987




Table REM 2: Goods and services available to the molapo system

A Biophysical Resources (water, fand, air}

inputs = floodwater, land, soils, dung from cattle/wildiife, energy/sun, nutrients from floodwaters, sedi-
ment transport from wind eroasion, rainfall

outpuls = crops; grazing areas for catlle; seasonal fish ponds; waterpends for cattle; birds and dome-
stic water supply; occasionally grazing areas for wildlife; food for birds {crops).

B Ecosystems Services
Bl Physical Recources: water/land/ soil/ air

inputs:
{and as habitat for plants and animals {biotic functions}
land as buffer for soil moisture (food recession farming)
land as fiter, buffer, transformer of toxins
land for crop production and for grazing
outputs:
filter and storage for groundwater aquifers
filter for air poliution {chemical spraying for contral of animal health, quelea birds and public health)
filter for soil contaminants {(agro-chemicals, future uses)
soil degradation: chemical fertility, physical status, salinity, soil phases)

B2 Biotic functions

inputs: pest predators (invertebrates, repties, birds, mammals}, microinvertebrates, other soil fauna

to control biological balances; nutrient supply {marginal imporance)
outputs: potential damages due to the indiscriminate uses of agro-chemicals; impacts on forestry, wildli-
fe, livestock, public health, biotic imbalances,

C Immateral services

currently no special functions

NATURAL SERVICES PRODUCED BY PROTECTED AREAS IN THE AMERICAN HUMID TROPICS?

National National  National  Historic Protection Wildiife Reserved Common

ServicesP Parks Reserves SanctuariesSanctuaries Forests Refuge Areas Reserves
(R (Vi) {L ) v {vi) (Vi) {Vi} vy
(vin) . e . L

3ecycling of .

Atmospheric Contaminants Vi VI S NS Vi | [ NS
Maintenance of the Local .

Precipitation Regime Vi vi NS - NS VI s i - NS
Butfering of Local Climats v Vi NS NS vl S 1 NS
Reguiations of the ' -

Water Regime vl vl NS - NS W S - 1 NS
Maintenance of Supply : i o

of Quality Water Wi Vi NS NS Vi S | S
Sail Conservation vi ! NS NS vi ] l S
Protection from Landslides, .
Floods and Cther Hazards V! | NS NS vl S 1 s
Maintenance of Genetlc . ’ ' L
Diversity : vl | VI NS | S 1 NS
Maintenance of Natural O
Diversity | Vi t v . NS 1 8 [ NS
Reservoir for Species ‘

which Offer Biological .

Control of Plagues v 1 I NS : 1 1 I S
Reserve for Species of ' -

Interest to Science Vi 1 Vi NS | [ I NS
Reserve for Species of

Interest for Domestication Vi Vi s NS t 1 1 NS

Genelic Bank for Future
Improvement of

Domesticated Species i Vi S NS | | | NS
Scenic Beauty Vi S | s | ) | NS
Area for Hunting - VI - - Vi VI - VI
Area for Fishing - vl - - § VI - VI
Area for other Recreation vi | 5 | Vi (I S s
Area for Tourism v s 1 | S | S NS
Conservation of Natural . -

and Historic Scenery | NS - Vi NS - - -
Conservation of .

Cuitural Patrimeny i S vi 8 S S S -

a. Tre Roman numerals (-VIll) indicate equivatent management calegorigs adopied for ILICN (1978).
b. VI: Very impartant, & Impartant, S: Significant, NS: Not Significant, «: Not Applicable.

Source: OAS 1987

Table 1-4

Table 1-5°

Natural Risk Assessment for Molapo Farming

elements occurence significance
\
Water _
seasonal/annual shortage of floodwater 40% +
extreme vanability of loadwater predom ++
flooding of cropland (unl:imeiy, prolenged) 25% ++
low salload (for irrigation 7} predom. -
Soils
low fertility and moisture storage capacity 50% area *
irregular pattern of sol mosaics predom +
partly high wind erodability 40% area 0
low infiltration rates {danger of waterlogging) 40% area +
Air/ Climate
high windspeed causing wind erosion/ moisture stress irmegular 0
heavy rainfall intensity causing erosion, pools irregular + +
high erralic seasonal rainfall regular ++
occurence of dry spelfls within rainy season regular *+
Biotic risks
vector-borne diseases frequent +
plant pests (birds) 40% years ++
pests (other) often +
wildlife damage to crops/structures/dangerous animals occasional 0
weeds as competilion for crops ‘ predom +
other
earthquakes frequent 0

predom = predominant, occuring in most years; percentages refer to areas or years

significance: Q not or minor important; + moderately important; ++ very important

Source: Petermann

Table 16-5

EXAMPLES OF NATURAL GOODS AND SERVICES
PROVIDED BY TWO HYPOTHETIC ECOSYSTEMS AND
THEIR USE IN CONFLICT IDENTIFICATION

Ecosystem
a b
Land for Agriculture X
! qnd for Industry X X
¥ ndfor Grazing X
Wildlite Habitat X
Underground Water tor lrrigation X
Underground Water for Domestic Use X

Table 16-6

INTERSECTORAL MATRIX IDENTIFYING POTENTIAL
CONFLICTS BETWEEN SECTORAL ACTIVITIES

F!ice Vegetable Livestock
Cultivation Cultivation Production Forestry

Rice Cultivation 1 2 3 4
Vegeatable Cultivation 5 ]
Livestock Production 7 8
Foresiry 9 10 " 12

Sources: OAS 1987

Table 1-6

Table 1-7

Table 1-8




INSTITUTIONAL AND
ORGANIZATIONAL ARRANGEMENTS

RESOURCE MANAGEMENT IMPLEMENTATION TOOLS

« Major land-uss For sach categary of management
assignments measure:

» On-site agrl- s Regulations
eultural, foresiry, + « Licenses, parmils, and linoa +
grazing, mining, » Prices, taxes, and subsidies
zagz::::: resouree + Loans and grants
management + Tochnica! help . )
practices « Education and information

« Off-sita management + Direct instafiation by public
practicas agencles

Figure 2.2 :

Watershed management as a planned system,

Table 2.1 ]
The three major activities of watershed management

For each categary of managamant
measure:

Nongrgarnizational:
* Jenure systems
* Legal codes
» Economic policies
+ Informal errangements

Organizationaf {public and private
agencies):
= Planning and management
+ Extension services
= Credit agencies

Panel 1. Divide watershed into major land uses

* Agriculture = Agroforestry

imaud o

in-fe

* Grazing Mixed use
Preservation

« Hotticuiture

* Mining
s Transportation
® Urban
» Lakes, reservoirs,
stream channels, and wetlands

Pane! 2. Develop set of resource utilization and management practices for each operating unit within each major land use

: Irrigated Agriculture Commercial Forestry

Agroforesiry

¢ Types of tree species

+ Rotation and spatial distri-
bution of tree crops

+ Quantity and timing of
inputs

* Methods .of tree planting,
thinning, and fertilizing

* Harvesting methods, ero-
sion control practices, road
siting, construction and
maintenance

* Methods of appli-
cation of water,
fertilizer, and pes-
ticides

+ Instaliation and
maintenance of
buffer strips,
grassed waterways,
terraces, on-farm
check dams

* Types of crops

= Rotation of crops

« Quantity and tim-
ing of water, fer-
tilizer, pesticides,
labor, animat pow-
er, and machinery
inputs

» Methods of tifling
(e.g., contour
plowing)

Panel 3. Develop set of downstream management practices

« Stream bank protection by » Debris rcmoval.
reserve bufler strips, revege- s Channel dredging
tation, and riprapping * Harbor, estuary dredging

® Types, spatial distri- ¢ Installation and
bution, and rotation  maintenance of
of tree and row erosion control
crops measures and road
* Quantity and timing  siting, construc-
of resource inputs tion and main-
* Methods of tilling tenance
and tree cropping
» Methods of applica-
tion of water, fer-
tilizers, and
pesticides

+ Treatment of intake water
* Wastewaler treatment
s Cheek dams

Table 2.2

Examples of watershed management tasks required at the planning stage, ¢

management system elements

lassified by management activitics and

Management System Elements

Implementation Institutional

Management Resource

Amaisvities Management Tools Armangements
Planning for

s Land capability analysis

» Land suitability analysis

» Formulation and benefit-
cost analysis of alternative
tand-use plans

For agroforestry

« Agronomic, forestry, and
economic analyses of types,
distribution, and rotation of
tree and row crops

« Planning for methods of
tilling, methods of crop-
ping, erosion control
practices

Land-use assignments

On-site resource utilization
and management practices

Planning for

« Stream bank vegetation,
protection, or revegetation

* Channel dredging

* Riprapping

* [ntake water treatment

Off-site management
practices

Planning for
¢ Regulation
¢ Economic incentives
« Education

Planning for

+ Education

» Technical help

» Economic incentives
* Marketing assistance
= Regulation

Planning for

» Education

¢ Technical help

* Economic incentives

* Pyblic installation and
maintenance

* Ownership/tenure
systems

» Public regulation systems

» Organizational changes

Planning for

« Extension services

& Credit/financial aid

* Qwuaership/tenure
systems

Planning for

s Extension services

¢ Credit/financial aid

* Soil conservation agency

*» Soil conservation agency

Source: Easter and Hufschmidt [985.

b3

Table 1-9 Table 2.3

Table 1-12

Examples of tasks involving implementation tools, classified by stages
of the management process and management activities

Management
Process

On-site Resource Off-site
M‘:r;la_gt_:rpent ].a_nd-use Utilization and Management
ivities Assignments Management Practices Practices

O @ )

Planning

Design

Installation

Table 1-10 ':
Operation

Maintenance

Content, magnitude, and timing of
* Education

* Technical help

* Economic incentives

* Marketing assistance

& Regulation

Detailed design of programs for
* Education

* Techmicai help

¢ Economic incentives

* Marketing assistance

* Regulation

+ Establish special extension team

* Technical help for crop planting, fertilizing, irrigation,
harvesting, and erosion contret practices

» Economic incentives, set cost-sharing levels for practices

® Marketing assistance, identify potential markets

¢ Regulation, determine undesirable practices

. Extel}sio‘n problem census and problem-solving meetings
. Momt_ormg of performance

. Techmca.l IEelp on changes in utilization plans

. Econgn‘uc incentives, adjust cost-sharing levels for
practices

M::xrketing assistance, provide information on commodity
prices by matket

* Regulation, check compliance

. 'Ibc_hniga! help, economic incentives, and regulation for
maintaining productive plant and facitities

Sources: Easter ed. 1986

Panel
Rank

Trend and Subtrend

Table 1-13

Table 1-11 .

Sources: Easter ed. 1986

Runoff & Ervsion Control

b.

-

d.

Environmental Ratings of Top Ten Trends and Associated

Contour Ffarming or contour strip— i
strip-cropping Practices: Nonirrigated Production {(Unger, 1977}

Terraces and grass watervays
Optimizing time of operations
Narrow rows

Improvement of Seed and Plants

a.
b.
€.
d.

€.

Weather resistance

Salt resistance

Production efficiency

Disease resistant crops

Insect and nematode resistant crops

Conservation Tilla ge

a. No-tillage

b.

Reduced tillage

Using Scouting and Integrated Controls
&.

b.

a.
b,
Ca
d.
e.
£,
g
h.
i,

Developin

Surface acouting
Remote sensing scouting
Using integrated controls -

p New Biological and Chemical Pesticid,
Micro-encapsulated pesticides

Syatemic pesticides

Surfactants:for herbicides

Bio-degradable pesticides

Alternative formutations

Juvenile hormones

Pheromones

Sterile males

Predator and parasites

Improving Soil-Plant Ana lysis

Herhods of Rutrient Applying

Aerial and floater application
Tmproved nutrient placement

a. Fnlier Eertilization
b, Multiple applications
e, Fall application

d.  Liquid fertilizers

e,

E.

Wind Eresion Control

a.  Strip-cropping

b. Barrier row

¢. Windbreaks

Source: C_anter 1986
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Table 1-15.

Table 13: Environmentally Related Trends: Irrigated Cropland (Unger, 1977)
Potential Contribution to Pollution--Hajor Pollutants
Surface Water Cround Water Air Land
Inorgsnic Biode~ Inorganic Par- Pesti- Biode~
Sedi- MHikro- Phoa-  Pesti- wilt and gradable PFesti- salt ead ticu- Seil Sa= Heavy cide gradable
TRENDS menk gen phorus cides winerals organics Hitrates c¢ides minerals Gases lazes eromion linity metals cesidues orginics
CROP MANAGEMENT TREWDS
CONSZRVATION TILLING . + * - 0 - - - 0 a + + 0 ] - -
a. No-tillage + + + - a - - - 0 b} + + Q L] - -
b, Reduced tillage: chisel plowing
undereucting, chemicsl + + + - a - - - 0 o * + o [} - -
CROF SEQUERCING - - - - 0 [} Q - o [+] - - o [} - [
a.  Hono-crop seduencing - - - - L] [} 0 - 1] [{] - - [+] a - ]
b. Mo-meadew rtrep sequencing - - - - 1] - + - a [{] - - ] 0 - -
€. Relay crapping . + * 1} - - - a 0 + + 1] [/} - -
d. bouble cropping + - . + 0 - - 0 0 + + 0 o 0
SEED/PLANT IMPROVING
(GENETIC DEVELORMENT) * [ . ] [ - o [ 0 0 + + 0 ] 0 -
a. Weather resistance + -] . 0 0 - [} ] o 0 + + [} 0 0 -
b. Selt tolerance 0 a 4 Q [ a ] 0 0 ] [] (] ] 0 [ ]
«» Production efficiency . (3 + 0 0 - - [ 0 ] + + ] [ 0 -
SOIL WATER HAWAGEMENT TRENGS
RUN-DFF & ERDSIDON COWTROLLIKG + . + * o + - - 4] + + a [} - -
a Contour ferming! contour
planting, contour—strip
cropping + . + + ] + - - - [} . 13 ] ] - L
b. Using Eerraces & grads waterways * . + + [+] + - “ - a 3 + 0 Q - -
¢, Uning winter tover crope + * + + 0 + - - - - . 3 0 Q - -
d. Optimiring time of operation:
cillage, planting + L3 + + a (] + + + (1] . + 0 [1} + 0
. Uning nargow tous + . + + 0 - * » ] - + * ] 1] + b
f. Using chemical erosicn-control
agenta * + + +* 1] L] - - - [ + * o [ - [}
MOISTURE CONSERYIRG (STOWAGE) - [ - * - - L3 - + - - - 0 0 -
'y Fallow cropping: woisture
storage, salt-seeps - 1] - + - . - + [} + - - - ] [ -
b. Using evaportraanspiraticn
reducing agents + 4 + 0 [ [ - 0 - [ + + . 4 a 0
Potential Contribution te Pollution--Hajor Follutsnts
Surface Water Cround Water Air Land
. . Toorganic Diode- Inorganic Par= Peati= Biode=
Sedi= Nitro~ Phos-~ l’?l!l' sakt and gradable Pesti~ salt snd ticy~ Soil Sa— Heavy  cide gredable
TRENDS ment Ben phorus cides minersls organica Nitratew cides minersls Cases lates erasion linity wmetals residues orgenics
SPRINKLER IRRIGATION * + * + L4 [} + + + 0 + » - [} - 0
USING DEIP OR TRICKLE IRAIGATION * + +* * - [} * + + 0 * * - [} - 0
REDOGIRC WATER APPLICATION + + + + + 4] * + + ] * * - a - 0
& Furrow basins . + + + + ] - - - [1] - * - [ - 1]
b,  Sprinkler * + + + + ] + + - 0 . . - ] - 0
cs Limited applicacion + + + + + a + + ) 1] * + - [/} - 0
d, Reeyeling #nd controlling eoil water + + + * + + - - - 0 * " - il - [
OIRECTLT MORITORING IRRIGATION HEEDS + * * + + a + + + 1] + . - 1] - ]
8. Messure soil moisture content + . + + * a + + + ] + + 0 - Q
b,  lemots sensing + + . 4 . ] + + . ] + . - 0 - a
NETKODS OF NUTRIENT APPLYINC + + +* [ 1] 1] 0 [} 1] [} * + 0 0 0 o
. Yoliar fertilication v + + 0 [ [ + o [ o + + 0 0 0 o
b.  Pertigation + + - o [} [} 4] o [} 4] . - o o 0 o
c. Multiple applitation - - - [ [1] [1] - 1} [1] 0 - - 1] [1] ] Q
d. Aerial and flaater application + + + 1] 1] 1] + o 1] 0 + + 1} o 0 0
e. Fall ferrilization * + . o o o - 0 [ 0 - - o 0 0 o
d. Liguid fertilirver + + * 0 0 0 /] /] 0 /] + + 0 0 0 0
USING ALTERWATIVE HUTRIENT SCURCES + - - 0 ] - - Q 0 - - . Q 0 0 1]
" Uning animal wantes +* - - ] 0 - - 0 0 - - * ] 0 0 o
». Using sunicipasl treatment plant wastes + - - 0 0 - - [} 0 - - + a - 0 0
€. Using green manure crops - + ] ] - - 0 0 + - - [} ] 0 o
DEVELOPIHG BIOLOGICAL NITROCEN-FIXATION
SOURCES + * 1] L] 0 - * 0 0 ] * + 4] 0 1] -
s, DPaveloping lzgume sources + L3 0 0 0 - + L'} 1] 0 + + 0 o o -
b. Developing non-legume sources + + ] 1] 1] - * 1] 0 [1] + + 1] Q o -

Source: Canter 1986

Table 13; {Continued)

Table 1-15 cont.

Potestial Contribution to Pollution-—Msjor Pullutants

Surface Water Lround Vater Alr Land
- Faati=- Bicde~
inorganic Blode- Innrganie ?fr .
Sedi- Hitro- FPhos-  Feavi- uu.-na gradable Pesti~ salt snd ticu- Soll Se- Raavy cldf‘ ::a::::
-:n: seo pborus  cides minezals organics Mitrstes cides migerals Ga iates erosion 1lipity matals residuss L
TEERDS
1] 1] L]
[ s [ 0 0 [ o 0
DEVELGPING IMPROVED FLRTILIZERS o * * o ¢
a. Developing coutrelled-relesse ' * Q 0 o [/} [+] 0 ] [1] 1]
tectilizers o . . o @
b. DPevelopisg high nitrogen content 0 o o o - 0 0 0 0 0 [} [} [} 0
fercilizers = -
¢. Developing high phosphate content 0 0 0 o 0 [} 0 [ ] 1] o
fercilizers L] 0 0 0 0
CONTROL TRENDS o ] 0 [} 0 + 0
rest ugxncos:auﬂllc 0 ¢ 0 . g 8 3 . 3 o 0 o 0 0 + o
a. Dsing surface scouting 0 o g . 5 0 a » 0 0 0 o 4 0 - o
b. Using vowote sensiog stouting © o o
IMPROVIRG PESTICIDE APPLICATION [ 0 " 0 0 » * ] [} * 0
WETEODS AFD TIMING + 0 0 M g o o 0 0 o 0 ) o I B 0
a, Improving serial application . o 0 o . o o o " o 0 - + ] ] * 0
b. Improving floater vehicle application * 0 o
. Developing fertilizer and pesticide o I a 0 o ] ] 0 o ] L] o
dual applicstion * o 0 E 0 o 0 . o ] ] [ o o * °
4. Improviag pesticide plecemant 0 4 0 . . . o
o + 0 L'} + +
DEVELOPING RESISTANT CROPS + 0 0 : g g ° . o 0 . + 0 0 * 0
s. Daveloping disease resisrant crops + il ]
b. Daveloping iusect snd sematode 0 Py . 0 0 . . ] [ 1 o
resistant crops * o o : g o 0 . o [ + + 1] ] * °
£. Daveloping bird reaistent crops * 0 o . . o
[] + [} 0 ] 1] 1]
DEVELOPING WEW PESTICIDES o 0 0 * 0 0
a. Developing wicro-sncapsulated 0 o B . 0 0 0 . L] [} 0 0 0 0 + g
pesticides o + 0 [ o o o o *
b. Developing systesmatic pesticides 0 ] L) * g g o . o o o o 0 0 ® []
c. Developing nurfectasts for hervicides D 4 o * o o ° + 0 L L} L] 0 0 + °
d. Developiog bio-degradable peaticides © o ¢ * ° M 0 B 0 0 0 o [ 0 - e
e. Developing alternative formulations © 0 o +
Table 13: (Continued)
FPotential Contribution to Pollution——Hajor Pollutants
Surface Water fround Water Alr Land
lnorganic Biode- Inarganis Par- Peati- Biode~
Sedi~ Hitro~ Phos— Pesti- wmalt and  gradsble Pesti- walt and ticu= Soil H Heavy cide gradabte
TREMDS meant gen phorus cides minerals organice Nitrates cides wminersls Gases lates ercsion linity oetals residues organics
DEVELOPINC BIOLOGICAL CONTROLS + 0 [+] + 0 ] 0 + [1] o * + 0 4] * ]
a, Developing juveniles horwones + (1] ] . 0 1] 0 + ] [1] + + [+] 0 + []
b, Developing pheromones + (] ] + [} 0 1] + 0 [1] + + 0 0 + 0
c. Developing sterila males + 0 [} + 1] 0 1] + a 0 + * [ 0 . 0
d. Developing predatore and parasites + (] [+] + ] 0 ¢ + [1] [1] + + 0 a 3 1]
OEVELOFING LNTEGRATED CONTROLS 4] 0 Q + 0 ] 4] * 0 ] 4] [ 0 0 + 0
{i.e., chemicai-biological-mechanicel)
RESOURCE USE TRENDS
USING INCREASED RWATES AND AHOUNTS OF
CROF PRODUCTION INPITS - - - - - - - - - - - - - - - -
. Using commercis) fertilizers - - - [} 0 - - [} 0 - - - ] a 0 -
b. Using other nutrient sources?
livestock wawtes, musicipal
eludges - - - [1] 1] - - 1] 1] - - - 0 0 1] -
¢, Using chemical pesticidest
herbicides, insecticides,
fungiciden, rodenticides - ] 0 - 0 1] [ - 1} ] - - 1] 0 - o
d. Uming epergy: petrolesa products,
elecericity, sunlight [} 0 ] ] 0 0 ] 0 [} 0 [} ] [1] [} 0

e. Using new cropland (including ser-
apide lands)




Table I5: Environmental Ratings of Top Ten Trends and Associated

Practices: lrrigated Production (Unger, 1977) Table 1-16
Panel
Rank Trend and Subtrend
1 Improving Water Application
a. Furrow basin
b, Large sprinklera : .
c. Recycling & contrelling tailwater Table 5. African agricultural systems and extent of sustainability. Table 1-18
d, Timing and amount with respect to crop and soil Traditional and transitional systems
condition . fa. Shiﬂing. cuitiw!lion (Phase 1) L>10 HS
' Irrigation scheduling b. Nomadic herding 55
2 Runoff & Erosion Control 2, Bush fallowing or land rotation L =350 NS
a. Contour farming 3. Rudi i =
b. Terraces & grass waterways mentary sedentary agriculture L =24 NS
c. Winter cover crop 4a. Compound farming {shifting cultivation, Phase 1V) L<24 §
d. Land grading b. Intensive subsistence agriculture sU
3 Methods of NHutrient Application 5. Terrace farmir.lg SuU
a. Foliar application h. Floodjand agriculture HS
b. Hultiple applications . , )
c. Fall application Modem™ farming systems and their local adaptations
d.  Aerial & Ffloater application 1. Livestock ranching su
e. Improved nutrient placement . .
E. Irrigation application 2. Mixed farming 5
3. Intensive livestock production systems ultry, pigs,
4 Developing Integrated Controls and dairying) 4 (poultry. pig sU
5 Using Soil-Plant Analysis 4a. Small-scale irrigated farms (lowland rice, vegetubles,
and arables) s
6 Directly Monitoring Irrigation Needs b. Small-scale fish farming s
a, Measuring soil moisture ¢ontent 5. Large-scale farms and plantati
b, Remote sensing of plant or soil water stress g B! s and plantations L
¢, Field soil examination (a) Lzu"gescale arable crop farms (unirrigated) NS
(b) Irrigated crop production projects/systems SU
7 Using Sprinkler Irrigation (¢} Tree crop plantations (oil palms, rubber) 5
. 6. Specialized horticulture
8 Seed/;ln:; Imprm.n:g {a) Market gardening HS
:. s::: :;1:::;2;“& {b) Truck gardening/fruit plantations sU
c' production efficienc (c} Commercial [ruit/vegetable production
‘ H for processing 55
9 Developing Nitrogen-Fixation Sources L= (C+F)/C where C = cropping period, F = fallow period, L = land use factor
a, legume sources _ HS = Highly sustainable -
b. Non-legume sources ’ S = Sustainable
c. HNon-symbiotic non-legume NS = Mot sustainable
. . §S§ = Sometimes sustainable
10 Developing Improved Fertilizers SU = Sustainable only under specificied circumstances

a. Controlled release fertilizers

b, High phosphate content fertilizers
¢, lLiquid

d. Mitrate inhibitors

Source: Canter 1986

Table 16: 5 { Major Envi tally Related Trends i Tab|e1-17 Tahl
able 16; Summary of Major Environmentally Related Trends in : able 1. Grain yields per hectare in four Aft} . o
the Agriculture Sector by Subsector {Unger, 1979) 1950 to 1952 and 1983 to 1985 (Bm:; m‘;%ﬂ'ﬁ';:ﬂlltggg.mm declining yields, from Table 1-19
: Average Yields
Panel RatingsP ; Country 1950-1952 1983-1985 Change
Nige Kg -
L;Benﬂb' 760 114 5
Qzambigque 620
Subgector and Trend (P or 1)2 Rank Index Tanzaniaq o ;g;f ::3
Sudan 780 479 38
Honirrigated Crop Production
Runoff Control (P} 1 100
Improved Seeds {I) b3 33
Conservation Tillage (FP) 3 ) . -
Integrated Pest Control (F) & 70 : : Source: Okigbe in: Edwards ed. 1990
New Pesticides {I) 5 65
Irrigated Crop Production
Water Application (¥} 1 100
Runoff Centrol (P) 2 BO
Nutrient Application (FP) 3 70
Integrated Control (P} 4 60
Soil-Plant Analysis (P} 5 40

8p=practices {primarily); I=inputs {(primarily changes in quality?.
bratings established by subsector panels of agriculture professionals
in an EPA sponacred evaluation workshop. The ramk indicates tl:le
trend cluster's rank order of environmental importance; the index is
4 subjective measure of each trend's relative importance compared to
the top-ranked trend which han an index score of 100.

Source: Canter 1986




Table 2 LABORATORY DETERMIMATIONS NEEDED TO EVALUATE COMMON IRRIGATION WATER

QUALITY PROBLEMS Table 2-1
: Water parameter Symbol Unitl Usual range in
ECOLOGICAL CONSIDERATIONS FOR THE FUTURE 355 Table 1_20 i : P Arrigation water
. : SALIRITY
Tabhle 2. World popul growth by geographic region, 1986,
Rei ) Population Annual ; : Selt Content
egion Pop.ul'?uon Growth Rate Increment Electrical Conductivity EC d5/m o= as/a
——millian % —— — million — : i v
Slow-growth regions ' : {or}
Western Europe 381 0.2 0.8 -
North America 267 0.7 1.9 Total Dissclved Solids DS mg/l 0 -~ 2000 mg/1
Eastern Europe and
Soviet Union 92 0.8 1.1 Catione and Anians “
Australia and New Zealand 19 0.8 0.1 Calcium Ca me/l 0-20 mefl
el ok e Woma e
Rapid-growth regions . l Sodium e me/1 0=40 me/t
Southeast Asiat 414 2.2 9.1 Carbonate €o,” me/1 0-.1 mefl
Latin America 419 23 9.6 " z -
Indian subcontinent 1,027 2.4 4.6 - Hearbonate “CE’ me/1 : 010 me/l
Middle East 178 2.8 50 Chloride c1 me/1 0-30 mef1
Africa 583 2.8 16,3 . i Sulphate 50,7 me/l 0~20 mefl
Tatait 2,621 2.5 65.5 i
*Principally China and Japan. : NUTRIENTS?
tPrincipally Burma, Indonesia, the Phitippires, Thailand, and ¥ieisam.
$Numbers may not add up to toials due 1o rounding, ; Nitrate~Nitrogen HO,-M mg/l 0~ 10 mg/l
Anponium=Nitrogen R, -H mg/1 0-5 mgfl
+ Phosphate~Phasphorus PO, -P mg/} 0-12 mg/1
Potasaium it mg/1 0-2 mg/2
KISCELLANEODS
Boron B mg/1 0-2 mg/1
Acld/Basicity pH i-14 6.0 - 8.5
Table 3. Projected population size at stabilization for selected countries. Table 1-21 . Sodfum Adsorption Ratie? SAR (mef1}*2 0~ 15

Annual Rate Size of
Populotion  of Population Population at Change

-

d§/m = deciSiemen/metre in S,I. units {equivalent to 1 mmho/em = | millimmho/centi- - Source: Ayers/Westcot (FAO) 1985

Cauntry in 1986 Growih Stabilization from 1986 metre)
— mitlion — — % — — miflion — % e
Slow-growth countries mg/l = miiligram per litre = parts per million {ppm).

China 1.050 1.0 1,571 +50

Saviet Union 280 0.9 377 +35 me/l = milliequivalent per litre {mg/l + equivalent weight = me/1); in SI units, 1 me/l
United States 241 0.7 289 +20 ' = 1 millimol/litre adjusted for electron charge.

Japan 121 0.7 128 + 6

United Kingdom 56 0.2 59 + 5 2 NO; =N means the lahoratory will analyse for NO; but will report the HOs in terms of

West Germany 61 -0.2 52 —i5 . chemically equivalent nitrogen. Similarly, for NHy-N, the laboratory will analyse for
NH, but report in terms of chemically equivalent elemental nitrogen. The total

Rapid-growth couniies nitrogen available to the plant will be the sum of the equivalent elemental nitrogen.

Kenya 20 111 +455

Nigeria 105 ;g 532 +406 ’ The same reporting method is used for phosphorus.
E::Dpia :?, i; ig‘é :ggg : 3 SAR i ealeulated from the Na, Ca and Mg reported in me/l (see Figure 1}. Table 2-2
Pakistan i02 2.8 330 +223
Bangladesh 04 2.7 3i0 +198
Egypt 46 2.6 126 +114 . . .
Liyxﬁco p 26 . 199 143 TapLe 31, Selection of parameters for river water-quality surveys (after McDermott)
Turkey 48 2.5 109 +127 -
Endonesia 158 2.1 368 +119
!ndial -{E; gg L;gg + : 5; Chemical paramclers Biological parameters
Brazi . + 5 :
" T_}‘pe of survey Physical parameters Lnotganic Organie Nutrients Microbiological Hydrobiological
. h toposedl for inclusion  Colour Chemical Oxygen Coliforms, total and
Source: Brown et al. in Edwards ed. 1980 -in all surveys pH Demand (COD) faecal
: Specific conductance
Sbapended solids Total Organic Carbon
Total 2olids (TOC)
Recommended for Odour Acidity - Biochemical Oxygen Nitrate nitrogen, NO, Total plate count
 tollection of baseline Alkalinity Deomand (BOD);
“dnta Calcium, Ca immediate, 5-day,
: Chlorides, ClI ultimate
Biuglved oXygen
e L . . ardness
’f;;(:e 4. Measures of sustainability in seven African countries,* by ecological zone, Table 1-22 _ Iron, Fe
A ll:{lnsnumm, hr:(l
. anganese, Mn
Food Fuelwood Potagsium, K
Agriculturally  Actual Fuelwood-  Aciual ssleniuil' s
Sustainable Rural Food  Sustainable Toral Fuel ; . gg;:;'m %{n
Zone Population  Population Disparity Population Population Disparity : :
million people ’__‘wnmmended additional Floating solids Arsenic, As Cyanide, CN Ammonis nitrogen, NH, Faecal streptococci Benthos
Sahelo- :Darameters where Barium, Ba Dissolved organic carbon  Nitrite nitrogen, NO, Salmoneila Plaokton counts
Saharan 1.0 1.8 _0s o1 L8 7 _:‘:gnicipal and/or Beryllium, Be Melhylens Blue Organic nitrogen
: . . . B . -1, Industrial pollution Boron, B Active Substances Soluble phosphorus
Saheltan 1.9 3.9 0.0 0.3 4.0 ~3.7 fe expected Cadmium, Cd MBAS) Total phosphorus
Saheio- . gl(;rorm‘u(r?li Cr l?i li“:g grease
R i : pper, esticides
Sude.mlan 8.7 11.1 —-2.4 6.0 13.4 -7.1 Dissolved Carbon Phenolics
Sudanian 8.9 6.6 2.3 7.4 8.1 - -0.7 . Dioxide, CO,
Sudano- : Fuorides, B iohide, LS
Guinean 13.8 36 10.2 7.1 4.0 3.1 Lead, i’)in:l e B
Mercury,
Total 36.3 27.0 9.3 20.9 31.0 -10.1 : Nickel, Ni _
*Burkina Faso, Chad, Gambia, Mali, Mauritania, Niger, and Senegal, The five ecological ‘Z,E::ndil::m' M
zones are delineated by amounts of rainfall. —— :
Optionat i e
> parameicrs Bed load Aluminium, Al Carbon Alcohol Organic phosphorus Shigella Chl h
;:csillrveys of Light peaetration Sulphates Extract (CAE Orthophosphates Virﬁ:u: Fmgrop viis
al purpose Ea;tl:le :[zc . Caébou Ct(ﬂé:é%, i)rm ll;olyphospllmm —Col:luackje A&B Periphyton
. : ediment concentration xtract eactive silica ~—Polio ic iti
Source: Brown et al. in Edwards ed. 1980 _ S imant concer cixtract (CCE) Rl s Taxanomi¢ composition

—~Echoviruses

UNESCO/WHO 1978
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Suggested preservation techniques

TaBLE 1.

-3

Table 2

Method of treatment
{suggested analysiy)

time prior to analysis

Oplimum siorage

© —not possible

b —possible

Parameter

(followed by titrimetric method

Cap bottle, avoid bubbles and
to pH 4.5 and 8.3)

turbidity, keep cool

Same day if coofed

Immediately

c

Acidity
(cH)
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Table 2-

Preservation

# —lnnecessary

b

Mecthod of treatment
(suggeated analyals)

Opid
timo pri

for to anajys

ible

€ —not poss

Paramcter

G861 (Qv4d) 100183pp /s19Ay (90unag

*PIioa 243 jOo suoy8al PIie-JUas pur PFIe 3yl UF SBIIE paledtiil
3800 ul FuFTTEa®ad SuoliTpuod pIeTjy [Fmitu I3pun ITqEYTTdde aIP usoys sSInTes *TaYl I33TE
UE2 I28n lajma 3yl 3o TITHS 3uwameSwuem 3Inq SQUOTBTATP 253Ul 01 PBT 3aBY SUITIRAIAISqo pue
STeTI3 y2aEasal “SITPNIs PTITJ "PI?FA Buridoajye p1o3d®my aayie yita aaTidadsiad a3deoad uny
PaIspTHUOY JT 3DuEDTITUSLS ITIIFT S5y anTea UVTLPInd e aoTaq Io 3reqe Juaiad gz o1 Qg1 3o
afuey> y *jutod Fupvesiq INDIEIT? OU ST 213yl pur ATTENPRIf sandso aBusys =dups Lirrafqae
eymaWOS BIF SUOTSTATP YL *313a96 puw' ‘3ajeispom 03 BITs ‘suou :£1T7i8ad3 JO sasafap

#8143 03U7 PIPIATP ST T STQPI UT UAOys ,3B[) U0 UOFIDTIISIE, YL Iven uo WOFIDTIIEIR

*paystidaodae
mﬂmn.ﬁsuuwﬁﬁuulwnuﬂvnuunouuouuuﬁwouumm:u?_..uum wuoa..Jumm:uau:ﬂuunﬂmucﬂma

8T IN1sT0W S1gnbape JT Jurjzodw] 53] S3WOD3Q I00F A99I IImGT #y) uy A3jurTes IayBIy
9y, *Suyyses] uUITOTIIne 4q SUGZ IJ00J BY) mMOTRq PEAOm B1F $3ITES OF PaA3TYI® ST JdueTeq 1ITes
® Inq 3x8d I9A0T Y] UT IWAIAG IWES 03 2IBTNANDOE Bnoz 3001 I3ddn 3yl WOaF payIesT B3TES

“83mT) TTF 1% paiajea ATvienbapr doiv ayz dasy o3
PeUFl 21¢ 15U SUCTIRETIIT pur Jusdaad (Z-G7 Fo UCFIdw1y Suyysway ® WO 1[nes1 SUOFIFPuOR
@agayl "spucdsal doas ayj yayya 03 AJTUFIBS 2uoz 1001 2TBIIAR IY] 3JO PATITIula@azdaa
ST pugs 133ka paTldde syl 3o 3®y3l samyl 8231yl SF IIIBA-TToR Yl Jo LITuTTes a3Beiaam ayg
*auoz 3901 3yl jo 3aed lamof a2yl UT 315238315 8T puw yidap Yilam SI8EIIIUT AIFUFTRS < AITUITES
noT AT3ATIBT31 2 1® 3T sujejujed puw suoz 1001 1addn @y3 seysesT uoyiI®STIi[ yseg *1azxend
3F9MOT Byl mOI7 Jmadlad (3} pue 'ielzenb pITyl 2Y3 ®o13 Juadrad (7 ‘Iaalenb puocdas ayl wmolj
ausdlad gf ‘4adap Jurioor #y3 yo z=231end 1addn 2y3 woiy uanel 2q 03 peansse sT jusdzad gy
aneqe afeIsae ug *yidep Fupiooa Iyl uTyiItm STQRITRAR L(PEsl Jsom ST 3IF 1aava9ya mo1] 13jEA
Y1 [1E 3nq “sulajled ayeidn Isles UI19FITP 2ary 5d0ad Jussyyrg :edodn Aq awEddy 1938p

= g3usmaifnbaa
BuIysesT 231 sat3stIes Fuigawer parrdde adejyins I nojIefiaaf wumuusmnam»ommﬂnmuﬂﬁmmnuhw

ang ‘suopieftiaf jusnbeiy 1o ATTRP IEBU UT S3[nsel Yoys ‘uoyIwdTiaT d11p pazfirEvoT s¢ yang
‘spoyiam uofieBriaT PazITRIoads 103 2ATIVFI391 003 aie sIUF[EPInS eyl *(auazaad ¢TE[11]
uoFadeay Bulgowal) auoz 3001 syl moTaq sajerodiad iaiea parldde @Yl jo juadzad ¢ 218€3T IV
*uofIESTIIT IX3U Y] sidFag (230m 10 juadiad () I19Ien-TJOS Paxols ITQETFRAE 3l Jo uofilod
9TqeIspIsUO? B 83zITFIn doad aya pur ‘papasu se ‘Arjuenbaiyul paydde st lajey -“pasn
I SpOoY1sW UOTIEFT11} I1a[AUFIdS Jo 3IDBFINE [ERICH tBUOTIR3FII] JO HUIWLL Pu¥ BpoylaR

*30eJIng
a3 JO 931380 7 UTYITA Judsead a[qer JIJEA MOTIPYsS PaTTOIIUOCOUN OU YITs ‘poof aq o3 paumsse

81 efeuteiq (*Ijuswsaynbaz FuTyowal syl jyo 31wd 10 TR FuTieem uy JATFIVIIIA §T TTHIUTE2
WoIy JWIem PIYRIITTIUT ‘SucyIeniTs T[TeFUTEl Iaydyy ayl 1apu; *aI9a38 00l aie FUOFIVFIISAX
2ulTapind 3yl ‘Ieak syl jo Te 10 3ied 103 yfty ST uorawitdyosid a1aya HPIIT 10 JJEWITD
ugosuom e uj) *judwsipnbai Buyyoesy 10 puemap 13i1em doxo Bufisem uy srel juEsryTulys
e Leid jou S30p [[EJuIEY *MOT ST [TPJUTEI Pue Pfie 03 PFIS~JWag BT 2IEEETS Byl "93euyeEip
TPUI3aqUF PpooZ YiITa BEOI-ATD ©3 GeOT.Apues mo13 s3fuprl 2iIn3xa3 T¥08 IFUCTITPUG] 93T

*95N IO ITYEBITNAUN ST IIJeM 233 IBYI IIBITpPUT
jou ss0p ,3EM OO WGTIONIYESI, ¥ “AITTIqRdEd uofIanpoid TNy ufelutem 03 paIpIen =g Lew
juswadruem Terdads 3o ‘doad yo aaToyd uy UOTIBITATT B 9q A¥m 3IIY) 2Pyl SIIEITPUT _IFN UG
UOTIVTIISIL, ¥ "3SN UO SUOTIDTIIFAL Ou BJEITPUT B3uFT2pInd ayj uaya pamnsse BT *garT10wad
Tetoedg jo asn syl 3jnoyira ‘sdoid TR Jo A£31tyqedes uoTrionpead TTng TBTFIUAIQ] PISTA

9w geuFPpIMd oyl uy suolidenssw ojeeq gl

*AT260T2 2l0m SUOTITPUOD [WIOT 1TF 03 PATITPOm 3q Lrm BAUTTAaPINE ayl ‘e TqETTRAE
91% SUOTIRAI2SqO JO YD1Es8sal *STRTI1 PIITJ ‘I0ousyiadxa JUITIEFIns aIayy +a58d suTTIaplog
B 8F 1T 37 L1Teroadse ¢‘Liddus 1a3ma 1pInoylaed e 0 £3fTTq®sn 3yl uo sjudwafpn{ Suoim
uI 3Tn931 1yFtw suofidemasw Iyl WOIF SUOFIRFASP 2pIn *pa16n[p¥ 2q o3 pIau Lew wauyTaprnd
3Yy) ‘SUDTITPUOD JUBI3IITP ATIE918 Iapun Pasn 5T IITEm Y3 F1 *&3rTI9@8n 3o aSueix 1Tay3l
SUTFISP O Pasn ulaq ey SUOTIdumsse Jpseq TrI2A35 *21INITnoTIFe paaeflill ul paisjuncata
SUOTITPUGY 3o 28ued 2PTa 23 J2ACY 01 Papuaju] 218 | STQEL Uj 83uIT3pInd L3prenb asiea ayg

SATIT2PTY) 3Q) ul suoTidemesy

*(P21833 BuTeq ST IIIVMBISEM UIYM PIpNTIUT =2q pTnoys
R~-2TUB31Q pue K- “Hy) UsFoIlju TeIUaWAT® IO sWIal UT paliodsIl usBoajfu 2IBIIFR GUBST R- 50N

*¢{1 pu® ¢ F2[qe]l 393 ‘E3aDUPILT0] LOI0q I0J

"0 PUP g1 ‘g1 93IQEL
298 ‘neradiceqe o) LaTaTaysuee doid loj +8dOID 2ATITEUAS IO SIAEAT I3 USnoayy paqiosqe
3q {ew IPFAOTY> pue wnipos *{juaziad gf » ) LIFPFUNY AOT Pu® uQTIBATIIT I3TjuIIde pEaylaA0
Uit 4] P1qel @96 “8d03D 1inijy Pajdafas §o I0UPIATOL IPTAGTYD 104 * (S PUF o 8aTqar) 8a1qEl
22URIFTOI AITUTTES Yl 95N I3ATITSUSS JOu 218 5JOI? [PNUUE 150K *UAMOYS E3NTEA Byl 280 fapr
-30THD pue mnypos 01 IATIFSU2s 1B SIURTd Lpooa pur wdold 213 I1S0W ‘uOFITBTIIT 30EJING Jog

“6/61 I2014ydg pue 13390 pue ‘y 4T SIpEOUY WOIF pasdepy
*apg £q PATIIPOm S ¥ys Aq watqord uopilRIITIING TRTIULICd aY3 @jenyeEay *$BsERIDUT AJTuTles
12JBA SB S3SEIIDUT IIP1 UOTIEIITFFUT *¥VS UaATE B 3y *ainpasoad uwofieTnaTe? ¥y§ Iyl 107 1
2anfTy 295 "®Ny Toquis 2y3 £q pajiodax gamyismos ST ¥WYS *OTIB1 UOTIJIORPR UNTPOS SUEIW Jys

*(1/3n) 22371 13d SWRIBTITTE UT paidodal *EPITOs PRATOSSTP TBI03 FUBSW §OI *Jual
~BATNDA 318 ylog *(WI/oymm) IIPWFIned i1ad SOYWITIF® 83ITUN ut 10 {(W/Sp) 5,67 1 3izdW I3d
SUBWATSYYEp U pa3zodar FLITUTTRE 1918 BY) Jo oinseam ® ‘AITATASNPUOD TBDIIDAT3 BUEIW M)HF

"yl6T BIVEIINSUO) JO 3313TWmO) BFUIOITIE) JO AITsIsatun moxy pasdepy

$

"

T

¥°9 - 59 SFusy TemIoy
$'8 - $°1

gd

(A7uo Burpyurads poayasac)
{ %00R) @IvvoqaEaTyg
ol — ‘o) weBo1lIR

{sdoap g1gi1devens
9703fP) 8309337 ENOIURTTIINTH

S°1 > 1/=a

0 < 0f - § ¢ > 1/8u

{1IZ 21981 29%) 8 uvwaTy IJRI]
/3

» 1/om
v ﬂ\ws

mﬁﬂv aoxoq

uoTI88T11Y Iayyutads
uotiedyr17 238FIns

#(13)} 2P¥3oTRD

uoFis¥t1ay a3TNUTILE
uofiediiar =2sejans

»{FH) =mypog

redodo aa131euss
81054{D) Lapopxel voy d1yyeads

1/em
uvs

m oA
mm
v ¥

0y - 07 =
0z - 2 =
ZE-9 =

a 9-¢ =

21 pue £~ 0 = Hy¥s

NMm N o
.
COO0 -
VYV VY VY
NGO
.
O~
AnA AA
LI I I B )

¢ (apyjaboq

gvg pup Toz Buzen sivmivag

‘1308 Yz o3ug L3zon fo szod
uo1LFDIZILIUG 8303/ (D) WOTIRIITFIOL

0007 < 0002 - oSy o5y > /5

pler
(30}

a/sp -

0°€ = £°0 o7 |

L' >

(32273977 200D
daz3on dodo s108ffv) Lyyayres

3IINIG #3813poy 03 IyBITE Jnoy

LERaiT] WaTqoly wWopleBTiI] IPTIUaIO]
B[] U0 UOTIVFIILIY I0 281Fag

*See Cadmium
{may use AAS or AAS-solvent

No time limit

Yanadium

(*3u03) 1 a1qeg

(NOILVOIWEI 304 AITTVAD ¥AIVM 40 SHOIIVIAMJUTINI ¥04 SANITIAIND T 219%]

*(1912x PETUOTIP PRSI Vil | 3 1) PIUE OO kA DRILE 4FW SSTHOH
*PIUOTTA JFLMIIYIO ESS[EM PN X ABT RN RALRL0J  SSTLON

“{miew pITIGIED PATRNID T T 1 1) PO SINIT Tl ps e STI0F 9
"PIUCTITITT SSTATRIZIO SSO[UN Psh 3 Aesm S04 YOMATRAI0d  SSELLON

