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Effects of Agricultural Drainage on Water Quality
and Countermeasures against Pollution
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Abstract

Recently, the interests on the effects of agricultural drainage on surface and ground water quality have

been increased. Water pollution in the rural area has been increasing because of agricultural activities and

industrialization. Increased use of agricultural chemicals to increase the agricultural productivity raised several

environmental problems including water resources pollution. Development of agricultural technologies such as

LISA are under progress to reduce these environmental pollutions.

In this research, in order to investigate the effects of agricultural drainage on water quality, water pol-

lution sources, paths of pollution, environmental impacts, and countermeasures against pollution were studied.

We have to solve the problem of how to harmonize two different objectives of increasing agricultural pro-

duction and protecting the environment. All farmers, citizens, technicians, scientists and government have to

cooperate to keep the agricultural productivity while preserving the environment by using various techniques.
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(Table 1) Agricuitural and nonagricultural
pollutant sources (FAO, 1993)

Nonagricultural

ricultural poliutant source
he pol poliutant source

erosion/ sedimentation industry
fertilizers mining
pesticides municipal sewage

irmgation water

waste from crop production

animal grazing

manure from cattle, hogs, chickens
dairy operation

slaughter house wastes

lumber production

food processing

septic tanks
others

others
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(Tabie 2) Pesticides with high priorities for the
EPA’s national survey(NRC, 1993 : Beitz

et al., 1994)

Pesticide | Estimated | Haif | SOPto" .

(common use fife z‘m’gﬂf si:;i';.

name) (tons/ yr) |(days) chemical)
Aachlor 85,015 15 170 N
Aldicarb 2,271 31 20 N
Ametryn 96,000 60 388 M
Atrazine 17,316 60 100 M
Bromacil 1,234 60 32 M
Carbofuran 1,695 50 22 M
Chloramben 6,069 15 15 N
Cyanazine 21,626 14 190 N
Dalapon 261,000 30 1 N
Dicamba 4,158 14 2 N
Diphenamid 698,000 32 67 M
Diuron 1,861 90 480 M
Fluometuron 2,943 1 100 N
Metolachlor 37,940 120 85,000 P
Oxamy! 51,000 4 25 N
Picloram 549,000 90 16 M
Propazine 1,287 135 154 P
Propham 445,000 10 60 N
Simazine 3975 75 138 M
24,57 204,000 24 80 N
Terbacil 833,000 120 55 P

*Note : P=Persistent, M =Moderately persistent,
N=Nonpersistent
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IRRIGATED AGRICULTURE

WATER MANAGEMENT PRACTICES

AGRICULTURAL PRACTICES

7N

Water Use Land Use Use of Agr Chemicals
Conveyance Application Cropland Application
- Irrigation :
Diversion and Agronomic Methods and
delivery system | {1 mitrg‘;%z easnd o practices | || practices

~.

SOURCES OF
RETURN FLOW

Tailwater runoff
(Subsurface
retum flows)

Seepage losses Deep Percolation
(Subsurface (Subsurface
return flows) return flows)

l DEGRADING l
CONSTITUENTS
Salinity Salinity

Nitrates

|

Sediment
Phosphates
Crop Residue

Biocides

Degraded Irrigation Return Flows

il

|

THE IMPACT

Deterloration of ground water and surface water quality

(Fig. 1) Water quality problems from irrigated agriculture(after NRC, 1989)
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(Fig. 2) Schematic representation of water, chemical, and salt flows in an irrigated project(after Tanji, 1990)

1993).
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ATMOSPHERE
P photolysis adsorption
oxidation ozonisation
E . PLANT
DECREASE DEGRADATION
RESTICI
evaporation - oxidation conjugation DE
wash — off reduction photolysis
0 transport hydrolysis
deposition {}
l
p SOoIL WATER BODIES
evaporation  adsorption microbiological | evaporation  microbiological -
leaching chemisorption degradation adsorption  degradtion
deprivation by hydrolysis sediment hydrolysis
L plants and animals bioaccumuiation
GROUNDWATER
microbiolocial degradation
E (aerobic, anaerobic)
adsorption
(Fig. 3) Interaction between pescides and ecosystems(after Beitz et al., 1994)
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Pesticide - i
application Volatilization Cuticle
_ absorption
l Photolysis 1
P —
_—— - . 1 1
! Storage | lication [ ici |
e — ’—-l ﬁ,‘)o%e Foliar : Pefzﬁgrde - Pefs?cide
-+ Ground t ollar
Total uptake . Aerial applied ( Storage interation
degradation L
and volatilization Atmosphere
Surface applied Washout I
Volatilization
Uptake S i 1 l Pesticude in sediment
degradation QI Soil surface } e
and volatilization | storage | ) . \
le— | Soil surface Pesticide particles
| I 4 pesticide
Soil incorporated interactions o
NG Pesticide in
T Infitration
Uptake | Upper-zone L_J——J overiand flow
degradation | pesticide ————— — i
and volatilization I storage | [\ ower-zone | Lower-zone
b — : pesticide |e———{ pesticide
-— storage interactions
Uptake j_____g__J'
degradation .
onk Percolation Losses 1o groundwater
and wolatilization Upper-zone . .
pesticide | (E|ssolved and particulates)
) interactions v "
L] Degradation and . 1 Groundwater [ Groundwater
volatilization i : pesticide pesticide
Pesticide in overflow —-] L storage _} interactions
Tostream oo — — - "- T CC

(Fig. 4) Pesticide transport and transformation in the soil-plant environment and the vadose zone(NRC, 1993)
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(Table 4) Classification of pesticide mobility on
the basis of Koc (Bewick, 1994)

Koc Mobility class
0-50 very high
50— 150 high
150500 medium
500 2,000 low
2,000-5,000 slight
> 5,000 immobile

