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Making Responsible Irrigation Decisions: 
Social, environmental and regulatory considerations 

   
Jane Herbert, MSU Extension Land & Water Program 

W.K. Kellogg Biological Station 
jherbert@msu.edu 

 
In a changing landscape, the decision to irrigate has become more than an economic consideration.  
Growers must now weigh the social, environmental and regulatory considerations of new and expanding 
irrigation systems.  With new and expanding water use legislation, now more than ever growers need to 
make these decisions with an eye to the future.  The proactive consideration of social, environmental and 
regulatory factors can avoid future headaches and protect irrigation investments.   
 
The Generally Accepted Agricultural and Management Practices for Irrigation Water Use (GAAMPs) 
provide guidance for growers under the Michigan Right to Farm Act and promote good stewardship 
through water utilization strategies.  When planning for a new system, the GAAMPs provide guidance on 
water supply, soils, and equipment to maximize infiltration and crop use.  As growers strive to be good 
neighbors and environmental stewards, while at the same time anticipating increased scrutiny over water 
use and irrigation practices, system decisions should also include: 
 Current local land use patterns and future plans (Will future development affect my ability to use 

water or run equipment?) 
 Status of neighboring farmland (What do I know about my neighbor’s plans for retirement or land 

development?)  
 Advantages and disadvantages of various water sources (In view of current and future land use, 

should I access groundwater or surface water for my new system?)   
 Potential for environmental degradation with various water sources (Which water source/irrigation 

practice poses the least environmental risk?)  
 Threats to base flow (Do I understand how and when base flows occur in my stream and will it be 

affected by my irrigation withdrawals?) 
 Static water levels (Have I monitored static water levels in my area to understand seasonal changes 

and trends?) 
 Regulatory permits for system construction/installation (Which permits do I need to install irrigation 

equipment or dig irrigation ponds?)   
 
An analysis of current regulations indicates there are more permitting requirements when constructing 
and/or installing systems that utilize surface water than those for groundwater.  Surface water irrigation 
systems, even when using private ponds or ditches, may be regulated by one or more of the following 
statutes under P.A. 451 Natural Resources and Environmental Protection Act:  
 Part 31 Water Resources Protection (Floodplains Regulatory Authority) 
 Part 91 Soil Erosion Sedimentation Control (administered at the local level) 
 Part 301 Inland Lakes and Streams 
 Part 303 Wetland Protection 

 
To avoid violations or unnecessary permit applications, growers are encouraged to visit 
www.michigan.gov/deq and click on permits and/or contact the MDEQ Permit Consolidation Unit at 517-
373-9244.  Contacting the county soil erosion office (Part 91) is also encouraged.   
  



SOIL PHYSICS 101
SOIL CONSIDERATIONS FOR IRRIGATION

Ted L. Loudon

Introduction

A variety of soils occur in Michigan which range in many important properties such as texture,
organic matter content, nutrient content, slope, natural drainage, available water capacity, bulk
density, and intake rate.

In considering the adaptability of soils for irrigation, the more important properties to consider
are available water capacity, intake rate, length and steepness of slope and wetness. A brief
discussion of each of these properties follow.

The available water capacity (AWC) of a soil is a measure of its capacity to make water
available for plant growth. The AWC is the amount of water held between field capacity and the
permanent wilting point. AWC of a soil is primarily related to the soil texture, organic matter
content, and bulk density. A formula for the computation of available water capacity is:

AWC = db X T x Pw

dw x 100

Where:

AWC = Available water capacity in inches
db = Bulkdensity

(Wt. of ovendry soil sample in grams)
(Field Volume of sample in C.C. )

= Thickness of soil horizon under consideration in inches
- Moisture content between field capacity and wilting point in percentage by

weight
- Density of water taken as 1.