(pOy3au JLPMITARIA 5T Lep) Apayerpanury ® SINPISIY
(Iaupiqaing osn AR
1 103§ "INBYS (sumjor
"ajdures MMWIU M 4-T PPY SARD M3J € UIIM q fapamL £q %52 YOSTH MU T PPV Aep oureg q saseq SUIPHAJ
(aspemIomTI L) Afayefpauy > ameradmay (Answojogd
. Sure]] PWANP—SYY 95N et}
(POLFoLL SHAULMOOD 25T AT SABp M3] ¥ ® Lo A uragsseiod
- : Buisea{2a jou sse|d ul 1o SN0 S
UL HORERY 95n L€ amjLitakjod ojur apdureg I LI} ON ® T
(pows i Unmn 011000  SAED maj B UTGIA ] spilos papusdsng
(powRat s1ydeiS01ewionyd
(pogaut 528 4q pamorio)) @.Bw&
SUIPO] S JO SPONII[S SI9m] WOYS L, YHM S[ISTaIN SSELT sjkuagdig
" woy ogoeds 4q pasofiol) ITE 8501 "D b 03 duTes [007) £Ep swreg ® pareunIongA[0d
TOTINOS )EI0E IMZ
10 9)8109% WNMIPED %01 © GoﬁuEhuFunEp. o102 h:mﬁ
Jo T 0T PPY "3UIy 2qm) Lk wnmapqATow pue nonsip
amnaq ordures (eoads Tl 1397100 Kep sureg q ssprdms syeqdimsred £q pamofioj)
DobE 01 100 "a[duses =01
eowﬁ Twr GOIPOSTH Ya0€ [ T PRV Aep aweg q sogdsoyd
arnauimy ZDed asn
' Dbt 011000 P W ON € saeqdog (PO)ot SIWHUNO[0D
S anjq wNULpqAoW Aq PIMOTTOR)
s (poyiaws areqdros Do POLOod JT LBD StuEg , (sareqdsoydoqiiQ)
& auzeIpAy 1Auayd asn Leur) 03 [007) "PIOE PPE 10U oQ Aprepawnuy q snologdsong
@ : Deb£ 1000 Aep Sweg e redng
m o m p— (POYIOUI LI}NILIMCD
. 0[02 ' onjq umuspaA[ow £q pamol[ol)
g m k: ; aniq ummﬂmﬂwuﬂﬁﬁ:ru “SEIORHMS) 1 o uuu.w 0 [00D (ssieydsoydiod
8218 H VSOHD M T PPV Aep aweg q Suady 2AT0V SBHNE “apdures Tur gO1/FOSEE %40€ pue
£ 1w g T | ppy ‘sapdwes snoroydsoyd  pajood Ji AEp oweg sajeydsoydomqug)
52 b .m (310w ApATINpEOS 351 £EIN) $4Tp [RINIS ° ouELMpUO) 133§ {lE J0J Jaksuruspig sSES 95() Aayerpounuy q {e10] “snoloydsoqg
.m .m (4nswojoyd ] (11 235} *OJEH
R ALTY AP—EYY 95N Lew) 303 W ¢ 1 o) Aipioe
5 | E3 WnEpOS FUISEI[A JOU SEET wn sapioq A1p 01 OTHS * *OSTD
E|s3 Jo 3noq ausjLpakjod asfy UL AR ON e IPo§ 8 [ PPV "a[noq SSE[3 351 Aep sureg q sjeuayd
‘u E-
.m .w 3 {SVYV 4q pamojjof} (potyowr owdess
o m = HOpS3[00 0} ~0)BWOIYD 523 4Aq uoaoao%
ZiEz Jond pappe sajdwes [ g0f SI3W] UOPSY. Ik S[ISUN §5T
3% /v LA 8 ¥ Yilm 10010000 . 18 2571 *Dab—¢ 01 o[dwes [00D £vp aureg v soppnsad
.m m A1p 03 opdwues ISJSUBI] $AED O] In0QV q 1S
23 (uonoenxa
i (poriout anjq SUBGIROIONFLROIO[TIL)
F-|
gE AjodoIapy Jo AyeAMISOPqATOL 30 UOPIENXa QUExal M KB U0 IRIOIPAY
L3 SLIBWIINO0d AQ Pasol[o]) 1003 Afarerpaunuy 2 wmajanad
] m 37231 USZOI] JI SAED [RI2A35 o
2B “s330q suslAgiadied Ul IA0D Aeppatou] e e (potpau
g sgewonuiod asn KLeww)
z m Pa100d sAep [BISA3E patpral 51 amjeradula) Wood
z3 100D fep oureg 2 Apnjes e UcoS Se asALEIY 'Samnoq
& a ansed pajeas A[IUTY 9sn Ay KAparerpavnuy 2 Ha
o 1000  Pej00D JT Avp Sureg v SpIUEpPOUTy
] m {srefeae parso2Ens) srAmrus 91 Jorrd sum  21q1se0d J0U-— O g
m Z (ssAToUE po1ss3ns) srpAyeur 03 Joud sumy  AqieBod J0U— 3 JnFTeRg mennEan Jjo poyIap efmion wnamndg uS_Hnn:Hu
JUIUNTA JO POYIN c mdg lqreoe— u bcﬁqgﬂﬂ:!..»ﬂﬁ:

UOFRATSL]




USDA-classification of irrigation water salinity {sulphate-free waters) Table 8.7 Table 2_4/2

Equivalent salt conc;.-ntration Table 2-4/6
Salinity class and description EC rang (approximate
anmity (sS oml) ., TS 1 c1
(9 £72) {ppm) {ppm) Table 44 GUIDELINES FOR INTERPRETATION OF WATER QUALITY FOR
IRRIGATION UNDER INDIAN CONDITIONS
: A
(1 Low salinity water can be used for irrigation with most < 250 < 0.2 < 200 < 60 (Bhumbla and Abrol, 1972)
crops on most soils, with 1ittle 1ikelihood thalf a
salinity problem will develop. Some teaching is
required, but this occurs under normal irrigation . Soil Crops to be Upper permissible
practices, except in soils of extremely low permeability grown limit of EC of water
for safe use for
(2 Medium salinity water can he used if a moderate amount 250 - 750 0.2 - 0.5 200 - 500 60-200 irrigation, ds/m
of Teaching occurs. Plants with moderate salt
tolerance can be grown in most instances without special . - .
practices for salinity control De?g b]]-;aclf so:.lsland aliuv;alf ;.S‘erll.u.—toterant %.5
s0ils having a clay content o cleran
C3 High satinity water cannot be used on soil with 750 - 2 250 0.5~ 1.5 500-1500 200-600 more than 30 percent. Soils
restricted drainage. Even with adequate dratnage, that are fairly to moderately
special management for salinity control may be required well drained.
and plants with good salt tolerance should be selected
R . L. Heavy textured soils having a Semi-tolerant 2
C4 Very high salinity water is not suitable for 1rr1gat1on > 2 250 1.5 - 3.0 >.1 500 > 600 clay content of 20~-30%. Soils Tolerant 4
under ordinary conditions but may be used occasionally that are well drained inter—
under very special circumstances. The soils must be nally and have a good surface
permeable, drainage must be adequ?te, irrl_gation water drainage systenm.
must be appiled in excess to provide considerable
leaching, and very salt-tolerant crops should be selected Medium textured soils having Semi-tolerant 4
a clay content of 10-20%. Tolerant 6
. _ s . ed. 1984 Soils that are very well
Note: 1/ T0S = total dissolved solids. Source: Landon ed drained internally and have
o Source: Adapted from Richards (1954, p 76); note that further divisions based on SAR are also made; see a good surface drainage system.
5 TR ;
e Figure 8.2 and Table 8.6. Light textured soils having Semi-tolerant 6
) a clay content-of less than 10%, Tolerant 8
Table 9. Guidelines for interpretation of water quality for irrigation (Ayers and Tanji 1981) Table 2-4/3 Soils that have excellent
internal and surface drainage,
SAR EC (@S m™Y)
No problem Shight to moderate Severe problem Qualifying remarks:

03 >09 0.9-0.2 <g.§s ' 1. A monsoon rainfall of 300 to 400 mm is common for most areas having a

16 =13 1.3-0.25 <0-35 groundwater quality problem. This rainfall periodically leaches out

612 ‘—"i? gggs 20-9 salts accumulated in the root zone during the previous season.

12-20 >3 -0 - .

- 20 56 5.6-1.8 <18 2. In the above proposed limits of water quality it is presumed that the
groundwater table at no time of the year is within 1.5 metres from the
surface. If the water table does come up within the root zone the above
limits need to be reduced to half the above values,

: X 3. If the soils have impeded internal drainage either on account of

Table 1. Classification of irrigation water based on total salt concentration, according o five different Table 2-4/4 : presence .Of hard pans, ul:msually high amount.?. .Of clay or Ot{‘er

reference sources : morphologic reasons, for advisory purposes, the limit of water quality
: should again be reduced to half,

i dAS m™! . .
fl:hsmty ke i 5 4. If the waters contain soluble sodium percentage more than 70, gypsum

USSL" Thorn and NTAC? Carter Ayers and b | ) should be added to soil occasionally.

(1954) Peterson (1968) (1969) Westcot e .
(1954 (1976} 5. If supplemental canal irrigation is available, water of higher
electrical conductivity could be used in periods of water shortage.

Cl 0.1 -0.25 <0.25 <0.75 0.4 <0.75

2 0.25-0.75 0.25-0.75 0.75-1.5 0.4 -1.2 0.75-1.5

C3 0.75-2.25 0.75-2.25 [.5 -30 1.2 225 1.5 3.0 ; i .

ca >225 2.25-4,0 30 75 2.25-50 >3.0 Source: Kandiah ed. {FAQ) 1990

Cs 4.0 -6.0 e

* US Salinity Laboratory
b ional Technical Advi Committee, USA .
Mational Technica! Advisory Source: in Bresler et al. ed. 1982

Table 2. Permissible upper limit for conductivity of irrigation water (8 m ™~} for threc crop tolerance
groups and five s0il texiures Table 2-4/

Crop tolerance group

I 1 i
EC, (dSm™Y)
<4.0 40-100 > 10.0
Soil texture Date Horticultural Forage Field
palm crops crops crops

Sandy 2.5 6.5 T 152 8.0 12.0 10.0
Loamy sand 1.6 4.0 6.1 4.5 10 6.0
Loamy 1.0 3.0 8.0 3.5 5.0 4.3
Loamy clay 0.8 20 6.0 24 3.5 30
Clay 0.4 L0 3.0 1.8 1.8 1.6

Source: in Bresler et al. ed. 1982




waters with a salinity below around 0.25 dS/m are more difficult to manage because of the

fow salt content can give reduced infiltration rates.

There problems can be overcome

much more easily with management practices than can the use of higher salinity waters and
thus should be rated at 100%

Source: Shaw 1992

1 Adapted from Natlomal Academy of Sclences {1972).

Insufficient data for livestock; Value for marine aquatic life is used here.

Lead 13 accumulative and problems may begin at a threshold value of 0.05 mgfl.

Insufficient data for livestock. Value for human drinking water used.

Source: FAQ (SB 39) 1988

Table 1. Soil and water salinity criteria based on plant salt tolerance groupings (Maas and Table 2-5
Hoffman 1977, at 10% yield reduction), for soils of about 60% clay content, Shaw a
(1988).
- Table 2-6 a
Irrigation Table 28 WATER QUALITY GUIDE FOR LIVESTOCK AND POULIRY USES 1
Plant salt Soily Soil saliniry water quality
tolerance water Water Salinicy (EC )
.- R
grouping * salinity EC..° £C.b Chloride ¢ - (d$/=) W Rating emarks
raing 15 b onde <1.5 Excellent Usable for all classes of livestock and
dS/m ds/m o dS/m poultry.

— Usable for all classes of livestock and
sensitive crops  very low <0.15 <095 <0.025 <0.65 1.5 - 5.0 Very poultry., May cause temporary diarrhoea
. * * Satisfactory in ldvestock not accustomed to such
mOd?fately low 0.15-0.30 0.95-1.19 0.025-0.05 0.65-1.30 water; watery droppilngs in poultry,
sensitive crops

) edi 0.30-0 70 1.9-45 0.05-0.10 Satisfaetor May cause temporary dlarrhoea or be re-
moderately medium b y o i 1.30-2.90 for Livest yk fused at first by animals not accustomed
tolerant crops or Livestoc to such water.

« | tolerant ¢rops high 0.70-1.20 4.577 0.10-0.18 2.90-5.20 5.0 - 8.0 Often causes watery faeces, increased
. ' Unfic for Poultry mortality and decreased growth, espe-
very tolerant very high  1.20-1.90 7.7-122 0.18-0.29 5.20-8.10 cially in turkeys.
crops
. Usable with reasonable safety for dairy
generally too exmeme >1.90 122 >0.29 >8.10 Limited Use and beef cattle, sheep, swine and
saline . 8.0 - 11.0 for Livestock horses. Avold use for pregnant or lacta-
ting animais.
Unfit for Poultry Not acceptable for poultry.
a Groupings are statistically derived divisions based on families of linear curves representing
the salt tolerance ratings of the majority of crops reported by Maas and Hoffman (1977). Unfit for poultry and probably unfit for
. h b ied s . swine. Considerable risk 1n using for
Terminology have been varied and extra group of sensitive crops incorporated. pregnant or lactating cows, horses or
v sheep, or for the young of these
b EC,, is the boundary EC,, at which 10% yield reduction occurs for these plant tolerance 11.0 - 16,0 LimnzflyUEe specles. In general, use should be
groups. : avolded although older ruminants,
horses, poultry and swine may subsist on
- o . . * . . h
c EC,.s derived from EC,, divided by 6.4, that is, applicable to soils with clay content of zgzji:m::?h as these under certaln
about 60%.
. Not Risks with such highly saline water are
d Cl1% derived from EC, s assuming all salts present are as chloride, EC = 6.64 x Cl%. EC > 16.0 Recommended go great that it cannot be recoumended
of salt solution based on Marion and Babcock (1976), McNeal et al. (1970) and USSL for use under any conditions,
(1954). ! adapted from Natlonal Academy of Sciences (1972; 1974).
€ Derived from EC,, on the basis that saniration exmract is 2 x field capacity and a leaching
fraction (LF) of 0.15 at the bottom of the root zone occurs (Ayers 1977), that is, ECwater
= 2f3 EC,.. Conversion to other LF values can be made.
Actual plant response depends on soil, rainfall, management and the soil salinity profile Table 2-6 b
shape. The boundaries should be considered i fvisi abie -
P red as approximate divisions between groups. Table 30 GUIDELINES FOR LEVELS OF TOXIC SUBSTANCES IN LIVESTOCK DRINKING WATER'!
Upper Limit
Constituent (Symbol)} (mg/1)
.. e . Aluminium (Al) 5.0
Water salinity capability rating Table 2-5 b Arsenic (As) 0.2
Beryllium (Be)? 0.1
water salinity EC range rclative Boron (B) 5.0
category dS/m rating Cadmium {Cd} 0.05
Chromium {Cr) 1.0
1 ) Cobalt {Co) 1.0
very low < 0.65 100% Copper (Cu) 0.5
. Fluoride (F) 2.0
low 0.65-13 85% Iron {Fe) not needed
Lead (Pb)? 0.1
medium 1.3-29 55% Manganese (Mn)" 0.05
Mercury (Hg) 0.01
. Nitrate + WNitrite (NO,-N + NO,-N) 100.0
high 29-52 3% Nitrite (NO2-N) 10.0
Selenium (5e) 0.05
very high 52-81 10% Vanadium (V) 0.10
Zine (Zn) 24.0
extreme > 8.1 5%
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Table 36-6. Chloride tolerance limits of some fruit-crop cultivars and rootstocks, After Table 4 GUIDELINE TO IDENTIFY POTENTIAL INFILTRATION PROBLEM DUE TO SODIUM IN Table 2-10 a
Maas (1986). IRRIGATION WATER!
Table 2-9a
Ma.x]imum permissible D £ reducti in infiltrati t
Cl™ in soil water egree of reduction in in ration rate
N ! s Salinity levels
Crop Rootstock or cultivar without Jeaf injury of irrigation Ho Slight Hedium Severe
Rootstocks vater . reduction reduction reduction reduction
Avocado West Indian 15 SAR of irrigation water i
Guatemalan 12 1
Mexican 10 Non-saline water < 1 1to5 5 to 11 » 11
Citrus Sunlei mandarin, grapefruit, Cleopstra 50 EC, {(d5/m) = 0.7
{Citrus spp.) mandarin, Rangpur lime ¥
Sempson tangelo, rough Jemon,} sour 30 S5lightly saline water < 10 10 to 15 15 to 23 > 23
orange, Ponkan mandearin Ecv {d5/m) = 0.7 to 3.0
Citrumelo 4475, trifolate orange, Cuban 20 Medium saline water <25 > 25 No effect on Mo effect on
shaddock, Calamondin, sweet orange, ECw (dS/m) = 3,0 to 6.0 infiltration infiltration; _
g‘::;ég:gﬁ-r:nngg:' Tusk citzenge, Highly saline water <35 » 35 No effect No effect I
G Salt Creek, 16133 ECH’ (d5/m) = 6.0 to 14.0 : |
i?gz%appJ Dog ﬁs:;' gg Very highly saline water No effect by sodium on infiltration rate |
: : EC (d5/m) = > 14.0 |
Stone fruit Marianna 50 L | |
|Prunus spp.} gﬁ:ﬂiﬂShﬂﬁ fg * Based on the results of Rhoades (1977) and Oster and Schroer (1979). ;
Cultivars S
= ource: A
Berries§ Boysenberry 20 yers,weStCOt (FAO) 1985
{Rubus spp.)  Olallie blackberry 20
Indian summer raspberry 10
Grape Thompsen seedless, Perlette 40
[Vitis spp.} Cardinal, Black rose
PP 2 , Table 2-10 b
Strawberry Lassen 15 Table 15 RELATIVE TOLERANCE OF SELECTED CROPS TO EXCHANGEABLE SODIUM'-
{Fragarie spp.) Shasta 10
k] :1?:[ ;orr:z“c:ggi:-l-lese concentrations may exceed the osmotic threshold and cause some Sengltive? Semi—-tolerant? Tolerant?
1 Data from Australia indicate that rough lemon is more sensitive to O~ than swest
orange. Avocado Carrot Alfalfa
§ Data available for one variety of each species only. 90 (Parcea americanal (Daucus earotal {Medicago sativa)
Source: Stewart ed. 19 Deciduous Fruits Clover, Ladino Barley
Kuts (Trifolium repens} {Hordeum vulgare)
Bean, green Dalliegrass Beer, garden
N {Phaseolus vulgaris} (Paspalum dilatatum) (Beta vulgaris)
Table 14 CHLORIDE TOLERANCE OF SOME FRUIT CROP CULTIVARS AND ROOCTSTOCKS Table 2-9b Cotton {at germination) Fescue, tall Beet, sugar
(Gossypium hirsutum) {Festuca arundinacea} (Beta vulgaris)
Maximum Permissible Ci- Maize Lettuce Bermuda grass
without Leaf Injury? (Zea mays) {Lactuca sativa) (Cynodon dactylon)
Crop Rootstock or Cultivar Root Zone (C1 ) Irrigation Peas Bajara i Cotton
e Water (Clw)a" (Pigum sativim) (Pernisetum typhoides) (Cossypium hireutum)
(me/1}) (me/1) Grapefruit Sugarcane Paragrass
Rootstocks (Citrus paradisi) (Saccharmam of ficinarum) {Brachiaria mtiea)
_— Orange Berseem Rhodes grass
Avocado Weat Indian 1.5 5.0 (Citrus stnensia) (Trifoliwm alexandrinum) fChloris gayana)
fFersea crericuna) Guatemalan 6.0 4.0 Peach Benji Wheatgrass, created
Mexican 5.0 3.3 (Prunus peraiea) (Melilotua parvifloral {Agropyron cristatum}
Citrus Sunki Mandarin 25.0 16.6 Tangerine . Raya L Wheatgraes, Fairway
{citrus epp. ) Grapefruit (Citrus reticulata) (Brassica Juncea) {Agropyron crigtatum)
Cleopatra mandarin Mung Cat . Wheatgrase, tall
Rangpur lime {Phaseolus aurus) {Avena satival {Agropyron elongatum)
Hach Onion Karnal gracss
Sampson tangele 15.0 10.0 {Phaseolua mungo) (Altium cepa) (Diplackna fuscal
Rough lemon Lentil Radiah
Sour orange {Lens culinaris) {Rapharus sativus)
Ponkan mandarin Groundnut (peanut} Rice
Citrumelo 4475 10.0 6.7 (Arachis hypogaea) {Oryza sativus)
Trifoliate orange Gram Rye
Cuban shaddock {(Cicer arietinum) (Secale cerealel
Calamondia Cowpeas Ryegrass, Italian
Sweet orange {Vigna sinenais) {Eoliwm multiflorum)
Savage citrange Sorghum
Rusk citrange {Sorghum vulgare)
Troyer citrange Spinach
Grape Salt Creek, 1613-3 40.0 27.0 {Spinacia oleraceal
{vitis spp.) Dog Ridge 30.0 20,0 Tomato .
. {Lycopsreicon esculentum]
Stone Frufits Harianna 25.0 17.0 Yetch
(Prunua gpp.) Lovell, Shalil 10.0 6.7 {Vieta satival
Yunnan 7.5 5.0 Wheat
Gultivars (Triticun vulgars)
Berries Boysenbercy 10.0 6.7
{Eubue spp.) ({id‘iﬁes:;;:‘:"::zbe“y lg:g g:; Adapted from data of FAO—Unesco (1973); Pearson {1960); and Abrol {1982).
c;%?e. Thompson seedless 20.0 13.3 The approximate levels of exchangeable sodium percentage (ESP) corresponding to the
it spp.) Perlette 20.0 13.3 th ' .
Cardinal 10.0 6.7 ree categories of tolerance are: sensitive less than 15 ESP; pemi-tolersnt 1540
Black Rose 10.0 6.7 ESP; tolerant wore than 40 ESP. Tolerance decreases in each column from top to
bottom. The tolerances listed are relatlive because, usually, nutritional factoers and
Stravberry Lassen 7.3 5.0 adveree soil conditions stunmt grovwth before reaching these levels. Scil with an ESP
(Fragarta epp.) Shasta 5.0 3.3 above 30 will usually have too poor physical structure for good erop productien.

Tolerances in wost instances were established by firstr stabllizing soil srructure.

Source: Ayers/Westcot (FAO) 1985

For some crops, the concentraticn given may exceed the oversall salinity tolerance of
that crop and cauae some reduction In yield in addition to that caused by chloride
ion toxicities.

Adapted from Maas (1984).

Source: Ayers/Westcot (FAQ) 1985

Values given are for the maximum concentration in the irrigation water. The values
ware derived from saturaetion extract data (Ece) assuming a 15-20 percent leaching
fraction and ECE =-1,5% EGH'

The waximum permissible values apply only to surface irrigated crops. Sprinkler
irrigation may cause excessive leaf burn at wvalues far below these {see Section
4,33,




Table 2-11 5 -
. Table 2-12 a

TableIk2 Recommended maximum concentrations of trace slements
In Irrigation water?
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Tab!e 2'11 b : Table 21 RECOMMENDED MAXIMUM CONCEMTRATIONS OF TRACE ELEMENTS IN IRRIGATION WATER ! Table 2_12 b
Reccmended
L A0 Element Haxlwum I Remarks
o [Ty ; E il Cnnczn:;a;.{.nn
+ @ (mpf1
s} § o] cud
- _*‘j 3 - ":D-u g Al {(aluminfum) 5.0 Can cause mon-productivity fn " acid sofls (pH < 5.5}, but
= -~ 1Y ® @ o — e o more alkaline ecils at pH > 7.0 will precipitate the ion and
fng d 8 g & E o (@) g Q¥ eliminate any toxicity.
1
& o . § § | §* .E @ § g E ona o As  (arsenic) 0.10 Toxlcity to plante varies widely, ranglng from 22 mg/l for
. —~ - ]
O. 5 g 5 @ a o8 5 wEyd . 3} - E - Eu .S - a _3 ‘; Sudan grass to less than 0.05 mg/l for rice.
- o o 'a g g q. g 231 - & E.E g'{j& g- ‘g ‘33 [} . "& F ..6 %: ] Be (beryllfum) 0.0 Toxicity to plants variea widely, ranging from 5 mg/l for kale
3 P dgdBRE TS Rhy8 PHEERNS SEVHEEET " ey o o9 Y to 0.5 mg/1l for bush beans.
- £aoBaB 1 2eggs ge AR JeuedEg o =9 o > e 5
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., Q 0 HE LD nm g Lo Yo 1 concentrations that may be harmful te humans.
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o : g d-: pilpa] ‘% a E E] SHEszaSEds é é ; aaeSaam 3 3 = g)\ B, o " to be inactivated by neutral znd alkaline soils.
-
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— o a -~ [ a — toxieiry to plants.
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Adapted from Hational Academy of Sclences (1972) and Pract {1972).

The maxfmum concentration is based on a water applicatien rate which is sonsistent with good
irrigation oractices (10 000 m® per hecrare per year), If cthe water application rata greatly
exceeds this, the maximum concentratioms should be adjusted downward accordingly. No adjnstosnt
should be made for application rates lesa tham 10 000 w® per hectare pear year. The values given
are for water used on a continucun basia at one eite.

Source: Ayers/Westcot (FAQ) 1985




Table 22 PHYSICAL, CHEMICAL AND BIOLOGICAL CONTRIBUTORS T CLOGGING OF LDCAL%ZED Tabl 2-13
{DRIP) TRRIGATION SYSTEMS AS RELATED TO IRRIGATION WATER QUALITY able

PHYSICAL CHEMTCAL BIOLOGICAL

(Suspended Solids)  (Precipitation) {Bacteria and algae)

1. Sand 1. Calcium or magnesium carbonate }. Filaments

2, Silt 2, Calcium sulphate 2, Slimes

3. Clay 3. Heavy metal hydroxides, oxides, 3. Mierobial
carbonates, silicates and depositions:

4. Organle matter sulphides {a) Iren

4, TFertilizers (b)  Sulphur
(a) Phosphate (e} Hanganese
{b) Aqueous ammonia 4. Bacteria

T
{¢) Iron, zine, copper, manganese 5. Small squatic

organisms:
(a) Snail eggs
(b} Larva

! Adapted from Bucks et al. (1979).

Source: Ayers/Westcot (FAO) 1985

Table 23 STANDARD WATER QUALITY TESTS NEEDED FOR DESIGN AND OPERATION OF Table 2_14
LOCALIZED (DRIP) IRRIGATION SYSTEMS
1., Major Inorganic Salta (see Table 2} 8. Micro-organisms
2, Hardnesa? 9. 1Iromn
3. Suspended Solids 10. Dissolved Oxygen
4. Total Dissolved Solids (TDS)! l1. Hydrogen Sulphide
S. BOD (Biological Oxygen Demand) 12, Iron Bacteria
6. COD {Chemical Oxygen Demand} 13. Sulphate Reducing Bacteria
7. Organics and Organic Matter

1 A calculated value from analyses

Source: Ayers/Westcot (FAQ) 1985

Table 210 Clogging potential of irrigation water used in drp irrigation systems (After
Nakayama 1982) : Table 2-15

Extent of hazard

Type of hazard Slight Moderate Severe
Physical

Suspended soids (mg/1) <50 50-100 > 100
Chemical

pH <70 7.0-8.0 >80

Dissolved solids (mg/1) < 500 500-2000 = 2000

Manganese {mg/1) <01 0.1-1.5 1.5

Iron (mg/) <0.1 0.1-15 >1.5

Hydrogen sulfide {mg/1) <05 0.5-20 >20
Biological

Bacterial populations

{maximum number/ml) < 10000 {0000-50000 > 50000

Source: Feigin et al. 1991

Table 24  INFLUENCE OF WATER QUALITY ON THE POTENTIAL FOR CLOGGING PROBLEMS IN Table 2-16
LOCALIZED {DRIPF) IRRIGATION STSTEMS !

Degree of Restriction on Use

Fotential Problem Units None Slight to Moderate Severe
Physical

Suspended Solids mg/1 < 50 50 -~ 10¢ > 100
Chemical

pH < 7.0 7.0 - B.O > 8.0

Dissolved Solids wg /1 < 500 500 - 2040 > 2000

Manganese? mg/1 < 0.1 0.1 - 1.5 > 1.5

Iron® ug/l < 0.1 0.1 - 1.5 > 1.5

Hydrogen Sulphide mg/1 < 0.5 0.5~ 2.0 > 2.0
Biological maximum

Bacterial populations number/ml <10 000 10 000 ~ 50 000 >50 000

Adapted From Nakayama {1982).

While restrictions in use of localized (drip) irrigation systema may not occur at
these manganese concentratioms, plant toxicities may ocecur at lower concentrations
{aee Table 2I).

~

1ron concentrations > 5.0 mg/l way cause nutritlonal imbalances in certain crops

Source: Ayers/Westcot (FAQ) 1985

{gee Table 21}.

Table 25 PROCEDURE FOR CALCULATION OF pHcl:?

pc = (pK2 ~ pKc) + pCa + p(Alk)

pK, - pKe 1s obtained from the concentration of Ca + Mg + Na in me/l | Obtained
( from the

wWater
{ analysia

pCa is obtained from the Ca in me/l
p(ALk) is obtained from the concentration of CO, + HCO, in me/l

Concentration
(me/1) h:L " pHe

=
2]
&
o
—~
[
-
Ll

0.05
0.10
0.15
0.20
.25
0.30
0.40
0.50
0.75
1.00
1.25
1.50
2.00
2,50
3.00
4.00
5.00
6.00
8,00
10.00
12,50
15.00
20.00
30.00
50.00
80.00
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!Procedure from MNakayama (1982).
zp]-k: is a theoretical, calculated pH of the irrigation water.

Source: Ayers/Westcot (FAQ) 1985

Table 27 LIMIT VALUES FOR EVALUATING THE AGGRESSIVITY OF WATER AND SOIL TO CONCRETE !

Test Intensity of attack
Nome to Very
alight Mild Strong Strong
Water
pPH >6.5 6.5-5.5 5.5-4.,5 <§.5
Lime-dissolving carbonic
acid (CO,), mg/l <15 15-30 30-60 > 60
Ammonium (NH,), mg/l <1$ 15-30 30-60 > 60
Hagnesium (Mg), wmg/l <100 100-300 300-1500 > 1500
Sulphate in water {50,),
og/l <200 200-600 600-3000 >3000
Soil
Sulphate in soil (air-dry)
(50.), mg/kg <2000 2000-5000 > 5000

! Data taken from Biczok (1972).

Source: Ayers/Westcot (FAO) 1985

Tnl-:le .3‘.6 Relative susceptibility of crops to foliar injury from saline
sprinkling water* (After Maas 1986)

Sodium or chloride concentrations (mol/m?) causing foliar injury®

<5 3-10 10-20 >20
Almond Grape Alfalfa Cauliflower
Apricat Pepper Barley Cotton
Citrus Potato Corn Sugar beet
Plum Tomato Cucumber Sunflower

SaMower

Sesame

Sorghum

*Susceptibility based on direct accumulation of salts through the leaves.
*Foliar injury is influenced by cultural and environmental conditions.
These data are presented only as general guidelines for daytime
sprinkiing.

Source: Feigin et al. 1991

Table 2-17

Table 2-18

Table 2-19




Table 2.3 Inorganic constituents added to effluents through Table 2-21

Table 2-20 5 domestic use*
EXANPLE 8 - BLENDING IRRIGATION WATER TO REDUCE THE SAR OF A POCR
QUALITY SUPPLY Range of increment
Constituent mg/
A canal water supply is available but will not meet the total ﬁop
t d d. The canal supply could ba blended with a poorer quality : - X
:ZIfruatZ:ml;o the extent of p?SZ canal water and 25X well water. What is Tot;.:] dissolved solids 150-400
the 5AR of the blended water? Sodium 40-70
: Potassium 7-15
Given: The water analysis im: : : Calcium 15--40
ECw  Ca Mg Na  HCO, SAR MagnFsuum 15-40
(ds/m) (me/l) (me/1) {me/l) {me/l) : Chloride 20-50
Cenal water 0.23 1,41 0,54 0.48 1.8 0.5 : C‘arbonaie 0-10
Wall water 3.60 2,52 4,00 32.0 4.5 18.0 Bicarbonate 50-100
Sulfate 15-30
Explanation: The :eau(.léi)r-lg blend quality can be found by using Silica 2-10
equation : Alkalinity (as calcium carbonate) 100-150
(me/1 of (a) x proportion of (a) used) + Boron 0.1-04
{me/l of (b) x proportion of (b} used) = Phosphate 5-15
resulting blend in me/1 : Ammonium 15-40
Ca = (1.41x0.75) + (2.52x0,25) = 1.6% pe/1 {blend) ©
Mg = {0,54x0,75) + (4.00x0.25) = 1.41 me/1 (blend) . *Metcaif & Eddy Inc. (1979)%; Asano et al, (1985). L.
Na = (0.48x0,75) + (32,0x0.25) = 8.36 me/1 (blend) ; Source: Feigin et al. 1991
HCOy = (1.8 x0,75) + (4,5 x0,25) = 2.48 me/l {blend} :
EC“ = (0,23x0.75) + (3.6 x0.25) = 1.07 d5/n (blend}
o . 8.6 - 67 Table 4.1 Physical and chemical characteristics of domestic wastewater Table 2.223
J1.6% + 1.41
] Major constituents Concentration (in mgA)
Strong Medium Weak
B EXAMFLE 5 — BLERDING IRRIGATION WATER FOR MATZE Table 2-20 b Total solids 1200 700 350
Dissolv id 5
A farmer is irrigeating m maize crop with canal water (ECw = 0.23 dS/m) and is able to achieve Sl:s;(;llzggds:gliss ggg 2% %33
a lesching fraction (LF} of 0.15 by ueing effictent Lrrigation practices. The irrigated area Nitrogen (as N} 85 "
could be expanded but mo additional canal water is available, A well 1s available but the i’h e a 40 20
water quality is marginal for maize production (ECw = 3.6 d5/m}. Could these two water sources °5p_h°r';15 {as P) 20 10 6
be eafely blended and thus expand the irrigated area? gﬁ“?d_esf CaCoy lgg 138 30
catinity {as CaCo, 2 50
Given: Canal water EC, = 0.23 dS/m ] : : Grease £50 100 50
o
Well water EC. = 3.6 dS/m : BOD.+ 300 200 100
Water demand (ET) for maize ET « 800 o/ year .
Leaching fraction achieved LF = 0.15 Source: These data are adapted from Metcalf and Eddy [ne, (1972), p. 231.
Explanarion:

" This amount shoutd be increased by the concentration of these constituents in the cartiage
water: the table shows major constituents only,

* BODx is the S.day biochemical oxygen demand at 20°C, It is a measure of the
biodegradable organic comtent of wastewarer.

The leaching needed for a $0X yield potential of malze i{s estimated using equation (9):

EC

L® " 3w - i@, = %, &) N Source: in Pescod/Arar ed. 1988
0.23 Table 2.1 Typical composition of raw municipal sewage (Pound and Crites
L - w70 €y - 155 - -
Feanal vatery ~ 3775 - g3 T 002 1973 Bond and Straub 1974; Thomas and Law 1977, Idelovitch 1978: Table 2-22 b

1.6 Asano et al. 1985)
LR(well water) - m = 0.40

Concentration, mg/1®
The calculated leaching requirement (LR) for the canal water is less than the actual leaching

achieved by the farmer. Water is being lost by over leaching but a LF leaa than 0.15 is not : . . .
often achievable. The calculated leaching requirement of well water alone when added to ET ; Constituent High Medium Low
would greatly increase the amount of weter needed for production. For example, with the caoal
vater and a LF of 0.15, the epplied water needed (Aw) is found from equation (7):

Solids
v - e m : Total 1300 700 200
: _ Dissolved 1000 500 260
800 Suspended 350 220 160
Av * s——a—c = %4l nn/year : pe
{canal water) 1-0.15 _ BOD, 350 200 100
For the well water: : : COD 1000 500 250
800 : TOC 290 160 80
M(vell water) " T-0.gp - 1333 ma/year )
Nitrogen
The use of wall water alone would result im a 40 percent incresse in water uge per hectare to ! g5 40 20
achieve the same walze production as could be obtained using the canal water. Total .
Ammonium 50 25 10
From Table 4, the maximum ECw of the blended water that will allow & 90% yield potential with Organic 35 15 5
a leaching fraction of 0.15 is 1,7 dS/m. The optimum blend of water can then be Found by - Ni L5 0.2 0
modifying equation (13): itrate . .
Phosphorus 36 10 4
ECy (canal warery 20 % (EC, coony water) = ©) = Maximun EC_ (biend water) (133 Chlorides 650 150 10
Caicium + magnesium 150 80 25
vhere: EC = electrical conductlvity of the canal water in d5/m : i 460 120 10
ecY E::?;l'::::;) = electrical conductivity of the well water in dS/m : SOdmn:l 5 10 5
a” = proportion of canal water used Potassium 2
b = proportion of well warer used Alkalinity (as calcium carbonate) 400 200 50
Haxiovm EC (1 )end vater) ™ :;:::':: :iz::ri:ais;:nductivity of the Grease 150 100 35
pH ' 8.0 7.2 7.0
ifa = 1 - b, then the above equation ia:
0.23 {1 - b} + 3.6 {b) = 1.7 ; *Tables 2.1 to 2.5 give typical data on the chemical quality of raw scwage.
3.37p = 1.47 However, due 1o the great variations in quality of the original water and
b = 0.44 or 44 percent well water other factors affecting the chemical properties of sewage waler, a wide range

of data is found in the literature. For example, the Cl™ levels commonly

a= 1 -b = 0.5 or 56 percent canal water reported range between 10-750 mg/, which stresses the need lor adequate

The above shows that the area presently irrigated vith canal warer at Aw = 941 mm/ha/year local information concerning the quality of wastewater used.
could be expanded with no Increase in Aw/ha/year Lf the canal water were blended with up to : bExcent for pH
44T vell water. Yield potentlal would be maintained at about 907 and the planted area could be P -

expanded by 44I.

Source: Ayers/Westcot (FAQ) 1985 . . Source: Feigin et al. 1991




Table 2-22 ¢
TABLE 5-1
Typlcal characteristics of sewage from Indlan cities
Samplo Bombay
aumber Cheracteristics Ahemedabad Dadar Calcutta Dalhi Hyderabad Kanpur Madras Madural Nagpur
Te pH 7.7 6.9 7.1 7.4 7.3 7.0 7.3 7.5 7.2
2. Total solids mg/| 1732 - - 1100 1708 1500 1700 1740 1200
3. Suspended sollds mg/l 290 220 220 470 o8% 600 500 420 200
4, Dissolved sollds mg/| 1442 1375¢ - 630 723 900 1200 1320 1000
5. BOD - mofi’ 196 320 - 223 339 250 350 480 350
6. Total N rg/i - 47,7 40.0 28,5 37.0 73.0 60 - 60
7. Phosphate as PO‘ rg/l - - 5,5 13,7 14,7 15,0 22.0 - 20,0
8. Potassium rg/i - - 15.9 15,0 26,0 40,0 55,0 - 41,6
Source: Shende ot al, (1982),
Source: Shuval et al. 1986
TABLE 1-1 Table 2-2
California State Department of Health'ptandards for the safe
and direct use of reclaimed wastewater for
irrigation and recreational impoundments
Description of minimum required
wastewater characteristics
. Secondary
coagulated / Coliform
Secondary filtered b HPK/100 ml
/ and and median
Use of reclaimed wastewater Primary?’ disinfected disinfected {daily sampling)
Irrigation

Fodder crops
Fiber crops
Seed crops
Produce eaten raw, surface irrigated
Produce eaten raw, spray irrigated
Processed produce, surface irrigated
Processed producé, spray irrigated

Landscapes, parks, etc.

Creation of impoundments

Lakes (aesthetic enjoyment only)

| Restricted recreational lakes

Nonrestricted recreational lakes

No requirement
No requirement
No requirement

x 2.2
x 2.2
No requirement
x 23
x 23
x 23
x 2.2
x 2,2

a. Effluent not containing more than 1.0 ml/liter/hr settlable solids.
b. Effluent not containing more than 10 turbidity units.

Source:

After Ongerth and Jopling in Shuval (1977), p. 230.

Source: Shuval et al. 1986

Table 2-24 a

Table 4.4 Suggested treatment processes to meet the given health criterla for wasiewater reuse

Irrigation Recreation Incdustrial Municipal reuse
retise

Crops not Crops eaten Crops No Contact Non- Potahble

Jor dircet covked; calen Centienct potable

humat Jish culiere riw

consumption
Health criteria (sec below for A+F B+F D+F B D+G CuorD C E
cxplanation of symbols) orD+F
Primary treatment see oss e "ee ese (11 sse see
Secondary treatment oo e Ll e [IT} ase see
Sand filtration or equivalent
polishing methods . . ess . see e
Nitrification . cee
Denitrification ..
Chemical clarification . e
Carbon adsorption : .o
Fon exchange or other means of
removing ions . [ 1)
Disinlection . sse . ses . ses see*
Health criteria:
A Freedom from gross solids; significant removal of parasite eggs. E  Nu faecal coliform arganisms in kM mi. plus no virus particles in 1000 ml, plus no toxic effects
B As A, plus a significant remuoval of bacieria, v man, and other drinking-waler eriteria.
€ As A, plus more effective removal of bacteria, plus seme removal of viruses. F Nuo chemiculs that lead 10 undesirable residues in erops or fish.
12 Not more thas EHO eoliform arganisms/100 md in 807 of samples. € Nachemicals that lead 1o irrittion of muceus membrancs and skin.

Inarder o meet the given health criteria, prucesses marked @ 8 ® will be essential. In addition, ane or more processes marked o9 will alsa be essential, and fusther processes marked ¢ may sometimes be required.

Source: in Pescod/Arar ed. 1988

* Free chlorine after | b,
Serarce: W (1973

Tabte 4.5 Tentative microbiological quality guidetines for treated
wastewater reuse in agricultural irrigation

MNote: In specific cases, the guidelines should be modified accerding 1o local

epidemialogical, sociocultural, and hydrogeological factors.

Table 2-24 b

Faecal coliforms
{geometric mean no.
per 100 mil)

Intestinal nematedes>
{arithmetic mean
no. of riable
eggs per litre)

Reuse process

Restricted irrigation?
Irrigation of trees. industrial <l
craps, fodder crops, fruic
trees® and pastured

nat applicabte

Unrestricted irrigation

Irrigation of edible crops. gl < H000f
sports fields, and public
parks®

*Aserris, Trichuris and hookworms.

PA mintmum degres af treatment equivatent to st least 3 I-day anaerobic pond fallowed by » My
facuitative pond or its quivalent 13 required in all cases.

€ Frrigation thoutd cexts two weeks before fruit is picked, and no fruit shauld ba picked off the ground.
 Irrigation shouid ceass two weeks before animaly are allowed to graze.

* Local epldemiological factars may require a more stringent standard for public fawns, especially hotel
lawnt in tourist dreas.

T When edible craps sre sbways consumed well cooked, this recommendation may be Jeis seeingent.

Table 2-24 ¢

Table 4.4 Examples of current microbiological standards for

wastewater used for crop irrigation
Sourrce: Internauonal Reference Centra far Waste Dispatal (1985)

Country Restrictad [rrigation Unrestricted [rrigation
Source: Mara/Caitncross 1989
Oman Maximum 23 TC/L00 m[* Crop Irrigation not
Average <2.2 TC[|00 ml permitted
Greenbelt irrigation only
Kuwait < 10000 TC/100 m| <100 TC/100 m|
Mot salad crops or
strawberries
Saudi Arabia Use of secondary effluent <2.2 TCHOO ml
permitted for forage crops, <50 FC/100 mt®

field crops and vegerables
which are processed and
aiso for landscape Irrigation

Tunisia Fruit trees, forage craps and Mo jrrigation of vegetables
vegetables eaten cooked: eaten raw
~ secandary treatment
(including chiorination)
~—absence of Vibrio cholerae
and szimonellae
Mexico For recreational areas: For vegetables eaten
raw and froits with
< 0000 TC/100 mt pessible sail contact:
<2000 FC/100 ml <1000 TC/100 m!
Peru Treatment specified Mao irrigation of low-

depending on reuse option growing and reet crops that

miy be eaten raw

*TC: tatal coliforms
FIC: Gaecal colliforms

Reproduced by parmission fram Serauss {1987),




50  Quality criteria in using sewage e[fluent for crop production

Table 4.6 Existing standards governing the use of renovated water in agriculture

California Israel South Africa Federal Republic
of Germany
Orchards and Primary effluent;  Secondary Tertiary effluent,  No spray
vineyards no spray effluent heavily irrigation in the
irrigation; no use chiorinated vicinity
of dropped fruit where possible;
no spray
irrigation
Fodder, fibre Primary effluent; Secondary Tertiary effluent Pretreatment
crops, and seed surface or spray effluent, but with screening
crops irrigation irrigation of seed and setting
crops for tanks; for spray
producing edible irrgation,
vegetables not biological
permitted treatment and
chiorination
Crops for human For surface Vegetables for Tertiary effluent Irrigation up to 4
consumption irrigation, human weeks before
that will be primary effluent.  consumption not harvesting only
processed to kill For spray to be irrigated
pathogens irrigation, with renovated
disinfected wastewater
secondary unless it has been
¢ffluent {no properly
more than 23 disinfected

Crops for human
consumption in a
raw state

coliform
organisms/
100 m1)

For surface
irrigation, no
more than 2.2
coliform
organisms/100
ml. For spray
irrgation,
disinfected,
filtered
wastewater with
turbidity of 10
units permitted,
providing it has
been treated by
coagulation

{< 1000 coliform
organisms/100 mi
in 80% of
samples)

ot to be
trrigated with
renovated
wastewater
unless they
consist of fruits
that are peeled
before eating

Potatoes and
cereals—
irrigation
through
Mowering stage
only

Source: California State Deparument of Public Health {E968): Indian Ssandards Institution (1965); Issac), Ministry of Agriculture. Water
Commission {1969): Millter (1969): Peru., Ministry of Heaith. Department of Environmemal Sanitation (1970): Shuval {1976).

Source: in Pescod/Arar ed. 1988

Table 2-24 d

3 Indicators

In particular, the subjects studied and the indicators use were the

following:
@ Fhysical studies
Horphology — Exesion and growth of the coastline
~ Bathymetric sections of rivers and
mouths of lagoons
= Composition of sedimentary beds
Aydrology ~ Plow and distribution of river branches
- Bpeed direction of currents
= Salinity and temperature
- Kovement of solids in suspension
- Salt-wedge intrusion
- Water and solid content of the lagoon
Oceanography - Residual and tidal currents

Thermocline trenda

t

DM spersion of the fluvial plume in
the sea

Wave intensity

Underground waters Ground water levels

Salinity

1

t

Quality of underground waters

@ Chemical studies of the waters

General quality of watexr
= pH
Alcalinity

L]

Inorganic ions

@ Studies on agriculture and fishing

Land use
— Land use mapping

Production of maln agriculture crops
= Record of existing farms
-~ Classification of crops
- Unit and total annual production
- Characterization and guantlfication of fertiligers and
peaticides

Table 2-26

Pollution by toxic substances

Organic

~ Ammonia Qﬂ‘[

~ Hitrates - Cadmiwsg

- Qepper = Aluminum
— Hickle - Arsenic

~ Zlhc - Phenols

— Chrome — Detergents

substances and eutrophication

=~ Ammonia = Organic nitrogen
- Hitrates - T.0.C.