(Bewick, 1994).
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{Table 5) Practices for controtling direct runoff and their highlights (Canter, 1986)

Runoff control
Practice

Practice highlights

No-till plant in prior
crop residues
Conservation tillage
Sod-based rotations
Meadowiess rotations
Winter cover crop
Improved soil fertility

compaction

Contour listing
Change in land use
Other practices

Construction' of ponds

Variable effect on runoff from substantial reductions to increases on soils subjects to

Slight to substantial runoff reduction

Substantial runoff reduction in sod years: slight to moderate reduction in rowcrop years
None to slight runoff reduction
Slight runoff increase to moderate reduction

Slight to substantial runoff reduction depending on existing fertility level

Timing of field operation Slight runoff reduction

Plow plant system Moderate runoff reduction

Contouring Slight to moderate runoff reduction

Graded rows Slight to moderate runoff reduction

Contour strip cropping Moderate to substantial runoff reduction
Terraces Slight increase to substantial runoff reduction
Grasseed outlets Slight runoff reduction

Ridge planting Slight to substantial runoff reduction

Moderate to substantial runoff reduction
Moderate to substantial runoff reduction

Contour furrows Moderate to substantial runoff reduction
Diversions No runoff reduction

Drainage Increase to substantial decrease in surface runoff
Landforming Increase to slight runoff reduction

None to substantial runoff reduction. Relatively expensive. Good pond sites must be
available. May be considered as a treatment device
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{Table 6) Practices for the control of nutrient loss from agricultural applications and their highlights(Can -

ter, 1986)

Nutrient control
Practice

Practice highlights

Eliminating excessive fertilization

Timing nitrogen application

Using crop rotations

Using animal wastes for fertility

Plowing under green legume
crops

Using winter cover crop

Controlling fertilizer release or
transformation

Incorporating surface appli-
cations

Controlling surface applications

Using legumes in haylands and
pastures

Timing fertilizer plow-down

May cut nitrate leaching appreciably, reduces fertilizer costs: has no effect on yield
Leaching control

Reduces nitrate leaching; increases nitrogen use efficiency; ideal timing may be less
convenient

Substantially reduces nutrient inputs: not compatible with many farm enterprises: reduces
erosion and pesticide use

Economic gain for some farm enterprises. slow release of nutrients; spreading problems

Reduces use of nitrogen fertilizer: not always feasible

Uses nitrate and reduces percolation: not applicable in some regions: reduces winter
erosion

May decrease nitrate leaching: usually not economically feasible: needs additional
research and development
Control of Nutrients in Runoff

Decreases nutrients in runoff; no yieid effects: not always possible; adds costs in some
cases

Useful when incorporation is not feasible

Replaces nitrogen fertilizer: limited applicability: difficult to manage

Control of Nutrient Loss by Erosion

Reduces erosion and nutrient loss; may be less convenient
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{Table 7) Practices for the
(Canter, 1986)

control of pesticide loss from agricultural applications and their highlights

Pesticide control
Practice

Practice highlights

Using alternative pesticides

Optimizing pesticide placement
with respect to loss
Using crop rotation

Using resistant crop varieties

Optimizing crop planting time
Optimizing pesticide formulation

Using mechanical control
methods

Reducing exessive treatment

Optimizing time of day for
pesticide appiication

Optimizing date of pesticide
application

Using integrated control
programs

Using biological control methods

Using lower pesticide application
rates

Managing areal applications

Planting between rows in
minimum tillage

Broadly Applicable Practices
Applicable to all field crops; can lower aquatic residue levels: can hinder development of

target species resistance
Applicable where effectiveness is maintained; may involve moderate cost

Universally applicable; can reduce pesticide loss significantly; some indirect cost if less
profitable crop is planted

Applicable to a number of crops: can sometimes eliminate need for insecticide and
fungicide use. only slightly usefulness for weed control

Applicable to many crops: can reduce need for pesticides: moderate cost possibly involved

Some commercially available alternatives: can reduce necessary rates of pesticide'
application

Applicable to weed control; will reduce need for chemicals substantially: not economically
favorable

Applicable to insect control; refined predictive techniques required

Applicable only when pest control is not adversely affected: little or no cost involved

Practices Having Limited Applicability

Applicable only when pest control is not adversely affected: little or no cost involved

Effective pest control with reduction in amount of pesticide used: program development
difficult

Very successful in a few cases: can reduce insecticide and herbicide appreciably

Can be used only where authorized; some monetary savings

Can reduce contamination of non-target areas
Applicable only to row crops in non-plow based tillage: may reduce amounts of pesticides
necessary
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{Table 8) General process for developing stara-
tegies to respond to irrigation-induced
water quality problems (NRC, 1989)

Sequence of steps Essential components

Detection of anomalies
o Chemical parameters
¢ Physical parameters
* Biota
¢ Social impacts
¢ Economic impacts
Antecedent conditions
¢ Hydrological
 Biological
¢ Geological
* Ecological
Social and cultural context
o Historical setting
« Competing and conflicting
demands
¢ [nherent complexity
o Widespread support for irrigated
agriculture
» Subsidization of water and crops
* Expectation of continued support
¢ |nstitutional constraints
Possible responses
® Source control
+ Drainage water treatment
» Transport and disposal
* Price adjustment
o Legal changes
¢ [nstitutional changes
* Economic changes
¢ Social changes
Criteria for evaluating responses
* Technical soundness
¢ Economic viability
« Legal appropriateness
* Social acceptability
¢ Political feasibility
o Ecological appropriateness

Recognizing the
problem

Defining the
probiem,
assessing
and collecting
data

Identifying
alternatives

Evaluating
alternatives
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