T
Pw

dw

Adapted from MSU Irrigation Guide, 1981, IFS/ 12-81by M.L. Vitosh and C.S. Fisher.
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The ranges of available water capacities are the adjusted water reten-
tion difference between l/3-bar and IS-bar tension for the medium and

fine textured soils, and between lIla-bar and IS-bar for the moderately
coarse and coarse textures.

n
Table 8-1 gives AWe values for different soil texture classes. These

values range according to position in the soil profile. Table 8-2 shows

classes of AWe for soils. In regard to particle size, not only is the

particle size of each horizon important in determining its capacity, but
also of importance is the arrangement in the soil profile of horizons with
different particle size. For example, a soil with loam A and B horizons
and a sandy e horizon may have higher AWe than indicated from Table 8-1.

This is because a certain head is required for water to move into the e

horizon because of the lower moisture tensions in the sandy material.
That head is at a water content somewhat higher than field capacity. This
property has to be measured in the field, and unfortunately very few such
measurements have been made.

Intake Rate is a measure of a soils capacity to absorb irrigation water

from the surface and move it into and through the soil profile. It is

an expression of several factors, including infiltration and percolation.

Infiltration is the downward flow of water from the surface through the

soil. Water enters the soil through pores, cracks, worm and decayed root

holes, and cavities introduced by tillage. Surface sealing or crusting
will restrict infiltration.

Soil Texture
Class

Table 8-1

Available Water Capacity

(

II 11

Surface Soil

0-12"
Subsoil
12-36"

Lower Horizons

36-60"

Coarse Sand and Gravel
Sand
Loamy Sand

Sandy Loam
Fine Sandy Loam
Loam, Very Fine

Sandy Loam
Silt Loam

Silty Clay Loam

Sandy Clay Loam
Clay Loam

Silty Clay

Cla~
Muck

II AWC expressedin
11 AWC of fragipans

.04 - .06

.07 - .09

.10 - .12

.13 - .15

.16 - .18

.20 - .22

.03 - .05

.06 - .08

.09 - .11

.12 - .14

.15 - .17

.17 - .19

.02 - .04

.05 - .07

.08 - .10

.11 - .13

.14 - .16

.17 - .19

.22 - .24

.21 - .23

.18 - .20

.17 - .19

.12 - .14

.11 - .13

.35 - .45

inches per inch
and very firm glacial

.20 - .22

.18 - .20

.16 - .18

.15 - .19

.11 - .13

. 09 - . 11

.35 - .45

.20 - .22

.20 - .22

.15 - .17

.14 - .16

.10 - .12

.08 - .10

.35 - .45

till is .03 - .10
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Table 8-2. Classes for Available Water Capacity for Soils.

Inches water in 60" depth

of soil or to a limiting

laIer whichever is shallower Class name

0-3
3-6
6-9
9-12

than 12

Very low
Low
Moderate

High
Very highgre'a te r

Percolation is the movement of water through the soil profile. In

order for irrigation water to be effective in replenishing the soils

water supply, it must be able to move through the profile, or perco-
late, to a predetermined irrigation depth. The percolation rate is

governed by the permeability of the soil or its hydraulic conductivity.
Both terms are used to describe the ease with which soil transmits

water and air. The relative permeability of soils is described in

general terms as rapid, moderate, and slow. Table 8-3 shows the perme-
ability classes used for soils.

Table 8-3. PermeabilitI Classes Used for Soils.

Rate (inches/hour) Class name

The amount of moisture already in the soil greatly influences the rate

at which water enters the soil. The soil takes in and absorbs irriga-

tion water rapidly when water is first applied to the field surface.
As the irrigation application continues, the surface soil gradually be-
comes saturated and the intake rate decreases until it reaches a nearly
constant value.

The intake rate of any soil is limited by any restriction to the flow

of water into or through the soil profile. The soil layer with the
lowest transmission rate, either at the surface or below it, usually

determines intake rate. The most important general factors that influ-
ence intake rate are the physical properties of the soil and, in sprinkler

irrigation, the plant cover. But for any given soil, other factors may
affect the intake rate.
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less than 0.06 Very slow
0.06-0.2 Slow
0.2-0.6 Moderately slow
0.6-2.0 Moderate
2.0-6.0 Moderately rapid
6.0-20.0 Rapid

greater than 20.0 Very rapid



Since so many factors affect water intake, it is not surprising that

it varies so much among soils. Furthermore, the intake characteris-

tics of a given field vary from place to place, from irrigation to
irrigation, and from season to season. The intake characteristics

that must be considered in sprinkler-irrigation design differ from those
for surface irrigation methods.