-~ Hitrites - B,0.D.

+~ Silicates - Dissolved oxygen
= Phosphates

~ Total phosphorus

Sediments

= Bacterlal dehydrogenases
-~ Heavy hetals

-~ Total phosphorus

- T.0.C.

@" Microhlology

Contamination of fecal origin

- Total bacterial counts

=~ Total and fecal coliforms

- Fecal streptococci

- Clostridia

Pathogenic mlcro-organisms

~ Salmonellae

- viruses

contamination of sediments

- Bacterlal counts
~ Salmonellae

- Viruses

d) Hydrobiclogical studies

Fhytoplankton

= Cell density
~ Composition
-~ Chlorophyll

Zooplankton

« Density
= Composition

Macrobenthos
Fish production = Density
= {uantity of fish per catch effort - Composition
= Wumber of catch effort Fouling
- Estimate of production using direct mathods
3 . . = Accumulation
Table 4.6 Geometric mean bacterial and viral numbers? and percentage removals in raw Table 2-25 - Estimate of production through market research - Denaity
wastewater (RW) and the effluents of flve waste stabilization ponds in series - Composi
" - L (8
(P1-P5)® in northeast Brazil at a mean mid-depth pond temperature of 26°C ¢ Indices ros ot
—~ Periods of settlement
The indices {indicators related to quantified limits) were used to for-
. Fish f;
orga““m RW Pi P2 P3 Ps Percentage mulate an assesswment on the quality of the waters, based on sclentific i Fauna
remaoval recomendations and emisting legal requlations on the subject (Fig.G2). - sition
~ Feeding
Faecal coliforms 2x 107 4% {06 8x 103 2% 105 3 x 10° 7% 10? 9%.97 Health indices Ecological indices ~ Migratory patteras along the river branches
Faecai .stf'laptm::m:':l1 3xi0% 9x 10* Ix|0% ) x 104 2x 103 300 99,99 Fecal collforms Oxygen (& Studies of the soil and vegetation
Clostridium perfringens 5x1o? 2x 0% &x |03 2x10° I x §0° 300 99.40 Salmonellae B.0.D. Phyt. 5
Total bifidobacteria x 107 & 4 Yto-sociolegy
! |06 Ix 10 5x10 100 0 0 100.00 viruses Total phosphorus 1.
Sorbitol-positive bifids 2x10 5x10* 2x 10* 40 0 0 100,00 | Dextetie catalogie
5 Artmonia
Campylobacters 70 .20 0.2 0 0 0 100.00 T tatumal vegetation series
Salmonellae 20 8 0.l 0.02 0.1 0 100.00 Tena 7 MIENEORLS and pest vegetation sories
Enteroviruses Ix10* 6x 10} Ixi0? 400 S0 9 99.91 petergents Pedology
Rotaviruses 800 200 70 0 10 3 99.63 Pickel
s ~ Characterization and classification af soilt
~ Densit; £ mi
? Bacterlal numbers per 100 mi, viral numbers per 10 litres. cepper oty
Pl was an anaeroble pond with a mean hydrawlic retention time of I day; P2and P3-P5 were secondary facultative and maturation ponds respectively, e e Zinc © Microblal densicy
each with a retention time of 5 days. Pond depths were 3.4-2.8m. E |
It was more difficult to define indices for other categorias srudled; Phyto-pathology
Source; Oragui ex al. (1987) the bicl 1 1
) ] . e blological indices have not yet any general applicability, and the = Plant disease occurence
Source: Mara/Cairncross 1989 ' :
special nature of the environment limits their use, As regards hydrolo—
gleal quantities, it is not logical to contemplate any standardization,

while, with regard to fish and agricultural productlon, there was no

Source: UNESCO/UNEP 1984




Box 2: Individual and Group Strategies for Groundwater Management

Individual Strategies Group Stratepies

1.
increase r, the rate
of recharge;

2.
reduce x, the
pumping rate;

3.
better crop and
water use planning;

farm pond as
recharge  source;
exploit deeper
aquifer by more
bores; dig larger
diameter well below
the recharge zone;

reduce summer
cropping; use piped
conveyance and
sprinklers;

better vnderstanding
of one’s well and its
interaction with the
aquifer;

more check dams
and percolation
tanks; reduce

. pumping from the

csummer

Dadhichi tank;

group decision on
extent and mix of
cropping;
cooperative
exploitation of
groundwater;

better understanding

of the interaction
betwecn wells;
efficient water
markets;

]

Source: Shah 1990

Table 1: Aversge Yields per Hectare for Four Water Supply Situatiens in

Pakisten (1978)x

Water Supply Situations

Average Yield per hectare (hg)

X Wheat Paddy Rice
No, farma ki/ha  Ho, farms kg/ha
1. Ho control {nu tubewell} 170 1681 75 1708
2, Fair control (public tubewell ’
supplies} a3 1868 3
3, Oood centrol {purchese from ! s
private tubewell) 133 1962 35 9
4. Yery good control {tubewell 1562
oWners ) 42 2242 9 2148
TOTAL: are 132

tFrom Lowdermilk, M. K., A,C, Early wnd D.M. Freeman.

Constraints and

Farm Irrigation

Farmers’ Reaponses: Comprehensive Fleld Survey in

Pakistan. Weter Menagement Research- Project Technical Report 48. Fort
Collina, Colorada State University, Sept. 1978. °

B

Teble 2: Policy options for groundwater management®

Policy options - Water- QOaod Poor Risk of
logged ground-= ground- saline
area water water intrusion

area area _erea

Likely impact of

sustained + + - . —

“withdrewal

Power pricing

n) flat c¢omponent nil high high h.’}gh

b) pro rata nil . low low high

compenent

Power supply very liberal linmited very

regulations liberal stringent

Siting very liberal atringent  very

regulations liberal atringent

Capital cost PR e

subaidy (+)/ + + to - -

tax (=) on wems resource

poor
Surface water : i
irrigation Strongly discourage strongly strongly
. dimscourage support support

¥ Table presented by

Shah at Common Property Resource Workshop on
Oroundwater, WRDIC, Univeraity of Noorkee, Februery 1987. .

Source: Shah 1990

Table 2-27

Table 2-28

Table 2-29

Table 16-1, Key features and cost estimates for several irrigation systems,

Table 2-30

Relative

t Soil Terrain Field Chemigation
required Required Initial Pumping adapta- adapta- Special adapta- applica-
Category water labor cost cost bilityt bility} featuread bility9 ble#
h/ha $/ha sitha yr} o
Surface
Wild flooding 1.4 30 700 a5 LC <10 - NL N
Border dike 12 12 11601F 25 L.C <2 SFC NL N
Graded furrow 1.2 35 1000 25 LC <3 SFC NL N
Corrugation 1.2 800 25 LC <3 SFC* NL N
Level basin 1.0 3 1400 15 LC <1 SFCH NL Y
Movable set M
Hand lines 1.0 30 1000 50 All 16 - R N
Wheel lines 1.0 15 1200 50 Ali 10 - R N
Tow lines 1.0 15 1200 50 All 10 - R N
Stationary set
PVYC solid set 1.0 5 2650 50 All NL FC.C NL Y
Aluminum solid set 1.0 7 25560 50 All NL FC,C NL Y
Mobile
Center pivot 1.0 3 1050 45 SL 15 - Cit Y
Lateral 1.0 3 1150 45 5L 15 - i Y
Labor assisted .
Wheel lines 10 16 1200 50 All 10 o R N
Tow lines 1.0 15 1200 50 All 10 - R N
Traveler 1.1 20 1000 60 S.L 10 - N N
Micro
Drip/trickle 0.9 10 1850 35 All NL - NL Y
Subsurface 0.8 10 1950 35 All NL - NL Y
Bubbler/spray 1.0 7 2300 40 All a0 SFC NI, Y

1 8: Sand, L: Loam, C: Clay.

1 Maximum % slope {NL: No limit},
§ FC: Frost control, C: Cooling, SFC: Some frost protection is possible.
1 C: Limited to circular shapes, R: Limited to rectangular shapes, NL: No limit.

# Y: Yes, N: No or limited adaptability to chemigation.
1 Includes $700/ha for moving 1500 m%ha seil.
1} Some center pivots are avnilable with ndaptations to

126 SPECIAL SESSION-R.9
Table 2. Factors affecting the selection of different types of
modern Irrigation systems for use Iin developing
countries (Facteurs affectant la sélection des divers
systémes modernes d'irrigation destinés aux pays en
vole de développement)
Method Factors Affecting System Selection
and Typs Divis- Maintain Risk _Mgt and O&M Rugged-
ihilicy by Skill __ Effort ness
uxfac
Canal-Feed
Basin Total* Grower Low Master 5 Lasting
Border Total* Farmer Low Master [3 Lasting
Purrow Total* Farmer Low Medium 10 Lasting
Purp/Pipe-Feed
Basin (level) Partial* Shop Med Master 3 Robust
Border Partial Shop Med Master 3 Robust
Furrow Partial* Shop Med Mascer 6 Robust
Sprinkle
Lateral
Hand-Move Total Shop Med Simple 9 Durable
End-Tow Partial Shop Med Medium 5 Durable
Side-Roll Partial Shop High Medium 6 Durable
Side-Move No Agency High Master 5 Fraglile
Hose-Fed Total* Farmer Med Simple 10 Durable
Traveling Gun Partial Agency High Master 4 Sturdy
Center-Pivot No Agency High Gomplex 1 Scurdy
Linear-Moving Ne Agency High Complex 2 Sturdy
Solid-Set
Portable Tatal¥* Shop Med Medium 5 Durable
Permanent Total* Farmer Med Medium 1 Durable
localized
Orchard . .
Drip/Spray Total* Grower High Complex 2 Fragile
Bubbler Total* Grower Low Complex 4 Robust
Hose-Pull Total* Farmer Med Simple 9 Durable
Hose-Basin Total* Farmer Low Simple 10 Robust
Row-crop
Reusable Total* Grower High Complex 5 Fragile
Disposable Total* Grower High Complex 3 Fragile

* well adapted for irregular shaped fields

accominodate noncircular field shapes,

Source: in Stewart ed, 1990

Table 2-31

Source: Keller in lICID 1991




o
Table 1 . Irrigation scheduling techniques and their effectiveness for coping with droughts and water stress
Irrigation scheduling technigues Equipment/procedure Mcasured propenics Effectivencss | References
Soil water indicators Table 2-34
Appearance and feel Hand probe Appearance and touch Poor Stegman et al, 1981,
Electrical resistance Porous blocks Electrical conduclance Limited Stegmen et al, 1981,
Electrode probes Bectrical conduclivity 1Tigh Rhoades et ai, 1981,
Soil matric posential Tensiomelers Soil water pression High Peyremone, 1985,
Potential sensors Idem, by tempemature transducer Promising Phenc et al, 1981
Thermotouple hrometers Wet bulb or dew-point tempertature Varial e & Cass, 1984, ha e e . . e
Soil moisture Soil sampte:3 e Gravimelric meafl?mmem P u::u:’; Sowme @ Table 4, Management of irrigation systems for coping with droughts and water stress conditions
Neutron probe Reflection of neutrons High Hodnert, 1986. )
Time-domain refllectometry Dielectric constant Promising Topp & Davis, 1985, Management technigues Benafits Effectivencss References
Waler content and potential Neutron probe/ tensiometers Water motion paramele it High Femando et al, 1988,
Remote senszd soil moisture Thermal infrared scanner Soil surface temperature and Limited Jackson et al, 1981; Lo, 1986,
emissivity- Supply systems
Passive microwave sensors Brightness temperaturs and emissivity | - Limited Newton et al, 1583, New sourtes of surface water; water transfers ] Increase local water availability High Cunha ¢t al, 1983a.
Crop indicators Increased groundwater utilization Idem High Cunha et al, 1983,
4] Ob . . N . . Subsivrface groundwaier dams Avoidance of subsurface losses High Uwaioko at Tomita, 1987,
2 | Vremen Serping. Graimetrt mesmsmen | Limied | Regato & Howe, 185 Use/reuse. of low qualty water et oot f et e e,
E Water potential Pressure chamber Tissues water pression High Kramer, 1983, Conjunctive use Maximized use of avaiilable water resources High Rossi ¢t al, 1983; Morel-Seytoux, 1987.
m Trzermocouplc psychrometer :’et bulb or dew-point temperature Promising Savage & Cass, 1984, Improved opecotion/management ¢
= Stomatal resistance romeler esistance to vapour diffusion Limited Kramer, 1983, 3 . * . . .
; Canopy temperature Infrared thermometer Surface-air 1temperature difference High Jackson, 1982; Bverest, 1984, ) hyle]D;lu] forec.asl‘mg. ek fdecisi lon1|:]'u?=ddass’e.ss‘rl:‘e.nl ?-::Is\;zll:'l:!socalion of water Il;lllvgtr:'lisin Ez?::::: 1?;3(;. 1983a: Satas et
2 Changes in diameter of stems or Micromet ric sensor Changes in tissue water content Limited Huguel, 1985; Gensler, 1986, - application of optimization/risk /decision plimized rulcs; hicra % T '
< other organs : anal)'fstslto waler systems o resournces . al, . ]
8] Combinatory indicators . | Combinalory procedures Water content and temperature High Reginato & Howe, 1985, . appllc.auon of opm"m.zauon/demsson Idem i Promising Duckstein, 1983b; Harboc, 1983.
E Waler potential and tempcrature High Ziska <t al, 1985, theories Lo reservoirs . . i
Leaf end stem responses Promising Schoch et al, 1987, . automation of reservoir releases Real time response 10 downstream demand H‘lgl:l Tarr:hcu, 1988.
g 4 va il . iration {ET) Contro! of evaporation jn surface reservoirs Water savings Limited Reviewed by Cooley, 1983,
0 pour flux, evapotranspira Precipitation augmentation Increased regional water availability Controversial Summers et al, 1983,
Evaporation Evaporation pans Daily rate of evaporation High Cardon, 1985, 0 Regional water data-banks Information for optimized operation and Promising Francalanza ¢t al, 1588,
Evaporimeters Idem Limited (= management
ET estimation Mcteorologic instruments and Estimated crop vapour losses from High Doorenbos & Pruiy, 1977; E c 4 distributi "
crop cocfficients atmospheric demand Wright, 1982; 1985; Burman et = onveyance and distribution systems
al, 1983; Snyder et al, 1985, m Canal lining Awoidance of seepage losses High
ET measurcments Lysimeters Rate of crop cvapotranspiration Important Pruitt et al, 1985, z Increased fexibility on the operation of Impraved responses to farm demands, decrease | High Burt & Lord, 1981; Replogle & Mer-
Energy balance Latent heat flux Important Rosenberg ot al, 1983; Itier ct ] convcyance and distribulion systems on opcrational water fosses - ram, 158t; Rijo & Pereira, 1987,
al, 1985. % Intermediate storage (in canat, reservoirs, fncrease flexibility of the sysiem, with Tower Important . . | Replogle et al, 1981,
Eddy correlation Yapour (fux above canopy Imporiant Rosenberg et al, 1983, = farm ponds) water losses
Remote sensed Jocal . Thermal infrared and multi- Surface dnd air tempemiure differ- Promising Jackson, 1983; Nieuvenhuis, 0
and regional ET spectral scanners ences, rate of crop ET 1986; Jackson ct al, 1987, r
Soil - plant - atmosphere water fluxes
Crop water stress index Cano_py lempcré?lu'rc, vapour Canopy responses and atmospheric High Jackson, 1982, Management techniques Benelils Effectiveness | References
deficit, net radiation demand
Plant responses and vapour Energy balance, leaf and canopy | Combined explanation of vapour Important Katerjict al, 1987,
Nuxes measures Muxes and  crop responses Avoid night irrigation ; intermediate storage | Avoidance of low eflicient irrigation and improve- | Important Chambers, 1986,
Remote sensed crop water stress Relective wavelengths and Canopy reflectance and surface Promising Harfield, 1983; Wiegand et al, or improvement of conditions of night ment of social conditions
thermal infrared wavclengths temperature 1983; Lo,1585, irrigation including on-farm automation
Adapt irrigation dclivery to frrigation sched- | Improved responses to fan demands, increased  § High Drower & Buchheim, 1984; Clemens,
uling overalt irrigation efficiency 1986; El-Kady & Molden, 1987,
Application of optimization methods 1o Increased efficiencics, reliability and equity in Promising Yoo, 1985; Suryaranshi & Reddy,
Source: Pereira 1989 schedule deliveries responses to farm demands 1986.

Table 2. Irrigation management for coping with droughts and water stress Develop intelligent control :

Table 2-33 . automation, surface systems Adjusted response to dovmstream demand Variable Replogle & Clerl}cns. 1987, .
Support for ingation scheduling decisi M ialiatorma | et . remole control, surface and pressurized Higher irrigation cfficiencies; higher Nexibility, | High Jean: 19‘8.1; Yerdicr, 198.6; Bolognino,
v ° tion of target elerences systcms deliverics matching demands & Giorgi, 1988; D¢ Vito & De
Vito, 1988; Di  Nardo, 1988,
Appearnce and feek; delaying first irrigati Crop seasifivity Stegman g al, 1981,

increasing ierigation intervals, but avoiding Hydraulic modelting :

stresa at critfcal growth stages . open channels Rasietoo! for improved control lmportant Hamilion & DeVries, 1986; Corriga
Observation of soil water staju: irrigations Soil-crop sireps Ste 1 al, 1981 Mesin & Fog, 15
a1 ¢t 2l H i i i : ‘
acronding allewsd sofl waler depletion, paramelers P:,f:mnne, 1985, . transients in pressure pipes Idem Important Messina & Poggi, 1988
depending on the growdh siapes
.
. ) Operation and mainicnance (O&M):

Obseewation of plant indi < i 3 ' i i : e ’ .

Gruee ion of plan Is;r:u n .:.s.:.;ﬂ u Crop stress parameters é’i;fnf.."ﬁ"é;"‘ 1983; . monitoring and cvaluation, use of Improved O&M systems, identification of eritical | Important Reviewed by Percira & Lamad-

e tlerens e Siegeman, 1983. indicators areas and solutions dalena, 1588.

A o . vegetation and sediments control Avoidance of delivery interruptions and water High
;; ool ormat ;:\d . Crop cocfficients Doorenbow & Pruils, e lasscs ? i )
water bafance with atlowsblc stress 1977, Wrighs, 1982; 1985 i i : :
Smith, wsg& ' . water measurement Improved D&M, walcr savings High Peri & Karmeli, 1977; Bos et al, 1984.

Meteorological information, water bafance Yield respanse facter | Dborenbas & Kastam,

#nd relative yield simulation model 1979, Stegman, 1933; '

. Flufsman, 1986; Teixei : .
e Source: Pereira 1989

Monitoring of soil maisture and soil water Acceplable yield ' Stegmaa, 1943

balance modet for 1argeted depletion fevels | reduction 4 Junges & .I]alﬁ‘;r, 1587,

Monitering of solf molsiure ¢nd water Accoptable yield Cambell & Campbatt,

potential, simulaiion of salt water balance reduction 1982; Feyen, 1987,

{including water tabfe contributions) )

.(.‘nmbine'd metcerotogical and sl waier Targeted pietd Siwoekte & Campbell,

information, simulalion of the mit water {ccoaomie decision) 1985; Raju e1 al, 1982;

balnace, erop growth (LAY, dry matter Feyen, 1987, De Jong &

accumulation) and havestable yield Zeuiner, IDI'!S.

Combined metearvlogical, soil water snd Targeted yickd Fedy 3
crop indicators paramelcrs for soil water and ® " !;BT.H‘ T aasen,
€rop modelling

Combining evapotranspiraiiun, soil water, lerigation cocts and Inglish & Nuxy, 1982;
. crop growth, yield medelling with economicatf benefits Raju et al, 1983,
Source: Pereira 1989 | opimiuion




Crops Steady state formulas | Transient flow methods
Primary Fine tex- Light Fine tex- Light
crops tured per- texture | tured per- texture
meable soil soil meable soil soil
Field crops 1.2 1.0 0.9 0.9
Vegetable 1.1 1.0 0.9 0.9
Tree crops 1.6 1.2 1.4 1.1

Table 1 - Suggested irrigation season watertable depths for drain spacing design
(Watertable depth below ground surface in meters)

Source: in Lesaffre 1990

Table 2-38

Tabie 2-50

Table 3.22 Sugpested treatment processes to meet the given health criteria for wastewater reuse®

Wastewater use Irrigation Recreation :::ustria! Municipal reuse
se
Crops not Crops eaten
for direct cooked:
human fish culture Crops ealen
consumption (B+For raw No contact Contact Non-potable Potable
Health criteria® {A+F) D+F) (D+F) {B) (D+G) {Cor D} {C) (E)
Primary treatment 3 k] 3 k] k] 3 3 3
Secondary ireatment 3 3 3 3 k] 3 3
Sand filtration or 1 ] 3 1 3 2
equivalent polishing
methods
Nitrification 1 3
Denitrification - 2
Chemica)| clarification 1 2
Carbon adsorption 2
fon exchange or 1 2
other means of
removing ions
Disinfection® 1 3 1 K} 1 3 3

tAfter WHO (1973).

*Health criteria: A, freedom [rom gross solids, plus significant removal of parasite eggs, B as A, plus significant removal of bacteria; C as A, plus more
eflective removal of bacteria, plus some removal of viruses; D, not more than 100 coliform organisms per 100m1 in 80% of samples; E, no fecal coliform
ortanisms in 100ml, plus no virus partickes in 1000ml, plus no toxic effects on man, and other drinking-water criteria; F, no chemicals that lead to
undesirable residues in crops or fish; G, no chemicals that lead to irritation of mucous membranes and skin. In order to meet the given health criteria,
processes marked 3 will be essential, In addition, one or more processes marked 2 will also be essential, and further processes marked 1 may sometimes
be required.

“Free chlorine after L h.

Source: Feigin et al. 1991

TABLE 2.4. Advantages and disadvantages of various sewage treatment sysiems Table 2-51
Acti- Extended Waste
vated aeration Oxi- stabiliz-

Package sludge activated  Trickling dation Acrated  ation pond
Criteria plant plant sludge  filter ditch lagoon  sysiem
g BODremoval F F F F G G G

o = FCremoval P P F P F G G

ZE SSremoval F G G G G F F

B-=  Helminth removal P F P P F F G

2 Virus removal P F F P F G G
Simple and cheap P P P P F F G
construction

E , Simpleoperation P P P F F P G

S 5 Landrequirement G G G G G F P

g 2 Maintenance costs P P P F P P G
w Energy demand P P P F P P G
Sludge removal P F F F P F G

costs

FC = Fuceal coliforms

58 = Sospended solids

G = Good

F = Fair

P =Poor

Sauroe: Athus {1983). Source: in Biswas/Arar ed. 1988

Table 3.2 Suggested irealment processes to meet the given health
zriterla for wastewaler reuse in agriculture Table 2-52

Unit treatment Type of agricultural reuse
process

Crops noi for Crops Crops

direct human eaten eafern

consumprion cooked raw
Primary treatment +++ +++ +++
Secondary treatment +++ +++
Sand filtration + +
Disinfection + +++
Health criteria A+F D+F

Key: ++4+ = Esseatial
+ = Maysomciimes be roquired
A = Frecdom from gross solids; significan removal of parasite egps
D = Notmore than 100 coliforms per ¥Nml in BUY of samples
F = N icals that lead 10 i Tesidues in crops

Source: WHO{1V3y

Source: in Pescod/Arar ed. 1988




TABLE 5-7
Table 2-54 a

Expected values of properly deaigned stabilization ponds in
- Southern Africa . .

Effluent Composition

_ - ) _ Stabilization ponds: Maturation ponds:
; Parameter for raw and settled for well-nitrified
Table 7.} Expected removal of excreted bacteria and helminths in Tavle 2-53a (mg/1 except where wastewater, septi.c secondary
various wastewater treatment processes otherwise stated) tank, and aqua privy effluent
- effluent
Treatment process Remaval (log,; units)
Bacteria Helminths  Viruses  Cysts Color, taste, and odor Not objectionable Not objectionable
: pH (range) 7.0-10.5 7.0-10.5
Primary sedimentation Temperature, % maximum 30 30
Plain 0=} 0-2 o= 01 Dissolved oxygen, I sat. minimum 75 75
Chemically assisted- -2 1-3 {E) 01 o1 ’ _ Fecal coliform bacteria max imum 100/100 ml (97.5% 1,000/100 ml (97.5%
Activated sludges 02 0-2 o-1 o-1 : probability) probability}
Bi°m“:‘:°"°.- ?': ?'§ . ?‘; t: BODg (total) maximum 186 12
€ e’ — - I3 *
koA R v L - S - B0 (Eficeate) saxiaun 12 :
Disinfection® 268 O 04 o-3 con” (rotal) maximum 150 120
Waste stabilization pondss |6 {E) £-3 (E) 1—4 14 _ co / (soluble) maximum 120 100
Effluent storage reservoirs’ |6 (E} -3 {E) 14 -4 0A- / (to:all! maximum 20 15
_ 0A~" (soluble) maximum 15 10
E-—With good design and proper:aperation the Engelberg guidelines are achievable. Ammonia nitrogen maximum 10 10
L Furcher research is needed to confirm performance X
® Includi di ton
'In:!udln; settling pand
:Sj‘,‘,‘:.‘,‘:,‘:ﬂ'::;;‘,,".';‘;,'ﬂ‘,. pumber of ponds in series : Note: Aimed at small communities of up to 5,000 people, 800 m3fday flow.
fPerformance depends on retention time, which varies with demand : Detention times 18-25 days, depending on temperature and plant configura-~

Source: Feachem ex al. {1983), . tion.

Source: Mara/Cairncross 1989 y
-' Oxygen adsorbed from N/80 KMNO, in 4 hours.

Source: Drews (1983). Source: Shuval et al. 1986
TABLE 2.3. Microorganism removal in wastewater treatment Tahle 2"531')_
Type of Percentage removal Table 7.2 Performance of a series of five waste stabilization ponds Table 2-54b
,,,;,-fmwgam-xm Primary Biological* : . in north-east Brazil (mean pond temperature: 26°C)
Salmonell: 15 96-99.9 ' -
N.l,\::?&fm;rium 48-57 Slight-99.9 Sample Retention BOD, Suspended Faecal {ntestinal
Amoehic cvst Limited removal 0999 time solids  coliforms nematofle egys
Helminth ova 72-08 0-76_ (days) (mg/l) (mgfl} (per licre)
Viruses I-extensive 0-84 :
Raw wastewater - 240 305 4.6x107 | B4
* Brotopial includes tricklistg filier. activated studge and waste stabilizativn poends. Effluent from:
Source: Feachem ef of. {1983). Anaerobic pond 6.8 63 55 2.9x |08 19
'3 : Facultative pond 5.5 45 74 32x 107 |
Source: in Biswas/Arar ed. 1988 Maturation poud | e 2 o 24 108 o
Maturation pond 2 55 19 43 450 0
Maturation pond 3 58 17 45 30 0
Source: Mara at al. {1983}, Mara & Silva (19086).
TABLE 2-10 Source: Mara/Caimcross 1989
—_ Table 2-53

Enteric pathogen removal efficiencies of wastewater
treatment p_x:gcesaes (in logyg units)
{i.e., 4 = 107% = 99,99 percent removal) Table 2-54 ¢
Table 7.3 Reported effluent quality for several series of waste
stabilization ponds, each with a retention time > 25 days

Treatment process Viruses Bacteria Protozoa Helminths Pond system No. of ponds Effluent quality
in series (FC/100 mi)*

Primary sedimentation 0-1 0-1 0-1 0-1 Australia, Melbourne 811 100
Septic tanks 0-1 1-2 1-2 1-2 Brazil, Campina Grander 5 10
Trickling filters 0-1 0-2 0-1 a-1 France, Porquerolles 3 100
Activated sludge 1-2 2-3 1-2 1-2 Jordan, Amman 9 30
Stabilization ponds 2-4 4-6 4=6 4-6 Pert-r..Lirna ' 5 100

(20 day--4 cells) Tunisia, Tunis 4 200

*FC = Faeaal coliforms
] SExperimental Centre for Biologka! Treatment of Westewater (Extrabes).
Source: This table was developed for this study and is based on a review of Souree: Bartone & Arlosoroff (1987}

numercus published laboratory and field atudies.

Source: Mara/Caimncross 1989

Source: Shuval et al. 1986




Table 3.15 Relative sensitivity of crops to sludpge-applied heavy metals® (Logan and Chaney 1983) Table 2-55

Very sensitive® Sensitive® Tolerant? Very tolerant®

Chard Mustard Cauliflower Corn Table 3.21 Wastewater treatment and quality criteria for irrigation {California) (Crock 1985)

Leltuce Kale Cucumber Sudan grass - — Table 2-57

Red beet Spinach Zucchini squash Smooth bromegrass Treatment level Coliform limits Type of use

Carrot Broccoli ‘Merlin® red fescue -

Turnip Radish Flat pea Primary Surface irrigation of orchards

Peanut Tomato and vineyards, lodder, fiber
Marigold Qat and seed crops

Ladino clover Orchard grass Onidation and disinfection < 23/100 ml Pasture for milking animals

Alsike clover Zigzag, red, Japanese bromegrass Landscape impoundments

Kura and ; : Landscape irrigation {go!f courses,
crimson clover cemeteries, etc.)

Crown veich Alfalfa Switchgrass £2.2/100 mi Surface irrigation of food crops

*Arc’ ulfalfa Korean [espedeza Red top {no contact between water

White swect clover Sericea lespedeza Bullel grass and edible portion of crop)

Yellow sweet clover  Blue lupin Tall fescue Oxidation, coagulation, <2.2/t00ml Spray irrigation of food erops
Birdsfoot trefoil Red lescue clarification, filtration®, max, = 23/100 ml

Weeping love grass Hairy vetch Kentucky bluegrass and disinfection

Lehman love grass Soybeun Landscape irrieation (parks

Deer tongue ?-?::::E:n playgrounds, etc.)
g::::,:?llb:;tgi:::s *The turbidity of filtered eMuent cannol exceed an average of 2 turbidity units during any 24-h period.
Creeping bent grass

Source: Feigin et al. 1991

2Sassafras sandy loam amended with a highty stabilized and leached digested sludge containing

5300mg Zn; 2400mg Cu; 320mg Ni; 390mg Mn; and 23mg Cd/kg dry sludge. At 5% sludge,

maximum cumulative recommended applications of Zn and Cu are made.

Injured at 10%, of a high metal sludge at pH 6.5 and at pH 5.5.

“Injured at 10%, of a high metal sludge at pH 5.5, but not at pH 6.5.

?Injured at 25%, high metal studge at pH 5.5, but not at pH 6.5, and not at 103 sludge at pH 5.50r 6.5.

< injured even at 257%, sludge, pH 5.5. ..

Not inj g p Source: Feigin et al. 1991 Table 2-58

Health Guidelines for the Use of Sewage Effluent in Agriculture 115
Category A — Protection needed oniy for field workers

Table 2-56

1. Crops not for human consumption (for example cotton, sisal) Table 3.24 Recommended microbiological quality guidelines {or wastewater use in agriculture?

{WHO Scientific Group 1989)

2. Crops normally processed by heat or drying before human

Consump[ion (grains, DHSCEdS, Sugﬂr-bCCt) . ;I;t':lsal:;l:iesb fc:?;::ms Wastewater treatment

. , . arithmatic eometric cxpected to achieve
3. Vegetables and fruit grown exclusively for canning or other ¢ (e 4

: : Cate- Reuse Exposed mean No. of mean No. the required micro-
rocessing that eflectively d h P i oloed ;
p g ectiveiy destroys pathogens gory conditions group eges/1) per 100 mi¥)  biological quality
4. Fodder crops sun-dried and harvested before consumption by A Irrigation of Workers, <1 < 1000¢ A series of stabilization
animals crops likely CONSUMETS, ponds designed to
1o be eaten public achieve the microbio-
5. Landscape irrigation in fenced areas without public access (nur- uncooked, logical quaht:v indi-
series, forests, green belts), sports fields, cated or, equivalent
public parks? treatment
B Irrigation Workers <1 No standard Retention in stabilization
ategory B.— =
Category Further measures may be needed of cereal Tecom- ponds for 8-10 days or
1. Pasture, green fodder crops crops, mended equivalent helminth and
industrial faecal coliform removal
2. Crops for human consumption that do not come into direct crops, fodder
contact with wastewater, on condition that none must be picked crc:ip:. pafture
off the ground and that spray irrigation must not be used (tree anc free
crops, vineyvards, etc.) C Localized None Not Not Pretreatment as required
) irrigation applicable applicable by the irrigation
3. Crops for human consumption normatlly eaten only after cooking of crops 'g i;chnolggy » but ;'ot less
otatoes, . calegory an pl::mary sedi-
P , eggplant, beetroot) if exposure mentation
. ol workers
4. Crops for human consumption, the peel of which is not eaten and the
(melons, citrus fruits, b‘ananas, nuts, groundnuts) public does
not occur

5. Any crop if sprinkler irrigation is used (see Section 7.4.1).

Category C—Treatment to Engelberg “unrestricted” guide-
lines is essential

1. Any crops often eaten uncooked and grown in close contact with
wastewater effluent (fresh vegetables such as lettuce or carrots, or
spray-irrigated fruit)

2. Landscape irrigation with public access (parks, lawns, golf cour-
ses)

Source: Mara/Cairncross 1989

*[n specific cases, local epidemiological, sociocultural and environmental factors should be taken

into account, and the guidelines modified accordingly.

® Ascaris and Trichuris species and hookworms.
¢ During the irrigation period.
?A more stringent guideline { < 200 faccal coliforms per 100 ml} is appropriate for public lawns,
such as hotel lawns, with which the public may come into direet contact.

*In the case of fruit trees, irrigation should cease 2 weeks before fruit is picked, and no fruit should
be picked ofl the ground. Sprinkler irrigation should not be used.

7/

Sowrce: Feigin et al. 1991




Table &-59

Table 7.4 Factors affecting choice of irrigation method, and special

measures required when wastewater is used

Irrigation Factors affecting Special measures for wastewater
method choice
Border Lowest cost, Thorough protection for field
{flooding)} exact leveiling workers, crop-handlers and
irrigation not required cONsUMers
Furrow Low cost, Protection for field weorkers,
irrigation levelling may possibly for crop-handlers and
be needed consumers
Sprinkler . Medium water Some Category B crops, especialfy
irrigation use efficiency, tree fruit, should not be grown.
tevetling not Minimum distance 50-100 m from
required houses and roads.

Anaerobic wastes should not be
used because of odour nuisaznce

Subsurface High cost, Filtration to prevent clogging of
and localized high water emitters.
irrigacion use efficiency,

higher yields

Source: Mara/Cairncross 1989

Monitoring and evaluation 11 Table 2-60

‘FABLE 1.3. Framework for use of wasteswater for irrigation and/er groundwater recharge

{1} Naturc of the problem

a)  How much wastewater will be produced und what will be the seasonal distribution?

b} At what places will wastewater be produced?

¢} What will be the characteristics of wastewater that will be produced?

d)  What are fcasible alternative disposal possibilitics?

(2) Legal feasibility

a)  What uses of wastewater are possible under national andfor state regulations, if they exist?

b)  If no regulations exist, what uses seem feasible under WHO and FAQ guidelines for irrigation?

¢)  What are the prevailing water rights and how will these be affected by wastewater use?

(3) Technical feasibility

a} Is the quality of treated wastewater produced acceptable for restricted or unrestricted irrigation?

b) How much fand is available or required for wast¢water irrigation?

€} What arc the soil characteristics of land to be irrigated?

d) What are the present land usc practices? Can these be chanped?

e)  What types of crops can be grown?

f)  How do crop-water requirements match with seasonal availability of wastewater?

£} What types of irripation techniques can be used?

h)  If groundwater recharge is a consideration, are the hydrogeclogicat characteristics of the study arca
suitable?

©)  What will be the impact of sueh recharge on groundwater quality?

0} Arcihere additional health and environmental hazards that should be considered?

{4) Politicul and social feasibility

a)  What have been the political reactions to past health and environmental hazards which may have
been associated with wastewater reuse?

b)  What is the public perception of wastewater reuse?

¢}  What are the attitudes of influential pcople in areas where wastewater will be reused?

d)  What are the potential benefits of reuse to the community?

e) What are the potential risks?

(5) Economic feasibility

a)  What are the capitat costs?

b) What are the operation and maintenance costs?

¢} What is the economic rate of return?

d)  What are the costs of development effluent-irvigated agriculture, e.g. cost of conveyance of
wastewater to the irrigation site, land-levelling, installation of irrigation system, agricultural
inputs, et¢.?

¢)  What are the benelfits from the ¢ffluent-irrigated agriculture system?

f}  Whatis the benefit-cost ratio for the irrigation project?

(6) Manpower feasibility

a)  Is adequare local manpower available for adequate operation and maintenance of:

wistewater treatment 7
irrigation and groundwater recharge works
agricultural facilities
health and environmental control aspects?
b) Ifnot, what types of training programmes should be instituted?

Source: in Biswas/Arar ed. 1988

12 Role of wastewater reuse in water planning and management

TABLE 1.4. Comparison of factors relating to water and Jand for irrigation and groundwater recharge

Groundwater
Factors Irrigation recharge Overlund fiow
Treatment Primary to secondary Unireated to primary Untreated to primary
Consistently good Critical ’ Not critical Not critical
operation of
treatment plants
Water quality High . Medium to low Medium to low
Land area required High ‘ Low Medium
Land slope Up to 6% for surface Not important, but 1-12%
irrigation; up to 30% difficult on steep stopes
for sprinkler and drip
irrigation
Soil permeability Moderate Rapid to very rapid Low
Soil quality Medium o good Not important Not important
Utilization of water High ) None Medium to low
and nutrients
Monitoring Extensive Limited Limited
requirements

Source: in Biswas/Arar ed. 1988

Box 7.1 Wastewater treatment costs

A recent World Bank report gives a detailed economic comparison of
waste stabilization ponds, aerated lagoons, oxidation ditches and
biological filters. The data for this cost comparison were taken from
the city of San'a in the Yemen Arab Republic, Certain assumptions
were made, for example the use of maturation ponds to follow the
aerated fagoon, and the chiorination of the oxidation ditch and
biological filter effluents, In order that the four processes would have
a similar bacteriological quality so that fish farming and effluent reyse
for irrigation were feasible. The design is based on a population of
250000; 2 per capita flow and BOD, {biochemical oxygen demand
measured on day 5 of treatment) contribution of 120 litres/day and
40 g/day respectively; influent and required effluent faecal coliform
concentrations of 2x 107 and | x 10* per 100 mi, respectively; and a
required effluent BOD, of 25 mgflitre. The calculated land area
requirements and total net present worth of each system {assuming an
opportunity cost of capital of 123 and land values of US$ 5/m?) are
shown in the table below. The waste stabilization pond is the cheapest
option. Clearly the preferred solution is very sensitive to the price of
land, and the above cost of US$ 5 pet m? represents a reasonable value
for low-cost housing estates in developing countries. .

The cost of chlorination accounts for U5$ .22 million per year of
the operational costs of the last two options.

Waste Aerated Oxidatlon Convantional
stabilization lagoon ditch treatment
pond systern  system  system {blofilters)

Cosus {million U5S)

Czpiui. 5.60 £.90 4.80 1.7

Operational 021 1.28 F4% Q.84
Benefits (million USY) .

Irrigation income 0.43 0.43 043 0.43

Pisciculture income 0.30 0.30 - -
Met present worth )

{million USY) 313 7.53 5.86 8.2%
Land area (ha} +* 50 0 F L

Source: Arthur (963},

Source: Mara/Caircross 1989

A

Table 2-61

Table 2-62




Table 12 CHECKLIST OF INFORMATICN NEEDS, METHODS
There are four types of water to be analysed: Table 2-63 f and output at Steps 3 and { Table 3-1
o drinking water (A3);
¢ raw wastewater influent to the wastewater treatment plant (A,); .
o effluent from the primary settling tank (A,); ; Information from Planning goals and constraints
e cffluent from the final settling tank (A3). . f,;{ﬁtugg’;‘ﬁ““““’“ Spatial, temperal, quantitative
r r
data:
Table 26.7 Parameters analysed in A. - — Social sociology, demography,
able 26.7 rara * : land tenure
Organcleptic Aspect : - Economic  d d
g P Colour Table 26.11 Surface soil parameters ; P:rg:zrr,lsfonsumption
Odour analysed income and
: ; i tments
Physical pH inves R
Y pH 25°C Parameters analysed before sowing and ; ; land use and
Conductivity after harvesting e production
Turbidity - : — Land topography, climate,
Chemical Alkalinity . L Physical Texture £ |B soils, water, ecology
Alkalinity to CaCOj saturation equilibrium Structure i
Total hardness Porosity . . - Infra- transport,
Carbonate hardness Apparent specific density . . structure communications,
Non-carbonate hardness . i : services,
Oxidizability Hydraulic }’{erl:l c?‘?ﬂg}ﬁ' " administration and
ate of infiltration legal structure
Anions Cations . Field capacity
HCO; Ca?+ Fading coefficient
SO5 Mg Chemical pH . N .
- Na* Cation exchange capacity : Planner’s Overview existing data, identify
K* Calcium . : methods gaps:
Magnesium :
Potgssium : - ;umma.l rise maps, reports, agency
Table 26,8 Parameters analysed in A, and A, Sodium . iles
Carbonates : :
Parameters analysed Sulphates Rapid appra.isal :
; Occasional TOC _ . .
ceson TOC comots sensing, field suvey,
During irrigation After irrigation g;';‘d‘f:‘iVitY ! ports
orides ;
BOD, As ) N: total Modelling land use systems
CoD Hg (1) g: orgalmc
S5 Se (1) : total ;
DS ) CN (1) K: assimilable Information output Summary maps and statistical
T Boron for second consult- analysis of the existing
N: NO; (2; . ation with users situation
N: NH, 2 .
N: org. 2) Table 26.12 Parameters analysed in soil at 50 cm depth . Projections for the planning
pH ()] gd g; . period
Hardness 3 T —
Carbonates 23; Cu ) Parameters analysed before sowing and after irrigation Identification of lanq use
Bicarbonate 3 I]:'ﬁ 8% problems and opportunities
Phosphorus g Sulphates N: total Copper i R .
Orthophosphate Pb i Carri,:bonates N: NO, Cadmium : ﬁg:céfi;g::;o“s for improved land
Chloride (3) Mn (1 Hydrogencarbonates N: organic Nickel 3
Sulphate &) Zn (D) Chilorides P: total Chromium
EOIM_NCUV“Y a Mo m Cation exchange capacity P: P05 Mercuary
aieum Calcium Conductivity Lead .
Magnesium 1) Magnesiam Boron Cobalt What will the Land Use Plan contain? Table 3-2
g‘?‘d“-“!‘ 8)) Potassitm Iron :
otassium i i :
Boron (1) Sodium Zinc Terms of reference
(1) Analyses to be carricd out at the end of the irrigation period, on a sample ) _ _ .
composed ofsuhsamp!gs caliecleq Fluring each irrigal_mn. suitably pn?s::rveq with Table 26.13 Surface solt parameters analysed - area involved, goals, time horizon
HNO, at pH = 2, kep! in boron-sificate glass flasks with the stopper lined with :
tellon, :
(2) The samples for determining the different nitrogen species will be kepl in glass Iron Manganese Lead Analysis of land use opportunities and problems
Nasks with th_e, stopper lined with teflon. These samples wiil be acidified o pH =2 Molybdenum Cadmium Cobalt :
(&} \;:r:;;::lf?::t;:f;:tzl:;ﬁnea‘iz:r: :lrclilﬂ differcnt ionic species canniot be chemically Zinc Nickel . Mercury ; s 1 R dard
canserved; they have to be kept in plastic bottles a1 4°C and anatysed as soon as Copper Chromium Environmental /conservation standards
possible,
- for example no cultivation on slopes greater than 15°, protection of water
supplies for people and stock
9P t Table 26,14 Chemical parameters determined : )
I:;Jlt;sifl i ::nme ers in crop material What to do and where to do it
pH Part of plant Fart of plant : - including maps of present and planned land use and infrastructure, details of
BOD; for consumption not to be consumed : land use practices needed, performance targets
CoD : 7
TSS Boron ; ;
F5§ N: total {N; Kjeldahl) ¥ho will do it and how
V§s Potassium
Lrﬁ:rl'(el - responsibilities for action, staff, timing, budget
Zinc Zinc
Table 26.10 Microorganisms analysed Chromium Procedure  for assessing the performance of the plan and revising it in the light
Copper of experience
. . s Mercury
Analytical laboratory Microorganism Cadmium Cadmium
Lead Supporting information
Regional Health Administration Faecal coliforms Cobalt
Regional Health Administration Faecal streptococei :
Lesds University Campylobacter . -~ g0 that people can understand the plan and the basis for declsions. This may
Leeds University Salmonella : include information on land resources, land use options, land suitability,
Leeds University Shigella : - na economic analysis, social and other conslderations. Source: FAO 1989
Source: in Pescod/Arar ed.- 1988 . - :




Table I. Possible future structures Table 3-4

; Table 3-3 Structure Main elements
: Headings for description of land use types : Economic structure The output and employment in each sector;
: . i income distribution
, 1. TItems common b t major kinds of land use: . . 3
e © Most major kinds of land use Socio-ecanomic Type of production units:
: structure large factories, plantations, small-scale
' Name and summary - main crops and management level, for example o family-owned industries or famms, production
' of land use type *rainfed rice cultivation by smallholders, i cooperatives, or a certain combination of
traditional management with low inputs’ : these units
: Haln products and markets Labour and smanagement skills g An indication of the number of people
| needed jnvolved in the various production units
! Associsted land use types : and their output.
. Power amd transport :
ng::'ﬂnd size of management requirements Social structure The various groups, based either
1 on consanguinal or territorial criteria
Storage and &1 PG : 4
capital intensity:investment r!qagzemnﬁcc“ " and their interrelations, leadership,
required, recurrent costs and power structure. Rough indication
of the number of persons in the various
i groups.
2. For rainfed agriculture: :
i ‘Cultivation practices: vield, production trends . : Administrative and Strt_lctgre of the.governmental organizations,
participation structure their interrelations, number of people
- recommended varieties : involved and their output. Organization of
- growing peried Local farming problems : participation, village councils, district
- land preparation : councils; their major tasks and functions.
~ planting :
- f,::;izé::;u' peats and : : Structure of the health Types of service units, their interrelations,
dlsences : sector people employed in the various units and
- harvesting their output.
| - soil and water :
I conservation : Structure of the Types of school, their interrelations,
H educational sector teachers employed, the school population
: 1, Additional items for irrigated agriculture: : in the various school types and their output,
) Source of water, water rights Water management system : : Land use pattern What areas are used for what types of

| agriculture, for forestry, fishing, anima)
i : & husbandry, recrestion, conservation, mining,
4, For livestock: : industry, housing, ete, This information

. should be compiled in a map, scale
Pasture management and grazing practices — ! " d
fencing, rotational grazing, seasonal factors, : 1:100,000 wp to 250,000,
; irrigation, topdressing

) : ; Pattern of service The types of service centres (central places)

. supplerenting Eorage Forage production and trends . centres (incl.urban} and their interrelations. The services provided

} production and conservation by the centres: schools, clinics, hospitals,

i practices Livestock kind and numbers : : shops, banks, offices of the administration,

i Water sources and distribution Production and production trends o extension services, markets, mdL.'St'"?].s’tes‘
: etc. Rough indication of population living

E Soil ad water conservation Local problems - in, and served by, the centres, The information

practices : should be compiled in a map, scale

Livestock husbandry practices: 1:100,00¢ up to 250,000.