Slope is an important factor in determining runoff and subsequently,

intake rates. Refer to Table 8-4 for slope categories and the recom-
mended sprinkler application rates for various intake families.

Wetness or the presence of a saturated zone (water table) is a prime
factor in determining soils adaptability for irrigation. If a satura-

ted zone is at shallow depths, a hazard always exists that heavy rains
can raise the saturated zone to depths shallow enough to slow or inhibit
plant growth. Thus, soils with wetness limitations are placed in groups

separate from other similar soils except for that feature.

Soil Groups for Irrigation Planning

To facilitate general planning for irrigation, most of the soil series

in Michigan are placed into groups in this guide. (A few soil series
are excluded because of certain properties such as steep slope, rocki-

ness or stoniness that essentially preclude their being irrigated.)

Soil groups 2 through 12 are generally considered as suitable for irri-
gation. Soil group 1 is generally considered as unsuitable because

of its extremely low available water holding capacity and high suscepti-

bility for nutrient loss through leaching. Soil groups with the "w"
suffix are generally not irrigable because of a wetness limitation un-

less drained by a subsurface drainage system. Soil groups 13 through 20
have favorable soil properties for farming without irrigation. Irriga-
tion is generally not needed except on a supplemental basis.

The soil series within each group have somewhat similar characteristics

in regard to texture, profile, available water capacity, intake rate,
and soil drainage (presence or absence of saturated zones with shallow

depths). Thus, an individual group can be used as a unit in irrigation

planning. The representative profile for a group and the associated

available water capacity are typical for the soil group, however, when
planning an irrigation installation on a given site, the properties of
the specific soil series occurring there will need to be considered.
Its AWC, for example, can be computed using data in Table 8-1. In fact,

some soil series have such a wide range in properties important to irri-

gation that certain phases may need to be recognized for on-site planning
for irrigation. Further, the fact needs to be realized that delineations

on standard soil maps at a scale of 1:15,840 or smaller may have inclu-

sions of other kinds of soil (some of which may have properties rather

contrasting from the soil whose name is used for the mapping unit) that
are as large as two or three acres.

8-34
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Table 8-4 Maximum Sprinkler Application Rate - P - (Inches/Hour)

For close growing crops or row crops with 4,000 pounds or more residue on the surface.

The basic value for "p" was calculated

assuming excellent cover and flat slopes

(~2%). The following equation was
. b-lF -

used: P - 60 ab ~a) b The values

for "a" and "b" were taken from Chapter 4,

National Engineering Handbook, Section 15.

For clean tilled crops.

With 3,000 to 4,000 1bs. use 90% of above.

With 2,000 to 3,000 lbs. use 80% of above.

With 1,000 to 2,000 lbs. use 70% of above.

With less than 1,000 lbs. use 60% of above.

Note: Values shown in this table are considered as maximum allowable application rates.
Caution should be taken in their use for design.

--...I

Intake Net Iriation Application - F - (Inches)

Family Slopes 1.0 I 1.5 I 2.0 I 2.5 I 3.0 I 3.5 I 4.0 I 4.5 I 5.0
2% or less

4 2 to 6
6 to 12 No Restrictions Within

2% or less
3 2 to 6 Practical Design Criteria.