— stock management ; Infrastructure Network of roads, canals, railroads, ports,
— pests and diseases : airports, power supplies, water supplies,
. 5 For Forestry: : telecommunicatiens, etc. The information
) ) ‘to be compiled in a map, scale
1:100,000 up to 250,000,
Cultivation practices, Yield, production trends
where applicable:
- recommended species ard Local management problems ’ : _ -
provenance : : Table 3 5
- nursery practices o .
~ land preparation . STAGE (1] STAGE 1 STAGE 2
- planting : PREPLANNING PREPARATION RECONNA{SSANCE
— fertilizing .
- weed control, pests and BROAD STEP 2.1 ;SI[P 2.3
digeases : SECTOR Orientation at National Administration | Preparation inception report
~ harvesting '
- soil and water conservation STEP 2.2 |
Orjentation in the fegfon |
6. For water supply: |
-
:,'E_—{' data tentative
Catchment management practices: —— collection dynamic
cmen i ¢ S22 11-226 ahalysis 227
- standards for forestry, bl o
grazing and agricultural use ”
~ s0il congervation = data
= engineering standards - E Nects reconnaissance
toad construction, drainage, = :g,_:gs on future market 417
flood conteol )
— &iting of setklement W
- control of pollution L - [ -
L 2 1
patential t _ is§
F3 entative de provisional INCEPTLON
7. For fisherles and fish farming: 2 selection of region, workprogram of| ng:g"zr?:ﬂﬂ}gg | __crops 34,37 velopment ai- § 'p|alternativesfnd REPORT [
= formulation H¥planning team $1M;-"1cado. and flald ternatives 39 42-4% 46-49 »
’ & terms of reference §-9317 J10-15 21-33 9. Tand + water X
Water supply and water rights ¥ields and production trends w -— | potential 35,38 identiﬁca@ -
=
Water management practices: Local management problems - [ pf subregions 41 .
b
=~ control of water quality =
- maintenance of ponds and S W data i
vatenmys 3.F cobdection
= fleod control 335 611-624 w
a -
Pigleultural practices: vno
- nursery practices =g data Tard ]resources
- fertilizers, feeding "2 collection minera) JMAPS
~ pests and diseases E 811-823 825-827
- harvesting oo
o %
.2 data REGIONAL PLANNING PROCESS
ry o
B. For recreation and reserves: ;§E' collection SYNTRESTZED FyCTORE
;.;f._g 911-912 STAGES 0,1 AND 2 8
Facilities and services for Land management practices to =3 Fia.
visitors maintain wiique character: RESEARCH GROUP INTERDISC.PLANNIRG, AGRICVLTURAL UNIVERSITY, WAGENINGER,{THE NETHERLANDS}), 1979
-— standards for parallel . :
lard uses
- policin . 1989 )
policing Source: FAO i Source: van Staveren/Dusseldorp ed. 1993




Table 3-5 cont.

STAGE #

STAGE 3 ADDITIONAYL

MAIH FIELD STUDY PHASE FLIELD S3uDY
BROAD . - ;
SECTOR 1| i steR 3.3 ) STEP 3.4

Orawing u Discussion
STEP 3.1 Fleld surveys : SYEP 3.2  Pretiminary planning i Theleten f_epo" ! report
H H H

P

| o P ST »{ drafting outlines for] [estimation ANNEX L. LIST OF IDENTIFIED ACTIVITIES Table 3-6

2 | lcollection}—»| soc. characteristics, programs 274-780[™) migration 281
et =4 261-257 - potentiais, restric-

2 ' tnventory rural
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Table 3-7 Table 3-8b

Table 15 CHECKLIST OF SOIL QUALITIES, FIELD CHARACTERISTICS AND
SPECIAL FIELD AND LABORATORY DETERMINATIONS : =)
Quadity Field characteristle Special deterinations Summary of types of land resource surveys Table 2.1
sufficiency of - So0il temperature fegime
energy ' ; Heafes% F.:D Aim and level Site intensit Apprux}mat? prap?r‘;.inn of Preferred scales
i i ture, depth 30il water release : ype o equivalen m and leve ite intensity time input (%
SuE.:.icmnqr of ::;}ni:::: :;unli’ty. characteristics and survey §/ nomenclature and and survey method Fiald work Aerfal
wa infileration capacity final map scale 2/ AP1 Literature and sampling photas Fina) maps 3/
Rooting pattern
1 deainage class Eh, saturated hydraulic Expioratory Exploratory to Resource inventory Free survey of 1] 20 20 . < 1:650 00O Variable
smufq{igianw of ig}.aur ? ! ED;ﬂuf-'tiVitY low intensity Project location variable intensity {Probable averages, very variable} < 1:100 000
% 1:1 000 000 Prefeasibility usually much < 1 per
Depth to water table to 100 ha
) 1:100 000
sufficiency of Soil textuce, depth, Cation exchange capacity
mutrients stoniness, organic
matter, pH Determination of Reconnaissance Medium intensity Prefeasibility Free survey of 50 25 25 1:40 000 < 1:50 000
irdividual nutcients, eg 1:100 000 Regionat planning varishle intensity to
Weathersble minerals, N, P, K, Mg to Project location usually < L per 1:20 000
1:25 060 100 ha
Foliar examination
Semi-detailed High intensity Feasibility Flexivle or rigid 20 20 60 1:25 000 1:25 000
Ense of water Landfarm, slope angle, I“ﬂltr‘:iiﬁ“ ratiiand 1:25 (00 Development grid. Intensity to to
managemant micratapography :;::::zzvn;duu c o to ; planning T per 15 to 50 i 1:18%000 15000
10 00
Soll texture, depth
Depth to groundumter . Detailed Yery nigh Development Rgid getd. 5 20 % 1:10 000 1:10 000
odium ntensity anagemers: per 1 to a to to
Tilth ig{i‘;i:::‘;g:““- Exchangeable 5 » 1:10 000 Special purpose 1:5 000 1:5 000
burg limits, shear : -
z:;g?t&y\/bﬂﬂng Soll texture 2::§:gt;q ' ; Hotes: 1f These r.er;ns are Toosely used for a wide variety of intensities and final map scales: see Young (1973}, Stobbs (1970} and Western (1978,
. Chapter 3). .
le Shear strength, angle of : 2! See FAD {1979a, p 88).
Eroﬂiant:;ﬁ:g :‘;gs"{':‘;g:}fpe angleé, friction 9= 3/ For many integrated projects the final map scale may be chosen to conform to civil engineering or project development requirements, rather
slcpe 8 than to the most appropriate scale For the survey intensity and complexity of the soil pattern (see Subsection 9.5.1}.
Sepil texture, particle size distribution
drainage, structure
amination Determination of
Toxiclty Follar ex . B individual ions, e.g.
HBO3-, Rl3+, Se
ti Microbiological and
Dissase Follar exanination entomological examination .
soll drainage Table 3-Ba

Table 13 CLIMATIC DATA FOR LAND USE PLANNING Summary of mapping units used in land resource surveys Table 2.2

Land qualities Climatle characteristics
sufficiency of energy Temperature regime, sunshine Types of survey "Final mapping unit Landscape components 1f

hours, day length Geomorphology Soil Vegetation Land use
Frost hazard Probability of frost {local

occurcence and not adequately Exploratory 1. Physiographic units/ Major reltef units Orders 2/ to Sotlfclimate-retated Agro-ecological

recorded in standacd data} : land systems associations types ggoups 9
Sufficiency of water neference evaporation Eo 2. ];?::“3’ development

Crop water reguirement =

Eo x Kc {crop coefficlent}

Rainfall probability, Recannaissance 1. Pnysiographic unitsf Retief units, major Associations Seilfclimate-retated Land use systems,

effective ralnfall land systems

2. Soli associations

landforms types, plant associatfons cultivation density

. R S : 3. Land capability units
Irrigation need/ rainfall probabjlity — :
Drought hazard crop water requirement . 4. l;g:::t!al development
Length of growing seascn Period of energy and water

sufficiency
Hazard of high winds, Probability of occurrence §n Semi-detailed 1. Geomorphic units Detailed landforms Series, complexes Plant assocfatfons and Land use and Farming
high temperature, hail; the growing seasan 2. Soil serfes/ and elements, slope or associations; distribution systems, specific
low humidity associations uniks sofl phases and parameters, cropping
: 3. Land suitabilftyf selected parameters patterns

Erosion hazard Rainfall intensity

management classes
4,. Major constratnts or

developmant
References: ILACD {1985), FAQ {1977), FAD (1979} parameters
Table 14 WATER RESOURCE OATA FCR LAND USE PLANNING Detailed 1. Soil phases andfor 5lope units Soi1 phases and Specific crop or natural vegetation variables

d
Presant water use = river abstraction, tanks, groundwater P R 2. E::g ::;:;Z;:;: selected parameters
— location of abstraction points, : units
sluices, dams, wells and boreholes, .

with yields.

related to sof) parameters - eq drainage or
salinity effects

. Lty of o . i “Notes: 1  After Baulkwill {1672},
Present storage capacity of tanks and reservoirs. . Z! ie the highest level of soil classification {see Annex C}; not to be confused with the USDA term 'order of soil survey' which refers to

Reliable yield of water for each river catchment - the kind of survey {see Orvedal, 1977),
7

% and 90% probability low flew, from hydregraph
records, or 75% and 90% probability rainfall - Eo
aver 7/10 day periods x area of catchrment. :

safe yleld of groundwater, from test pump data or well records. ~y
Depth belew surface of useful groundwater
Location of aquifars

Water quality

Location of irrigable land

Source: Landon ed. 1984

Legal and customary rights

Source: FAQ 1989
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Table 3-10b Table 3.1

- 158 -

frief summary of recommended routine soil ¢hemica) analyses and their interpretation Table 7.4 } . T i
able 454 GROWTH LIMITING CONDITIONS FOR RICE ON SU
BMER
SOILS OF VARIOUS TYPES GED
Analysis Recommended Units Rating Range General interpretation Stfactiun
method(s) reference E KIND OF SOIL AND
: MAIN LIMITATIONS OTHER GROWTH LIMITING CONDITIONS
PH 1:2.5 soiliwater - Very high > 8.5 Alkaline sails: Ca and Mg liable 7.5 . ]
spension to be unavailable; may be high Naj CoEE . g
susps possible B toxicity; otherwise as : ; _9&!_15_3_01_15
below: S
High 7.0-8.5 Secreasing availability of P and B Interpreta- : Arid saline
to deficiencies at higher values. ation 7.5.3 o soils Alkalinity, Zn defi
Above 7.0 increasing liability of g e clency, N & P deficiencies
deficiency of Co, Cu, Fe, Mn, In i id coastal saline solls
Medium £.5-7.0 Preferred range for most crops; JE ; Iron toxicity, P deficiency, deep water
lower end of range too acidic for : Neutral and alkalin .
Some : e Zn deficiency, dee
Low < 5.5 Acid soils: possibly Al toxicity : coagtal and saline soils s p water
and excess Co, Cu, Fe, Mn, In; s i . :
deficient Ca, K, N, Mg, Mo, P, - Deltaic and
: edtuarine
{and B below pd 5} : acid sulphate soils Iron toxicity, P deficiency, deep water
CEC a) ‘Unbuffered mef100 g so0i1  Very high > 40 Hormally good agricultural soils - 7.6 : Co.
YO at High 25-40 only small quantities of 1ime and K ' astal histosole Nutrient deficiencies, H.§
pH of soil fertilisers required organic sub ’ toxicity, toxicity of
b} MNa or NH4 Med ium 15-25 Normally satisfactory for agri- Interpreta- substances, deep®water, Fe toxiecit
acetate at culture, given fertilisers tion 7.6.3 : Acid sulphate soi L
pH 8.2, 7.0 Low 5-15 Marginal for trrigation (FAD {19792} i P solle
quoted low is B-1D0 me/100 g soil} .
very low <5 Few nutrient reserves, Usually un- _ : Coastal soils
suitable for irrigation, except rice Salinity, Fe toxicity, N & P deficienci d
es eep water
01 '
. . d inland soils N & P deficienct
BSP talculation: H High > 60 generally fertile soils 7.6.4 cles
tota) exchange- Medium 20-6¢ Gene_raﬂy less fertile soils Table 5.7 Histoasols
able bases/CEC lém;_ < gg ) Fe toxleity, H,S toxicity, nutrient defi
utric > i ' n
Dystric < 50 : deep water, safinity eficiencies,
Lron-toxic soils
Exchangeable cations 7.7 Acid sulph
: su ate
Ca &s CEC me/100 g seil  High > 10 Response to Ca fertiliser expected 7.7.3 P solls Salinity, N & P defict
Low <4 at levels < 0.2 mef100 g soil. If clencies, deep vater
high Na levels, response occurs with Acld oxisols and ultiscls P defici
higher Ca levels ency, low base status, low 51 content
Histosols
H as CEC mef100 g soil  High > 4.0 Mg deficiency more 1ikely on coarse, 7.7.4 H.8 toxicl .
g Low < 0.5 acidic]soﬂs. ":h'll:h high Ca, Mg is n8trient dg’f’icizziiizy ;f orianlc substances, macro-"
. less plant available > Zn and Cu deficienci
deep water encles,
K As CEC me/100 g soil High > 0.6 Response to K fertiliser unlikely. 7.7.5
High K effects often similar to high Phosphorus deficiency in
Na, but depends on soll type - wetland rice
espectally texture Vikel . e —
Low < 0.2 Response to K fertiliser likely
1 : g | Acld sulphate soils Strong acidity, iron toxici
EPP Calculation: I High » 25% Very approximate upper limit s on toxlcity, low
K*iCEC {cf ESP » 157‘)t Himit B Y : base deficiency, salinity ’ nutrient status,
Low <23 Very approximate lower limit ) _ Acld oxisols and ultisols Iron toxi .
Na As CEC mef100 g soil  High 31 i at : 178 : oxiclty, base deficlency
alkall or sodic soils 1J e L Vertisols
ESP tajeulation: i High > 15% : Zine deficienc X
Hat JCEC ) ] alkalinie ¥, iron deficiency, salinity,
X High > 153 50% yield reduction for sensitive ¥
crops 1f L : Zine
15-251  50% yield reduction for semi- : _ deficlent soils
tolerant crops L/
k13 4 508 yield reduction for tolerant Saline-sodic and
erops sodic sells Salinity, N & P and Pe deficiencies
: Vertisols
AVCEC 1 M KCY % tigh < 85 Tolerated on'y by few crops 7.7.8 ‘ P
unbuf fered Hedium 30-85 Generally toxic ) n and Fe deficiencies, salinity, alkalinfty
Low > 30 Sensitive crops affecte . : Calcareous soils
: K deficiency
: . cont Wet solls
Notes: See page 114 Cu deficlency
Histasols
N, P, X, 51, Cu, deficte
ncies;
Source: Landon ed. 1984 Sources water ’ es; st toxicity, deep
: i after Ponnamperuma 1976.

Source: Landon ed. 1984




Table 3-123
Table 3-121»

LANDEVALUTERING FUR DEN EEWASSERINGSFELIBAIT IN FEZZAN

Anhand der "Grenzwert- Methode” filir einen kleinbduerlichen Familienbetrieb mit kembinderten

Oberflichen- und Baregnungsmethoden;

FACTOR OF LAND }
AND SOTL, QRRALITY | CLASS 1 CLAsS 2 CLASS 3 CLASS 4 CLASS 56
OR CHARACTERISTICS |
Effective ! ¥150 cm 150-75 em 75-50 cm 30-50 e <30 cm
soil depth )
Topography/Slope | <0.5% as 2% 2-4% My
| level slighly moderately homogen. undulating
Microrelief | unid form - homogeneous hemogenecus hemogeneous
Permeability 140-100cm/d »20cm/d »10cm/d lem/d any
Drainage class | 3+4 2-5 1-6 all all
Infiltration class{ 12-48 on/d 12-144 an/d 1-300 an/d any any
Topsoil texture | sbL,scb,L 15 to clay(65% all all
0-30 cm ! sC/cl/siC sand <90%
Subsoil texture | 1s to clay <65% all all all
30-100 cm { sC/cL/sicC sand <90%
Available water | >140 mm »90 mn 50 m all all
capacity {
Potential | high moderate low low any
fertility }
Actual fertility | high moderate low low any
status |
CaCOo~content . | 2-20% ¢35% <65% any thick petrocalcic
CaS0s~content 1 0.5 - 5% (25% <40% any thick petrogypsic
Soil texdcity | low moderate nod, high  high any
(B etc.} i
Salinity of top- | <4m S/am 4-15 mS/cn 15-50 nS/cm  any any
s0il 0-50 an ! {¢ 1% salts) .
Salinity of sub- | <8 mS/cm <30 nS/ca any any any
soil 50150 e | {¢ 1% salts)
Akalldnity of { pB ¢ 8.0 pH 9.0 pH <10.0 any any
topsoil t
Akalinity of | pH ¢ 8,5 B 9.5 pH <10.0 any any
subsoil |
Wind erscicn | low moderate high high extremely high
hazard | shifting sands

et

Land Class specifications according to USDI {1953) (in:Klingebiel & Montgamery 1961)

C 1: soils/land with few or no limitations ; C 2:scils/land requiring mederately intznsive treatal?-ﬁt?

¢ 3: severe limitations that require special practices; C 4: severe limitatioms that restrict choice
of land use and require very careful management; C 5+6: severe limitations requiring further
studies or problems which are consideres to be non—correctable at an economic rate.

Classes C1-C3: Irrigable ; Class CA: Restricted Irrigable; Classes 5+6: Provisicnally Men-Irrigable.

LANDEVALUTERUNG FOR DEN BENASSERINGSFELIBAL IM FEZZAN

Anhard der "Grenzwert- Methede" fiir ein gropflichiges Center-Pivot-Projekt

FACTCOR CF LAND ZND |
SOIL QUALITY OR | Class 1 CLASS 2 CLASS 3 CLASS 4 CLASS 546
CHARACTERISTICS !
Effective 12100 e »75cm >50cm (50cmy
s0il depth !
Topography/Slope | ¢0.5% 2% % 4%
| level slightly moderat, bomogenecus

Microrelief | wiform bhomogenecus  hamogeneous
Permeakility | 40-100cm/d <10cm/d »2em/d ¥0.5cn/d €0.5cm/qd
Drainage class 13+4 2t b lto 6 all all
Infiltration | 12-144m/d 12-300am/4 Yl any any
Topsoil texture |sL,sclh,.L clay<40% clay <65%* any any

030 cn { sand {90% sand »90%
Subsoil texture ! clay<40% clay <65% any

30-100 e ! sand«<85
Available water | >140 m 350 mm any

capacity H
Fotential ! high moderate low
fertility |
Actual fertility | high moderate any
status ! to low
CaCty-content | 2-20% 40 any
CaSks-content | 0.5-10% ¢25% <45% any
Soil tecdcity ! low moderate mod.
{B etc.) ) high any
Salinity of top- ! ¢4mS/cm <15mS/cm >15nS/cm any
soil 050 cn | 2% salts
Salinity of sub- | <8mS/cm 15mS/cn >15mS/cm any
so0il 50-150 cm | :
AMkalkinity of | pH <8.0 PH €9.0 pH €10.0  any
topsail !
Alkalinity of | pH <8.5 pH <9.5 pH <10.0 any
subsoil H
Vind ersoicn } low moderate to high high extremely high;
hazard H mod. high shifting sands

* Bel gutem Management kénnen auch tonreiche Substrate in die Class C2 eingestuft werden.




Table 3-12¢ -

DIRECTIVES DE GROUPEMENT DE SOLS EN CLASSES D'ARPTITUDE POUR LA CULTURE
DU RIZ IRRIGUE (NIVEAU D'EXPLOITATION MOYEN)
Guideline for grouping soils in current suitability classes for Table 3-13
paddy rice (medium level of management) .
L : Assm:imu:‘uagxt SOR. SUTABNITY
ard aund o Facor mex)
fol.f Oucu’lj P/{ F A f 3 p * N : : WO sooERate  cow LOW " HOCERATE. _jacH LR ULITY, S0 DuRACTER TS
— ' Sl |
lopss A <= 0-50/0 “:/{D/ . (39’ =50 ’ WEDESY , raMAGE
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F: "’;“X”' < 40 wdfem | 4-3 J.e-J o I-F >& e DEYCLOPMENT POTENTIA LAND_ QUALITY, S0 caRacTERISTCS
Lidelins, ) - : RO toe | ow Moommate, wod -
k A'Cf::" /& 5:—6-5 //7’ .5.—0"00.0 /Xf f_s'— ﬁ; /}j ;‘.O”j.-) .45; ; e " mu-
e st —n - vmamr fiar s o st e m—————— 8 et —————— e w—————— | _— . 3 i Al -STuciueg
SN ﬂ-f X1 ‘é’ F . : TEXTURE , STRANFICATION
Ufor dpudlly P95 [Brdnke | Rednk | en - 0 S S e pe
(cfcr.mu 1T ’ A y : e CHEMCAL FERTLTY STATUS §-§
Loiam o | <15% | <59 | A5-25% | 225% - T | e 2 £3
: . .. SOCRSTTY , ALRALINTY =< _‘3
AbJ e X2 gy . sty % Ig
chc-' ¢ 4 Em‘u:td f tuo é"k %f o‘d/&& 44(,‘,1 — _ B M OTHER TORIC ELEMENTS (B) '§, L t.;
7 (R PRV SRR — woRRABLTY L S
g [+ ' o " TRAFFICASILITY o o
fxdey‘“"!’dfﬂ& < ZgA il 5‘0% - go% 2{0/’ - B LICRY) OVERALL EVALLAMON FOR RAGANGH AGEIATURE cé?.‘
7&.- .Ci'raf-p‘m,_ . | S——— ASSESSHENT FOR POZOY ACE CURITVATION
,f,d A cJunfd | TFoxnfa | 30-60unfd | 60-100 snfd| >7001sy | —_ e e
o, :
ti:) E, Y' @ RIZICULTURE IRRIGUEE AREGION NQRD COTE D'IVQIRE | APPENDICE
S . ETUDE DE FACTIBILITE — 1985/ 86 2-33




- 30 -
Table 11 LAND UTILIZATION TYPES IN BALI (IRRIGATED) l/
1. IRRIGATED LANDS
1.1| Irrigated rice only

1.1.1 Two crops of local 140-160 day varieties per year 2/

1.1.2 Five crops of short duration 120 day varieties pef two years

1.1.3 oOne crop of 140-160 day local variety followed by one crop
of 120 day local or new variety per year {where dry season
water is limited)

1.1.4 One irrigated rice crop {wet season} and land fallow in
dry season {where soil is unsuitable for palawija crops
and there is insufficient water for second rice crop)

1.2| Irrigated rice {wet season), irrigated or rainfed palawija (dry

S@aAS0n) 1/

1.2.1 Rice, rice, palawija per year 4/

Irrigation of palawija dependent on water availability;
often grown on residual moisture, e.g. rice, rice,
soybeans (relay planted)

1.2.2 Rice, palawija, palawija per year
The palawija is usually irrigated. Many combinations
of crop are planted, e.g. rice, maize, groundnuts
Rice, groundnuts, red onion
Rice, soybean, soybean
Rice, soybean, green gram
Rice, groundnut, groundnut
Rice, tobacco, red onioen
Rice, soybean, cucumber

1.2.3 Rice followed by one relay-planted soybean crop per'year
The irrigation of the soybean crop depends on raingall and
availability of stream water. Land is only recultivated
once each year

1.2.4 Rice followed by one palawija crop other than soybeans.
Rice, melons
Rice, cucumbers

1.3| Irrigated rice under coconuts
1.3.1 Rice (wet season), palawija or fallow {dry season}
1.3.2 Rice, rice per year

1.4] Irrigated palawija crops only

palawija crops rarely irrigated because of serious weed problems

1.5| 1.5.1 Pure stand citrus

1.5.2 Citrus under-planted with maize, groundnuts and red onions

1/ Eavis and Walker 1976.
2/ Rice is usually transplanted under groups 1.1, 1.2 and 1.3 but direct

seeding is a possible future wvariant. pays refer to time from
transplanting to harvest. .

3/ pPalawija is an Indonesian term that collectively refers to crops grown
= %in rotation with rice, e.g. maize, groundnuts, green gram {mung},
tobacco, red onion, soybeans, sweet potato, melon, cucumber etc.

4/ Generally relay-planted, i.e. sown in rice stubble or before rice is
~ harvested, without any cultivation.

Source: FAO (SB 55) 1985

Table & FORMAT 1: SPECIFICATIONS OF LAWD USE REQUIREMENTS AND LIMITATLONS

LUT Name: LUT Description
CLASS-DETERMINING REQUIREMENTS REVELANT INPUTS AND UNIT OF
OR LIMITATIONS LAND QUALITY LAND MEASURE=- CRITICAL LIMITS
{Delete factors that are not OR LAND IMPROVEMENTS HEKT DR RANGES
selected as class-determining) CBARACTERISTIC REQUERED 81 {s2 |83 [nl [n2

A. Crop (agronomic) requirements
or limitations

1. Crowing period requirement

2. Radlation requirement

3. Temperature requirement

4. Rooting requfrement

5. Aeration requirement

6, Water requirement

7. Nutritional requirements {NPK)

8. Water quality limitation

9. Salinity limitation

It Sodicity limitation

11, pH, micronutrients and
toxicicies

12. Pest, disease, weed limitatlions

13. Floed, storm, wind, frost, hail
limitations

B. Management requirements
and limftations

l4. Location

15. Water application management
requirements

i16. Pre—harvest farm management
requirements

17. Harvest and post—harvest
requirements

18, Requirements for mechanization

C. Land development or improvement
requirements ot limitations

19. Land clearing requirements

20. Flood protection requirements

2]1. Draipage requirements

22Z. Land grading requirements

23. Physical, chemical, organic alds
and amendments

24. Leaching requirements

25%. Reclamation period

26, Irrigation engineering needs

T. Conservation and environmental
requirements and limitations

27. Long-term salinity, sodicity
hazard

28. Ground or surface water hazard

2%. Long-term erosion hazard

30, Environmental hazard

E. Soclo-economit requirements
or limitatfons

31. Farmers®' attitudes to irrigation
32. Others that are class—
determining

Note: sl, 52, s3, nl and n2 denote decreasing sultability levels for aingle factors or their
interactions. See Table 12 and ‘Section 6.5 Example 2.

Table 5 FORMAT 2: LAND QUALITIES AND LAND CHARACTERISTICS DESCRIBING A LAND LNET
WETH AN ASSESSMENT OF INPUTS AND LAND IMPROVEMENTS REQULRED

LAND CHARACTERISTIC

CLASS DETERMIRING FACTORS: UNIT OF OR QUALITY VALUE 1HPUTS AND IMPROVEMENTS
= land quality or characteristic [MEASUREMENT [PRESENT [FUTURE UNDER ASSUMED
= inputs or lmprovements IRRIGATION FOR LUT A, B, € etc.
e.g.

7. NUTRITION (NPK)

— Total N depth 0-25 cm F 0.05% 0.5

- Available P {0lsen) mg/1 10

- Exchangeable K me/lC0 g 0.6

Fertilizer requirement kg/ha
N 200 kg/ha
P nil
K nil

Source: FAO (SB 55) 1985

“Table 3-15
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Table 12 (contd.)

CLASS-DETERMINING FACTORS: REPRESENTATIVE LAND CHARACTERISTICS,

- land use reguirements or INPUTS, LAND YMPROVEMENTS AND OTHER
limitations RELEVANT CONSIDERATIONS {see Part Two)

- land qualities (where
applicable)

25.] DURATION OF RECLAMATION Number of project years to full pro-

PERIOD: duction, project year in which field

- period required to reclaim| drainage is installed, rate of rise
by drainage and leaching, in watertahle,
etc.

- conditions affecting
leaching periods

26,.] IRRIGATION ENGINEERING: Earthwork and other structures for

- irrigation engineering diversion, storage, conveyance, and
requirements regulation of water, Topography,

- conditions affecting substratum conditions, permeability of
engineering works and channels, access to construction
costs sites, costs of engineering works.

D. CONSERVATION AND

ENVIRONMENTAL:

Z conservation and environ-
mental requirements and
limitations

- conditions affecting con—
servation and the environ-
ment,

27.]1 LONG-TERM PREVENTION OF Long-term inputs and outputs of salts,

SALINITY AND SODICTITY: (see Fig. 18}, water quality, ground-

- requirements and water depth, permeability, drainage,
limitations tidal swamp conditions, intrusion of

- conditions affecting long-| saline water into an aquifer, control
term salinity and measures and their cost.
sodicity hazards

28,! LONG-TERM CONTROL OF GROUND-| Protection of catchment areas,

WATER AND SURFACE WATER: degradation of catchment, sedimenta-

- reguirements and tion of reservoirs, control of
limitations groundwater, and their costs.

- gonditions affecting long-
term control

29.| EROCSION HAZARD: Erosion control. Maximum acceptable

- requirements and s0il loss and effects of climate,
limitations soil, topography, land use factor,

~ conditions affecting costs.,
erosion

30.| ENVIRONMENTAL HAZARDS: Wildlife, water-borne human diseases,
~ environmental control need for environmental control of
requirement and limita- vectors.
tions

- conditions atfecting long-

term envirommental risks
E. SOCIO—-ECONOMIC:

- socio—economic require-
ments and limitations

- socio—economic conditions

31.| FARMERS' ATTITUDES TO Will the farmers utilize the irriga—

IRRIGATICN tion facilities?

32.] OTHER SOCIO-ECCHNOMIC Water rights, tenurial and land-

LIMITATIONS THAT MAY BE ownership complications, disincentives

CLASS~DETERMINING of taxation, fragmentation, etc.

Source: FAQ SB 55 1985

Table 3-16 cont,

Table 13 RATINGS OF CLASS-DETERMINING FACTORS
{FACTOR RATINGS)

FACTOR
RATINGS GUIDELINES FOR SETTING CRITICAL LIMITS
sl The critical limits indicate that in terms of th i
t i t e given
factor, the land is highly suitable for the Specifged land
use.
52 The critical limits indicate that in terms of the given

factor, the land conditions are slightly adve
specified land use. Y F5e for the

s3 The critical limits indicate that in terms of the given

factor, the land is marginally suitable fo ifi
land voe Yy r the specified

nl The critical limits indicate that in terms of the given
factor, the land is marginally not suitable for the specified
land use {usually for adverse benefit/cost reasons}.

n2 The critical limits indicate that in terms of the given

factor, the land is permanently unsuitable fo i
land use. r the specified

Note: Critical limitq to define Ffactor ratings should reflect benefit/cost
or other economic indices that indicate the influence of the factor on

t:e value of production, costs of production, land development costs,
etc.

- 90 -
y
Table 29 FACTCORS THAT MAY DETERMINE LAND SUITABILITY CLASS
FOR LOWLAND RICE IN INDONESIA 1/
DESCRIPTION COF THE LAND USE TYPE:
Crop: Lowland rice
CRITICAL LIMITS

Land Characteristic
or Land Quality Units s1 52 s3 n
Length of growing days 120 105-1290 95-105 95
period
Average temperature % 24-26 26-28 28-30 30
over the growing 22~24 20-22 20
period
Wakter requirements mm/yr »1 600 1 300-1 600 1 00C-1 300 <1 000
{rainfall and
irrigation)
Soil drainage 1, 2 3, 4 5
class 2/
S5o0il texture 3/ 8, 9 6, 7 5 1,2,3,4

10, 11 12, 13 16, 17 18

14, 15
Rooting depth cm 25 25 25 25
Soil pH .} 95.5=6.5 6.5-7.5 7.6-8.2 8.2
5.0-5.4 4.5-4.9 4.5

So0il salinity ds/m 3 3-5 - 5.1-6.5 6.6-8
Nutrient uptake/ N| kg/ha 160 110 75 48 (30)
(nutrient removal P 3z 24 18 14 { 9)
in brackets) K 250 170 110 60 {10}

Adapted from Bunting 1981,

1/ MNote that not all the above land characteristics would be class-deter-
mining. Land suitability class is based on those that are, taking into
account their 'Interactions' (Section 6.2) and ‘Significance' (see
Section 6.3),

2/ FKey to drainage classes: 1 = very poorly drained, 2 = poorly drained,
3 = imperfectly drained, 4 = moderately well drained, 5 = well drained,
6 = somewhat excessively drained, 7 = excessively drained,

3/ Key to texture classes: 1 = gravel, 2 = coarse sand, 3 = medium sand,
4 = fine sand, 5 = loamy sand, 6 = sandy clay loam, 7 = loam, 8 = sandy
clay loam, 9 = silt loam, 10 = silt, 11 = clay loam, 12 = silty clay
loam, 13 = sandy clay, 14 = kaolinitic clay, 15 = silty clay, 16 =
mixed clays, 17 = structured montmorillonitic clay, 18 = massive
montmorillonitic clay.

Sources: FAQ SB 55 1985

Table 3-17a

Table 3-17b




Sol} requirements and limitations for selected tropical and subtropical crops 1f Table 3-18a -

TEKTURE DRAIHAGE MOI STURE REACTION NUTRLENY KEEDS
I I =% iy
- k3 T s 3 . - b w= w -
2 5 2 g2y |E | 215 g2 £ “'
i I 5 v e 3 = 5 = 5 wl oy g =]
h (=] £ (=] [= 38 o = o Lol Nl i Y Ld =
Crop o] - - w G2 Z - O R I %5 | ™ £ 2
-t Ll — -7} o [= —t w Q o PRy -~ = W
ol ¥ 8 2 : |E |z & zZ |3 3 |%2 F 2
w c L w o [<] a — @ £y E =2 uc b =
Elge g & b 5 12 4E 0 ] F S Rt B -
8188 & ® 58 gm [3Wz 2 5|s g - E
E g v T [ = Q EM‘ EW o =< E - .E gw h’; ‘G E
¢ £ £ pies 3 05 & i¢ |528|F 5 : 18 3 Booliz § 3
e ES 8 2| &£¥ E & P28 52 |E3| & = 51 & & 2o |8 5 3
Copears, + + " 60 | M H g
Matze * + L 75 M| L+ W[ s.5-7.0 s5.0-8.0) B Highk L
Millet {bulrush} * ot : ; " } 60 } s : : : 5.06.0 )} " L
Wit e o+ . I R 3N RS D (I |
i + - 1] . .
E;E: }532"53) + g H ; s L H :g-;g r } H Table 3-18b
+ + H + H 5-T.
2;5;,13',;“"”’ ok + + M/H 50 WM + [ W ] 5565 5.0-8.51 M Highd L
Wheat + o+ M 60 " 6,0-7.0 H H
—:‘EF“LHb;e s + + WL 100 H | M 5.2-6.0 4.8-7.5| H H
Hemp + M H{,L ;5 ) p g.g-_;.g n ll:
T + + HiM 0-25] ™ 07,
iinif + : :IL ;g : g.g:;.g : sL.
fosela <, - ol L Indicative soil requirements and tolerances of selected crops Table F.5
frailt crops
R + + + Mo 100 p |t o+ H | 6.0-7.5 4.0-8.0] WH High K, K L
* H o 100 ] 5.5-7.0| M M s
Cashay PO + L 130 p | M L | 5.5-6.5 5.0-8.0] M High N, K L Requirement for Tolerance of
Date palm + + H 100 0 H H g{s]-l;g : E c
Grape + + D Q-7 rop
Mango * M 60 D 5.5-7.5] H L . .
OYive o D | H ¥ 7.0 M H Water Clayey Good Calcium Acid Water-  Drought Clayey Acid Salini
Papaya + ] 6.0-6,5 H L texture structure conditions loggin text -16 alinity
Pineapple + + + L 60 s oA H 5.0-6.5 M L gging exture  conditions
Apple M/H M H M L L
L/M L
il crops R + " K 0 | o |1 + |t | 6075 s.080]t M Barley L/M L L L L 0 MIH r h II-I
Groundnut + + o+ + L 50 H b + M 5.3-6.6 5.0-7.0] M very high K ':: Beans M M M* M* L LIM* L MIH
Lot S T R I B 5+ { I Cherry ML L ; L N U ; L " L
Sesame + . + M/L 100 H 5.5-7.0( H L Citrus M M H H L L M M L
Soyabean + + + M 50 N M 6.0-7.0 4.5-7.5| M M Cocoa M M H M ] L/M*
sunf lower + + + M 75 L + H 6.0-7.5| M M Coffae M L H M :: L M L L L
L M L L
Date palm M L H H L L M L
L L H
P—":‘;:-i—:" + + + mL 30500 Mo L+ M| 6.0-7.0) " L Flax M M H M L L L L [ L
Conpea M . WL a0 M §.5-7.5 L Maize L/M L M L L L M/H L
Cowp . ML 30-50 " Mangolds H L M L L H L H |I-i L
Qats M L L L L Y
— 0il palm H M H L M H 1 # " L
oot crops
—cméL . : PR + . Iﬁ 50 D r + {4 5.6-6.5 : I(lli;: ;nlerated) L Pear H L/M H M L fl:l Il: : M L
Potao + + + L 30 HobL M| Boss 4:5-7.0| M High K H e Peas M M H M L L M M II: II:*"
+ + «8-6. q .
3::1? potate : + + L 50 D { M . H 5.5-6.5| B Highk, Mg L ’ B E?Eztoes l'I-':l“-I I'l:l E t II:I EIH h ; " N
L H H
E o Rubber H H L L H H L/M
: L H M
Sugay i Rye L L L L L L
+ o+ MiH 45 M H H b | . L L/M H
s:g::l;ﬁ: PN + MR 40 | D [ L o+ b | 6.0-7.5 4.58.5] H  High N ML Sisal M M L* M L M* M H* : :
Sug.?r'heet H M H M L M L H M
: Tapioca M M M M L L M M M I'L'MH
Trea_and shrub : Tea H L H L H M L L H
Lt—m""‘a" : Tobacco M L H M L L
ocea M M M [ L H | 6.07.0 4.58.0 WH L ; Wheat LIM L M L L L
Coffee {arabica) + + + L 100 DL * M 5.0-6.0 4.5-7.0] MJH L ! H H H L L M M/H L M
#ubber + * + rLa 175 DL H 4.0-6.5 3,5-8.0{ L N when young L
ea + + + 00 b L s H | 4055 4,065 M  Highk L
Coconut
011 paln see under o3l crops ahave - Notes: 1. L = low, M = medium, H = high, * = depending on variety.
g?::ﬂ: % see under fruit crops above . : 2. See also Table F.4.
Vegetables Sources: McRae and Burnham (1981) after Vink {1975); see also ILACO (1981, p 569).
Cabbage + + L 50 3 6.0-7.5] H M
Cucumber + + L 50 H 6.5-7.51 H L 4
Onion + + L 50 5 6.0-7.5} H L :
Tomato * + L 5O M 5.0-7.00 H L Source: Landon ed. 198
Others
A ha!fa + + + L 50 b N o+ L | 6.5-7.5 6.0-B.0f MfH Low N, high {a,5[ H
obacco
ajr-cured + + } ) ) ) } High K, K ;
ftre-cured + M L 100 LI J M [)5.5-6.0 } $.0-7.5| M High N, K L
fiue-cured + * } ) PN } Low N, high & |}

+ = Desirable condition or attribute.

Notes: I/ See also Table F.5. MNote that CEC and GM criteria omitted because of lack of data; in general the higher the better - the latter up to at
least 5%.
2 L = low; M= medium or mederate; M o high.
3/ Hinimum depth during growing period; this ltevel produces about 25% reduction in optimum yield.
A D wdeep {>90 cm); # = medium {60 to 90 cm); S = shallow (30 to 60 cm).
5/ For conditions before full canopy development andfor without cover crop; note that at maturity sugarcane, tea and rubber have low erosion
hazards.

Sources: ILACO (1981, p 569); Young {1976, p 308), inciuding figures from Jacob and Uexkill {1863) and Richards (1954), Sugarcane figures from R A Yates
{personal communication}.

Source: Landon ed. 1984
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Indicative c¢limatic and seil requirements far selected crops

Table 3-18¢ -

Mean daily
Total growing temperature Day Jength
trop period for growth {"C}  requirements  Specific climatic constraints/requirvemants 17 5081 requirements 2/ Sensitivity to
{days) optimum for - salinity 37
{and range) flowering =
Alfalfa 100-365 24-26 (10-30) Day neutral Sensitive to frost; cutting Interval related Deep, medium—textured, weld Maderately
(Medicago to temperature; reguires low fH in warm drained: pH 6.5-7.5 sensitive
sativa) climates
Banana 300-365 25-30 (15-35) Oay neutral Sensftive to frost; temperature < 8*C for Deep, well-drained Icam without Sensitive
(Musa spp) longer periods causes sericus dimage; stagnant water: pH 5-7
requires high R, wind ¢ 4 m &~
Bean Fresh: 60-90 15-20 {10-27} Short day/ sensitive to frost, excessive rain, hat Deep, friable safl, well drained Sensitive
{Phaseolus Dry: 9p-120 day neutral weather and aerated: optimum pH 5.5-6
yulgaris}
Cabbage 100-150+ 15-20 {10-24) Lang day Short pericds of sharp frost {-10°C) are not Well drained: optimum pH 6-6.5 Moderately .
(Brassica harmful: optimum RH 60-90% sensitive
oleracea)
Citrus 240-3865 23-30 (13-35) Day neutral Sepsitive to frost {dormant trees less}, Oeep, well aerated, 1ight- to Sensitive
{Citrus spp} strong wind, high humidity; coot wiater or medium-textured soils, free from
short dry period preferred stagnant water: pH 5-8
Cetton 150-180 20-30 (16-35) Short day/ Sensitive to frost, strong or cold winds; Oeep, medium- to heavy-textured Tolerant
(Gossyplum day neutral temperature reguired for boll development: soils: pH 5.5-8 with optimum
hirsytumf 27.32°C (20-38"C range); dry ripening 7-8
pericd reguired
Grape 180-270 20-25 (15-30} Resistant to frost during dormancy {down to Well-drained, Yight solis are Moderately
{Vitis -18°C) but sensitive during growth: long, preferred sensitive
vinifera) warm to hot, dry summer and cool winter
preferredfrequived
Groundnut 90-140 22268 (18-33} Day neutral Sensitive to frost; for germination Well-drained, friable, medium- Hoderately
{Aracals temperature » 20°C textured so3) with Joose topsoil: sensitive
hypogaea} pH 5,5-7
Malze 100-140+ 24-30 {15-35) Day neutraly Sensftive to frogt; Ffor germination Well-drained and aprated soils Moderately
[Zea mays) short day temperature » 10°C; cool temperature cauwses with deep water-tadle and with- sensitive
problem for ripening out waterlogging: optimum pH 5-7
011 palm 365 27 (24-30) Sensitive to frost; requires high RM, Hedl-drained, asrated soils with Hoderatoly
{£1aels > 1 500 mm well-distributed rainfall anrd good water-holding capacity and sensitive
guineensis) > 1 300 h sunshine unrestricted rooting medium
Mean dally
Total growing temperature Day length
Crop period for growth (°C) reguirements Specific cifmatic constraints/requirements u Se11 requirements 2/ Sensitivity to
{days) opt imum for salinity 3/
{and range} flowering
07ive 210-300 20-25 (15-35) Sensitiva to frost {dormant trees less); Deep, well-drafned solls free Maderately
{0lea low winter temperature required (< L0°C) for from waterlogging tolerant
europaez) flover bud tnittation
Onion 100-140 {+30-35 15-20 {10-25) Long day/ Tolerant to frost; Tlow temperature Medfum-textured soil; pH 6-7 Sensitive
{Al1lum in nursery) day neutral {< 14-16"C} required for flower instiatfon;
cepa) no extreme temperature or excessive rain
Pea Fresh: 65-100 15-i8 {10-23) Day newtral Sl1ight frost tolerance when young Well-drained arnd aerated solls: Sensitive
(Pisum Ory: 85-120 pH 5.5-6.5
sativum}
Pepper 120-1%0 1-21 (15-27) Short day/ Sensitive to frost Light- to medium-textured soils: Moderately
(Cagslcum day reutral P 5.5-7 sensitive
spp
Pineapple 365 22-26 (18-30) Short day Sensitive Yo frost; requires high Ri; Sandy loam with low lime content: Sensitive
{Ananas qualfty affected by temperature pH 4,5-6.5
comosus)
Potato 100-150 15-20 {10-25} Long dayf Sensitive to frost; night teoperature Well-drafned, serated and porous Moderately
{5o0Tanum day neutral < 157°¢ required for good tuber initiation s0ils: pH 4.5-6 sensitive
tuberosum)
Rice {paddy) 90-150 22-30 {18-35} Short day/ Sensitive to frost; cool temperature causes Heavy solls preferred for per- Moderately
{Oryza day neutral head sterility; small difference in day and tolation losses, hfgh tolerance sensitive
sativa) night temperature 15 preferred to 0y deficit:; pH 5.5-6
Rubber 365 28 (26-30) Sensitive to frost; wide range fn temp- Ogep, well aerated, permeable, Very
[levea erature unfavourable, strong winds harmful, acid soils. Shallow and peaty sensitive
brasiliensts) Pronounced dry season reduces yleld soils to be avoided
Safflower Spring: 120-160 Early growth: Tolerance to frost; cool temperaturé Falrly deep, well-drained soils, Hoderately
(Carthamus Autumn;  200-230 15-20 reguired for good establéshment and early preferably medivm textured; tolerant
tinctorfus} Later growth: growth pH 6-8
20-30 ?10—35)
Sorghum 100-140+ 24-30 {15-35} Short dayf Sensitive to frogt; for germination, Light to medium/heavy sails Moderately
{Sorghum day neutral temperature > 10°¢; cool temperature causes relatively tolerant to periodic talerant
bicolor) tead starility waterlogging: pH 6-8

Source: Landon ed. 1984

Table 3-18¢c cont.

Mean dafly
Total orawing temperature Bay length
Crop period for grovth (°C) requirements Specific climatic canstraints/requirements 1/ Soti vequirements 2/ Sensitivity to
{days) optimum for = saliafty 3/
{and range} flowering -
Soyabean 100-130 20-25 (18-30) Short day/ Sensitive to frosty for some varieties Wido range of s0i) except Moderately
{Glycine max} day neutral temperature » 24°C required for flowering draught susceptible and poorly tolerant
drained: pH 6-5.5
Sugarbeet }60-200 18-22 (lo0-30} tong day Tolerant to night frost; tgwards harvest Medium« to slfghtly heayy- Telerant
{Beta mean daily temperature < 10°C for high sugar textured soils, friable and
¥ulgaris) yield weil dralned: pH 6-7
Sugarcane 270-1 200 22-30 (15-35) Short day Tolerant of only very 11?ht frost; during Deep, well aerated with ground Moderately
{Saccharum the harvest pertod cool {10-20°C},. dry, water deeper tham 1.5-2 m but sensftivo
officinarum} sunny weather is benefictal relatively tolerant to periodic
high water-tabdles andfor floeding
and 0 deficit: pH 4.5-8,5;
optimum pH 6.5
Sunflower 90-130 18-25 (15-30) Short day/ Sensitive to frost Fairly deep soils: pH 6-7.5 Hoderatel
{Helianthus day neutral Y ? . :21::395 ¥
anneas )
Tobaceo 90-120 {+40-60 20-30 (15-35} Short day/ Sensitive to frost Quality of leaf depends on soft Moderately
{Micotiana in nursery} day neutral texture: pH 5-6.5 sensitive
tabacum)
Tomato 90-120 (> 25-35 18-25 {15-28) Bay neutral Sensitive to frost, high RH and strong wind; Light loam, well drained without Sensitive
(Lycopersicon in nursery) optimum night temperature 10-20°¢ waterlogging: pH 5~7
escufentum}
Watermelon 80-110 22-30 {18-35} Oay newtral Sensitive to frost Sandy Yoam is preferred: Moderately
{Ciirullus pH 5.8-7.2 sensitive
yulgaris)
wWheat Spring:  100-130 15-20 (10-25) Day neutralf Spring whaat: sensitive to frost; winter Hedium texture 15 preferred; Moderatefy
{Triticem Winter: 180-250 long day wheat3 reststant to frost during dormancy relatively tolerant to high sensitive
5pp {> 15°C}, sensftive during post-dormancy witep-tahle: pH 6

period; requires a cold period for flowering
during early growth, For both, dry period
required for ripening

Hotes: i/
i
I

Sources: Adapted from Ooorenbos and Kassam {1979

Temperatures quoted are optima), with ranges in parentheses,
indicative rooting depths and soil-water tension are glven in Table F.8,

See also Tables 7,12, 7.13 and 8.2 to 8.4.

to R A Yates {personal comenication).

J; see also ILACO (1981, pp 562ff) and Tables 7.12 and 13, 8.2 to 4.

Sugarcane figures amended according




Table 3-18d cont.

Table 3-18d
. . Nutrient requirements 1/ Ideal water Sensitivity to Water utilisation
Indicative nutrient and water requirements for selected crops Table F.7 Crop P K - requirements 2/ water supply efficiency for harves;ed
(kg ha—lfgrowing period} (mmfgrowing”  {and ky value) kI yield (Ey) 4/ kg
period} {and % moisture of product)
Nutrient requirements 1/ Ideal water Sensitivity to Water utilisation 4
Crop E HEE 3 requirements 2/ water supply efficiency for harv;ﬂe Rice {paddy} 100-150: 20-40: B0-120 250-700 High 0.7-1.1
kg ha“!/growing period} {mn/ growin (and ky value) 3/ yield (Ey) 4f kg : _
(kg 3 peEiod) s ~  {and ¥ moisture of product) (Oryza sativa) Paddy {15-20%)
- Safflower 60~110: 15-30: 25-40 600-1 200 Low (0.8) 0.2-0.5
Alfaifa 0-40: 55-65: 75-100 800-1 600 Low to medium- 1.5.2.0 . : {Carthamus Seed (B-10%)
{Medicago . high {0.7-1.1) Hay (10-15%) tinctorius)
sativa)
N Sorghum 100-180: 20-45: 35-80 450-650 Hedium-Tow 0.6-1.0
Banana 200-400: 45-60: 240-480 1 200-2 200 High {1.2-1,35) Plant crop: 2.5-4 {Sorghum (6.9) Grain {12-15%)
{Musa spp} Ratoon: 3.5-5.6 bicolor}
Fruit (70%)
Soyab. -20:  15-30: 25- 450-70 Nedium— L4-0,
Bean 20-40: 40-50: 50-120 300-500 MedTum-high Fresh: 1.5-2.0 (B0-90%) (Grycine mayy o0 15730 50 0 (0.85) Tow ot zﬁ_m,
{Phaseolus {1.15) Dry: 0.3-0.6 {10%)
vulgaris)
Sugarbeet 150: 50-70: 100-160 550-750 Low to medium- Beet: 69 (B0-85%)
. (Beta vulgaris) Tow {0.7-1.1}) Sugar: 0.9-1.4 {0%)
Cabbage 100-150: 50-65: 100-130 380-500 Medium-low 12-20
(Brassica {0.95) Head (90-95%) ;
oleracea) ) Sugarcane 100-200; 20-90: 125-160 1 500-2 500 High {1.2) Cane: 5-10 (801}
; {Saccharum {per year} Sugar: 0.6-1.2 (0%)
N officinarum)
Citrus 100-200: 35-45: 50-160 900-1 200 Low to medium- 2-5
(Citrus spp) high {0.8-1.1) Fruit {85%, lime: 70%}
. Sunflower 50-100: 20-45: £0-125 600-1 000 Medium-Tow 0.3-0.5
Heli .95 Seed
Cotton 100-180; 20-60: 50-80 700-1 300 Medium-Tow 0.4-0.6 . gnﬁuggg“‘“s (0.95) eed {6-10z)
{Gossypium {0.85) Seed cotton (10%) -
hirsutum)
Tobacco 40-80: 30-90: 50-1i0 400-600 Medium-Tlow 0.4~0.6
{Nicotiana {0.9}) Cured Teaves {5-10%)
Grape © 100-160: 40-60: 160-230 500-1 200 Medium-1low 2-4 tabacum}
(vitis vinifera) {0.85) Fresh fruit (80%)
Tomato 100-150: 65-110: 160-240 400-600 Medium-high 10-12
Groundnut 10-20: 15-40: 25-40 500-700 Low (0.7} 0.6-0.8 (Lycopersicon €1.05) Fresh fruit (80-90%}
(Arachis Unshelled dry nut (15%) esculentum}
hypagaea)
Watermelon 80-100: 25-60: 35-B0 400-600 Medium-high 5-8
Maize 100-200: 50-80: 60-100 500-800 High {1.25) 0.8-1.6 : {Citeullus . (1.1) Fruit (90%)
(Zea mays) . Grain (10-13%) vulgaris)
Dlive 200-250: 55-7: 160-210 600-800 Low 1.5-2.0 Wheat 100-150: 35-45: 25-50 450-650 Medium-high 0.8-1.0
(0lea europaea) {per year) Fresh fruit (301} {Triticum spp} (Spring: 1.15 Grain (12-15%)
winter: 1.0)
Onion 60-100: 25-45: 45-80 350-550 Medium-high 8-10
{A11ium cepa} {1.1) Bulb {85-90%) Notes: 1/ Rough figures under irrigation; actual values will obviously depend on soil, climate,
T cultivar etc; also note that:
. ) 1 kg P = 2.4 kg Pp0g
Pea 20-40: 40-60: BO-160 350-500 Medium-high Fresh: 0.5-0.7 and 1 kg K = 1.2 kg Kp@
(Pisum sativum} (1.15) Shelled (70-80%} 2/  Indicative rooting depths and soil-water tensfons are given in Table F.g.
Dry:  0.15-0.2 (12%) 3/ ky = yield response factor = ratio of relative yield decrease
- (1 - actual yieTd/maxtmum yield) to relative evapotranspiration deficit
’ {1 - actual ET/maximum ET}
Pepper 100-170: 2%-50: 50-100 600-900 Medjum=high 1.5-3.0 . : ie ky = {1 - Ya/Ym):(1 - ETa/ETm)
{Capsfcum spp} (.10 Fresh fruit (90%) ky of the total growing period: low: ky < 0.85
med {um: ky 0.85-1.0
medium-high: ky 1,0-1.15
Pineapple 230-300: 45-65: 110-220 700-100 Low PTant crop: 5-10 high: ky_ > 1.15
{Ananas Ratoon: B-12 4 Ey = water utilisation efficiency = kg of produce a3 of water supplied,
comosus) Fruit (85%) =
Source: Adapted from Doorenbos and Kassam {1979); sugarcane figures amended according to R A Yates
. (personal communication),
Potate 80-120: 50-B0; 125-160 500-700 Medium-high 4-7
{Solanum (1.1) Fresh tuber {70-751)
tuberosum .
) 288
Hotes:  See page 288. cont

Source: Landon ed. 1984




Tabis 3. Major criteria used in asasssing the soll suitability for crapa. Table 3.-19

Sofl Crherla Table 3-20
Effactive Satinity Dapth
Crop Group Soll Soll Texture Water
" mmhoa/em toAcid  Thickness of
Crop Slope  Dep Structure Dralnsge Relsane at 25°C pH Sulphais Peai (dralned} Waorkebility
A Aubber 0-20° >125¢cm  Exclude LS or coarser  Exclud i <2 mimhos In . : . T R -
o Dot o poorly drained ~ All Year  tap 150em  4.0-6.0 >150cm <50 om Ni® ) T
Oil Palm 0—16° >125cm  Exclude SL or coarser Some e i i ARARRRR 8 8 8 S8 RARARR
lomporary Al your <ZMmmbosin 40-65 >100em  <100cm N, El e g T P AR SERSRLRIORELLODARG
C. Sago Paim ‘"’E u'\ml-r\hlr\:'\l.:\ct,lcl,olct,ll".I'II""I
uy Q 9 o
Sago Palm 0-2° >1D0cm Exclude SL or coarser Very poory to _ <2mmhosin 4.0-6.0 >135 cm <50 &m N E '5 é e A [T T T A AN T a Ay 9\ % ?\ g—‘ tlt\ b l"D e e
- poorty only top 150 em . - i -
D;:g 08¢ >50cm Exclude ¢lays and ; :"g 89‘89\%9\80mmmmmmoomoooooooo
ys Exclude poorty Allyear <2mmhosin 4.3-73 >50cm No No restrictions Bl AAMNANANT PARARARRASNee DDA RARA
poor suctures drained top 100cm rosticion  alowed & PARNDAAONNANRANR R ARARRAN
Swool 0-6° >50cm Exed - o
Potatoes uda clays and Exclude poorty Allyear <2mmhosin 4.3-6.0 >50cm No Mo restriciions B e TRt T e E—
poor structures drainad top 100 cm restriction allowed
Soyabeans 0-6° >25cm Exclude clays and Well o im| d i .
perfeclly  Growing <4mmhosin 6565 >50cm  <25an Mo restricti 298839
- poor structures only ssason  topS0cm D;ﬁfzﬁm 2 g E % % % aI % EI]' 5? % % % §|“ % Ei % % ‘? i’ @@ a i :’ﬂ" 1‘% §
os 0-6° >25em  Exelude clays and Wellto ; ; “A882935883 3 I )
pov st O COG Spgieain soes smen  <asen bormtison L R L LLLEL LY.
i [ =]
3 - . !
Vegetables  0-6° >25cm Expgtnrd:ﬂg:mn;u Welfoimparfectly  Growing <dmmhosin 46-65 >50cm  Ne Na resrictions. x| 8 84388
season  fop 50em icti 4 a g0 R 8
£ Tos resbiction ellowsd — E"‘ﬁ EQEEEEEEMGE}EEEEQQEEQEEE?
X : : A R I [ T 7
Lowland Tea 0-20° >100cm  Exclude sands, clays Well to Imparfectly All Yoar <2rr;mhosin 4.0-60 >25cm  Nopeat NI ! E - =) LRC " 2 LA A LR a4 08 |
top 150 cm
E B E‘ ﬂl é: [ [ ] m m @ q o S
0-12% >25cm Exclude . § a3
(G'usesm) cm LS end Wedli to poorly All yoar <$?om'n 4370 >50am No No resuictions A ‘g A -% % % % % f % E % ._lu E -% E % ﬁ % i 3 3 .!f ! E :
Arser cm restriction eliowsd . IR I 3 q 3 - }
- - A B A 91U v o g wm R 73] 3
Sty 0-12% >25¢m Exclude sands Well to poorly All yoar <: mg'ghos in 43-70 >50cm Notknown  Norestrictions 5 ? SR @ % w
A A
— op 50 cm aliowed ‘32 “éq .‘,’.Eagﬁ K] §§
X | . <]
Citrus 0-20° >125e¢m  Exclude sands and Wafl, some imperfectly ~ Aflyear <2mmhosin 5.0-7.0 >150cm <50 cm No stones % 'E. f 3 3 3 E 18 E L3 E X E "l' -ll Z 3 2 Eé 78 T
heavy clays top 150 cm 214 a4 A A = @ é § L ¢ @
Chiku 0-20° >125¢cm  Exclude sands and Well 1o imperfedly Allyear <2mmhosin  Not >150cm <50cm No stones
heavy clays top 150¢m  known —
Mangosteen  0-20° >125em Exclude sands and Woll to imperfactly Myear <2mmhosin  Not >150cm <50 ¢m No stones g N
heavy clays top150cm  known 8 Ew - 5
H. Papaya o a ﬁ«ﬁ-ﬁ-"r-."r:.‘"r-.r-."" v-r‘:-rl:—ﬁ:-r;-v—v—-‘—c-c—--—r---v-c-,- o
B B By
Papaya 0-12° >50cm  Exclude LS or coarser Woall to impertectly Allyear >2mmhosin 50-6.5 <100cm  Nopeat No stones E ] E ! ORR BB bR A
top 100 em g N _
o a8 ) ar
Pinsapple 0-5° >25ecm Al taxtures Well to imperfectly Allyear <2mmhosin 4.5-55 >50cm Mo Mo stones E 2| & - "
top 100 em restriction E 0 0 _o o I:"‘n:t o 0 &6 o o o , !
Passion —12¢ >50cm Excirde sands and Waell o imperfectly Allyeer <2mmhasin 4.5-65 >100cm  <50cm No siones °© BRI R R R B B B B B ho ﬁ'o e F"o ""o rl'o r"o 'k'o F"O a'o &‘o “"o
fruit . heavy ciays p1®0gm hamge 0 = T e e
Guava 0-12" »50cm  Exclude LS or coarser Wall to imperfectly Allyear <2mmhosin 4.5-6.5 >100cm <100cm No stones
top 100 cm
Salak 0-12" >»50em  Excludse LS or coarser Woll dralned Allysar <2mmhosin  Not  >100em  No peat Mo slones.
. top 100em  knawn
I Beranas B \
Bananas 0-12° >125em  Exclude LS or coarser Well to imperfectly Alyear <2mmhosin 5.0-7.0 >125em <25¢cm No slones 8 - $ E;] 0 E? E? [ F I:& 8 i? B [ﬁ 84 A [';i BB i? gaan Eﬁ‘-'-«
1op 100 om "EHHHHHH PO R I N ) LN IR SR Y TR Y N A
H H H lal
Dunan 0-12° >100em  Exclude LS or coarsar; Well to imperfectly Allyear <2mmhosin 4.5-65 >100cm Mo peat N1 E ,E' g % E = § 2 =" § E = § E @
firm soils; oxisolic top 100 em 2 b )
solls 2 dld g 7] h
o
Rambutan ~ 0-12° >100cm  Exclude LS or coarser Well to imperfectly Allyear <2mmhosin 45-65 >100em  <100cm No stones N A 'E' ki T T % x F o= x ¥ T F? =TT T exz $
10p 100 cm 2 Bl EEs sz e g EEET OEEE =
Langast 0-12° >1006m  Exclude clays and Woell drained Mlyesr <2mmhosin Not >100cm  Nopeat NI 3 b4
sands 10p100cm  known = 2 a |~
Dus 0-12° >100cm  Exclude clays and Well drained © 5 SIS Io2R2L2822¢%
Hndsy ‘afn| All year igpn:r;g:;:n Not =>1D0cm No peat N.L = a a g NN NN NN - O N o NN NN g % ?\ uO\ 9’) uo'\ ?\ 91 9)
known @ E EEJIill!tlilIllllIIIl!IIllll
- W @ MW @
Avocado 0-12° >100cm  Exclude LS or coarser Well 1o imperfecty Allyear <Zmmhosin 55-B5 >125¢cm  Nopeat NI e @ OO S0 0D Do 2R8RmPme o= 2
top 150 em E ~] & 5
Kundangan  0—12° >tD0Ocm Exclude clays Wil drained Alyear <2mmhosin  Not >125cm  No peat N, \ ] [ w | B «© © «© ~ © R R R - S
top150cm  known - W ,E!lillll LI R N N D B R D 2 R T T T T T
1 e it 3] 51k o o o © 00 00000 VO o000 O o
Cashaw 0-20° >100cm Exclude clays Weil to imparfectly 8months <2mmhosin 4.0-7.3 >150cm <100cm M. t —
top 150 cm E — .
K a R ma _‘E“Q_‘gf‘\g‘om\o_\g\ow\ommw\omooc\ooom
Cocon 0-12° >150cm  Exclude LS or eoarser Woell to imparfactly Highall <2mmhosin 5.0-7.5 >150cm  <50cm N.L E’ a *é B Froa o "- X '; ; ': ': 'I' "'l' ‘;' "' ‘: "l' ";‘ ":" ": "" f"’\ ""’\ -; \
year  top150cm ‘a .EE VWD DD D TO D DD VMDD DO 0D D0 D D
Colfes 0-12° >125cm Exclude sands Well to imperfectly Allyear <2mmhosin 4.5-65 >1D0cm <125¢m M. = - - - - -
top 150 cm 1 % 5 ALY Y- (-3}
L - '5:'5 «© b @ < W W D DD W - oD e . om
Coconu! 0-6° >100cm  Exclude LS or coarser Well to imperlectly Allyear <2mmhosin 4.5-7.5 >100cm <100cm NI b LI R B R L R N N L L R T T T T T T
o 150 oo 3 o o o 00 00 0O 00000 O o
M. Maize
Malze 0-6° >50cm Exclude sands and Wall to imperfectly Goodin  <Zmmhosin >50 >125cm No No restrictions
clays growing  top 50em restriction allowed —
season %
Sofghum 0-6° >50cm Exclude sands Well to imperfectly Goodin <4 mmhesin  >50 >125¢cm No No restrictions 'g
growing  top 50 em festriction aliowed =
. 5eason P S~ o o 5
Groundnut 0-6° >25¢m  Exslude sands and Well tomoderately  Goodin <4 mmhoesin 55-7.0 >80cm Mo peal No restriclions & 3 g 9 IR 4
clays woil growing  top 50 cm allowed 2 2 Ao 55 & 4 g
a Y B & 4 3 &
season o E j h s A A "' £ ] 5
. w b o o » 8 8- [+] ﬁ '5 =] M '] 4
N, Fcn 3 . RSB ERFEES R ERE Sa8% 312
Lowland 0-2° >25¢cm SCL or finer Drainage conrol Dry <4mmhogin >4.0 >25¢cm Mopeat No restrictions o - E b ;‘f -l 232§ a % E e EJ - § S 3 a4
Rice necassary ::r::gl top 25 cm allowed o - B ,E SaRdifd Shragaabszn hedli
*M,|,—Not importanit. Source: USDA-SMSS 1981 ,
Source: Sys/Riquier 1979
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Table 48 FEATURES OF IRRIGATICH

APPLICATION TECHNIQUES FOR EVALUATING
- SURFACE APPLICATION TECHHICU

CHOICE OF SYSTEM AND SUITABILITY OF LAND

FEATURE SMALL {MEDIUM) [MEDIUM) LoNG
BASTNS v i/ FURROWS
I. Land develcpment Low

costs

precision grading

often high,
precision grading
required

2. Capital intensity
{Field equipment}

3. Labour intensity

High

4. Energy intensity

Low {gravity)
High (pumped)

Low {gravity)
High {pumped)

5. Size and shape of
rields

Very flexible,
often emall and
irregular

Large and regular Long, rectangular,

often small ard

Medium to large,
regular shape

6. Topography

Impartant but
generally not
eritical

Often critical
both for graded
and dead level
furrows

7. Soils

Intake rates often critical For efficient use o

of basins, lengths of furrows or border strips
uniformity of microrelief,

f water and uniformity of applicatinn; influences size
in relatfon to the rate of water deiivery, slepe and

Table 48 FEATURES OF ERRIGATICH APPLICATICN TECHNIQUES FOR EVALUATING CHO!

B. SPRINKLER AND TOCALIZED IRRIGATION TECENIQUES {page 1)

Table 3-22h

ICE OF SYSTEM AND SUITABILITY OF LAND

SPRINKLERS
ORIFICE AND
LONG PATHWAY
LOW MEDTUM 1/ HIGH EMITTERS (ON-LINE
QUTPUT OUTAUT MINI-SPRINKLERS OR IN-LINE} BIKALL TUBING
1. Lard development Low or nil Low or nil Low or nil Low or nil Low or nil
costs
2. Capital intensity High High High Righ i
(fleld equipment) @ ioh

3. Labour intensity

Hard move systems, high labour need,
mechanized and mobile systems low,

High need for labour in laying and
removing tubing, low labour need

during period of irrigation and/or
autcmatic control of water supply

High abour for
instatlation, low
for operating,
often ploughed in

4. Energy intensity

Medium-high water] Med{um to very
pressures high pressures
required

Low pressures
{losses on
filtration})

Low pressures

{no advantage if
pressure for fil-
tration is high)

Low pressures
but losses over
Filters

§. Size and shape
of fields

Not suitable for very small fields,
Hand move systems are flexible; and

requiring large, regular shaped
fields.

mobile, mechanized systems inflexible

Very adaptable;
limited length
of laterals

Very adaptable;
limited length
of laterals

Very adaptable;
Limited )ength
of laterals

B. Management skills

Sultable for
small farmers in
LOCs

small farmers in

Sophisticated
management
required

6. Topography

Not suitable for very steep land.
Same limitations for mobile and
mechanized Systems but less so than
for surface irrigation systems

Very adaptable

Very adaptable

Very adaptable

1/ This indicates that there are intermediate conditions to be considared.

9. Cropping
limitations and
mechanization

Wide range of
cropa, but not
mechanized

crops planted on

crops planted on
tha flat or ridges

Row crops, not
those planted on
the flat;
mechanized

10, Scheduling by
frequency, rate
and duration of
the water supply

Continuous (rice);
Intermittent,
generally fixed
by water agency;
often 10-30 /8,
1limited, Eixed
duration

Usually intermit-
tent, by arrange—
ment or fixed by

Intermittent, by Intermittent, by

aency; rate must

labour, cutbacks

duration possible to flow Important

Intermittent, by
arrangement or
Eixed by water
agency; delivery

10-30 1/8, limited, | rate must match

labour, cutbacks
to flow impartant

11. Factars affecting
uniformity of

application

Topography, soils
management, size
and shape cof
fields, water
supply, labour
skills

Topography, soils,
grading of land, management, size
solls, management,
size and slope of

basin, in-field

grade, absence of
cross slope, rate
ard duration, cut—
back stream size,

Uniformity of
grade or level,
rate and durat—
ion, cutbacks to
stream flow, or
use of return
flows variability

—
7. Soils

Suitable for soils with high intake
rates. Sometimes problems with low

No intake problems,
Same lateral water

intake soils. Problems with high rate{spreading

of application, moblle systems and
rainguns

No intake problems.
Lateral spread is
limited especially
on sandy soils

No intake problems,
Lateral spread is
limited especially
on sandy soils

8. Management skills

Not sultable for farmers in the
third world who cannct get spares
or manage tha operatlon effectively

Intermediate level
of management but
fairly simple

Sophisticated man
agement to prevent
malfunction

Sophisticated
management to pre—
vent malfunction

9. Cropping
limitations and
mechan{zation

Apart from acme tall crops and rice
no problems, Highly mechanized wheel
mounted laterala, centre pivots,
cable systems, or permanent systems
reduce labour requirements

Better for tree
crops and widely
spaced row cropap
autcmated control
possible

Intensive high value
crops; unsuited for
seedbed irrigation,
reel-in systems,
autamation

Wide row crops,

can be subsurface
{e.g. sugarcand},
mechanized laying

10, Scheduling by
Erequency, rate or
duration of the
water supply

Usually on demand.{Usually on demand.
Intervals are days|Intervals are days

or weeks, medium |or weeks, medium
to high rates, to high rates,
3-15 nm per hour ([3-15 mm per hour

Usually on demand,
1-3 day Intervals,
Low-medium rate,
medium-long duration

Usually on demand.
1~3 day intervals
or continuous.

Low rate, long dur-
ation

Usually on demand,
1-3 day intervals
or continuous,
Low rate, lorg
duration

12. Mechanijcal
problems

None

None

%3, Security problems

None

Nene

1l. Pactors affecting
uniformity of
application

Wind is the major preblem of hand-
mover sprinkler systems, Drop in
pressures along lines, distances of
throw and spacing between sprinklers

as localized irriga—

improve uniformity

Not uniform when used

atton; pressure regu-
lators can be used to

Mot uniform when
used as localized
irrigation,variation
aleng laterals is a
design factor

Not uniform when
used as locallzed
irrigation,variation
along laterals is a
design factor

14. Leaching and
salts problems

L

Salty patches on

upderwatered high

spota

Ho speclal problems| No special problems| salt accunulation
- on ridges, salty

patches on high

Salt accumulation
on ridges, other-
wise no speclal
preblems

12. Mechanical

Moving parts wear, nozzles may block,

Hozzle blockages

Filtration critical aspect to stop

night in some countries

Needs attention

problems same filtration and servicing needs clogging: a major limitation
13. Security Not vandal proofr pipe and metal fit-iNot very vulnerable Not particularly vulnerable and equipment
problems tinge must be removed fram field at [to damage or theft,

periods unattended

can be left operating in fleld for long

15. Location If water in short
supply distance
fram source is

important

Usually adequately

No special problems
serviced

IEf water in short
supply dietance

No spacial
problems

16. Pield water use| Inherently low
efficienciea on permeable s0il;
minimm applic-
ation is 50 mm
per irrigation

Can be very high
in very accurately
levelled basins

Inherently low on
parmaable soll;

minimm applicat-
lon is %0 mm per

on the water con-
trol, cross slope,
can be high and low

Very dependent on
the water control,
rate, duration,

slope, high or low

14. Leaching and salt

Under-watering can be a problem on

No special problem.

The major advantage is better yields with

factors in pressure head losses and
requiremants

for pressurizing

problems very impermeable soils; uniformity |Low level avoids salty water due to the soil never drying
problems; scorch on wetted leaves leaf scorch in out, frequent {rrigations. salt en-
especlally important e.g, citrus tree crops crustations on soil surface
15. Iocation Distance amd elevation major cost Intermediate costs

Long duration irrigaticn results in
smaller head losses but note pressure
head loss across Eilters

17. Main problems Poor uniformity
generally of application,
encountered cverwatering,

land wasted in

bunds and channels

Very high land
levelling costs.
Exposure of sub-
soils

Poor uniformity

Poor uniformity
of application,

of application,

Poor uniformity
of application,
excessive run—off,
erosion

18. General Eagily administ-

remarks ered water sched-
ules, at expense
of efficient
water use. Good
for third world
farmers

Suitable for large
mechanized units
where labour is
costly and
energy/water use

Suftable For medium
sized farms not
growing row crops,

Easily administ-
ered water schedules

efficient water use

Suitable for large
maechanized units
where labour is
skilled

16, Field water use
efficiency

Much affected by wind and distribut—
ion uniformity, can be high or low

Very high

Very high

Very high

17. Main problems
generally
encountered

Costly equipment, high pumping costs,
operational difficulties, hamd move
problems on wekted land, application
rates too high with moving systems,
wind drift and uneven applicaticn

18, Ceneral remarks

efficiency is
important

Source: FAQ SB 55 1985

Source: FAQ SB 55 1985

Suitable for high intake soils and
uneven topography for a wide range
of eropa aml oxtengive farminn or
intensive systems

Excessive lengths

of piping, espec—
ially for closely
spaced crops. High
labour for unblocking
nozzles

Low pressure reg-
uirements suitable
far anall to medium-
scale fanmers

Clogging, instal-
lation and remov-
iy leng lengths
of tubing. Weeding.
High cost. No use
Eor seedbeds

Better yields and
water use effici-
oncy tustifies high
capital costs on

unintensive farms

Clogging, instal-
lation, no use for
seedbed Trrigation
and therefore may
need sprinklers

as well

Better yields and
water use effici-
ency can juskify

Nigh capitat vy
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TABLE 9. Characteristics which define "Soil nutrients avajlabllity”

Grade
Characteristics
High Fair Low
Table 3-22 ¢1
1. Fertility Very high to high Moderate Low to very low
2. (CatMa)l/K ¢ 40 40 ~ 150 »150
3. Ca/Mg 2-4 1~2o0r {tor
Relation 4 - 10 > 10

TABLE 10, Characteristics which define “Soil water avallability®

Grade
Characteristics
High Fair Low
1. Avallability water (cm/m of soil) > 15.1 15 - 5.1 ¢5
2, Infiltration Family Fatr High Low
Baslc Infiltration (mm/h) 37,5 - 12,5 > 37.5 £ 12.5
3. Hydraullc conductivity t(cm/h} < 1.5 7.6 - 2.5 > 7.6
4, Water table level in the lrriga-
tion time ¢cm)
TABLE 16. Qualification of the grades in land use types qualities 1£:
Characteristics Grade ' _ - Moderate texture solls B0 - 120 120 - 150 > 150
Hish Fair Low - Coarse and clavey texture sofls 100 - 60 100 - 120 3 120
1. Soil nutrients availabitlity 1 2 3 - Sodium or salts soils 40 - &0 20 - 100 5 100
2. Sotl water availability 1 2 3
3. Soil oxygen availability 1 2 3
i ?:I:;?nd/or sodiun presence 3 2 1 : TABLE t1. Characteristics which define "Soll Oxygen avallabiliity*
: Grade
5. Soil salinization and/or
: Characteristics
sod{zatfon risk 3 2 1 : High Falr Low
8. Soll surface crusting risk ! 2 ! 1. Natural dralnage Excessively vell to Somewhat
to well moderately poorly or less
2. Color sotl Reds. vellows. Values more Gray, values
fort yellow " than | less than |
Table 15. Quallfication of the grades of irrigation management qualities : whites or mottles
ﬁ 3. Alr porosity In
N Grade ' 30cm first in > 120 10 - 20 <o
High Fair Low Very Low depth
4. Vater table level More depth than 60 - 120 some Less than 60
1. Avallability and water (cm) 120 all year time in year some time in
qualities for irrigatien t 2 3 4 . vear
2. Soll topography ! ? 3 1 5. Unpermeabllity
> 300 300 - 150 < 150
3. Soll compaction risks 4 3 2 ! Layer position
4. Drainage possibilities 1 2 3 4 6. Flooding or pu-
5. Salts and/or sodfum ddiing risk <1 1In5 years 1 in 3 years 1 in a year
' management {n soll 4 3 2 t -
6. In depth water losses risk ¢° 3 2 1
7. Flooding and/or puddling tABLE 12. Characteristics which deflne "Soll saiinizatlon and/or sodization
risk 4 3 2 1 risk"
8. Pos:lh}llg of app{s{lnq 1 2 3 4 Depth fcm} In which there are salts and/or sodium
mechanization practices
Characteristics Suitabllity Grade
High Fair Low Very Low
: in ICID 1989
Source ! C 1. Salts (d4S/m} . )
{25 a5 - 50 50 - 100 > 100
162;6 ¢ 25 25 - 50 > 50
8 -4 <25 > 25 -
4-2 {25
(2 There isn't Eimitation
2, Sodium E.5.P. (%)
25 25 ~ 50 50 -100 > 100
502?2 2% 25 - 50 > 50
i5 -7 <25 )25

7 There Isn*t limitatlon




Table 3-22 c4

- TABLE 17. Irrigation System Requirements In Quality Terms
Table 3-22 ¢3 - - - :

Irrigation System Availability and Soil Topography Soil Compacticn Drainage Salts andfor In-depth vater  Flooding and/or Posstbility of
vater qualitles tisk Possibilities  sodium manage-  logses risk puddling risk applring mecha-
for irrigation : ment in soif nization

TABLE 13. Eli\:;ﬁcterlstics which define "Soll salinization and/or scdizatlion Sutability grade Ay &) Ay A, Aobs i M obk A Mooy Moby by b bbb Moo boa b by

!.Basiniisting12233#&#23#4123‘?223225‘233‘233‘

Grade
Characteristics . .
High Fair Low 2, Basin Irrigation 1 1 2 3 2 3 3 4 22313 2 3 4 23 3 4 11 2 3 23 3 4 1 2 3 4
1. Sofl 3., Border 11231!231123123‘1223123£Z2S£1123
al Basic Infiltration tcm/h) {5 5-12.5 > 12,5 : 4. Contour border
b) Hydraulic conductivity tm/day) < 0.5 0.5 - 3 >3 : : - vide interval
: dikes 112322361123123£12231|23223£1123
2. Water Table depth {cm}
. = short interval
a) If normal water: dikes 1235123‘123312_1&12231123223&1123
- text < 60 60 ~ 90 > 80
Fine or coarse textures 5. Poot P23 1250 1234 1234 1234 2234 12354 11253
~ Medial textures < 100 1oo - 150 > 150
6. Corrugation 123(\22331123123(\1223123&123151323
b) If water quality isn*t normal;
T. Furrows 123+22331234123£1123'1234123‘1123
- Fine or coarse textures < 120 120 - 150 > 150
8. Ca f 2 3 2 3 73 4 1 3 % T
- Medial textures < 150 150 ~ 200 s 200 ntour furrows 2 3 ) 5 2 2 3 2 2 3 4 1T 2 3 4% 2 3 4
9. Sprinkler Irriga-
3. Drepability tion 233$3+55233£234533¢.£233$:1232.'.‘5
between 50 - 100 cm
Laver be 1U.DripIrrismon3&LL5555555‘3&55&555'.55512365555
a) CE (ds/m) >4 4 -2 {2
b) ESP (%) > 15 15-8 <8 o
ES Source: in ICID 1989:321
4. Water irrigation quality (USDA System) _
Salinlzation risk Cy and Cg Cy ¢ Tahle 3-23
Sodization risk 54 and Sy 5, 51 ) Table 9 LAND EVALUATION CRITERIA FOR TECHFICAL SELECTION OF SPRINCLER IRRIGATION SYSTEMS
6. Effective precipitation > Evapo- i
transpiration <2 2-6 >6 : Type of aspersion 1/ Type of aprinklen Type of system of coopsrative
{month/year} . _ LATD CONDITIONS (ant prepaure) distribution syntem
High rein Medlum rain Low rain Long Medium Short |Fixed Statio— Semifixed Mecha- By Without
intenaity intemsity intenaity | range g/ range = range nary mobile nized | "ghifts® phifts
TABLE 14. Characteristics which define "Soil surface crusting risk" : : S0IL
: = stlcky, claysy - - xx - - o x x x - - xx
Grade - gravelly, sandy x x - x x - xx x - - xx -
Characteristics : ~ mediun texture x xx - x x - x x x x x x
High Fair Low TOPOGRAPHY
- aloping terrgin - x = x xx x x x x - x x
IF: % Organic Matter is more tham ' = flat terrain x x - x x x x x x o x x
3% and surface layer have: CROPS
* .5C.5L. SCL., Sa.LSs.Sal,.L = eorn xx x - xx x - - = x x - =
{1} Texture L. 5C.3L.5 . ¢ — alfalfa x x - x xx - - - = x - =
. = orcharde op
12) Silt % IF pHO7 > 30 Yinayarda - . xx _ x x | o x . R - =
- olt - - - -
(3) Clays kind Montmorf1lon] te Kaolinate Mice - 38;;’:‘,{::‘"’ = o = - = |F ol - - x =
t4] % Carbonate as CGCO3 >is PROFERTY BULDTNUS
LN HULUIBGS
> 40 40 - 15 <15 = 8mall farse = x x - x - -
(51 ESP % (and suall fields) N = = B
~ medium gize farms x x x x x x x xx x xx x xx
IF: % Organic Matter is less than 7 = largs farss (an x x x = x - x xx ox = x
3% and surface layer Is: large fields)
CLIMATE
" $CL.,5C,CL.5L SaL,L.C Sa.Ls
(1} Texture CL _:iu:g, a] = . _ - - x| oxx = _ . . .
0 - or aul X x x x x - - x b= g x - I
(2) 5ilt % >3 - a.rid = x - - x - x x - x = x
{3) Clays kind Montmorillonite Kaolinate Mice
(4} % Carbonate as CaCOy >25 25 - 18 <18 ' HOTESt 1/ bigh intemstty 12 mthr; mpedivm intensity £-12 myfh;  low intemsity 6 mn/h
(5) ESP 1 > 15 15 -8 <8 2/ Jot length: long range 40 m (4~10 ato); medium range  25-40 m (2,5-4 atm); short range 25 m ( 2.5 atm),

* (L = Clay loam, SC = Silty clay, 5L = Silt loam. S = Sflt, SCL = Silty clay loam.

C = clayly. Sa = Sand, L5 = Loamy sand. Sal. = Sand loamy. L = Loam Source: FAO. WSSR 50. 1979
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Table 1:  Natural metal contents of important parent materlals of soll*) (X = order of magnitude)

Table 3-24 TableT:  Additions 1o the ralings of Table 4 for metal binding Tsble 8 Additlons {0 the ratings of Table 4 for metal binding
Cd Mn Nt - Co Zn Cu cr Pb Hg Fe f Al able : . {FMSo) in refation to elevated fron oxides In ordes to take into account the humus content and
— mplg : -
mglkg o' lSt:emuu:n(ide Influence of higher lron-oxide contant on texture of the subsoll at least 30 cm thick) fayer
luence acc, | FSM at Hue 7.5 YR and Chr : Subsoll propert addition
N . 1800 2000 150 50 10 1600 1 0.0X 90 20 n oman: value ul property
utrabasic focks o 1 % s 00 %0 M 6 o0 | %0 B Table 3 0—1 1—15 >15 S — Yo
e, sich In Ca 0.1 500 5 7 60 30 0 15 008 | 3 80 . - -~ &6 or >2% humus wiot
Grane, T I 0.1 400 5 1 0 10 4 200 008 | 15 0 3 0 s i, >17% clay p
granll:e, P 0.1 900 5 1 130 5 2 10 0.0% 40 50 M 0 1z -2-2
i 03 200 70 20 100 50 80 20 0.4 50 B0
Sandstona 0.0% X0 2 03 15 X 30 7 0.03 0 2%
Limestone 004 1000 20 0.1 20 4 10 10 0.04 4 4
Loess 10 0 40 10 30 20 50
Marl 0.2 400 50 20 33 1202 ag
Flurvoglacial sand 0.1 1
H., 1961: Distribution of the slements in some major unlts of the earth's crust: The Geological Society of Ame- . 5.2 Soll unit : Gleyso! from debris marl under a
*)  TUREKIAN, K.K and WEDEPOHL, K.H., ! :
fica, Bulletin vol. 72, 175—192 with supplements by BLUME and FLEIGE meadow near Ravensbruck {Upper Swabia),
climatic water batance 4 {+ 350 mm/a}
Table ®: Influence of the climatic water balance (inflitration .
: rate) and metal blnding on mstal fetention in solis Ah (0—30 cm): Lt, very dark brown (7.5 YR 2.5/4),
: (FSMYT strongly humus (h4), pH 5.1
Table3:  Relative binding strength} for metal fons depend- Tabie 2:  Metal contents frequently occurring In soiis as well : . i .
ing on soil constituents jor a given pH fimit as logal threshold valuos for se\faoe sludge ap- wats‘";?::c .2 ag;i'j?gosilgeggé'reﬁ’fa Go {30—50 cm): Ls, reddish brown {5 YR 4/6), poor
Metal [ pH sustrate-dependent bindlng strength plication {after German sewage sludge decres} Symbot | mmiyear | 0 1 2 3 15 in humus ¢h1), ph 5.1
: 4] .
it | below threscl"l:;d DHZJELT:S&:M@SJ Metal total content in alr-dry soll 1‘” PRTo Y — Gr (below 100cm): Ls, green-grey (5 BG 6/1)
ien (mglkg) 2 W0—200 | 0 1—2 3 4 4—5 5 Groundwater scale Gw 3 (mean groundwater [evel
cd 6 4 2 3 normal values | threshold Awd | 20—400 | 0 1—2 2—-3 3—4 4—5 5 38 cm)
Mn 5.5 2 3 3 valuesl) : 5—8 >4001 0 A 2 2 4 5 . . P
M 58 324 2 3 Diagnosis of Immabilization of heavy metals in
Co 55 3 2 ] Cd  cadmium 001— 07 a T Famt scale: 5 = modlum topsoil: -~ - :
Zn 55 z 3 3 Mn  manganese 20  —3000 - 1 = vory weak, = nign
A 55 5 4 4 Ni nickel 2 — 50 50 2= low, 5 = very high Cd Zn Cu
Cu 4.5 5 3 4 Co cobait I = 10 251 2} Climatle water balance as the difference of annual preciphtation and ntl ‘
il 4.5 5 4 5 Zn zinc d — 100 300 : : evaporation (DYWK Water Management Standards Mo. 116) ntluence of pH (Table 4) 3 4 5
Pb 4 5 4 5 Al aluminium 5000 — 105 : Influence of humus (Tables 3 and 5) +1 0 +1
H 4 5 " 5 Cu copper 1 — 40 100 ' In!luepue of texture (Tables 3 and 6} 0 +1 +1
Fg(lil) 35 5 S Pb lead 01 — 20 100 Tablo 10:  Influence of metal retentlon in the groundwater free Fe-oxide Influence (Tables 3 and 7 +1 41 41
3= medium 4 = stong, 5 = very Cr  chrome 2 — 50 100 soll (FSM) aftar Table 8, and of the mean Deduction for temporary wateslogging 1 ~1 1
1) rating: T = very weak, 2 = weak, 3 = medium, 4 = stiong, Hg  mercury 0.01— 05 z groundwater table {groundwater scale In line with Binding strength FSho . s s
% :t;z:g threshold pH conslderable accumutation through formation of Fe lron W — 510d DVWK Water Managsment Standards No. 115, Evaluation high - very high -
oxides {Al, Fe, Mn) and binding of hydtocomplexes (others} : Table 6 on the risk of groundwater poliution
3 SEsqu]gﬂ:-jes': Fe-, Al- and Mn-oxldes 1) Swiss sewage sfudge dacree FSMw}
, . groundwater seates Cluss | - N Diagnosis of groundwater poflution risk:
FSMt | 1 2 3 4 5 8 22 - cd zn oo
<02 —-04 -08 -13 -16 -2 Eo-d .
. i th for metals (FSM} In sandy soils (texture class S, Su2) with low : Infivence of pH {Tabta 4) 3 4 5
Table 4  influence of soll achity on the relative binding streng (FSM) { i 01 5 5 5 & § 5 5—4 Influence of humus (Tables 3, 5and &) +1 0 41
humus content (<2 %) 2 5 5 4 4 4 4 3 Influence of texture (Tables 3, 6and8) 0 +1 4%
Metal Relative binding strength FSM for pH {GaClz) values ot 3 5 5 4 3 k] 3 2 Fe-oxide Influence {Tables 3 and 7 1 +1 41
25 3 k1 4 45 5 . 8% 6 65 7—8 ; : g :4‘ g g f : Deduclion for temporary water logaing  —1  —1 -1
. —_—
cd o 0—1 1 1—2 2 a 3:4 4_4 . 4-5—‘-5 g P Binding strength in total soll FSMy 4 5 5
Mn 0 1 1-2 g g g:: . P 5 A 1= very low, 4 = high, | Intluence of the climate 350 mm
N o : b 3 3—4 4 4-—5" 5 5 2= low, 5 = very high and the binding strength (Table 9) 4 5 5
Co 0 1 1—2 2 - . s p : 3 = medjum, Groundwater poilution risk {Tabie 10} 4 3 3
Zn 0 ; 1 ) 1;2 g 3 4_5 5 s M 5 2 mean groundwater table In m betow surlace X Evaluation Bigh - medium .
Al 1 - -
Cu 1 1—2 2 3 4 A3 5 5 5 5
Cr (1) 1 1—2 2 3 4 4—5 g g g g
Pb : : g : g g 5 5 5 5 Tabla 11: Recommended maasures depending on the binding strength FSMo and groundwater risk scale FSMw of a Soji with regard
Eeg Qauy i—2 2—3 -4 5 5 5 5 5 5 5 to heavy metals - 7
- Binding Risk to " Recommended measures heavy meotal
Evaluation of FSM: 0 = nopa, 1 = very weak, 2 = weak, 3 = medium, 4 = strorg, § = vary strong ; strength ground . measures
FSMo waler scale
FSMw
. : 1 5 Discharge of any type of waste products is prohibited. Where the presence of 5
Table 5:  Additions to take the ratings of Tabla 4 for metal very weak very high former contaminated sites Is suspected, immediate Investigation of the
binding In relation to differences in humus content ! heavy metal load Is requested. For former contamination, the binding
(mean of the upper 30 cm) : strength of the soil is to be increased and the pH value In the aolf and
A binding sirength of humus acc, Table 3 displacemant of the heavy metals is 1o be controlied annually. )
range content : 2 4 Discharge of wastes is prohibited If there is suspicion even of low heavy 4
at) % 2 3 34 4 5 : woak high metal load. Whera the presence of former contamination or potential
0 o 0 o contamination from the environment is suspected, the heavy metal
1—2 -« 2 @ 1 0—1 01 1 contamlination must be investigated immediately. Provided there)saheavy |
3—4 2— 8 0 - 1 1—2 metal contamination the binding capacity of the soil must be increased and
5 8—15 | 0—1 0';'1 1 1—2 Py : : the pH values in the soil controlied annually. Control is required also in case
[ >15 | 0—1 : of heavy metal displacements in the soll profie if pH values decrease,
1) according 1o Waler Management Standards No. 11§ otherwise at jeast every three years. '
: k| 3 Avoid, If possible, the discharge of waste products even it occasionally with 3
i . re (mean medium . medium low heavy metal content. At any rate investigation of previous potiution,
Table 6:  Additions to the ratings of Table 4 for metal binding (FMSa) in retation 1o differences in the clay content or texiu e : In the case ol discharge or where former contamination Is present, control of
C et upger 30 om)? _ the pH vaiues In the soll every 3 years, Control of heavy metal displacement
tent | German texture US-Soit Taxonomy?2) binding strength of clay according to Tablg 3 : bs in the profile whese'pH values decrease, otherwise af least evary 6 years.
Clay conten erm 4
, class 2 3 4 2 Discharge of waste pursuant to valid legal provisions possible after 2
4 0 0 0 Q strong low Invastigation of other previous load. in the casa of discharge or the presence
<5(8) 5, 5u2 san * loam). siit loam ¢ 0 0—1 0—1 of former contaminated sies, control of pH values In soif every flve years,
5—15(10 St2, 512, §13, Su, Us, U ‘“a::"'ci't:-' :;a?: oo ' . control of heavy metal displacement in the case of falling pH values,
3 s .
1725 514, U, Uls, Ls, Lu, S, Tod | 5. foamd), silt loamd 0 - o1 1 b ptherwise every 10 yoars.
2545 T1, 782, 3, Ty, Lts, 11 s. ciay, clay loam, 0 - T o 1 In case of discharge measures must be taken as under 2. In case of - - 1
slity clay {loam) ' 1—2 2 : very strong very low discharga or former contaminations, control of pH values In the soil every 7
45 T clay 0 ; Yyears, control of heavy metal displacement kn soll profile in the case of
1) For 25 walght % gravel or stones, sach addiiton Is 16 be reduced by 0.5 falling pH values otherwise every 10 yoars.
2) s. = sandly,1 = 10% clay, 2 = >10% clay M

Source: Blume ed. 1992 _3 | Source: BVWK 1991
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Table 3-25

/1 Tab. 2,7.5/10: Einflu von Humus, Bedenart und pH-Werr auf dic relative Bindungsstirked) von Wirkscodfen in

5 Btiden {0 (fast} nicht bis 5 sehr stagk)
.;; 5 = - - o~ o k % Humus!}  Bodenaal) ‘ Bindung nach Tab. 2.7.5/2
= | : )
: 2 {Mitee] 0—3 cm) 1 2 3 4 s
-3
i " E & 0.5-1 S, Suz 0 0.5 1 1.5 2
2 “ T v = n - & + : 1 -2 51, St, Su, Us, U 0.5 -1 15 i 3
¢8| - - ! I J + o g - T & ” . & 2 -3 Uls, Ul Lu, Ls, Lt, Tsd, Uc2,3 0.5 1 2 3 4
) N " 2 8 -15 Ts2, Ti, Tu, Lts, L, Utd 1 1.5 i.s i.s 4.5 .
A 3
o | o o e o o e > 135 T ! 2 Vezfahren solt im folgenden kurz erfutert werden
o o b ~
soal < E K Zu-fAbschlag (+ od. =, n. Tab, 27.5/2): £ 0.5 0 505 71 (DVWK1989), .
. F i 1 _ - 4 Eine negative Nebenwirlung auf Bodenorganismen
3 E bei pH (CaCl,) > 6.5 55 > T "
E - Za 3 3 und eine Pllanzenaufnahme sind dann zu erwarten,
we ff ] § o = ') Mach Buume und Hewseen (1987} 3) Mach AG BODENKUNDE (1982) wenn der Wirkstoff im Hanpowurzelraum wenig ge-
é = e 2 #) Srufe der bodenbezogenen Sorptionsk (it 0. Frevvouon ) ' bunden und langsam abgebaut wird nnd sich gleich-
@, ., o N g I zeitig kaum verfliichtigt.
z 2 e A A 2 "o nom - o ) Die zu erwartende Bindungsstirke des nach
I E K - E 5] 8 . .

2 ; Iz Tab. 2.7.5/11: Bevrteilung cinec Eliminicrung von Wirkstoffen in Baden, O (fast) nicht bis § sebr stark Tab.2.7.5/2 Wassiercen Stoffes crgibt sich nach
£ - N o - - - ~ - - 33 - z . Tab. 2.7.5/10 fir Humus aus dem mictleren Humus- )
EEE| - o - T - o - 4 @ Einflu@ der Temperatur auf den Abbau gehalt und fiie Ton aus der mictleren Bodenar {der
) : Abbau a} Mitteltemp. d. Sommerhalbj. b) Jahresmitceltemperarus OF’ﬂeﬂ 3.drrI)- Be.l verminderter {oder verstirker)
5L s h ™ ~ - EE] Tab. 2.7.5/2 21 - 16 - 11 - g° 12 - 9 - § — 39 Bindung infolge niedrigen {oder hohen} pH-Wertes
455 ~ ~ ~ "o - A oo T sk M ” x n c e nach Tab. 2.7,5/2 ist bei der Bindungssticke durch

a g ] g 1 1.5 1 0.5 0.5 0.5 0 Humus und der durch Ton ¢in Abzug (oder Zuschlag)
. . - 30 ‘ 2 2.5 2 1.5 1.5 1 0.5 nach Tab. 2.7,5/10 vorzunehmen. Die Gesamthin.
S F + + +F + + + + o + X * . * + 3 35 3 2.5 2.5 2 1.5 dung wird dana durch die Summe der humus- und der
>N o . k k 4 4.5 4 135 3.5 3 2.5 . tonbezogenen Bindungsstirke charakrerisiert, wobei
E: & TE : 5 B b E X g 8. 5§ q 35 3 héchstens die Stufe 5 2nzusetzen jst.
c. 3 2. ,~E [ - = = e , o 2.8 Eg 4.5 5 5 4.5 4
: 52 5B . JI3E OEF i<y ¢ 5 3 5 £3 %‘ %‘ g FH. g 3 $ 5% -3 ! Der wihrend der Vegetadonsperiode {April bis Sep-
L5 %5 u % 2 E o ‘*:f? g £ ‘E 24 g = £ i E E E E g Té ’E% - wE i Ti'. :? .:‘? ?‘ 4% o tember) zu erwartende Abbau des nach Tab. 2,7.5/2
w =3 2SEx ﬁ g g ; Ef E 5 - ""m;F’g_' g 4 '; E T F a ﬂé £k $EES .E 35 z :— 27 e E- f @ Einflull der Wasser-, Luft- und Nahrstaffverhiltnisse auf den Abbau Klassicrren Stoffes wird nach Tab, 2.7.5/11 & aus der
28 g R R o g 3 SEED 2% £ EE 2E gfaz g Ehe TafR EF e z 5 $E EEE T ¢ 1 0-1 0 Mitrelcemperarur des Sommerhalbjahres abgeleiter,
E 'E wES =% E,E E_’E =4 EE i £3%- tE & TEeAd 28Z E‘"‘é. U ﬁ 'E‘E"‘.‘- g E 2% 3 '-g - £T <k Abschlag: : Bei einer Kontamination zwischen Ckrober und Marz
§ 2EF FAELEsess eRigfsg wHEAEAE ESATEE o8 5 25 9 0w A dd L] B . * ibri wird die Jahresmireltemperarur h e il
nEy 258 353 HzSsZsE g7 LEEE Y giea8d% g<E0EEE Ve ,UEE E -3 g OE AREE 5’ § bei Stfa}n:mtkugd.l_ :;L;chreszggi =S)F1) 01i11 0z 12221331 41 L:‘bn[;e e dmﬂ hicsmic trempeca inrda:r:;cg;::gr:dh}:;lr
5 . = o g il o 8 e g2 '] tifrun) - - ! A d
E = 3 8~ E ] E 3' ~T E E ¥ = £ E‘ E iy E & = k1 ] - Z g 3 ) 5:: ; E\;Eiv:; m:;[C”‘;o cjnz} < 4 4-12 > 12 verlingert. Bei Wasser-, Luft- und/oder Nihrstoffs
N: H E“‘ ﬁ.;' '::‘ % '§ __b‘ -Qé K] :: ‘:i, 5 = E FE E | éﬁ I EI E E E -8 —§ E _é 1:': -.S E :7-23 T . mangel sind Abschlige um maximal 1 nach fab,
S E ’E ‘I'U,_.' &L | E .é.'-.:: ‘5 ‘§ . E g,.. é... -2 E ] E‘ : ‘E _9!-§ —~ ’i 3 by E ?,' §' & 3 T 5 2 g ,5 £ g £ -5 ;-‘3 ' Nach AG BODENKUNDE (13%2) ) Plach Tabelle 4 in Buane u. Bhuuen 1967 2.7.5/11 b vorzunchmen, Bei Wirkstoffen, die unter
: 2B &5 5 48 FE JEzE E or ok goas &% £0 L3e £33 g B § uE 5§ £ ga “g“‘ g 3E A . anacroben Bedingungen besser als unter acroben ab-
Sl s o § e o 2 9 £z o 5 oz o9 Eg g e g 8o - g s fo _;_ & B (9 Einflu® stacker Bindung auf den Abbau _ gebaur werden, ecfolgt bei Lufrarmut (DL 1-3) nach
sl = an - " Abschlag bei: : Bindungsstufe (n. Tab. 2.7.5/10} Tab. 2.7.5/11 b kein Absclhlag sondern ein entspre-
8o 1u 2 3 ERTHE 1 chender Zuschlag. Wurde eine hohe, den Abbau hem-
mende Bindungsstirke nach Tab. 2.7.5/2 un:
- izi i hlag nacl
Seemarsch, Tschernosem 0 0 a.5 2.7.5/10 prognostiziert, erfolgt ein Ahs-_: g
flbll'?ge ' 0 ~0.5 -1 Tab. 2.7.5/11 ¢, Der Einflug der Flachtigheit nach
Tab. 2.7.5/2 auf die Gesamteliminicrung mrd du}'ch
: N o PPN cinen Zuschlag nach Tab. 2.7.5/11 d beriicksichsigt.
" ; @Einﬂuﬂ méglicher Verflichtigung auf Eliminierung Die erveichhare Hochstsrufe berrdge §.
i3 - mon i - oo A - " - H Verliichtigung n. Tab. 2.7,5/2 Bei einer Abschatzung der Grundwassergefihrduag
: g bei: 1 2 3 4 sind neben Bindung und Efiminierung im (aus dem)
g Zoschlag bei: Cberboden auch die Vorginge im Unrerboden zu he-
& E - i Temperatur > 10 °C 0 1 15 2 riicksichtigen, auBerdem die Sickerungsraten und der
3 c °=Z oder langes Verweilen an Bodenoberfliche Grundwasscrsta.nd. Diz Bewcgung d.cs Wirkstoffs im
2 " “ w “ - M £ 5 prundwassetfreien Bodenraum wird nach Tab,
= L8 M - ! ¥ ! b -+ mow - ‘,'. - vl “ - rr|| H Temperawr < 10 °C ¢ e 1 1. 2,7.5/12 aus dem Miwel von Bindung (Tab.
T " N N 2 oder kurzes Verweilen an der Oberfliche 2.7.5/10) und Eliminierung (Tab, 2.7.5/11) sowie
< der klimatischen Wasserbilanz {KWBa) abgeleitet.
T ) © & © o © ° e = = s = = = ® e 31 3 . ) Dabei ist die Bindung nach Tab. 2.7.5/10 um bis zu
s i = 8 {3 Tab. 2.7.5/12; Einflult von Bindung, Eliminierung und ~ Tab. 2.7.5/13: Einfluf von Grundwasserstand {mixtd, 1 Srufe zu erhdhen, wenn auch der Unterboden bis
i =k Kimatischer Wasscebilanz auf dic Bewegung eincs Wirk-  Hachstand) und Bewegung (n.-Tah.. 2.7.5/12) org. Chf~ zum Grindwasserspicgel eine mindestens 4 dm miich-
Sk T om ~ ~ NN ~ d ~ &) <Y =3 stoffs im grundwasserfreien Bodenraum mikalien im grundwasserfreiem Bodenraum auf die tige, humose (> 2 % org, 5.) Lage aufweist und/oder
ERZ - - - g Grundwassergefahrdung {1 sehe gering, $ schr hoch) eine mittlere Bodenart von SI4 oder toniger besitzt.
< ™ =5 KWBa!) Sickening?)  Bindung) + Eliminierung®)i2 ne mirle: bilanz it fir Grombond fu ek
& - ™ - " b mm/fahr § 4 3 2 ] ] Bowegung Grundwasserstufen?) Die klimatische Wasserbilanz gilt fir Granland in ¢ e
- ~ N T 7 L] m . ™o ! ! " ! 4 | 1 2 4 5 &7 ner Lage; bei Acker ist sie um 50— 100 mm zu eché-
TE N - " - " R 1 0-100 0 ¢ z 3 4 5 - hen, bei Wald um 50 mm zu erniedrigen. Senken- und
=B 2 1e0- 260 0 15 25 35 45 3 0-1 5 5 3 2 2 1 1 Unterhanglagen weisen eine stirkere, Kuppen- und
£ 4 - - - - - - - - - . - - - - - = : 3.4 200- :uu 0 § 2 i s : 5 54'5 _': 2 5 5 4 3 3 2 1 Oberhanglagen ¢ine geingere Sickerung auf, was ent-
= 5 - 3 . -6 400 05 2 - " 3 5 5 4 3 3 3 2 sprechend zu beriicksichrigen ist. In Béden mit hoher
") Klimat, Wasserbilanz als Differenz von Jahresnicderschiag und 4 5 5 4 4. 4 4 3 Wasserdurchlissipkeit {kf durchgehend > 40 cm/d:
bl b - LA Verdunstung n. Tab, 3 in AG Bodenkunde 1982 . = ie Sick
5 -+ T ¢ + ™ - - - ) m T n ] - — Z iu ) B; Acker :‘s’_‘ Winterung 50 mm Zuschlag 5 5 5 5 2 5 5 45 . Schatzung_n. AG BODENK[}N‘DE ;982) ka:n.n die Sicke-
544 ” ” Z . : Bei Acker mir Sommerung 100 mm Zuschlsg ' rung um bis zu 100 mm haher liegen. Die Grundwas-
b ’-E- ; Bei Farse 50 mm Abschlag ;) a- Tab. 3 in AG BODENKUNDE 1982 sergefibrdung ergibe sich dann nach Tab. 2.7.5/13
T . . - . . . R R . . . "2 %o, Tab, 2.7.5/10 ) mink. Grundwasscrhochstand ciefer 2 m aus der nach Tab. 2.7.5/12 prognostizierten Bewe-
3 .
é ¥ R L =0 e ’ P #m Tab. 22.5/11 gung und dem mittleren Grundwasserhochstand; 1
. . T . . :3 bedeutet sehr geringe, 5 sehr scarke Gefahrdung. Ist
- Fé- - % E-ﬁ £ . —?::'E 4. & EE‘ T —’I:‘E' 4 = L o 3 [S Tab, 2.7.5/19: Bewertung des Verhaltens cings Wirkstoffs im Boden . .
5% SEEY 4 FTE LExRT ZE % i 2% -EE i, E Bz Z3 k- : . T L 3 3 4 5 2u erwarten, da lateral abrichendes Scauwasser (gik
E % : § § 52 7 2 z 31 EE g E LS ks EE 13 ?‘Z $ 3F54%tes A A i lung By 3110 vou: b i rin mittel stark  sehr stark bei geringer Wasserdurchldssigkeit, d.h. bei kf < 10
g o & & 5-‘5 35 g £ § § i E'E 35 £ 4 ’E Ta e G B% 8 2pE5YE Tt Anrcicherung im Bodem: cbr gening  gering cm/d des Unterbodens) einen benachbarten Vorfluter
£ 5 pry ¥ g < T =% 1 oS S a R ] = g . . .. - -
3 f: -E F E-E z% ?Eg Z3i E E £ a E 3 E‘ LEJ s‘% -g £ 5 éE 3 % mg (-3 E E “i E % ‘—5 EE B3 42 Bei Bindung {Tab. 2.7.5/10) + Eliminicrung i : kontaminiert, ist Tab, 2.7.5/13 entsprechend anzu
& 53 $5Ee 5439%2 & 51 33Li% $TEESL 2FEofeofEils TEE0ET L (Tab. 2.7.8/11) geeile durch 2 vons 1 2 3 4 y wenden, de afolar mach Teb
5 Ry 4 NESE AZR5E6 6 . “E ASEA --'rg ESn— ABEA~ASEIZEAE +54% = Aufnahme dusch Pllanzen, Schidigung von sche wahr;:l;.ein- whah-r- “;.eﬂiﬂ:in ‘-ls'é‘]:';:f‘ ; i];:‘;es,?iwemng der Befunde erfolgr na .
— [N H . P o [ . . M. i schein. wahrs: - - . wd . . Y
g : '% ] 8 ¢ = '"-59' 2 5 g E H g e g g _!_g'_ 59 g Badenarganismen: wahrschein - H Ein shnliches Verfahren zur Prognase einer méglichen
k P s i€ T E ] g E & g :59' S5 E E 5B B 2 TE 5 g4 E Bei Grundwassergefahrdung n. Tab. 2.7,.5/13 . f Grundwasserkontamination, das auf dem Abbau- und
i i i ¢4 § 3 & SE 3 g g8 ER 5. SB & B ®. 34 3 4 s ; ’ izi barh
E | €3 -ﬁ 5Z 3 5= Yt fofs SE.Eo AgEg X8 T8s & T =4 §T 3ET R I0E von: 1 2 : h k ! Perkolationsverhaltén cines Pestzids unter Lzborbe-
s Flig & 2= F&4E5E ZLEZ £ LXL ALZE FEIZI SE §F II '.é- 2= B z35 = sehr gering  gering mittel stark  s¢ e st dingungen fubt, wurde von HeRgzel (1987) ent-
5 d E 2 T3 3 3 v 3 fg s 5% 8 B & & p at ® =& 0 Miceleinsatz: méglich  begrenzt mdgl,  nicht méglich wickelr, -

Source: Blume ed. 1992




Table 3-28

Table 3-27 TaBLg 6. The various salts influencing the formation of salt-affected soils
Group of Qceurrence Origin Solubility pHin Toxicily Effect on
alts solution to plants soil
Carbonates  All regions, Predominantly Varijes. Alkaline. Varies, Varies, depending
In: soil, subsoil, weathering products. depending on on mobility and
ground water, solubility, solubility.
surface water,
marine deposits.
CaCO,  In: fresh river water, Predominantly Low, depending on:  Alkaline, No toxicity.  Diflerent form of
Table 6 RELATIVE MOBILITY OF PESTICIDES IN SOILS! ground water, soils  weathering products €O, concentration, CaCO, medium
{CAST 1985) (5-80 per cent). in sedimentary rocks CO, concentration, concretions hardpan,
Mostly in steppe and  and from ground PH values in solution
- o e
Very Moderately STightly Nearly Tmmobil desert soils. waler. L ;g X {3_, o
Mobile Mobile Mobile Immobile mmobile - Aomad T D B et
X MgCO, As CaCO,. Predominantly Low, but higher than Alkaline. Toxicity due  Rare in free form,
TCA Picloram Propachlor? Siduron Neburon weathering products. CaCO,, toalkaline  mainly delomite or
Dalapon Fenac Fenuron Bensulide Chloroxuron Lo, = 2'50“ hydralysis.  dolomitized CaCO,
; 2,3,6 TBA? Pyrichlor Prometone Prometryn DCP4 Dolomite dli.s-sngl':tliion concretions,
;1 Tricamba MCPA Naptalam Terbutryn Lindane is poor.
i Dicamba Amitrole - i . .
. Chi mben 2 4D .%'4")5 ?1 P].mpanl 1 Phoratg Na,CO; In: surface and Weathering products - Highly soluble Alkaline, up lo  Very toxic,  Peptization of soi,
i oral Di - b erbach Diuron Parathion ground vaters al (in COy-containing €O, = HCO, pH 12, due to high  low water
| noseb Propham Linuron Disulfoton mineralization water), Hilgard, reaction. solubility and permeability, poor
. Bromacil Fiuometuron Pyrazon Diquat 0-5--3 g/1, soils Gedroitz, sulphate alkatine water-physical
! Norea Molinate Chlordimeform (mainly in nbsen}ce of reduction, from hydrolysis.  properties,
| Di ?henamid EPTC Dichlormate? g?rp?um). deposits, plants. non-leachable,
i Thionazin? Chlorthiamid Ethien K.COG, f‘"“"“" to Na,CO;.
H . x 1§ occurrence in
! Endothall Dichlobenil Z}neb . sails is very rare.
| Honuron Vernolate Nitralin
J Atratone Pebulate Fluorodifen Sulphates  Tn; deserts and Sometimes Vauries, but higher Neutral or Different, Effect on soils varies,
} Cyanazine Chloroprcopham ACNQ? steppes, deposits, weathering products, than carbonates, slightly acidic.  depending on depending on
i Atrazine Azinphosme thyl Morestan soils, ground waters. som;limes magmatic solubility and compounds.
! Simazine Diazinen Isodrin? orgt. coneretions.
! Ipazine Benomyl CaS0O,  In: deserts and Sometimes Leasa, 20,0 Slightly acidic. Mo toxicity. Forms transparent
! . i i hering products, = 13 x 1074 mottles: compact layer
! Alachlor Dieldrin? semi-desert regions,  went g P 3 i comp: ¥
i A ground water, partly formed C=2g/1 used for soil
E me U-'YI} Chloroneb deposits soils. secondarily from SO, Lo, = 61 x 1073 amelioration.
, Propazine Paraquat having magmatic C=tgil
. Trietazine Trifluralinh origin in sediment
[ B in due 10 reaction
Henifchl \ Na,SO, + CaCl,
Eeg achior CaSO, + 2NaCL
ndrin . . - .
i Aldrin? MgS0;  In:desert and As CaS0, . High:C = 262g ).  Slightly acidic. Very toxic.  Accumulates always
: semi-desert regions, in combination with
Chlordane saline soils, saline other saluble salts.
Toxaphene? ground water. Reclamation by
DDT?2 leaching.
- N 3 11 1 117 P
! Ranked according to estimated order of decreasing mobility within each class Ha, 504 ::rh?;s::é::gsinns §:;gflc\:;ea;::ﬁl;g ?;E';f{’('l‘?”g Nearly neutral E:;:ﬁ;;:m ﬁﬁiugfﬁiﬁi:ﬁfemﬂ
z * I - ‘ v S -
| Most or all uses can?e:l'led by . the Environmental Protection Agency as of November 1984 saling ground water, magmalic origin. Depends very much than MgSO, . soluble salts. In warm
Not used at present in the United States saline lakes, saline on lemperature, perieds dehydration.
soils, Reclamation by
leaching in dry
seuson,

Source: Kandiah FAQ 1990 Chiorides  In:desert and Partly magmatic High solubility. Nearly veutral  High toxicity. Saline soil,
semi~desert regions,  origin, partly or slightly Physiological effect.
saline ground water, weathering products. acidic,
saline fakes, saline

s soils, sea waler,
seashores, marine
deposits,
Group of Occurrence Origin Solubility pHin Toxicity Elfm on
salts selution to plants. soil

CaCl, Waters of saline fakes Partly magmatic High solubility. Slightly acidic. Toxic in high Sc‘idom present in
(at salinily 400-500  origin, partly coneentra- s0il (forny CaCO; or
g/t), deep-lying weathering products, tion, CaS0,) only at very
ground waler. high salinity.

MgCl;  Common in saline Parily magratic High solubility, Nearly neutral. Very toxic,  Together with CaCl,
ground waters, lakes, origin, partly 383 e/t very hygroscopic.
sojls, weathering products. Saline soils with
Only at very high CaCl; and MgCl,
sulinity. remain humid for a

long time after rain.
Reclamation:
intensive leaching.

MaCl Sea water, marine Magmatic, High solubility, Very toxic In_ saline soil together

sediments, coastal Only partly 264 g/l from | g/i. with Ma,;50, and

area, suline surface

weathering produc

waters, saline ground

waters, saline soil,*
desert and semi«
desert regions.

t

MpSQ,.
Amelioration:
leaching of soil
conlaining gypsum.
In absence of
gypsum, alkalization.

Sowrce: Darab and Ferencz {1549),

Source: Szaholcs 1979




chemical composition of groundwater
chemical composition of irrigation
waler filtration

physical sail praperties
toxic clements, if any, in soil and watcr

Tab. 5: Scheme of methods recommended for the controf of salinity and alkalinity in

irrigated areas.

Source: Shaw 1992

Tance 19, Classification of saline soils by degree wnd 1ype of salinity in rclation 1o field crops :
Condition of Degree of Type of sults domenaung in soils Tab le 3- 29
agriculwral soil salmity
cropa wih Soda Chloridic Sulphuric Chiaridic Sulphuic- Chioridic- Sulphatic
onedium salt soda and woda and chioridic sulphane
tesinance seddu chlondic sodu sulphatic
Good growlh Pragtically 0.10 0.15 0.5 0.1% 0.20 0.25 0.30 TABLE 2
and develop- nonssaline Table 3-32
ment {no {or only very Engineering measures for salinity controd in the Shapur and Dalaki basin (Yekom, 1980),
bare paiches, slig_hlly
crop noymaly safing) Engineering measures Applicability  Proposed salt-disposal
Slight Slightly 0.10-0.20 0.15-0.25  0.15-0.30  0.[5-030  020-030  0.25-0.40 0.30-0.60 projecis
withering saline {Ref. Fig. 4}
{bare pat- T N " ..
ches and : Salt Coliecting, diverting and evaporation in natural ~ Applicable Shur river project
dccrc;seiof disposal +or antificial ponds Shekastian river project
;Bogeryéﬂ?‘w Collecting and desalting Not applicable -
Sealing of springs through grouting with cement,  Not applicable -
Medium Medium 0.20-0.30 0.25-0.40 0.30-0,50 0.30-0.50 0.30-0.60 0.40-0,70 0.60-1.0 ete.
withering safine : Recharge through wells into deep aquifers Mot applicable -
i:z;eap":j“ Evaporation of salty tributaries by use of Not applicable ~
dme;;e of sequence of dykes and m‘ining the salt {too costly)
crop by 20— Disconnect the recharge {limesione ) from the Applicable Cerczak spring project
50 per cent polluting source (salt plugs) by pumping
Diverting the pofluting source to a point Appli B i drai j
Marked Strongly 0.30-0,50 0.40-0.60 0,50-0.70 0.50-0.80 0.60-1.0 0,70-1.20 1.0 -2.0 downslgreamp ¢ P Pplicable Tob-Khatak drain projeet
itheri saline f soas -
mﬂr:::f_ Use of salt waicr in the chemical industry Not applicable -
ches and {too costly)
decreass off
;50;13);:&— Satinity  Construction and management of storage Applicable Jarreh storage 1es. project
mitigation  reservoirs
A few scat- Solonchaks >0,50 >0.60 =0.70 >0.80 >4 > 1,20 >2 Desalination Not applicable -
tered plants {too costly)
?ri::l‘:]ly Partial storage of saline or fresh water Mot applicable -
20 crop) Blending or cyclic use Applicable Shapur and Zohreh river
) {costly) water blending project
Souete: Kovda. Hugan and van den Berg leds.) (1973, p. 7). Source : Szaboles 1979
Source: Shiati 1991
A) STUDY AND PLANNING
/ Table 3-30
4 . .
Environmental issucs: Socio-cconomical issucs:
- sources and current processes of sulinization -« cost and possibilities of reclamation project
{purpose, arca, lime Jimit, cic.) .
- the geochemical charactersistics of the area Tabie 3 33
- possibititics of agri-, sylvi-. horticubltural
- salinization and/or zlkalization of soils as well as other productions of ihe area
resuited by primer {natural} and sccondary before and afer the reclamation. Table 2. Provisionat listing of suitsbie situations and desirable manapeme i : . "
{man-madc} effects Cost and benefit analysis. & gement practices for each of the major salinity management oplions.
- envivonmental possibilities of removal of excess - combination of meliorative measurcs with . L =
salts (place of disposal, drainnge systems, cie application of by-products of industry, Manage existing siluation Minimise recharge Intercept water Increase water use in discharpe
mining as well as of sludge arex
- environmental changes to be cxpected by PR N : . . j R .
reclamation (short and long term) - public projects, colonization, cmployment Slt.uallons most . affected la!ad_ not of high value . ldenlifiable recharge area for . transmission zone is relalively . diffuse and extensive recharge
and preduction on reclaimed tesritories suiteble to the or productivity treatment well defined area
proposed contro} . control of recharge area too . agrofarestry is an option . recharge area s large and nol . Techarge areas distant from
/ option cosily or recharge area of much | . winter rainfall regime well defined discharge area
N . / higher productivity . shallow rooted pastures main - groundwstar qualily acceptable . discharge area extensive in area
Feasihility studies, reporls and plans for action . current vegetation is surviving vegetative cover . can identify pood aquifers in . economic value of recharge
on most of the affected area . CEOpping practices could be ransmission zone arens is high
. vegetalion can be enhanced more water use efficient . aquifers can be pumped or are . economic value of discharge
1) REALIZATION andfor ares fenced for grazing . rainfall periods nol aligned with accessible by tree roots area lands are high or low
contro] i ) crop high water use . pumped water can be discharged | . diffuse transmission zone
1) Stratcgy for restauration - seepage of fair qualily water . high Techarge rates into stream, evaporated or used | . finite salt loads in discharge
2) Alternatives, scennvics, preflerences representz a majority of the . value of discharge area preater fl?l' imigation area
3) Decision making affected area than recharge area . discharge area under upward . generally acceptable
4) Impletnentation - erosion nol 2 problem or can be | . sedicity of water in discharge hydraulic pressure through clay groundwater quality or saline
5) Maintaining the sehabilited ecosystems stabilised with VEgELﬂ.llf}l‘l area lew and seil structure not confining layer water and evaporation basing
6) Protection of the rehabitited ecosystems from new degradation and deterioration - downslream water quality no severely affecled . recharge areas and discharge are cost effective
significantly affected hy'saltlng areas are high valus lands . drainage, pumping or use of
. only moderaie salt load in - large quentities of water are high water use iees are oplions
discharge area involved walerlogging is an importent
: Sel weliorati inize 3 . ) S . : BEINg, is &n Import
Tab. 1; Scheme af an tion of salinized areas Source: Shaw 1992 . major salt loads &/or high component
sodicity in discharge area
Desirable . enhance salt tolerant vegetation - avoid summer fallow in summer | . pumping with pumps or . pumping wilh pumps or
(A} Before constructlon of irrigation system Table 3-31 tanagement in werst areas rainfall areas and nse double or windmills from single or linked windmills from single or linked
Breliminasy survey practices . fence and manage grazing opportunity crepping tubewells. Need a minimum of tubewefls, Need a minimum
Landscape Plupned irripation pressures . - fevegelale stock foutes, flow of at least 3 Lisec flow of at least 3 Lisec
- - —— . maintain adequale vegetative fencetines ete . plani dense vegetation belis in . Tevegelale area with perennial
climate availuble irrigation ) cover al all costs . Mix pasture spacies with deeper groundwater accessible areas high water use and salt tolerant
water quulity und quantity . stebilise against erosion but do rooied.ones or more perenial with high water use vegetation vepelation
hydrology groundwater depth and quality not prevent seasonal flooding of species . subsurface drainege . subsurface &jor surface
hydrogeology techrology of irsigation area where it would normally . a:éoforeslr}ée‘i X . imigation on adjacent areas dminage
) oceur . feduce ponded areas where . use of pumped water for
geomorphology  cropping pattern tolerunee . improve surface drainage possible if leakage is significant irrigation on adjacent areas
(B} During irrigation Monitoring . plant trees or other perednial . plant halophytes which take up
deep rooted vegetation salts
salinity and alkalinity of soil and groundwater table

=

Source: Shaw 1992b




Table 36-1, Salt tolerance of herbaceous crops.t

Electrical
conductivity of
Crop saturated soil extract
Common name Botanical name} Threshold§ - Slope

Ratingy

dS/m % per dS/m
Fiber, grain, and special crops

Barley# Hordeum vulgare L. B.0 6.0 T
Bean Phoseolus vulgaris L, 1.0 19, 5
Broadbean Vicia faba L. 1.6 9.6 MS
Corn Zea mays L. 1.7 12, M3
Caotton Gossypium hirsutum L. 1 5.2 T
Cowpea Vigna unguiculata (L) Walp 4.9 12. MT
Flax Linum usitatissimum L. 1.7 iz MS
Guar Cyamapsis tetragonoleba MT
{L.} Taub
Millet, foxtail Setaria {talica (L.} Beauvois - - MS
QOat. Avena sativa 1. MT*
Peanut Arvechis hypogaea L. 3.2 29, M3
Rice, paddytt 3.011 izt s
Rye Secale cereale L. - - MT*
Safllower Carthamus tinctorius L. - - MT
Sesame Sesamum indicum I, - - L]
Sorghum Sorghum bicolor (L.} Moench 6.8 16. MT
Soybean Glycine max {L.) Merrill 5.0 20, MT
Sugarbeet§§ Beta vuigaris L, 7.0 5.9 T
Sugarcane Seccharum officinarum L. 1.7 5.9 M5
Sunflower Helianthus annuus I, - - MS*
Triticale X Triticosecale T
Wheat# Triticum aestivum L. 6.0 71 MT
Wheat {semidwarf)]{] T aestivum L. 8.6 3.0 T
Wheat, durum T. durum Deaf, 5.9 3.8 T
Gresses and forage crops
Alfalfa 2,0 7.3 MS
Allcaligrass, Nuttell Puccinellia airoides (Nutt.) - - T*
Alkali sacaton Sporabolus airoides - - T*
Berley {foragel# 8.0 7.3 MT
Bentgrass Agrostis stolonifera L., palustris - - MS
Bermudagrassf# Cynodon dactylon L, 8.9 6.4 T
Bluestemn, Angleton Dickanthium aristatum - - MS*
{Poir} C.E. Hubb.
Brome, mountain Bromus marginatus - - MT*
Nees ex Steud,
Brome, smooth B, inermis Leyas - MS
Buffelgrass Cenchrus ciliars L. - - MS*
Burnet ' Poterium sanguisorba - - M3*
Canarygrass, reed  Phalaris arundinacea L, - - MT
Clover, alsike Trifolivm hybridum I, 15 12, MS
Clover, berseem T. alexandrinum L. 1.5 5.7 M3
Clover, hubam Melilotus alba - - MT*
Clover, ladino- Trifolium repens L. 1.5 12. M3
Clover, red T. pratense L. 15 12, MS
Clover, strawberry T, fragiferum L. 15 12, M8
Clover, swest Melilotus MiiL - - MT*
Clover, white Dutch Trifolium repens L. - - MS*
Corn {forage) 1.8 74 MS
Cowpea {forage) - 25 11. MS
Dallisgrass Paspalum dilotatum Poir, - - M3
Fescue, meadow F. pratensis Huds, - - MT*
Fescue, tall Festuca arundinacea Schreb, 3.9 5.3 MT
Foxtail, meadow Alopecurus pratensis L., 1.5 9.6 MS
Grama, blue Bouteloua gracilis (HBK) Leg. - - MS*
Herding grassg Phalaris stenoptera L, 4.6 1.6 MT
Kallargrass Diplachne fusca - - T*
Lovegresattt Eragrostis sp. n.m. Wolf 2.0 84 MS
Milkvetch, cicer Astragalug cicer L. - - M3*
Qatgrass, tall Arthenatherum elatius Beauvoia, - - MS*
Danthonia
Qats (forage) - - MS*
Orchardgrass Dactylis glomerata L, 1.5 6.2 M3
Panicgrass, blue Panicum antidatale Retz. - - MT*
Rape Brassica napus L. - - MT»
Rescuegrass Bromus urioloides HBK - - MT*
Rhodesgrass Chioris gayana Kunth - - MT
Rye {forage) Secale cereale L, - - MS5*
Ryegrass, Italian Lolium italicum L. multiflorum - - MT*
Ryegrass, perennial L. perenne L. 5.6 7.6 MT
Saltgrass, desert Distichlis stricta - .- T*
Sesbaniatt Segbania exaltate (Raf) V.L.Cory 2.3 1.0 MS
Siratro Macroptilium atropurpureum (DC) - - MS
Sphasrophysa Sphaerophyse salsula 2.2 7.0 MS
Sudangrass Sarghum sudanense (Pipes) Stapf 2.8 4.3 MT
Timothy Phleum pratense L. - - MS*
Trefoil, hig Lotus uliginosus L. 2.3 I9. MS
Trefoil, norrowleaf L. corniculatus L., tenuifolium 6.0 10. MT
birdsfoot
Trefoil, broadleat L. corniculatus 1., arvenis - - MT
birdsfootft
Vetch, common Vicia satfva L. 3.0 11, MS
‘Wheat (forage){y 4.5 2.6 MT
Wheat, durum T. durum 2.1 2.5 MT
(forage)
Wheatgrass, Agropyren desertorum A. 3.5 4.0 MT
standard crested
Wheatgrass, A. eristatum {L.} Gaertn, 15 6.9 T
fairway crested
Wheatgrass, A. intermedium (Host) Beauv. - - MT*
intermediate
‘Wheatgrass, slender A, trachycaulum (Link) Malta - - MT
Whentgrasa, tall A elongatum {Hart) Beauv. 7.5 4.2 T
Wheatgrass, western A, smithii Rydb. - - MT*
Wildrye, Altai Elymus angustus Trin, - - T
Wildrye, beardless  E. triticoides Buckl, 2.7 6.0 MT
Wildrye, Canadian  E, canadensis L. - - MT*
Wildrye, Ruasian Psathyrostachys juncea {Fisch.) - - T

Table 3-34 a

‘Source: in Stewart ed. 1990

Vegetable and fruit crops

Artichoke, Jerusalem Helienthus tuberosus L, - - MT*
Asparagus Asparagus officinalis L. - - T
Bean Phaseolus vulgaris L. Lo 19. 5
Beet, red§j Beta vulgaris L, 4.0 9.0 MT
Broceoli Brassica oleracea B., Botrytis 2.8 9.2 M5
Brussels sprouts B. oleracea gemmifera B, - - MS*
Cabbage B, oleracea capitate B. 1.8 8.7 MS
Carrot 1.0 14. 5
Cauliflower Brassica oleracea B., botrytis - - MS*
Celary Apium graveolens L. 1.8 6.2 MS
Corn, aweet 17 12, MS
Cucumber Cucumis sativus L. 2.5 13, M3
Eggplant Solepum melongera 1., - - MgG*
Kale Brassica oleracea B., acephala - - Ms*
Kohlrabi B, oleracen gongylode - - MS*
Lettuce Lactuca sative L., 1.3 13. MS
Muskmelon Cucumis melo L. - - MS
Okra Abelmoschus esculentus (L) - - S
Moench

Onion Allium cepa L., 1.2 16. S
Parsnip Pastinace sativa L. - - 5
Pea Pisum sativum L. - - S*
Pepper Capsicum annuum L. 15 14, MS
Potato Solanum tuberosum I.. 1.7 12, MS
Pumpkin Cucurbita pepo pepo L. - - MS*
Radish Raphanus sativus L, 1.2 13, MS
Spinach - Spinacia oleracen L. 2.0 7.8 MS
Squash, scallop Cucurbite pepe melapepo 3.2 16 MS
Squash, zucchini 4.7 9.4 MT
Strawherry Fragaria sp. L. 1.0 33. S
Sweet potato Ipomoea batatas {L.) Lom, 1.6 11, M3
Tomato 2.5 9.9 M5
Turnip Brassica rapa L. 0.9 9.0 MS
Watermelon Citrullus lanatus (Thunb,) - - MSe

t These data serve only as a guideline to relative tolerances among crops. Absolute
tolerances vary depending upon climate, soil conditions, and cultural practices.
1 Botanical and common narmes follow the convention of Hortus Third where possible,
§ In gypsiferous soils, plants will tolerate EC,'s about 2 dS/m higher than indicated,
Y Ratings are defined by the boundaries jn Fig. 36-1. Ratings with an * are estimates,
For references consult the indexed biblicgraphy by Francois and Maas (1985),
# Less tolerant during emergence and seedling stage. EC, at this stage should not ex-
ceed 4 or 5 dS/m.
1T Less tolerant during energence and seedling stage,
1 Because paddy rice is grown under flooded conditions, values refer to the electrical
conductivity of the soil water whila the plants are submerged,
§$ Sensitive during germination, EC, should not exceed 3 dS/m.

Table 36-2. Salt tolerance of woody crops.t

Electrical
conductivity of
Crop saturated soil extract
Common name Botenical namet Threshold]  Slope Ratingq
dS/m % per dS/m
Almondy Prunus dulcis (Mill) 1.5 13 5
Apple Malus sylvestris Mill, - - s
Apricot# Prunus armeniaca L. 16 24 3
Avocado# - - S
Blackberry Rubus spp. 1.5 22 5
Boysenberry Rubus ersinus Cham. and 1.5 22 s
Schlechtend
Castorbean Ricinus communris L. - - M3*
Chetimoya Annana ckerimolz Mill. - - 5%
Cherry, sweet Prunus avium L. - - g*
Cherry, aand P, besseyi L. - - S*
Currant Ribes sp. - - 5%
Date palm Phoeniz doctylifera L., 4.0 3.6 T
Fig Fieus carica L. - - MT*
Gooseberry Ribes sp, - - 5*
Grapeg Vitis sp. 15 9.6 MS
Grapefruit Citrus paradisi Macfad, 1.3 18 8
Guayule - - T
Joioha# Simmaondsia chinensis {Link) - - T
C, Schueid.
Jujube Ziziphus jujuba Mill, - - MT=*
Lemon# Citrus fimon (L.} Burm, f, - - )
Lime C. aurantiifolia (Christm,) Swingle . - [id
Loquat Eriobotrya japonica - - S*
Mango Mangifera indica L. - - 5
QOlive Olea guropnea L. - - MT
Orange C¥trus sinensis (L.) Oab. L7 18 ]
Papaya# Carica papaya L, - - MT
Passion-fruit Passiflora mollissima (HBK) - - Se
L.H. Bailey
Peach Prunus persica {L.) Batsch 1.7 2 S
Pear Pyrus communis L. - - S+
Persiramon Diospyros virginiana L. - - S*
Pineapple Ananas comosus {L.) Merr, - - MT*
Plum; Pruney Prunus domesticg L. L5 18 5
Pomegranate Punica granatum L, - - MT*
Pummelo Citrus grandis C, - - S*
Raspberry Rubug idaeus L. - - 5
Rose eppla Syzygium jembos {L.) Alston - - S
Sapate, white Casimiroa edulis Llave - - 5
Tangetine Citrus reticulata Blanco = - i

t These data are applicable when rootstocks are used that do not accumulate Na or €]
rapidly or when these ions do not predominate in the soil,

¥ Botanical and common nemes follow the convention of Hortus Third where possible, .

§In gypsiferous soila plants will tolerate EC,"s about 2 dS/m higher than indicated,

§ Ratings are defined by the boundaries in Fig. 36-1. Ratings with an * are estimates,
For references consult the indexed bibliography by Francois and Maas 11985},

# Tolerance is based on growth rather than yieid,

Table 3-34b




Table 1. Salinity Threshold Values and Yield Decreases

(23 2131 33 3 P iS4 7 3 83 34 P33 3 8 3 P F 2 73 P08 F 1 4§ 3

Threshold Value Yield Decrease
Crop per mmhos/cm

ECay in mmhos/cm in kg/feddan
Cotton 6.5 150
Wheat 4.5 200
Barley 5.0-5.0 180
Claver 2.5-3.0 650
Rice 3.5 250
ELFEECEDRE N X 00 kG a et gk ok M A0 AT et el e e et e et D MR ek

Table 2. Expected Yield Decreese for

=ct Certain Cro
Salinity of Irrigation Water ps due to

Crop Salinity of Irrigation Water (p;m) Yieia Decr;;;;
Cotton 2 000 0
4 000
6 000 %gé
B 000 50%
10 000 75%
Wheat 3 000 20%
4 000 st
6 000 *°. 70%
8 o000 looy
Barley 3 000 ldi
5 aQ0 40%
7 000 50%
12 op¢ 15%
Clover 1 poo
2 Q00 23:
4 000 60%
Rice 1 500 15%
z 000 45%
_ 4 000 60%

= =wmocnzay

Hree==g

) Source: El-Guindi/ Abu Bakr in [CID (STS-C16) 1991

Table 36-4. Relative salt tolerance of various crops at eme d duri
maturity. After Maas {1986), ? Tergence and during growth to

Electrical conductivity
of aaturated soil extract

Commen namet 50% Yieldt 50% Emergence}
dS/im
Barley 18 —~
Cotton 17 1155 24
Sugerbeet 15 Ga12
Sorghum 15 13
Safflower 14 12
Wheat 13 14-16
Beet, red 9.6 13.8
Cowpea 9.1 16
Allalfa 8.9 8-13
Tomato 7.8 1.6
Cabbage 79 13
Comn 5.9 21-24
Lettuce 5.2 11
O!\Ion 4.3 5.6-71.5
Rice 3.8 18
Bean 3.6 6.0

T Common names follow the convention of Hortus Third where possible.
} Emergence percentage of saling treatments determined when nonsaline control treat-

ments attained maximum emergence,
Source: in Stewart ed. 1990

Table 2 RELATIVE TOLERANCE OF SPRINKLER CROPS TO SALINITY IMPINGING ON THE
LEAVES OR ROOTS. SALINITY LEVELS ARE EXPRESSED AS THE ELECTRICAL
CDNDUCTIVITY OF THE IRRIGATION WATER (Eci) {from Maag 1985)
Salinity threshold
Crop Hax. EC, vithout Injiry from Hax. BC, without detrimental
folia%ly—absurbed salts? soil salinity effeects?

m) (dS/m)
Almond < 0,5 1.0
Apricot < 0,5 1.1 |
Cltrus < 0.5 1.1 i
Plum < 0.5 1.0 ;
Grape 0.5-1.0 1.0 '
Pepper 0.5-1.0 1.0 {
Fotato 0.5-1.0 1.1 '
Tomato 0.5-1.0 1.7 '
Alfalfa 1.0-2.0 1.3 i
Barley 1,0-2.0 5.3 !
Haize 1.0-2.0 1.1
Cucumber 1.0-2.0 -L.7 :
Safflover 1.0-2.0 i
Sesame 1.0-2.0 H
Sorghum 1.0-2.0 4,5 H
Stravberry 2.0-4.0 0.7 ,'
Cauliflover 3.0-6.0 H
Cotton 3.0-6.0 5.1
Sugarbeet 3.0-6.0 4.7
Sunflover 3.0-6.0

Saline water (primarily NaCl) with EC

values higher than

the threshold Iis

expected to cause follar ipjurt on crof;s sprinkled 5 hours or more each week

during the irxigation season. The degree of injury is
cultural and envirohmental conditions.

influenced by the

Table 3-35a 3.5.
i.
Table 3-35b
Table 3-36
Table 3-37

Source: Kandiah ed. 1990

Table 3-33

Hanagement Practices to Control Soil Salinity and Water Quality

. On-farm management

Management measures should not be considered in isolation but should be developed
in an integrated manner to optimize water use, minimize drainage and increase crop
yields within the limits of the physical and social environment.

Three general management strategles seem practical: (i) contrel salinity
permissible levels, (ii) change conditions to improve crop response, (iii) change
management to maintain yield at the field level when salinity causes damage at the
plant level. All three can be used together. The first is the most commonly used.

within

Crop management

1. In the near future, crop management with respect to salt tolerance should
concentrate on the choice of appropriate crop species rather than on major
conventional breeding efforts within species. In the longer term, wide crosses
and genetlc engineering methods might give more promising results in terms of
improved cultivar tolerance within a species.

2. Appropriate seed placement in respect to irrigation methods can minimize salt
accumulation around the seed and improve germination and seedling
establishment.

3. Increasing seeding rates can compensate for reduced crop establishment

resulting from salt stress or surface crusting.

4. Increased crop density can compensate
the field level yield.

for the effect of reduced plant size on

5. The crop response function can be changed through reducing the stress level in
the plant under a given salinity by growing the crop in a region of milder
climate, using protected environments, changing irrigation method or enhancing
CO2 enrichment, etc.

Vater management

1. Issues of irrigation water application and of leaching should be
distinct.

considered as

2. TIrrigating with water of different qualities separately offers more benefit
compared vwith traditional blending. Higher efficiency can be achieved by wusing
non-saline water at sensitive growth stages or for sensitive ecrops in
alternation with saline water during the remainder of the growing pericd or
tolerant crops in a rotation.

3. For each kind of saline irrigation water, coupled with the availability of
fresh water, appropriate crop rotations need to be worked out in order to: {a)
make optimal use of both fresh and saline water; (b) periodically, restore the

soil to its original state; (¢} minimize the volume of unusable drainage
effluent that must be disposed of; and (d) optimize crop yields under the given
situation.

4. The temporal and spatial average salinity in the actual root =zone may be
considered as a first approximation of effective salinity at each stage of
plant growth. When starting with a low salt profile, management of the saline
vater should concentrate on mninimizing drainage volumes by delaying 1leaching,

allowing salinity to build up to permissible values {physical or economic)
before it is removed from the soil by seasonal or annual leaching.
5. Seasonal leaching should control salinity to the desired depth. It is more

effective with respect to salt removal, and it can be applied at optimal timing
with respect to crop requirements, physical conditions for leaching and wvater
value.

6. When seasonal rainfall can leach the soil profile,

a no-leaching irrigation
strategy within the season may be optimal. !

7. The benefit of increased irrigation frequency for saline water is still
controversial; it was found effective in sands but not on medium textured
soils. Further research is required on this aspect of water management.

8. VWhere irrigation systems such as drip or furrow accumulate salts in upper
layers, rainfall or changing irrigation position may result in significant
damage by washing salt into the root zone.

9. Even with high-efficiency irrigation, a certain leaching fraction is essential
over the long term. Wherever there is shallow groundwater or a perched water

drainage. Effluent from on-farm drainage,
or with mole drains, can be
the effective net

table, this will require on-farm ;
-whether by surface or subsurface draing, without
reused on appropriately tolerant crops. This would reduce

drainage volume to be dealt with at system level.

Source: Kandiah ed. 1990




Fertility management

1.

Normal soil analysis guidelines also apply to land irrigated with saline water.
For soils affected by sodium bicarbonate water, pH is of particular importance.
Salinity tends to lower fertilizer efficiencies, increase rates of fertilizer
loss and decrease the efficiency of rhizobium nodulation. Appropriate timing
and placement of fertilizers, adjusting the timing of leaching treatments, as
well as choice of slow-release fertilizers can improve efficiency of fertilizer
use.

Organic manures, where it 1is practical to use them, are beneficial through
increasing structural stability and infiltration rates, slow release of
nutrient elements and some lowering of pH and calcium release from CaCo,.
However, they do not appear to counteract sodication in all cases; further
research is required in this regard.

TheFe‘is no clear evidence that damage through salinity can be overcome by the
addition of K or NO,. The salinizing effect of heavy applications of soluble
fertilizers should be recognized.

S0il management

1.

2.

Precisior} levelling in basin or furrow systems is essential for uniform water
application, leaching and efficient salinity control.

Appropriate tillage is needed to prepare for seeding, to improve soil
permeability, to break up surface crusts and to improve water infiltration.
Sub-soiling may be beneficial on soils having an impermeable layer, hard pan or
compacted layer in the root zone. Deep ploughing may be harmful where saline or
sodic s0il is brought up to the surface.

Yhere there is a rainy season or where non-saline water is used following
irrigation with saline water, special management is needed to prevent problems
from slaking, crusting, slow infiltration and poor seedling emergence., Options
include (a) a first application of water with intermediate salinity, (b}
application of gypsum or other amendments with irrigation water either on the
soil surface, or by mixing in the topsoil and (c)} possibly, very small
applications of soil conditioners in nonswelling soils. Further research is
needed to evaluate soil conditioners that might be effective in swelling soils.

Use of highly alkaline water cannot be sustained, except with the use of
appropriate amendments and good management practices. Further research is
needed to develop criteria and standards for assessing hazards from use of
alkaline water.

After harvest, immediate shallow cultivation with crop residues left on the
surface where feasible and- other mulching practices minimize wasteful
evapotranspiration and the accumulation of salts in the surface.

System level management

1.

3.

In the design of new irrigation areas prior questions should be asked including
(a) whether different water qualities should be made available to farmers and
if so, in fixed sequence or on demand; and (b) if certain drainage waters are
to be reused or if all dralnage water is to be safely disposed of.

The drainage vater from sensitive crops could be reused for progressively more
tolerant crops, until no further use is possible, in order to maximize crop
production and income, to optimize water use efficiency, to keep drainage
volume minimal and to minimize disposal or treatment costs.

Halophytic crops could be produced using water too saline for conventional
agricultural crops, this would at the same time further reduce final drainage
volume. The choice of crops for the less saline water would be somewhat vider,
including some eucalypts.

If horizontal drainage is used effectively to skim off effluent for reuse, as
in the case of perched water tables, the natural groundwater quality would be
protected from salinization and pollution. However, if this water 1is not
intercepted but allowed to mix with deeper water, as in the case of tubewells,
then quality problems may be greater.

Options to manage drainage effluents include: on-farm reuse for a variety of
salt-tolerant crops, use on halophytic crops or vegetation, ‘harvesting® of
toxic ions by certain plants (toxic ion scavengers), disposal into evaporation
ponds, direct discharge into the ocean or into rivers at high stages with
surplus flow.

Basin level management

Strategies for the efficlent use of water supplies in a drainage basin including
saline and non-saline water should aim to:

conserve usable water supplies;

maximize effectiveness of using each water resource; .

minimize drainage volume and maximize salt concentration of drainage water from
agricultural land;

leave unusable saline groundvaters undisturbed as far as possible.

These strategles will minimize off-site impacts of irrigatioen.

Water quality management policies and programmes should take into consideration the
drainage basin as a whole. Policies at the level of canal commands and management
at the level of individual farms should be as compatible as possible within this
overall drainage basin policy.

Table 3-38 cont.

Table 3-39
1130 RHOADES & LOYEDAY
Table 36-10. Equivalent amounts of common amendments for reclaiming sodie soils.
Amendment Amouat equivalent to 1 kg gypsum
kg
Gypsum 1.09
S 0.19
H,S0, 057
CaS; {24% S) 0.77
CaCO, 0.58
Calcinm chloride dihydrate {CaCl,-2H,0} 0.85
Ferrous sulfate {(FeSO,) 1.61
Aluminum sulfate [AlSO); 1.29
Source: in Stewart ed. 1930
Table 3-40a
Salt Affected Areas 337
Gienetic type Relation with  Water soluble salt content  Ameclivration®
groundwalzr in the surlace layers
in suturation extract
]
solonchak-solonetz permanently more than 0.2% drainage and chemical
meadow solonetz finked {about 4 mmhos/cm) amendments
meadow salod
{shallow and middile}
2
meadow solonetz and solod  temporarily about 0.2% chemica! amendments, deep
soils turning into steppe linked {about 4 mmbhos/cm) ploughing and
formation drainage if necessury
3
deep soloneiz and solod not finked {ess than 0.2% low umount of chemical
soils, solonetz-like {aboul 4 mmhosfem) amendments
meadow soils proper agrotechnics and
suitable crop {deep
Moughing, alfalfa, cic)
” * The necessity of irrigation depends on local conditions u
Tab. 2: A schematic grouping of solonetz and solod soils with regard to their amelio-
ration.
Source: Szabolcs 1989
Table 3-40b

Main aspects of improvement, reclamation and agricultural wiilization of salt-affected soils

TabLe 21. Schematic grouping of solonetz and solod soils and suggested methods of amefioration.

Water-seluble salt
comtent in the surface layer

Amelioration’

Genetic type Relation with
ground water
1. Solonchak-soionetz Permanently
Meadow solonetz linked

Meadow solod
(shailow and middle)

2. Meadow solonetz and Temporarily
solod soils turning linked
into steppe formation

3. Dcep solonetz and solod Mot linked
soils
Solonetz-like meadow
soils

1. The necessity for irrigation depends on local condilions.

More than 0.2 per cent
{about 4 mmhos)

About 0.2 per cent

Less than 0.2 per cent

Drainage and chemical
amendments

Chemical amendments,
deep ploughing and
drainage if necessary

Low amount of chemical
amendments, proper
agrotechnics (deep and
suitable crop (alfalfa, etc.)
ploughing)

Source: Szabolcs 1979
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Table 8.3. Soil conservation practices

Practice Control over

Rainsplash Runolf Wind

D T D T D T

Agronomic measures
Covering soil surface
Increasing surface roughness - -
Increasing surface depression storage + +
Increasing inkitration - -

Soil Management
Fertilizers, manures + +
Subsoiling. drainage - -

Mechanical Measures
Contouring, ridging - +
Terraces - +
Shelterbelts - —
Waterways - -

.
2 0
I
i

-
+
-

+1++ ++
-
+
L ]

— no control; + maderate control; * strong control {adapted and enlarged {rom Yoctberg, 1970)
D = Detachment, T = Transport.

Source: Kirkby/Morgan ed. 1980

Table 3-41

Table 2 Health Proteetion Measures: Overvicw of the Pr.

actice

Ica (Cachiche)

Tacna

with raw wastewater

Irrigation of maize and cotton with primary
pond effluent

Irripation of maize, alfalfa and fruit trees
with effluent from overloaded WSP

Country/T_ocation Kind of Reuse Healih Protection Measures
Practised
MEXICO
Mezquital Valley Irrigation of alfalfa, maize, cereal crops, tomatoes Crop restriction, some EXposure
and beans mostly with untreated wastewater control for apriculiral workers
CHILE .
Santiago Irrigation of raw-eaten vegetables, cereal crops None
and grapes with untreated wastewater (treatment being planned)
INDIA
Kanpur Irrigation of rice, wheat, forage and flowers None
wilh diluted untreated wastewarer
Calcurta Fish growing in ponds receiving untreated Cooking of the fish
wastewater at low loading rates
PERU :
Lima (S. Mantin de P.} | TIrrigation of vegerables and non-food crops None

Partial wastewater treatment
and crop restriction

Partial mearment and crop
restriction

ARGENTINA
Mendoza

Immigation of raw-eaten vegetables with
settled sewage

Panial treatmeny

TUNISTIA
Tunis

Immigation of non-vegetable crops and fruit
trees with secondary effluent

Panial treatment and erop
restriction

SAUDI ARADIA
Riyadh

Irrigation of wheat, forage and date palms
with tertiary (filtered and chlorinated) effluent

Full treatment and crop
restriction

SOUTH KOREA
Pusan

Use of sludge from nightsoil
treatment plants in agriculure

Dewatering and composting
of the sludge

JORDAN
Wadi Dhulcil area

Zamga Valley
{downstream of
Jerash bridge)

Salt (Wadi Shu'eib)

Indirect use of the Al-Samra/Amman WSP
effluent for the irrigation of wecs, fodder
and industrial crops

Indirect use of WSP and STP effluent for
unrestricted vegetable irrigation

Inditect use of STP effluem for the irrigarion «
of vepetables caten cooked

Full wastewater lreatment,
seasonal dilution and cro,
restriction .

Full/partial treatment and
seasonal dilution

Puntial treatment, seasonal
dilution and crop restrictions

Source: Shuval {WB) 1991 (?)

Table 4-1




Figure 1-4. Example of a summary assessment.

Project Title An example
Project Type Commercial Irrigation
Location * Somewhere in Affica
Date of Assessment monthfyear
Community Group Construction workers
Project Phase Construction phase
- Receptivity Viglance
Disease Vuinerability cﬁ ofhealth | Health Hazard
af community envirchment services
Malarla I high
{falciparum) high moderate | treatment only g
Schistosamiasis | low moderate none low
{mansoni}
Fllariasls ' none
{onchocerclasis) low rons none

For example
The accompanying worksheet (figure 1-4 on page 1- 11} indicates
how the assessment might have been completed for the construction
phase of an irrigation scheme somewhere in Africa. The summary
could be interpreted as follows: '

Malaria is expected to represent a health hazard during the construc-
tion phase because susceptible people will be exposed 1o the vector
and no preventative measures are planned. A large percentage of the
work{orce may be incapacitated. :

Schistosamiasis does not occur near the project site but a potential
vector is present, The health hazard is moderate but will increase
unless immigrants or construction workers and their families are
screened on arrival for infection, or other preventative measures are
instigated.

Onchocerciasis occurs in the region but there is no vector at the
project site and none is expected to become established during
construction, ‘

Such a summary assessment is insufficient in itself. Each conclusion
must be justified by reference to the answers obtained to the ques-
tions in the flowchart. : :

Source: Birley 1892

Table 1-5
The flight range of vectors (kms). Migratory fights are often aided by pre-
vailing winds and occasionally much longer flights have been recorded.
Local movernent is indicated as a guide to settlement siting, Where a
range is indicated, the majority of vectors will only travel the shorter dis-

tance.

Vector Local Migration

" movement o
Simuliid blackflies ‘ 4-10 400
Anopheline mosquitoes 15-2.0 50
Culicine mosquitoe: 0.1-8.0 © 50
Teetse -+ - - B A - X1 10
Phlebotomine sandflies 05-0.5 1

Source: Birley 1992

Table 4-2/1

Table 4-2/2 to 6

see hext pages

Table 4-3

}

d as

high/ medium/ low
and increasing/ decreasing/

15 score!

Final conclusion
For each community during
the specific project phase,
uniikely to change,
Consider the 3 conclusions
Third conclusion
Human behaviour is [kely to
increase/ decrease/ not change
the degrae of contact with vectors or

the vulnerability to each disease

unsafe watar?

coemtact with veclors or

Will the praject change
hurnan behaviour?

Do people entar rural

habiats for project related
or pther work?

Pproject site present
special problems?

Will human settlement

density be atfecled by

the project?

Majer activities of
the communit

Do human activities at the

Table 4-2/2

unsafe water.

The community group
conact

The associated vector

Does human behaviour favour

The communities
assoclated with the
preposed projecs;
Economie activity
Other relevant factors

Sex ratia
for each disaase?

Origin
Which communities

with the proposed project?
are particularly susceptibla®?

Which of thess comrmunities
provide a reservoir of infection,

Which communlties are associatad

|

in the region?

communiges?

Other relevant factors
affected these

Ara there similar prejects
existing projects?
The communities
associated with the
exlsting projects:
Economic activity

assoclated with these

What communities are

‘What health problemns have

moref lgss

suscaptible to the diseases jisted

during eagh preject phase,

Secend conclusion
Tha communitfes associated with the
propesed project are likely 1 be

[

lar proj

First conclusion
have experianced more/ less/
no change in health status due fo

£Imi

th

wi

the disenses listed

Communities

in the region?

How pravalent are
the diseases?

Is there any drug

resistancs?
Which diseases have a

human reserveir?
The diseases
and any Infarmation

Their prevalence

Drug resistancs

Human hosts

Which diseasss are important
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Geophysical

Soll type

If soil is compacted or ground cover is
removed or soil is exposed to excessively dry
conditions then soil loses its permeability or
porosity and rainpools fast longer.

Ifground eover isremoved then soil is eroded.

If soil is eroded then shallow pools are ere-
ated by silt deposition.

If there are loess soils and semi-arid condi-
tions then rodeat reservoirs of leishmaniasis
may be abundant.

If the soil is structurally poor then shallow
latrine pits will collapse and provide vectar
breeding sites.

Ifthe soil type is ferralsol or acrisol then there
may be a lower incidence of majaria as com-
pared with luvisols (because deep, Free drain-
ing soils provide fewer pools for mosquitoes
to breed).

Water Scarcity

If water is scarce or supply is irregular then
there will be domestic water storage,

If tap water is too hot then it may be stored in
domestic containers to cool,

Ifwater is stored in domestic containers with-
out good covers then container breeding mos-
quitoes such as dedes aegypti will increase in
abundance.

If there is a piped water supply and inadequ-
ale waste water disposal then there will be
muddy surrounding water (in which mosqui-
toes and snails may breed),

If water pipes leak then mosquito breeding
sites are created.

Irrigation Schemes

¥ an irzigation scheme is sited in a previously
semi-arid region then health hazards are cre-
ated because major ecological changes occur.

If molluscicide treatment is required then
focal application ean be very effective.

If old irrigation ditches are filled and new
ones constrircted alongside then snail popu-
lations are eradicated (oncomelanian snails
were controfled in China by this method},

If canals are lined then the recurrent cost of
vegetation and erosion control is reduced.

If water is piped ther capital, maintenance
and pumping costs are higher but health ha-
2ards are removed.

ifsprinkler or drip feed irrigation ks used then
maosquitoes and snails are deterred,

Ifirrigation schemes are managed to provide
the minimum of standing water for the mini-
mum consecutive period then breeding can
be controlled.

if canals and night stores are drained ina 7
day rotation with 2 days dry then mosquito
breeding is reduced,

If a scheme is surrounded by afferent canals
then the invasion of rodent populations is
reduced.

Canalisation

If canal linings are imperfect then secpage
poals will provide important breeding foci.

If rivers are crossed by fords, causeways or
bridges then vector blackflies may be pro-
vided with new breeding sites.

If damage 1o canal banks is to be avoided then
overpasses should be provided.

I the project is in West Africa then crossing
points may attract tsetse flies.

If the mean flow rate is greater than 0.6 m/s
and the channel is free of vegetation then
snails are deterred (but erosion of unlined
channels may occur).

If fast flow rates are to be maintained then
regular desilting, bank repair and deweeding
is necessary.

Hthe water is relatively clean and aerated and
flowing then blackfly vectors may breed
{Preferred habitats range from tiny streams
and irrigation ditches to large rivers, to a
depth of 0.15m. In W, Africa preferred flow
rates are 0.7-1.2 mvs)).

If channels are designed for rapid draw-down
and adequate drying-out then pooling during
periods of low flow rate may be avoided.

If miracidia and cercaria are released in mov-
ing water then they cause infection down-
stream.

If solid waste collection Facilities are inadequ-
ate then drains will be blocked by domestic
waste.

Iwater is channeted through numerous small
ditches then maintenance is more difficult
than for a few large canals.

If an irrigation system contains night storage
dams or canals then snail breeding should be
expected (these habitats are difficult to treat
with molluscicide),

1f night storage dams become infested with
aquatic vegetation thea Mansonia mosqui-
toes should be expected.

Water Collections

If there are numerous small collections of
clean water (such as are found in discarded
rans, tyres, containers, leaf axils, tree holes,
bamboo and rock pools) then Aedes mosqui-
toes may be abundant,

If borrow pits result from construction acti-
vities and fill with water thea snails and mos-
quitoes may breed in them,

If borrow pits are defiberately planned as
water holes then they should be enclosed
andfor treated with larvicides or mollus-
cicides,

Table 4-4
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Geophysical

Season

If the elimate is seasonal then vectors may
vary in abundance through the year,

If malaria is stable then additional vectiors
may oot affect the incidence of the disease
significantly.

if there is a season during which vectors and
snails are unable to breed then disease trans-
mission may be interrupted during that sea-
son,

If the seasonal abundance of standing water
is increased then the period of interrupted
transmission is reduced.

If domestic animals such as cattle, buffaloes
and pigs are seasonally abundant then they
may divert vectors away from human hosts,

If a development project alters the abuodance
of domestic animals then the diversionary ef-
fect is altered.

If people sleep outside during hot weather
then they may attract outdoor biting mosqui-
toes.

If there are seasonmal food shortages then
there may be a scasonal increase in suscepti-
bility to infection.

If there is a water development scheme then
seasonal food shortages may be reduced.

If there is increased contact with limited dry
season water supplies then intense focal
transmission of schistosomiasis may occur,

Temperature and Altitude

If the mean temperature is below 17°C then
parasite development in the vector or inter-
mediate host ceases (20°C for faiciparum ma-
laria, 14°C for schistosomiasis).

1f the temperature is very high then parasite
development ceases and the activity of vectors
is reduced.

If a development project is planned at alti-
tudes at which pathogen transmission is rare
then the potential increase will be negligible.

Wind

1f the project is in West Africa and there are
blackfly vectors breeding within 400 km up-
wind then recolonization of seasonal streams
may be expected,

If wind assists the drift of floatage then the
dispersal of snail vectors may be increased.

Ifthe site is generally windy then insect biting
activity will be greatly reduced.

If there are exposed shores subject to wave
action then the breeding of snails and mosqui-
toes will be preatly reduced.

Humidity
If the microclimate humidity is low then insect
Yifespans may be low.

If the insect lifespan is low then it is less
effective at discase transmission.

If humidity is Jow then the survival of filarial
parasites may be reduced when they escape
from the insect proboscis and transmission of
this disease is reduced.

Ifthe development project is in an area of low
humidity and there will be a large scale in-
crease in surface water then microclimate hu-
midity will increase.

If the region is arid or semi-arid then schisto-
somiasis due to S. mansoni or S. haemato-
bium is a potential health hazard,

Topography

If ariverhas a steep gradient then stream flow
exposes bedrock {which provide breeding
sites for various vectors).

If there is a flood plain and stowlymeandering
streams deposit silt then more permanent
pools and marshes are created.

If there are fast currents and an unstable
stream bed then the site is unfavourable for
snails.

If bedrock is non-sedimentary then it is more
suitable for blackily breeding,

If land is levelled for road construction then
borrow pits will be created.

If borrow pits fill with water then mosquita
and snail habitats are created.

Rairitall

If there is plenty of rain then water contact
may be reduced but snail breeding rates may
be increased.

If an area has distinct dry and wet seasons
then both irsect vector density and disease
prevalence are likely to have seasonal pat-
terns.

IE rainfall is plentiful in the river basin and
hydrological coaditions promote stream flow
then stream margin breeding mosquito larvae
will be flushed out but blackily breeding sites
may be enhanced,

If hydrological conditions cause rapid alter-
ations in stream depth then rock pool breed-
ing sites will be created as the stream falls and
blackfly breeding sites may be created as the
stream rises,

1 there is plenty of rainfal] and the soll i:f.,not
too porous then temporary rainpools will be
abundant. :

If the vectors breed in temporary rainpools
then their breeding sites will be very difficult
to control.

If rainfall is less than expected then dri:.d_up
river beds may serve as mosquito breeding
sites, '

Surface Water
Ifthere is an abrupt margin between land and
water then breeding sites are minimised.

If there is wave action and a steep shore or an
unstable shore then mosquitoes and snails are
deterred.

Tahble 4-4 cont




Geophysical

Water Chemistry

1f surface water is subject to high evaporation
rates then salinity increases.

If a coastal site is occasionally inundated with
seawater then saline pools are abundant,

If salinityis high then some species of mosqui-
toes are attracted and other mosquito species
are repelled.

If nitrogen content is high then culicine mos-
quitoes may be more abundant than anop-
helines {exceptions include An. vamna and
An. annularis in India).

If insecticide spraying kills non-target organ-
isms then alpal blooms may stimulate vector
production,

If there is a lake outflow and algal blooms
provide high nutricot levels then vector black-
Dy larvae may be abundant at the outflow.

if the calcium content is about B0ppm and
there is a balance of calcium, potassium and
magnesium and pH is slightly acid then
aquatic snails may be abundant,

If stream nutrient content and chemistry is
suitable then vector blackflies may be abun-
dant.

If the water Is turbid then important malaria
vectors may be attracted but smails may be
deterred (eg: by puddling soils in ricefields).

Table 4-4 cont
Drainage and Sullage L

If domestic water is supplied without adequ-
ate provision for waste water disposal then a
major public health hazard is created,

If an irrigation system has better maintained
water supply ditches than drainage ditches
then excess standing water may create a pub-
lic health hazard,

If water is moderately polluted then snail
populations are favoured.

If water is heavily polluted with human or
animal fagces then culicine mosquitoes willbe
abundant,

If an approved latrine design is used then
mosquito breeding may be minimised (rec-
ommended designs include ventilated im-
proved pit latrines, vault latrines and
pour-flush latrines}..

Ground Water

If the water table is close to the surface then
fatrine pits will fill with water and promote
culicine mosquito breeding.

If teees with high evapotranspiration poten-
tial are pianted then the level of the water
tahle may be reduced.

If the water table is very deep then vertical
drainage may be used.

Impoundments

If a reservoir floods a stream course then
blackfly breeding sites may be destroyed but
new breeding sites may be created at the spill-
way.

If the spillway is constructed of undressed
stone then blackfly breeding is likely,

If the spillway is vertical or overhung or si-
phoned then blackflies are deterred.

If the spillway flow is interrupted for at feast
1 day in 7 by using twin spillways then blackfly
breeding is unlikely.

If continuous discharge from a reservoir
scours the strcam bed then new blackfly
breeding sites may be created downstream.

If blackflies disrupt dam construction then
larvicide should be applied upto 20km up-
and down-stream during periods of rising and
falling flood.

If the water level of a reservoir can be varied
then the breeding of mosquitoes and snatls
can be reduced (but fluctuating water levels
favour some species of mosquito),

If a veservoir 15 deep then mosquitoes and
snails will be deterred (they rarely occur in
lakes and large ponds, except at shallow maz-
gins).

If land can be cleared before it is flooded then
breeding sites may be much reduced (because
there is more exposure to wave action).

If complete land clearance is too costly then
clearance should be restricted to the vicinity
of human babitation or water margins (clear-
ance should extend above the projected
shore-line).

I land is flooded then wild rodent popula-
tions are displaced and may be brought into
closer contact with human communities. .

H a dam is constructed for hydroelectricity
generation then its water may not be available
for irrigation when it is most required and
water level variation is likely to be unpre-
dictable.

If a dam is constructed without adequate
vegetation elearance then rotting organic ma-
terial will pollute downstream water and
make it unsuitable for domestic use.

If habstations adjacent to water margins are
sited facing prevailing on-shore winds then
wave action renders the margin unsuitable for
vector breeding,

If Jand is newly flooded then old mosquito
breeding sites are flushed out but new breed-
ing sites are eventually created (50 mosquito
abundance may initially fall before rising to
new Jevels).

Biotic

Vegetation on site

1f the banks of water courses are covered in
vegetation then water flow rates arc reduced
and refuges provided for mosquitoes and
snails.

1f watcr is shaded or party shaded by vegeta-
tion then certain mosquito species will be
attracted {eg: An. minimus in Asia and 4n.
finestus in Africa).

If water is not shaded then certain mosquito
species will be attracted {cg: An. gambiae in
Africa).

If there is tropical rain forest vegetation and
shaded or partly shaded margins of forest
pools and streams then Arepheles mosqui-
foes should be abundant,

Iftropical rain forest is clear felied then shade
breeding species are eliminated {but soil ero-
sion and loss of resources accurs),

if tropical rain forest is sclectivély felled then
disturhance of the ground creates additional
brecding sites.

If crop production simplifies the vegetation
environment then more dangerous vector and
snail species may be encouraged,

If emergent or floating vegetation grows in
deep watcr then vector breeding sites are
created, (Mansonia mosquito larvac only
breed in association with reoted or floating
vegetation, especially Eichhomia, Pistia and
Salvinia).

Farming systems

If axen arc replaced by tractors then mosqui
toes which were feeding on oxen may be
forced to bite people {a resurgence of malaria
in Guyana was attributed to this factor).

If water buffaloes are replaced by Lractors in
arice production system thon removal of their
bathing pools may affeet dry season vector
density.

Ifagricultural insecticides are used on a large
scale then vectors may develop resistance to
a wide range of inseeticides (cg; An, sinensis
in China, An. sacharovi in Turkey and An.
albimantes in Central Awmerica).

Rodent fauna

If an irrigation scheme is under development
then rodent species which are closely associ-
ated with human settlements and are poten-
tial diseasc rcservoirs will increase in
abundance {eg: at Hola in Kenya abundance
increased 10-50 times).

1f an irrigation project raiscs the water table
then rodents such as gerbils may become less
abundant but associated sandflies may
become more abundant {eg: a reservoir of
cutaneous leishmaniasis which affected con-
struction workers in Uzbekistan).

If previously unpopulated areas are settled
then inercascd human contact with wild fauna
may promote Z0ODOSEs.

Ifland is ploughed then colonial redents such
as £ obesus and R, opimus are climinated but
secondary reservoirs of leishmaniasis such as
Meriones spp. may become more ahundant.

1f fodder crops are irrigated and it is a semi-
arid region then rodents may increase in
abundance,

If the species of vegetation provide natural
water containers then mosquitoes will breed
in them {cg: Bromeliads including pincap-
ples; bananas; bamboo; Colocacia and rotting
trec stumps),

If therc is halophyticl vegetation then there
may be resecvoir hosts of leishmaniasis {cg:
the rodent Psemmomys cbesus).

Bird fauna

If wild ardeid birds such as herons are at-
tracted to an irrigation project then there is a
risk of arbovirus transmission such as
Japanesc encephalitis.

Aquatic and terrestrial succession

Ifland or water s cleared of vegetation during

the construction process then an ordezly pro-

cess of vegetational succession {regrowth)
will ocour,

if there is succession then vegetation will in-
crease in size, density, cover and shade zrea
(each phase in the succession will favour dif.
ferent species of animals, including vectors
and their natural enemies),

If there are dense stands of vegetation then
there are relatively humid resting places
which are favoured by vectors,

Rice cultivation

If human settlcments are close te rice Gelds
than high rates of mosquito-borne disease
may oceury,

Ifabelt of dryland crops is cstablished around
a village then people are protected from rice-
ficld breeding mosquitocs.

If paddy rice has been transplanted and is bess
than 75cm tali then malaria mosquitoes which
prefer sunlit water will breed (cg:.An. arabien-
5i5 in Africa, An, freeborni and An, albirmanis
in Central America).

If the paddy rice is taller than 75cm then
shade loving malaria mosquitoes will breed
(eg: An. funestug in Africa, An. umbrosus in
$.E. Asia,4n. punctimaculata in 8. America).

If insecticides arc used to kill rice pests and
they kill aquatic predators then abundant
mosquito breeding may result (eg: wse of
Dimecron at Ahero in Kenya).

If old plant debris is allowed to rot in newly
flooded rice felds then mosquite breeding
may be promoted {eg; C. tritaeniorhynchus in
Sarawak). -

I rice is planted in trenches through which
water {lows then mosquite breeding may be
preveated (cg: An. pseudopunctipennis in
Mexico).

Large fauna

Ifasettlement is planned and the set.tlcrs keep
domestic animals then hygicnic animal pens
should be included in the settlcment design.

If domestic animals are penned between
human communities and mosquito breeding
sites then mosquito vectors may bite the anl-
mals instead of the people and diseasc trans-
roission is reduced.

Table 4-4 cont

Aquatic fauna

If natural predators such as dragonfly nymphs
and fish are numerous then they will contrib-
ute to the control of vectors.

Ifnatural predators are contribating to vector
control then they should be protectcd by care-
ful choice of vector control measures such as
insecticide and application schedule.

If certain fish arc introduced into irrigation
schemes thea they can contribute to the con-
trol of vectors.

If isheries are drained or rotated periodically
then schistosomiasis hazards may be reduced.

Source: Birley 1992




Demographic and socio-cultural factors

Settlements

If there is inadequate provision for mainten-
ance then piped water supplies and vllage
pumps will be unreliable.

If the water supply is unreliable then water
wilibe stored in the home (see water scarcity).

Ef water sources are far from the home then
water will be stored in the home,

If water points arc fitted with self-closing taps
or handpumps then excess water discharge
will be avoided,

If water supply and sanitation facilities are
communal then there may be ne incentive to
maintaio them properly.

If domestic wastc watcr is not disposed of
properly then vector and soail breeding sites
are created.

1f therc are septic pools or surface grey water
draipage or poorly maiatained latrines then
the mosquito veetor of lymphatic flariasis
may (lourish,

If houses are designed to preveat mosquita
ingress then much poteatial disease trans-
mission ean be avoided,

Ifhouse construction materials are absorbent
then residval insecticide sprays will be less
effective.

If scttlements are sited 2km from swarnps and
forest margins then they arc outside the flight
range of most mosquitoes.

If settlements are sited far from agricultural
zoncs thea watchmen will bo rcquired to
deter theft.
If there are locally breeding blackflies in a
savannah or forest habitat then settlements
should be sited at least 10km from the river,

T adry-crop zooe is sited around a settlement
then contact with vectars which breed in irrig-
ated sites is reduced,

If eultivation sites are far from permanent
settiements then temporary scttloments with-
out propet sanitation will develop there,

Water contact

If small children bathe in irrigation systems
where there are snails then schistosomiasis
transmission will be intense,

If the climate is hat then the desire to bathe
will outweigh any health education.

1f snail-frec bathing areas are provided and
they are morc convenient 10 use and their use
is promated by health education then schisto-
somiasis transmission can be reduced.

1f bathing areas are sited in the centre of the
village and they arc closer to the home than
irrigation canals then they are morc likely to
be used.

Ifbathing arcas are o be kept free [rom soails
then they should be refilled periodically and
treated with molluseicide.

1F the usc of wateF sources near scitiements is
deterred by fcacing, culverts, bridges and
steep-sided canals then water contact is rc-
duced.

If the daily cycle of water-related activities
coincides with peak cercarial densities {the
peaks are often during the middle of the day)
then the risk of schistosomiasis infection is
intensificd.

If the seasonal cycle of activity (such as farm-
ing or fishing) coincides with peaks of vector
or cercerial densiry Lhen the risk of disease
Lransmission is intensified,

" Ifa susceptible community are trenslocated

Susceptibility o infection

I the demographic characteristics of the
population are known then potential discase
problems can be forecast with greater preci-
sion.,

If a pew settiement is developed then these
will be more young fertile women and young
children than in the rest of the population.

1f there is a large population of children then
schistosomiasis transmission is particularly
favoured,

If future settless are sercened for parasitic
disease then the chances of introducing new
strains of parasites can be reduced.

If future settlers are screcned on arrival,
rather than at their place of origin, then
anxiety, cvasion and corruption may be re-
duced.

If the community has a high frequency of
¢certain blood types such as hacmoglobin 8
positive or Duffy group acgative then malaria
infections will be less severe.

1€ thc population is largely immune to malaria
then children and immigrangs will be the main
groups to suffer clinical illness,

If a labour force is assembled then the
epidemic potential s increased.

toa rogion with Japaness encophalitis and pig
production is encouraged near Lo irrigation
systems or rescrvoirs then there is a potential
hazard of an epidemic (this has happened in
Sri Lanka),

[fuse of animalarial drugs is widespread then

tesults of parasitc surveys can be misleading.

If immigrants have no previous exposure to
filariasis then clinical symptoms should be
expected sooner than in communitics from
endemic areas {wilhin 2 years in Indonesia),

If ccopomic activities force certain people 1o
expose themselves to the risk of isfection then
their health should be carefully movitored.

Vector contact

1f mosquito nets and sereens are badly main-
taincd then they are not effective.

If the climate is hot, humid and windless then
mosquilo nets and screcns arc unbearable.

If the farms are within 15km of a blackily
breeding site then farm workers will be bitten,

If a vector is Jargely confiued to feeding on
animals and it is not very abundant then it
does not pose a major health hazard.

1f a bitiog inseet cannot support development
of parasitc then it may be a nuisanee but it is
not a health hazard,

If there are no local blacklly breeding then
seasonal migration of potentially infected
blackfly may cause a hazard within at least
1.5km of the river bank, .

Soclal categories

If these are large groups of construction wor-
kersthen uptolentimes as many spontancous
immigrants may be atiracted informally to
provide goods and services.

If communities are displaced then they may
be exposed te hazards to which they bave no
prior cxpericnce.

Customs

Ifrights to use a watcr source are traditionally

" vested In differeny interest groups then devel-
ominent of the watcr source may produes in-
tergroup conflicts leading to the destruction
of the project,

1f anal cleansiog customs involve wiping and
a waste disposal system Is designed which
assumes washing then wiping materials may
block the system,

Table 4-5
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Annex 2

CHECKLIST OF MAJOR STEPS
FOR THE PREVENTION AND CONTROL

OF YECTORBORNE DISEASES AT EACH PHASE
OF WATER RESOURCES DEVELOPMENT PROJECTS

{4)
%)

(c)

@
©

)]
(g)

"

)
)

(k)
n

Planning phase

{1) Review of existing information on heailth and refated subjects

Epidemiology: morbidity and mortality rates, geographical
distribution, vector ecology.

Health and medical services: facilities, stafl, special projects
and programmes; degree of development, capacity and
coverage.

Human population and its characteristics: agricultural,
migrant, nomadic, etc.; population growth, importance of
migratory movement, displacement within the project area,
Cattle: numbers and economic imporlance, prevalent
diseases. -

Community and housing patterns: location, design,
construction materials.

Water supply, excreta and wastes disposal facilities,
Climatic patterns; temperature, rainfall, humidity, wind,
efc,

Water: surface water and groundwater, quality, pollution,
abundance and seasonal varation, floods and droughts,
seasonal variation in temperature.

Soil: physical and chemical characteristics, including
permeability, stability, salt content, etc,

Natural and cultivated aquatic and land vegetation;
domestic and wild animals.

Economy: national and }ocal, sources and levels of income,
Topographical maps: contour lines, roads, villages, etc., of
the region and the watershed, design plans of proposed
project, etc.

T (2} Surveys: To check existing information or fill in gaps in

knowledge; assessment and collection of basic data by
specialists

{ay

(0}

{e)
)

(e)

()
(h)
0]

Detailed epidemiology of major existing diseases and
biology and ecology of principal vectors.

Health and medical services, discase and vector control
programmes and activities, evaluation of effectiveness and
TESOUTCES,

Human and cattle movement: migratory currents, their
origin and paths.

Sanitation: actual and potential sources of water supply,
investigation of groundwater sources, actual and potential
sources and toutes of pollution, practices involving water
contact, and methods of excreta disposal, cattle watering
and manure disposal,

Existing and proposed agricultural crops and practices:
irrigation methods, suitable crops, rotation in cultivation
and irrigation, use of pesticides and fertilizers, their kind
and amount.

Local economy: present status and prospecis for future
development. :

Sociocultural patterns; present level and possible disturb-
ance produced by the project. )

Engineering and operational reconnaissance ahd mapping
for ecological, hydrological, and geological or soit studies.
Contact with agencies aperating in the project area, their
type of activities and possibility of assistance and coordi-
nation,

Pecision-making lor the prevention and control of diseases

(a)

(%)
(<)

(d)

(e

7))
(&)

(h}
{f)

Review of project proposals and preliminary designs and
options.” '

Identification of existing health problems.

Prediction of possible future problems and of their health
effects, "

Determination of the importance and extent of actual and
potential health problems to establish an order of priority
in prevention and control operations. -

Feasibility studies of control measures, including cost-efTec-
tiveness and cost-benefit analyses. :

Setection of village sites and types of water supply and
excreta disposal installations,

Selection of methods of vector and disease control and
estimates of manpower and organizational requirements.
Organization of field trials and pilot projects.

Settlement of displaced and immigrant population and
estimates for the provision of water supply, sanitation and
other health facilities. :

Table 4-6

Design phase

(1) Establishment of design criteria to minimize health hazards and
to achieve the objectives of the health programme.

{2} Evaluation of preliminary project designs and alternatives,

{3} Establishment of proposed practices of water-system manage-
ment and their effects on vector habitats.

{4) Preliminary design and options for canal lining overpasses and
other health structures.

{5) Final detailed design of works in the reservoir
{a} Shoreline modification and improvement.
{b) Clearance and disposal of trees and brush, of man-made
structures and fences.
(c) Relocation of roads, villages, cemeteries, shrines, etc,
(d) Discharge structures sized lor water-level regulation and
downstream flushing,
(6) Final detailed design of works in irrigation schemes

(a) Equalizing reservoirs and night-storage ponds, when
necessary.

(&) Canals and drains.

(€) Regulating structures, gates, sluices, etc., and distributing
chambers.

(d) On-farm water use.

(e) Groundwzter use and control.

(f} Potential for incorporating domestic water supply.

(7) Final detailed design of measures and works in communities

{a) Selection of sites for new communities distant from water
sSources.

(b) Provision of safe, adequate and convenient water supply
and sewage disposal systems.

(¢) Recreation: provision of safe ponds as alternative to
infected water bodies, sports grounds, ete.

(d) Other protective measures, .such as house-screening,
surface-water drajnage, general sanitation, and public
laundry installations.

(8) Provisions for maintenance activities and their financing.

(%) Environmental mﬁnagement

{@) Regulating structures for measurement and control of water
discharge and velocity. :
(b} Gates required for rapid drying and fushing of irrigation
subsystems,
(¢} Adjustment of water salinity in coastal breeding:-sites through
the installation and operation of gates.
() Water-level regulation in small reservoirs by means of
automatic siphon spillways.
() Safe crossings and bridges over canals and dxains.
(/) Lining of canals and drains, clsed or subsurface
conduits,

(10} Enhancement and simplification of chemical and biclogicai
control

(a) Design of dispensers for chemical application attached to
or incorporated into regulating structures, metal rakes and
screens against snails.

{b) Access roads and paths for surveillance and spraying, clear
water lanes and landings flor boats.

{11) Health education of the public and development ol community
participation.

{12) I—ieallh {acilities: dispensaries and hospitals.

Source: WHO 1980




Construction phase Table 4-6 con
(1) Health protection of the construction labour force. |

(2) Special facilities for disease control and treatment at the
construction site.

(3) Adequate housing and sanitary facilities for construction
workers and their families.

(4) Surveillance of infections in importéd manpower and local
population.

(5) Mon_itor_ing, vaccination, treatment of local population -and
elimination and control of endemic diseases, especially those
with potential for intensification with project operation.

(6) Envir«_)nmental protection, erosion, spillage, air and water
poliution, disposal of wastes, aesthetic alterations, etc.

() Inspection to ensure that construction is carried out according to
health designs.

(8) Health education of the public and development of community
participation.
Operations phase

() A_llocation of funds, assignment of staff and implementation of
disease control programmes.

(2) Surveillance, screening and treatment of infected persons.

&)} Establi_shment of rule curves and schedules for the control of
mosquitos, snails, Mies, weeds, etc.

(4) Establishment of practices and schedules for water-level
regulation.

(5) Maintenance and modernization of structures and other

works.

(6) Application of chemical and biological methods for vector and
weed control.

(7) Drainage of all water collections around the reservoir.
(8) Prevention and correction of excessive seepage.

(9} On-farm water management.

improvement and devejopment of

(10) Operation, maintenance,
disposal  systems, general

water supply and sewage
sanitation.

(11) Health education of the public and development of community
participation.

pattefn changes, efficacy of

(12) Evaluation of vector and disease
plementation of amendments

control programmes, study and im
or alterations to improve results.

(13} Preparation of periodic and special reports for information

purposes.

B L T .Annex.3 : . A ey e .
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LIST OF ENVIROMMENTAL MANAGEMENT MEASURES WHICH BAVE PROVED TO BE USEFUL '
TN THE PREVENTION AND CONTROL OF MALARIA AND SCEISTOSOMIASIS '

o - AT 1 -
PRI T, R TR S

TR

The following environmental management measures have been applied for the prevention aund
coatrol of malaria and schistosomiasis. They serve to create conditions unfavourable to the’
breeding and propagation of vectors and jntermediate hosts, to reduce opportunities for mam/
mosquito comtact or man/cercaria-infested water coatact, and to assist in the application of
{nsecticides and molluscicides. Although specifically addressed to water resources develop~
ment projec:s,'the_ﬁeasures are equally applicable to other situations, ., .

The letzers (M) or (§) indicate that the measure is particularly applicaglé';o malatia or
schistosomiasis control respectively. No indication is given where the measure is equally
applicable to the control of both diseases. . . : yoo

During the design and construction phases

In reservoirs and surrounding areas

¢ +1, : Removal of all trees, bushes and other plants that would emerge at maximum drawdown
water level of the reservoir. :

. 2. Selective clearing of vegetaticn in the zome of water level fluctuation aboutc 3 m
- beyond the mormal full reservoir comtour at heads of bights for stranding of drifcs
{see subchapter IIIA), and much further on open shorelines.

3. Straightening of margins through cutting, deepening and filling of the reservoir edge.

4, construction of dikes and levees to separate shallow bays from the reservoir amd
dewatering of the low areas behiad the dikes by the operation of gates, so that the
water flows by gravity whea the reservoir iz at low level or by pumping. Dewatering

+ of ;runoff; from drainage areas behind the dikes. . ., T wa . .
-t%.:.5. Removal of earth from higher areas that would protrude as small islands at maximum
dravdown vater level of the reservoir., . ..; ... . .. ., - o

.: 6. Filling.of nmatural or man-made depressions iz the vicinity of the reservoir, or
drainiag of these depressions by ditches leading to the reservoir.

v<s 7. Provision in the dam design for the periodic fluctuation of water level. Large size
crest gates (Tainter gates).

§. Paving or lining of spillways and diversion channels where they are exposed ro wave
(it} .-, action and erosion. . ) - ‘

B T T L oeL ot ety - O TR P S
9. Use of waterproof membranes of clayey or plastic material at the base and 'surroundings
szl +7 .~ of the dam to reduce water seepage, and provision pgld;ainage for possible seepage

water.

10. Building of boat operating basés, either by the construction of jetties or by the
digging of small channels for the docking of boats., Ramps for launching of boats.

11. Provision of paths and other means of access to the reservoir edg
olearance and pesticide application. ) _ y
R R o vt T Dome v T

(s)1z. Extension into the’ reservoir of the drawout structure o
is not taken from the edge. . ]

v
et

: L S SRNRP PR P

(:'5‘313'."-;S‘?:r'eeﬁing"'éf" intakes to prevent the passage of smails. .= % s L0
MBI TR T el T e S S el 3 i i to
(S)14. Locating intakes of large lakes and Tese

zone, where sunshine does not penetrate, there should be no snails.

(s)15. Fencing of the reservoir in the vi
. the reservoir. )

. '
* N : . R . .

Source: WHO 1982

e for vegetation

r outlet conduit so that water

3T

rvoirs below the euphotic zone. Below t}_:,is

cinity of villages to discourage people from using *

Table 4-7
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Table 4-7 co

In irrigation systems

5. .

'8, Paving ‘or lining of canals as extensively as possible;

10, Provision o

taterals and sublaterals to follow straight lines with the

1. Design of main canals, any necéssary bends should be of ‘ample curvature.

minimum number of bends;

2 - i v itd that prevent
D n of canal grad:l.ents and cross—sections to ensure water veloeities P .
. esig

both silting and scouring. *

. (
3 Design of canmal grids without interconmexions so that water enters at the head (or
«
spper) end and flows in one direction only.

ce at the tail (or "lower) end

other water control devi :
4., Provision of & gacty e e nearest drain when necessary.

of canals so that they can be flushed and emptied to th

- i rface and
Provision of an effective drainage system to collect and dispose of su ‘

ground surplus water. '

] Y = . . d b
6. Elmlnatlon Of dlsused Canals a'nd drains ] a'nd Of natural streams 1ntE.rCEP te b the
. A

" new system . . .

7. TFilling or draining of borrow pits along canals and roads. Land 1EVEI11“3'

this is an erlgatlon improve-
L

ment as well as an effective health protection measure.

15tr1but10n
' Consideration in the de51gn to using covered conduits or plpes for water d
onsi er
> to cultivated plots and for surplus water drainage.

are not
f a sufficient mumber of bridges across canals so that the villages

nd the
lated from the main roads; this will also help the maintenance work a
isola

appllcatlon of insecticides and mollusc1c1des.

. |
P t ctlon Df the Caﬂal Sectlon at the entrance and exlt Of Cul erts ’ .‘ps N Chutes
1 1 . TOotEe v dro
control St uccures, etc. agalﬂst Scourlng that may form depresslons . » P

and restricion
"dry belting" areas around villages, and land oceupancy T

'Ié.‘lbegignatien of -

measures.

A.-

fe
.

tmls i r'water from the catchment area to the ;eservo1r.

Table 4-7 cont.

During the maintenance and operation phases
5

LJJ:&QE,.i S T PP

In reservoirs and surround;ng areas

R N ce ! '3

1. Clearlng of submerged, emerging and floating vegetation to keep a bare zone of water
level fluctuation and a clean shoreline. .

2. Dredging of the reservoir margin to aeepen it and produce steeper slopes.
3. Repair of dikes and.levees to keep them in proper condition.

4. Filling or draining of natural and man-made ground depressions of recent formation ot
- those that were unnotlced at the time of construction.

-._.n-'....." tay B - ¢

5. Stralghtenrng of courses and rectification of grad1ents of natural streams conveying
q crn das -.;-:-.:-‘" cw

waybaliae o -.\"r oy e ' Tl ‘f'-‘ B . iy > ,(. o i

6. Provision of proper management for the punctual operatlon of water level fluctuatlon.
R T R A : .t

7. Repair of spillways, dlver51on channels and other structures scoured by water, and
paving of the damaged sections.

' - L H

e T KN . . .
8. Repair of drains that collect and convey the seepage water coming frcm the dam or
other structures. .

(8} 9. Repair of grlds and screens at the intake structures or suction plpes.

. ] z
{(5)10., Fencing of the reservoir may be advisable when the communztles have been prov1ded
I Hlth & PYOper water supply.,_ ' 7_’f_"" - ] B
. e R . - N L T . :‘:'-_,; e Loon, . 4 . ‘-‘%-'~'-' OIS it

,11. Repalr of roads and paths of access to the reserv01r edge.

Wb ak F ol b - ey . PR RN

B. In'irrigation 3ystems = - . g ST

1. Dredging of canals and drains to bring them back to their original dimensions and
correct gradients, reshaping of cross-sections, and £illing of bed depressions that
may retaln water when empty.

2. Frequent clearlng of vegetation to ensure that the canals and drains are free from
aquatlc plants, weeds, etc.

3. Avoidance of the use of canals for night storage. - R SiTing

¥4, Repair 6f ccntrol'struCturea'and ghtea to-ensure their proper functioning. -5  -3{(&
. - . e e e . L __...:- H
5. Repair of culverts, siphoms and br1dges, and filling of bed depressicns formed by
scouring at their entrances and exits, ” :

-

6. Effective control of water quantlty at the intake of the 1rrlgatlon rteservoir and at
the gates to prevent over-lrrlgatlon. - TN

7. Levelling and grading of cultivated land, particularly where it is exposed to
flooding, or provision of drainage when levelling and grading is tco extenslve.

8. Gradual lining of canals, starting in the sections most exposed to scouring and those
vhere seepage losses are greatest,

;9. Gradual transformatiom of open channels to covered conduits and pipes, starting in
the sublaterals and feeding canals. Promotion of subsurface drainage.

10. Gradual improvement of irrigation practices and methods (intermittent irrigation,
localized sprinkler irrigation, etec.); gradual improvement in agrlcultural practices?}

(M)11. Restriction of land use to daytime work in order to reduce the opportunxtles for -

moaquito biting. . ISP L S |

12. Periodic flushing of canals amd drains. .
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Tahle 8.2 Properdics of some molluscicides (Source: WHO 1965; 3973; 1984¢: 1983)

Table 4-g

N-trilyl- Nub (P
Churacleristics Niclosamide morpholine (Seditm pento- Yurimin Copper sulfate Nicotinanilide
(Bayluscidc) (Trifenntorph) chlorophenite)
Physical properties
- Form of nutcrisk Crystalline Crystailine Crystalline Crystalline Crystalline solid Crystalline solid
solid solid solid solid
-- Solubility in wuter Domegfi very low 300 mgA Very low Img: 7
Toxicity
~ Snail LCyg (mg/1-h)* 3-8 0.5-4 20-100 4-5 20-100 5
- Snaiicges LCy)* 4 240 3-30 SG-100 20-50
— Cercaria LCyp {mg/fl} 0.3 NoelTect - .- _ b
- Fish LCga{mg/1) 0,05.0.3 2-4 - 0.16-0.83 - >30
Stability (afTected by)
- U.V. light No No Yes No -
- Mud, furbidity Yes No Mo Yes _
Formulations 0% W.P. 16,5% E.C. 75% Flakes 5% Granules 980 pike N yel
5% EC 4% granules 80% Pelicts Peatahydrate formulated
80% Driquettes crystals
Ficld dosage
— Aquatic snails {mg/1-h)* 4-3 1-2 50-80 1 20-30 7
- Amphibious snails on
moist soil (g,l‘mz) 0.2 - 0.4-10 5 InefTective ?
. (mg/1-h} indicates that the figures given are (he product of the concentration and the number of hours of exposure
LC  Lethal concentration
LD Lethaldose
W.I. Weitable powder
E.C.  Emulsifiakle concentrale
Source: Qomen et al 1990
Table 8.3 Comparisun oF molluscicide program essis Tor ten schistosumiasis vonteal prijects
C’ﬂunt.ry P%JERTO RICO ST LUCEA BRAZIL LEGYPT IRAN TANZANIA
Locality Vieques Palilkus Guayama Cul de Sue San el Tuqua- Kum Dz Misungwi
Arroyoe Lourence Horizonte ezl Birka Seleine
Hydrolopy i* i aned i tandii i i iund i it i it i
Annual rainfalt rcm)_' 115 179 140 230 150 i60 S0 ki kY o
Controtked area (kin™) 130 132 07 18 30 00 25 52 220 100
Popuiation §.400 17,100 47.000 6.000 4.380 20.000 1,500 17,000 18,000 4,300
Annual valume of spail
habit treuted (m”) 65,000 19,000 E06 400 §82,000 80,000 Jy,000 15,000 1,354,000 500,000 204,000
Hﬂhi[al]\'l.‘llu_l,ﬂl: per surfuce
aren (m”/km*y 500 T 514 16,800 000 195 6,000 16,000 ] 2.000
Population dfllsily
{persons;km™) . 64 140 227 13 54 100 600 330 %] 43
Habitat volurne per person {m"'} T8 5.2 23 30 18.5 20 i 8O 2 46
Molluscicide NuPCP NuaPCP NabPCP Niclo- Niclo- Niclo- Niclo- NaPCP Niclo- Niclo-
simide sumide _ sumide samide +Niclo-  samide samide
. . samide
Cont period {yeurs) ) 10 7 | 8] 10 4 5 ! 1 1
Cutrency uss uss uss UsS USE uss USs Egypt Us$ 5hT
paund
Totwl cost fml’pmgmm 63,600 60,380 K2uR 33500 6800 R} 6,800 1,0 17,000 angon
Base year for costs 1960 1960 tuss 1972 1972 963 1968 1963 1972 1972
Annual cost in (972 U§S 13,000 17.000 20,000 25000 J000 {1,000 1,500 58,600 17,000 4,178
Annual cost per H)ﬂjm‘ treated il ] '] 3] 17 40 k) H) 1.40 340 AL
Annual cost per ki~ 100 139 97 1,700 Ao 50 600 1,130 77 42
Annual cost per person 1.50 1.00 043 +4.00 740 0.50 .70 345 0394 0,75
Program gust breakdown
Labuur 05" 6"y sty LT Rl Mty %% h%
Moltoscicide Ay 0y (1 124 [ 1% U5 L AU 1y%% 5%
Transport und cquipment T 6% 5% 15% HY% 2%
Supervisien 2% 16" 4%, 4%
Others AL 1 Koty [T hLH 1 T5%

*; Natural drainage systems, comprising small stecams, powls, or siall water collections (either natural or mhtt-nkide), seepages and marshy srens

ii freigution systenss

Source: Qomen et al. 1990

Table 4-10
Table 4.1 Epidemiological variables for monitoring and evaluating the integruted control of vector-borne diseases
CONTROL METHODS EPIDEMIOLOGICAL YARIABLES
Breeding Larvaef  Adull Yector Man- Water I’npu- :'/u % Mortality
habitat pupic vectors survival  biting contacl lation infected  discased
density rate coverage
ificati X X X
Environmenial modification X X X x x x
Environmental manipulation X X x {x) . : x x
Residual insecticides control x X X ' : x
Non-residual biochemica! contro! X X X : x x
Biolegical control X X 3 ] . x x X
Reduction man-vector contact x x X x x
Prophylaxisf/immunizition X x X :
Treatmenl
i H1l
Corresponding type of EVALUATION {{and ID)

Source: Qomen et al. 1990

Table 5.2 Classification of the most common potential breeding places in Zone 2, System C Table 4-11
Category Description Index
A Large bodics of fresh water I Uthitiya Reservoir, buller reservoirs, large borrow pits, wa-
in [ull or partial sunfight terlogged pools behind bunds of distributary channels con-
Floating or emergen! vepe- structed in [ill, large natural surface depressions.
tation, especially near edges 2 Marshes
B Small watercollections, stag- Marginal pockets along irrigution canals semi-permanent
nant and often muddy, but rain pools in natural or man-made surface depressions (e.g.
not polluted, full to partial in betwecn road and canal bund), seepage pools behind
sunlight buffer reservoir or canal bund, old borrow pits, clogged
1 Vegelalion present: drainage ditches
scalicred or at fringes 2 Recenl borrow pits, rock pools on excavalion sites, now
2 Vepelation absent road ditches, wheel ruts, foot or hoof prints, rainwater
pools
C Marshy patehes, often pol- | Seepage pondsfdepressions along irrigation canals con-
futed with organic matler; structed in il, poorly drained shallow but extensive surlace
mostly abuadant vegetation depressions
(oily monolayers, iron-col- 2 Roads saturated with water from overtopped field channels
oured waler, smell ol de- bunds
composilion) 3 Muddy broad sections of natural drains where the waterlow
stagnates {mainly in upper parts of intermediate drains).
D Paddy fields 1 Swampy and poorly druined [allow lowland paddy ficlds,
prior to land preparation.
2 Recently tilled fields
3 Fields during seeding {levelied fields, no water
layer, but small shaflow pools)
4 Ficlds during transplanting (levelled ficlds, shallow water
layer)
5 Fields during crop growth
6 Washing pits
E Partially or heavily shaded | Sluggish irrigation drainage streams (slow waterflow from
waler under abundant vege- one pool to another), pools at the interception of drains in
talion distributary channels, ponds.
2 Stagnant pools in spillway drainage beds
F Running water courses, ! Pools in drying stream beds (natural streams or irrigation
clear (resh waler, direct sun- canals), seepage pools [Tom irrigation structures in canal
light beds, pools in stream-croded canal depregsions directly be-
hind dropstructures, turnout strnctures and cross-regulators
2 Trrigation ditches and lowland grassy/weedy ficld-drainage
ditches
3 Small side-pockets along embankments or irrigation canals
{crosion gullics, bund breaches, ctc.)
G Man-made containers | Stilling bastns of irrigation structures {turnouts, cross-regu-
lattors), siit catcher of reservoir spill
2 Wells, cisterns, discarded receptacles, old tyres, gutters

Source: Oomen et al. 1988
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Table 4-12
Pre-irrigation Land- ) Crop Vepelative Harvest Post-
preparation Establishment growth * irrigation
Reservoir AL G] Al; Gl Al Gl Al G1 " ALGI Al:Gl
Main/Branch Canal Fl F3 F3 F3 Fi F1
Level Crossing/Tanks A2 Al:BL; Ci Al: Bl C1 Al;Bl; Cl Al BL; CH A2

Distributary Al;Bl;B2
Channet F3; El

Al;BL;B2
F3;El

Al;Bl; B2
F3;El

AL Gi;
CLFl1

Field Channel Bl;C1;C2

Bi;C1;C2

BL; CL;C2 Cl; F1

Field Ditch ~ F2

F2

F2

Field

D4;D6;D3;Dé

Field Drainage

BL;F2

Natural Stream/Major Drainage

ChE2

El

Domestic Environment G2 G2

G2

G2 G2

G2

Al;Bl;
B2; Cl

Al BL
B2; Cl

Natural Environment

Al;BIL;
B2;Cl

Al; Bl;
B2;Ci

Al; Bl
B2; Cl1

AL Bl
B2:C1

Figure 5.5 Matrix 11, Phases of the irrigation and crop husbandry cycle and locations in the irri

potential breeding places

Irrigation feuture

Source: Qomen et al. 1988

gation area proper and in the remaining area in relation {o

Table 4-13

Hydrology Farm water

Management

Construction Operation

Maintenance

Reservoir Al

Al

Al

Main/Branch Canal

F3

FI.F3

Levet Crossing/Tanks

Bl

Al

Distributory
Channel

Al EL; Gl

Al BIL;B2;,Ct
ELFLF3

Field Channet

Fi

B1; Cl1;
C2; Fl

Field Diteh

F2

Field

Field Drainage

F2; Bt

Natural Stream/
Major Drainage

AL C3El
E2;Fl

C3;El;E2

C3;ELLE!

Domestic Environment

G2

G2

Natural Environment Al BL;C1

"

Bl

« B2 .

B2

Figure 5.6 Matrix I11, Relationship between irrigation feature and breeding place

Source: OQomen et al. 1988
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Tabls 38-1. Lifetime Health Advisory Levels (HAL} for pesticides in drinking water
{USEPA, 1989a, b).

Congentration,

Common and chemical name uglls

Aciftuorfen 1
Sodium 5-[2-chloro-4-itriflucromethyl] phenoxy|-2-nitcobenzoate

Alachlort 0.4
2-Chloro-2%6"diethyl-N-{methoxy methyl) acetanilide

Aldicarb 10
2-Methyl-2{methylthic) propionaldehyde J{methylcarbamoyl) oxime

Ametryn 60
2-{Ethylamino}-4-{isopropylamino)-6{methylthiol-1,3,5-triazine

Ammonium Sulfamate 1500
Ammonium sulfamate

Atrazine 3
2-Chloro-4-ethylamino-6-isopropylamine-1,3,5 triazine

Baygon (Propoxur} 3
2-{1-Methylethoxyiphenyl methylcarbamate

Bentazon 20
3(1-Methylethyl}-151-2,1,3-benzothiodinzin-4 {35 }-one-2,2-dioxide

Bromacil 0
5-Bromo-3-sec-butyl-6-methyluracit

Butylate 700
S-Ethyl diisobutylthiocarbamate

Carbaryl 700
1-Nepthy! methylcarbamate

Carbofuren 40
2,3-Dihydro-2,2-dimethy)-T-benzofuranyl methylcarbamate

Carboxin 700
5,6-Dihydro-2-methyl-N-phenyl-1,4-oxathiin-3-carboxamide

Chloramben 100
3-Amino-2,5 dichlorobenzoic acid

Chlordanet .03

1,2,3,4,5,6,7,8,6-octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene
Chlorothalanilt
Tetrachloroisophthalonitrile

Cyanazine . 10
2-{{4-Chloro-6-fethylamino}-5-triazin-2-yl aminc}-2-methylproprionitrile

Dacthal {DCPA) 3500
Dimethyl tetrachloroteréphthalote

Dalapon 200
2,2-Dichlorepropionic acid

2,4-D ! 70
(2,4-Dichiorophenoxy} acetic acid

DBCPt 0.03
1,2:Dibromo-3-chloropropane

Diazinon 0.6
0,0-Diethy} (-2-isopropyl-6-methylpyrimidin-4-yl phosphorothioate

Dicamba 200
3,6-Dichloro-o-anisic acid

1,2-Dichloropropane 0.6
1,2-Dichloropropane

1,3-Dichloropropene {Telone} 0.2
1,3-Dichloropropene

Dieldrint 0.002

1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,48,5,6,7,8,82-oct shydro-endo-
1,4,-ex0:5,8-dimethanonaphthalene

Table 4-14

Concentration,
Common and chemical name pe/L
Dimethrin 2100
2,4-Dimethylbenzyl-2,2-dimethyl-3(2-methyl propenyl)
cyclopropanecarboxylata
Dinoseb T
2+{sec-Dutylj-4,6-dinitrophenol {alkanolamino salts)
Diphenamid 200
N, N-Dimethyl-2,2-diphenylacetamide
Disulfoton 0.3
0,0-Diethyl S+{2-{ethylthiojethyl| phosphorodithioate
Diuron 10
3-{3,4-Dichlorophenyl}-1,1-dimethylurea
Endothall 140
7-Oxabicyclo-{2,2,1)heptane-2,3-dicarboxylie acid
Endrin 0.3
1,2,3.4,10,10-Hexachloro-6,7-epoxy-1,4,44,5,6,7,8,Ba-0ctahydro-exo-
1,4,-ex0-6,8-dimethanonaphthalene
Ethylene Dibromide {(EDB)t 0.0004
1,2-Dibromeethans
Ethylene Thicureat 0.2
2-Imidazolidinethione
Fenamiphos 2
Ethyl 3-methyl-4-{methylthio) pheny! (1-methylethyl) phosphoramidate
Fluometuron 90
1,1-Dirmethyl-3-{o, w, a-trifluoro-m-tolyl) urea
Fonofos 14
O-Ethyl-S-phenylethylphosphonodithioate
Glyphosate 700
N-{Phosphona-methyl} glycine
Heptachlort 0.008
1,4,5,6,7,8,8-Heptachloro-3a,4,7,Ta-tatrahydro-4, T-methanoindene
Hexachlorobenzene 0.02
Hexachlorobenzene
Hexazinone 200
3-Cyclohexyl-6-{dimethylamino)-1-methyl-1,3,5-triazine
2,4(1H, 3H)-dione
Maleic Hydrazide 3500
1,2-Dihydropyridazine-3,6-dione
Methomyl 200
S-Methyl-N-{imethylcarbamoyljoxy] thioacetimidata
Msthoxychlor 400
1,1,1-Trithloro-2,2-bis{4-methoxyphenyljethane
Methy! Parathion 2
0, 0-Dimethyl-O-4-nitrophenyl phosphorothioate
Metolachlor 100
2-Chlore-N+{2-ethyl-6-methylphenyl-N{2-metboxy-1-methylethyl)
acetamida
Metribuzin 200
4-Amino-6-(1,1-dimathylethyl}-3-methylthio-1,2,4-trinzin-5{4H}-one
Oxamyl 200
S-Methyl N, N dimethyl-N-[methylcarbamoyloxyl)-I-thicoxamimdate
Paraquat 30
1,1-Dimethyl-4,4 “bipyridinium-dichloride
Pentachlorophenol 200
Pentachlorophenol
Picloram DO
4-Amino-3,5,6-trichloropicolinic acid
Prometon 100
2,4-Bis(isopropylamino)-6-methoxy-s-triazine
Pronamide 50
3,5-Dichloro-N(1,1-dimethyl-2-propynyl} benzamlde
Propechlor 90
2.Chloro-N-isopropylacetantlide
Propazine 10
2-Chloro-4,6-bistisopropylamino)-S-tHazine
Propham 100
Laopropy! carbanllate
Simazine 4
2-Chloro-4,6-bislethylamino}-s-triagine
3,4,6-T 70
2,4,5-Trichlorophenoxy-acetic acid
Tebuthiuron 500
N{641,1-dimethylethyl}-1,3,4-thiadiazol-2-yI}-N, N'-dimethylurea
Terbacll 90
3-tert-Butyl-6-chloro-6-methyluracil
Terbufoa 1
S-tert-butylthiomethyl o,0-diethyl phosphorodithicate
2,4,6-TP (Silvex} B0
2-2,4,6-Trichlorophenoxy) propionic acid
Trifluralin 2

o, o, - Triflvore-2,6-dinitro-N,N-dipropyl-p-toluldine

t No HAL established: Lifetime exposura at thls level represents an excess cancer risk

of one in one million,

Source: in Stewart ed, 1990




Amnex | Table 4-15
) able 9~
MATRIX FOR THE STUDY AND ASSESSMENT OF IMPACTS
RESULTING FROM ENVIRONMENTAL MANAGEMENT FOR YECTOR CONTROL
Main proposed actions
f Enviranmental m'odjficatiof\ Environmantal manipulation
) Inman-made | In man-made
in man-mada :
reservaire and other | Courses end tn man-made reservoirs coursasand | Inall types of : Table 27: C
c ther fi and other stifl wat ther ff ater hod : ¢ Crop Manageme i -1
st weaters o ::Bt:::mg er Still waters o :v’al:r‘:mg wi odies . _ i [ 8 nt Methods (Balley and Waddell, 1979) Table &
@ k-] -
% 3 2 P S D A. Crop Management
—-— =] - = = L3
ol e ; w la @ 1; . - 'FI; : > g > EE l- Tlllage
sleE|lelsle E[Z IE |alg| lS|E|8lie 18 [E i5c . Conventional - moldb i
el 8l E |5 3l |Efs |56 8|5 |3 51 [ |8 |%. ) P moldboard plow, disc, harrow
clElE|clsg| |2 (2.ig| 8 8|5 25 8elt o,[8 Timing - fall, spring
E12| % 5158812 Eg Els 2l 3 ?Eg s |slsh . Chisel plowing
£ g9 2 o £ s |85|e . ; .
HEHE HE AEIEHHBE L e Conservacion - minimum, no-till
£ 2 I HERRE % HEIEIR IR E'g R 2.  Crop Sequencing
o o 2 = =Zlm ] .
S| E15| |88 |38(aE|3|La|s|a|L|E2(28138|3e Mone-crop
o I ‘ No-meadow crop
Erosion/silting : : . Relay cropping
Disintegration/dust : Double Cl’Opping
: 3. Seed/Plant Improvement
@ 3 *
2 | Acicityjakatinity . Weather resistance
g — _ : . Salt tolerance
L lon exchange/salinity . : : . Production efficiency
2 | Kerstion : Early or late maturation
A
Microbial content : B. Sail/Water Management
- : i i. Runoff and Erosion Controls
Helminths and insects : : . Contouring
2 Surface flow and seepage Terraces
g : . Cover crops
g :
£ ?6 G:;lg;g\:g;erftowand ; : . Gl:'asaed waterways
2|3 : : . Tile drains
9::- Wa:erqt.xalitv/poitution . Diversions
é’ . | Teees and shrubs Land fon{ung
| % . Row spacing
[] [+] .
2| 8 | Grass andwaeus ) . Harvesting and planting times ‘
5| & : . Moisture Conservation Practic
8] : _ C es (e. fallo i
é "é Aquatic plants Lo 3. Wind Ercsion Controls 8o W cropping)
a | & - ; . . .
f > Cultivated crops - Scrll? cropping
" Barrier rows
g Fish E . Windbreaks
g E Birds €. Nutrient Management
&
% Other animate . : :12. ;‘orml.llatzon, Granular, Liquid
5 ‘ E . pecies le.g., NHy vs. N0y form of N, animal vs -~
3 Irrigation g 3. Amount Applied ’ municipal)
5 - ’ - 4. Application Methodology
= Agriculture o 5. Timing of Application
g
Fisherias
E isl : D. Pest Management
‘5 | Flood control : b 1. Scouting
: : 2. Pesticides
é Land reclamation : o . Aprlication methodology
k . Amo i
E Recteation ; ; l:lnt app11ed. )
g . Timing of application
5 Communications 3. Pest-Resistant Cropﬂ
z 4. Integrated Controls
Cultural assets : 5. Cultural/Mechanical Methods
Aasthetic nssots 6. Biological Controls

Notes on the use of the matrix
The aflects on the environment resulting fron anvironmental managament measures for vector control can be assessed SUbjeTivazl‘jv and zhm;vn )
quantitativaly in this matrix, by using a rating for “magnitude” {the axtent of the affect in space, time, population affected, etc.} and another for A
“importance” [the intensity or the relative seriousnaess of tha affect). ) SOUFCe, Can’cer 1986
1. Rate magnitude and importance batwaen 1 and 10, 1 for the taast and 10 for the greatest Impact. Use a plus sign to indicate a beneficial effect .
and a minus sign for o detrimenta! effect. ’ :
2, Show tha ratings in tha refavant blocks of tha matrix by recording two numbers, separated by e diagonal line, one for the magnitude and ona
for the imporiance of the impact; each pair of numbers should have its ¢wn plus or minus sign. -
2. Actions that offer tha most baneficial effects and the least adverse effects should be prefarred in the choice and design of & control strategy.

Source: WHO 1980




Table 1. Physiclogical processes interesting the crop manipulation for droughts Table 5-2
and water stress resistance: A summary
Processes References
Cell growth, dynamics of cell water {refative wa- Bayer, 1983; Hsiao & Bradford, 1983; Ras.
tes content, water potential, wall dehydration) cio et al, 1987
Cell and tissue turgor; osmofic regulation Radin, 1983; Turner & Busch, 1983,
Stomatal opening Hsiao & Bradford, 1983; Kirkham, 1984;
Planchon, 1987,
Water and Co, exchanges Krieg, 1983a; Rosenberg et al, 1983;
. Shalevet & Hsiao, 1986.
Photosynthesis, protein synthesis Bayer, 1983, Kramer, 1983; Krieg, 1983b;
Pearcy, 1983,
Changes in concentration of growth regulators Austin et al, 1982; Hsiao & Bradford, 1583;
Davies et al, 1987,
Leaf development and leaf senscence patterns Boyer, 1983; XKramer, 1983; Shalevet &
Hsiao, 1986.
Root development patterns Passioura, 1982, 1983; Kramer, 1983;
Jones & 2ur, 1984,
Shoot - root relations Turner, 1986.
Water fluxes : xylem cenductancy “Wenkerl, 1983; Jones & Zur, 1984,
Waler fluxes : leaf water potential kinetics Turner & Burch, 1983; Kirkham, 1984;
Jones, 1985; Lfrens et al, 1987,
Wiler fluxes : capacitance behaviour Wenkert, 1983; Katerji & Hallaire, 1085,
Stand establishment : permination and emes- | Kramer, 1983; Jordan 1983,
gence
Yieid process : flowering, yield potential, fruit/ | Jordan, 1983; Krieg, 1983a.
grain yietd
Source: Pereira 1990
Table 5-3
Table 2. Drought resistance mechanisms and traits for plant breeding
Mechanisms Characteristics/Traits Benalits Ylald atlected | Reversibla
Drought escaps
Rapid phenalogical development Bhort biolegical cyels Lower tolal water demand yes {7) no
Developmental plasticity anching/ﬁller!ng and variation In Lower reductlon in ssed numbers no yes
flower, floret and panicle
Drought avoldance (at high water
polentlaj)
Reduciion of water [osses.
. stumatal_resés!ance {+) Size, number and opening of stomata Less transpiration yes yes
. evapofative surtace { Leat roliing, smaller and fewer teaves, Smaller loss surface end loss radiation yes fimited
" it 0 sanescence abgorved
+  fadiation interception (- Leal pubescanca and leaf orientation Higher reflectivity and legs radiation ] limited
cuticular resistance {+) Thicker and tighter cuticules Lower lranspira:?on, higher resisiance :: ne
N . 1o dissecation
«  epicuticular wax (+) Waxiness Lower transpiration, highar resistance [ no no
. . to dissecation
Maintenance of water extraction,
oot depth and density (+) Mote extensive and intensive rooting Lower root and soil resistances no
fiquid phase conductance {+} More or larger xilemns in roote and Lower fesistances o water fluxes ne @ :g @
stems
Drought tolerance (af low water
potential)
Maintenance of !u{gor
osmotic adjustment Water potential kinelics Decraase osmolic potential in response | no {7} yas -
. . 1o slress
cellul?r elaslicity (-} Cell membranes Large changss in voluma ne ?
» cellsize Cell size incraased bound water fraction {in celi | yes limited
. wall)
Tl_ssua water capacitance Favourable water potantial Kinetics Ability to maintain the dafly water no ne
Dissacation toleranca Protoplasmic and choroplast balance no (7} 7
conditions Maintaining photosynthslic activity ne yas

Accumulation of solutes

Praline, abseissic acid, ethylene,
betaine

Regulation ef senescence and
absiclssion

Adapted from Hsiao {1982}, Turner {1982; 1886}, Jordan et al. (1983},

Clarke {1987), Marshall (1887) and Monyl {1087},

Source: Pereira 1990

Table 5-4
Table 4. Soil management techniques, benefits and effectiveness for fimiting drought and water stress impacts
Sail management techniques Benedits Effecliveness | References
Water retention on the soll surface/runoff control
. Tilage/soli cultivation with surface roughness Storage of rainfalt excess in micro depressions; | Varlable Unger & Stewart, 1983,
increased tima for inflitration
. Loosening tillage Increased porosity, higher infiliration and so3l Variable Unger & Stewart, 1983,
water retention
. Contour and graded furrows Runcff and erosion control, increased infiltration | High Ungar & Stewarl, 1983.
. Conservation tillage, mulching Increased infiltration, lower soil and water losses | High Sajka et al, 1984; Gritlith
et al, 1926
. Furrow dikes Runoft control and increased infiltration High
. Bed surface profile Idem Limited/high | Spoor et al, 1987.
Water yleld and water spreading and Infiltration
{arid tands)
Microwatershads combined with vertical mulches Runoff from one area to ba infiltrated in the Limited Unger & Stewarl, 1983.
cropped one
Water harvesting, runol farming and water spreading Maximize runol to be utilized in tha cropped Umited Baers et al, 1986;
area Sharma, 1986,
~
Water Infiltration and soll storage volume . .
Organic matier for improving aggregation Stability of aggregates and increased infiitration | Limited Unger et al, 1981,
Chemicals for aggsegates Idem Economic Unger & Stewarl, 1983,
. ! mits
Soll foosening of subsoifing for fragipans, hardpans and Increased water penatration and soil depth Variable Unger et al, 1981; Relcosky,
plowpans axplorable by roots 1983; Spoor et al, 1987,
Deep tillage/profile modification in presence of clay idem Varlable Unger ef al, 198%; Relcosky,
horizons . . ; { f
o Increased Infiltration and availabla soil water High :1?31?11220?;;1""1;8??
Chemical and physical traatments of salt-aHected solls Higher organic matter, betier aggregation, Variable Loomis ‘1983 '
Crop rotations Including grasses and fegumes increased infiltration !
Soil management techniques Benelits Effectiveness | References
Mulches, crop residues Sail protection, higher infiltration reduced Very high Larson et al, 1983; Saojka et a
erosion 1964, Griffith et al, 1938,
Traffic control Decrease compaction, Improve water High Reicosky, 1983; Spoor et al,
penetration 1987,
Water retention In the soll profile
Deep soil reatments Deeper roots and waler storage volume High Unger ot al, 1981; Reicosky,
983,
Adding fine materials 10 sandy/coarse soils Increase water retention Economic Unger et af, 1981,
limits
Mixing fine and coarse horizons increase water refention Variable Unger & Stewan, 1983,
Asphalt bastiers in sandy soils Decrease deep parcolation Economic Unger et al, 1981,
’ limits
Compacting sandy soils Slowing water penetration Interesting Agrawal et al, 1987,
Mulches Decrease of soil evaporation Variable De et al, 1983; Aosenberg
et al, 1983,
Chemicat hydrophilics in sandy soits Increase water absorption Economic Azzam, 1987.
limits '
Chemical surfactants . Decrease capillary rise Limited Unger et al, 1983,
Controf of toxicity and acidity, liming More intensive and deep rooting Limitedfhigh | Reicosky, 1983,

Source: Pereira 1990




Table 5-5

Table 5. Techniques for crop management for coping with droughts and water stress conditions

Crop management techniques

Benefits

Efiectiveness

References

Drought risk managemant

Change of crop patierns replacing sensitive by
tolerant crops {eventualty decreasing the irrigation
surface)

Choice of drought tolerant instead of high
productive crop varieties

Use of short cycle varielies

Early seeding

Early cutting of forage crops

Grazing drought damaged fields

Supplemental krrigation of rainfed crops

Management for controlling the effects of water
siress

tse of appropriate soil management techniques
Adaptation of crop patterns to the environmentai
constraints and resource conservation

tse of fallow cropping in rainfed systems

Use of mixed cropping and infercropping, nemely
for forages

Increase plant spacing of perennials and for some
row crops

Cultlvation techniques

Minimizing tilage
Adequale seed placemant

Limit effects of droughis High
Limit drought impacts High
Low water requirements High
Avoidance of terminal stress High
Avoid degradation of the stressed erop | High
Alternative use; livestock support High
Avoid stress at critical stages High

Increase available soil water High
Coping with water stressed High
environments

Increase In soil meisture
“Better use of resources Low

High individual explerable soil volume

Avoidance of evaporation fsom the soil | High
Prevention of rapid drying of soit layers | High
around the seed

Controversial

Umited /high

Seclion 4, Table 3.

Section 4, Table 3.

Section 4, Table 3,
French, 1983,

Dawdy et al, 1983,
Dawdy et al, 1983.

Section 5, Table 4.
Loomis, 1983.

Larson et al, 1983; Loomis, 1983,
Loomls, 1983,

Gardner & Gardner, 1983;
Loomis, 1983.

Larson et al, 1963,
Lar=on el al, 1983,

Crop management technigues

Benefits

Effectiveness

Referances

Pre-emeargence weed control

Reduced and delayed fertillzation

Dry soil land preparation and seeding of paddy
Tice

Earty defoliation {maize}

Antitranspirants

Reflectants {increasing albedo)

CO, ensichment {controlled environments)

windbreaks
Growth regulators

Alleviating competition for water; avoiding High
herbicide effects on stressed crop plants
Favorizing deep rooling; adaptation to erop{ Varable
responses under water stress
Water savings High

Deacrease evaporative surfaces, s¢ the water| Limited
use by tha crop
Reduction of plant iranspiration

Decrease energy available for transpitation

Increased water use efficiency, higher yield{ Limited
per unit of water .
Decrease energy available for evaporation Limited
Improved responses of physiological
processes to water stress

Controversiat

Umited/high

Promising

Dewdy et al, 1983,

Loomis, 1983,

Pereira et at, 1986,
Crookston & Quattar, 1987.

De ef al, 1983; Rosenberg et al,
1583,

De et al, 1983; Rosenberg et al,
1583,

Rosenberg et al, 1983; Allen et
al, 1985,

Rosenberg et al, 1983,

Reviewed by Davies st al, 1987,

TABLE 3

Source: Pereira 1990

Specific technologies for sustainable management of soil and resources for different ecological regions

Semi-arid Arid

Humid Sub-humid

Soil management systems for improving water-use efficiency
Mulch farming No-till )

No-till Mulch farming

Contour ridges
Agroforestry
Drainage and
waler management

Manual clearing
Drainage and water
management
Erosion coniro!
Water harvesting

Rough plowing Water harvesting
Tied ridges Fallowing

Mulch Early planting
Micro-caichments Grass hedges (Vetiver)
Dippets Salinity

Contour bunds Irrigation

Grass hedges (Vetiver)  Water conservation
Fallowing

Early planting

Salinity control

Irrigation

Water harvesting

Soilfcrop management systems for increasing nutrient-use efficiency

Perennial crops Cover crops
Root crops Mulch farming
Agroforestry Agroforestry
Mulch farming Mixed cropping
Fertilizers Crop rotalions

In-situ burning

N and P fertilizers
Drainage and wate
management

In-situ burning

N and P fertilizers
Drainage and
water management

Manure/kralling Manure/kralling
Mulch farming Irrigation

Cover crops Water harvesting
Relay-mixed cropping N and P fertilizers
N and P fertilizers Salinity and
Irrigation alkaiinity
Leaching and control

r  salinity control

Source: Lal 1991

Table 5-6

LILLAGE AND AGRICULTURAL SUSTAINABILITY

TABLE 4
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Table 5-7Ta

Some examples of tillage-based technological packages for sustainable management of soil and water
resources on small-scale farms (less than 5 ha) in the tropics

Structurally active soils

Structurally inert soils

(@)

(b)

(e)

(d)

(e)

Grain crop-cover crop rotation
Conservation tillage-mulch farming
Strip cropping

Chemical fertilizers (supplementary)
Water management

Irrigation

Grain crop—alley cropping systems
Conservation tillage

Chemical fertilizers (supplementary)
Water management

Irrigation

Ley/mixed farming

Conservation tillage

Grain crop-pasture rotation

Growing woody perennials to supplement food
Reservoirs for runoff storage

Organic manures

Chemical fertilizers (supplementary)
Drainage and irrigation

Water harvesting

Agro-forestry systems
Same as {c) but pasture replaced by shrubs
and woody perennials

Smallholder plantations

Cover crops (Kudzu, Centro, etc.)
Tangya system

Chemical fertilizers

Supplemental irrigation

Conservation tillage and water
management options will differ
as follows:

Contour ridges

Tied ridges

Pericdic sub-soiling or chiseling
Supplementary irrigation

140
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Table 5-7b

Some examples of tillage-based technological packages for sustainable management of soil and water

resources on medium sized farms {5-25 ha) in the tropics

Struciurally active soils

Structurally inert soils

(a)

(b)

(c)

Grain crop—cover crop rolation

Conservation tillage with herbicides
and peniodic loosening to alleviate
compaction

Chemical fertilizers

Planting trees or woody perennials at
1 m intervals

Water management

" Grain crop—pasture rotation
Water harvesting and reservoirs
Conservation tillage with herbicides
Tree hedges at 1 m intervals
Chemical fertilizers
Drrainage and irrigation

Plantation and cover crops
Erosion control

Fertilizer management
Drainage and irrigation

Contour ridges
Terraces and waterways
Engineering structure
Water management
Supplemental irrigation

Water reservoirs and engineering
structures

Supplementary irrigation

Tied-ridge or basin tillage

Water management

Erosion control access on roads
Fentilizer management

Water harvesting
Supplemental irrigation

Source: Lal 199
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TABLE 9

P.CL AINA ET AL,

Soil eco-regional puide to tiilage methods for upland crops in West Africa

Moisture
regime

Texture of soil surface

Constraints

Tillage methods

Per-humid
and humid

Per-humid
and humid

Per humid
and humid

Sub-humid
Semi-arid and

arid
regions

Semi-arid
regions

Arid regions

Sandy, sandy ioam,
loam, sand

Silt loam, silty clay
loam

Clay loam, clay

Sandy loam, loamy
sand, sandy clay

Sandy loam, loamy
sand

Clayey, sandy clay,
swelling soiks

Sandy loam, loamy
sand

Soil erosion by water, low
soil fenility low
AWCH, high soil
temperature

Soil erosion, crusting
compaction, high soil
temperature

Water logging, poor traf-
ficahility, erosion

" Soil erosion by water,

crusting, compaction,
drought, low soil fer-
tility, low AWC

Soil erosion by wind and
water, drought, low
AWC, high soil tem-
perature, sand
blasting

Soil erosion, poor traffic-
ability, water logging,
drought

Wind erosion, drought,
sand blasting, low
AWC

No tillage, reduced iillage,
mulch farming with cover
crops, agroforestry with
plantation/tree crops

Reduced tiltage or minimum
tillage, cover crops, mulch
farming, agroforestry

Ridge/furrow system, surface
drainage, raised beds or
mounds, agroforestry

No tillage with periodic
chise] plowing, mulch
farming with cover crops
and alley cropping

Chisel plowing, tied ridges,
plowing at the end of’
rains, rough seed bed

Ridge/furrow system broad
beds, water harvesting .

Wind breaks, reduced tillage,
water harvesting
techniques

AWC is available water capacity.

Source: in Lal 1991

Source: ESCAP 1991

Table 5-8

Table 5~_9

Table 3.5 Agricultural Inputs in Selected DMCs

Table 5-10

Korea

Indonasia
Lao PDR
Malaysia
Philippines
Theiland
Viet Nam

Bangladesh
india
Myanmar
Nepal
Pakistan
Sri Lanka

China

(per cent of Pesticide Use Fertilizer Use
cropland) (1000 metric tons} (kg/he)
1975-77 1985-87 1975.77 1982-824 1975-77 1985-87
48 58 4.7 12.3 334 395
26 34 18,7 186.3 27 100
B 13 1} 2
7 8 9.7 68 154
14 18 3.5 4.4 34 50
15 20 13.1 22.3 14 26
18 28 1.7 0.9 58 61
15 23 0.2 29 68
20 251 52,56 53.1 22 52
10 11 3.7 15.3 5 18
12 28 L] 20
70 77 2.1 1.9 32 a1
25 a0 0.7 49 106
43 195

Irrigated Land

R b Sl o
Source: World Reso

et R B e T

R S

urces Institute, World Besou

rees 1

Average Annual

46 150.5

T e e

990-91 [Mew Yark, 1980),

159.3 74

Source: ADB 1991

Source: ESCAP 1991

Table 1
CHANGES IN THE USE OF PESTICIDES FOR FOOD CROPS IN INDONES|A,

1980-89

Yoar Pesticide use {tons) F:‘ggoﬁ:gs ({‘mo :; '::m:gg dee)

19680 6 366 9105 20 161

1981 9 008 9382 22 286

1982 11 256 2988 22837

1983 13 887 9182 24 006

1884 13 816 9 764 25933

1985 14 980 5 902 28 547

1088 17 218 9 968 27 014

1987 17 342 9 923 27 253

1988 10 840 10 090 28 340

1989 8 660 10 531 29072

Souree: Ministey of Agriculture, Indonesia. |

Source: Kasrunyo in OECD 1991d

Average Annual

Table 5-11

Table 5-13

Tl S -




144 IMPACTS OF AGRICULTURAL ACTIVITIES Table 5-12
Table 31z Practices for the Control of Nutrient Lass from Agricultural
Applications and Their Highlights (Stewart, et al., 1975)
No. Nutrient Control
Practice Practice Highlights

N1 Eliminating excessive May cut nitrate leaching appreciably,

fertilization reduces  fertilizer costs; has na
effect on yield,
Leaching Control

N2 Timing nitrogen Reduces nitrate leaching; increases
application nitrogen use efficiency; ideal timing

may be less convenient.

N3 Using crop Substantially reduces nutrient inputs;
rotations not compatible with many farm

enterprises; reduces erosion  and
pesticide use,

N4 Using animal wastes Economic gain for some farm
for fertilizer enterprises; slow release of

nutrients; spreading problems.

N5 Plowing-under green Reduces use of nitrogen fertilizer;

" legume crops not always feasible.

N & Using winter cover Uses nitrate and reduces percolation;
crop not  applicable in  some regions;

reduces winter erosion.

N7 Controlling ferti- May decrease nitrate leaching; usually
lizer release or not  economically  feasible; needa
transformation additional research and development.

Control of Nutrients in Runoff

N B Incorporating surface Decreases nutrients in runoff; no
applicationa yield effects; mnot alwaya possible}

adds costs in some cases.

N9 Controlling surface Useful when incorporation is not
applications feasible,

N 10 Using legumes in Repiaces nitrogen fertilizer; Llimited
haylands and applicability; difficult to manage.
pastures

Control of Nutrient Loss by Erosion
N 11 Timing fertilizer Reduces erosion and nutrient loss; may

plow-down be less convenient,

Source: Canter 1986

Table 5-14

Table 3%:  Practices for the Control of Pesticide Loss from Agricultural Applications and Their Highlights
(Stewart, et al., 1975)

KNo. Pesticide Control Practice Practice Highlights
Broadly Applicable Practices

P1 Using alternative pesticides Applicable to all field crops; can lower aquatic residue
levels; can  hinder development of target species
resiatance.

P2 Optimizing pesticide placement Applicable where effectiveness is maintained; may involve

with respect to loss moderate cost.

P2 Using crop rotation Universally applicable; can reduce pesticide loss
significantly; some indirect coat if lesg profitable crop
is planted.

P4 Uaing reaistant crop varieties Applicable to a number of crops; can sometimea eliminate
need for insecticide and fungicide wuse; only slight
usefulness for weed control.

P5 Optimizing crop planting time Applicable to many crops; can reduce need for pesticides;
moderate cost possibly involved.

Pé Optimizing pesticide formulation Some commercially available alternatives; can reduce
necessary rates of pesticide application.

P 7 Using mechanical control methods Applicable to weed control; will reduce need for chemicals
substantially; not economically favorable.

P8 Reducing excessive treatment Applicable to insect control; refined predictive techniques
required.

Table 39: (Continued)

. i Highlights
No. Pesticide Control Practice Practice Highlig
P9 Optimizing time of day for Universally applicable; can reduce necessary rates of
pesticide application pesticide application.
Practices Having Limited Applicability
. trol 1is not adversely
PP icide Applicable only when pest con

P 10 gg;;?:zzggndate of pesti affected; little or mo cost involved.

5 trol with reduction in amount of
. . ted control Effective pest con ‘ Ictl

P 11 g:::Ea;:tegra ed co pesticide used; program development difficult.

. i icide and
. 1 in a few cases; can reduce insecticy
i i 1 control methoda Very successfu "

P12 Using biologica herbicide use appreciably.

P 13 Using lower pesticide application Can be used only where authorized; some monetary savings.

rates

Ei 14 Managing aerial applications Can reduce contamination of non-target areas.

P 15 Planting between rows in Applicable only to row crops im non-plow based tillagej may

inimum tillage reduce amounts of pesticides necessary.
mini

Source: Canter 1986




CONSERVE ENERGY
Table 5-15 - Crop Drying

A
i

CONSERVE ENERGY
Tractors

BuiAig doin-g Jeyn

'LOW TEMPERATURE - HIGH TEMPERATURE

Storage’ s Handlin 1 J
: [ Sty : v, g . S B ] S cos éxpengsivé CO-SE _I.ess t_han difficultg - DRYING DRYING
R CE WHEEL SLIP. = TRACTOR/IMPLEMENT , Compatre Nebraska - " For animal artificial Aodent losses : : ‘
Legulfar '_l'une;l;ps Use dt:g_a!s when MATCH © D *" tractor.tests o ‘ operations Shelling may
ess frecquent for ; i D . - L. ik e s T - :
diesel er?gi es - "E:::é'eliénpaéﬁdn : Shift up and thrattle =~ - only - be required | R D S e L
IR (T H IR back, no cost penalty - : Cost of ¢rib - Slow drying may Fast drying ’ o
Select equipment best construction -slow harvest and  ~ Costly energy requirement
: suited for. farm & : Z'risk higher . ©* " . ... Costly equipment

PROPER SLIP-- -
Reduced tire wear -
Reduced fuel
consumption -

Cost saving In
long run, fewer
breakdowns

" fieldlosses | _ More timely harvest
Saves energy : :

Frequent

maintenance - -

EXCESS SLIP

‘Wastes fuel
_ Wears tires’
. Ineftictent
... Causes compaction:

ore ly
" in short tun

Combination drying
compromise

. K INADEQUATE SLIP

v ] May damage tractor ) - - .
R Wears tires - : ‘ . . ) : ~Harvest and Transport
Wastes fuel : : 7

Chart 3-Tillage Systems CONSERVE ENERGY 1

Regular service

When Mature, ‘Belore Mature

_ S TR LA : . : New Parts

. - Transport short S : Labor
distance to - T i .
storage May require large May require

additional
operations

for drying

See Chart § .-

- equipment for
" timely harvest

May add to cost
Will save

Use large trucks
or wagens to: -
transport

" May add
to initlal cost

Cost saving
in long run,
less downtime

mber of trips
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