6 to 12 1.70 1.65 I 1.60 I 1.55
2% or less

2 2 to 6 1.70 1.65 1.60 1.55
6 to 12 1.55 1.40 1.30 1.25 1.20 1.15 1.10 1.05 1.05

2 or less 1.70 1.65 1.60 1.55
1.5 2 to 6 1.60 1.50 1.40 1.35 1.30 1.25 1.20 1.15

6 to 12 1.15 1.05 1.00 0.90 0.90 0.85 0.80 0.80 0.75
2% or less 1.60 1.45 1.30 1.25 1.20 1.15 1.10 1.05 1.00

1.0 2 to 6 1.20 1.10 1.00 0.95 0.90 0.85 0.85 0.80 0.75
6 to 12 0.80 0.75 0.65 0.60 0.60 0.55 0.55 0.50 0.50

2% or less 0.80 0.70 0.65 0.60 0.55 0.55 0.50 0.50 0.45
0.5 2 to 6 0.60 0.55 0.50 0.45 0.40 0.40 0.35 0.35 0.30

6 to 12 0.40 0.35 0.30 0.30 0.25 0.25 0.25 0.25 0.20
2% or less 0.50 0.40 0.35 0.35 0.30 0.30 0.30 0.25 0.25

0.3 2 to 6 0.40 0.30 0.25 0.25 0.25 0.20 0.20 0.20 0.20
6 to 12 0.25 0.20 0.20 0.20 -- -- -- - --



 
 
 
 
 

Soil Types and Irrigation Strategies 
 

Dr. Dorota Z Haman 
Agricultural and Biological Engineering 

University of Florida 
Gainesville, Fl 3211  

 
 
Many factors are critical to efficient water management in vegetable production.  Irrigation strategies are 
strongly dependent on the type of soil, type of plant, phonological stage of plant development and the 
climate and the type of irrigation system. Understanding soil properties such as texture, structure, porosity 
and organic content is necessary for the efficient management of irrigation water. 
 
Pore size and distribution determine retention and movement of water and dissolved chemicals in the soil.  
Total porosity (P) of the soil is the percentage of the total soil volume occupied by pores.  Sandy soils 
have porosities between 30% and 40%.  Clayey soils tend to have higher porosities, in a range of 40% to 
60%.  In addition, most of the pores in clay soils are much smaller than those in sands.  For any soil, it is 
important to determine not only the total porosity, but also the pore-size distribution.  Large pores can 
conduct more water, more rapidly than fine pores and water from the larger pores is easier to remove than 
from the smaller pores since due to the capillary tension it is easier to remove the water from the larger 
pores than from the very small pores within the soil. 
 
The soil is saturated (S) when all the pores (with the exception of maybe some air pockets) are filled with 
water.  As the saturated soil is exposed to force of gravity a portion of the soil will drain from the largest 
pores where the retention is the weakest.  This portion of the soil water is often called gravitational water 
and from most of the soils will drain within 24 hr from the time of saturation.  At this point, most of the 
soils will be at the point of field capacity (FC), which is a maximum amount of water retained in the soil 
with negligible additional drainage.  At this stage, some larger pores are filled with air and water is 
present only in the finer pores.  The water remaining in these pores is so called capillary water.  This 
portion of soil water is in large part available to plants.   As water is gradually removed by the plant's 
roots from the soil, it becomes more difficult to use since it remains only in the smallest capillaries.  The 
smaller the capillary, the greater the suction that is required to remove water from the capillary since more 
energy is required to remove water from smaller pores. At some point it is too difficult for the plants to 
remove more water from the soil and the remaining water is not available to the plants.  At this point most 
of the plants will wilt permanently and they cannot recover upon watering.  This point is called the 
permanent wilting point (PWP) and the remaining water is called hygroscopic water. It is very tightly 
bonded to the soil particles and it is not available.  Most of it can be removed by oven drying the soil 
sample (OD).  The amount of water stored between Field Capacity and Permanent Wilting Point is called 
Available Water (AW).  To avoid plant stress, irrigation is usually scheduled when 30% to 60% of 
available water from the root zone is used by the plants.  This point is called maximum allowable 
depletion (MAD) and it is a management decision that depends on crop sensitivity to water stress.  
  
Water-holding capacity is controlled primarily by soil texture and organic matter. Soils with smaller 
particles (silt and clay) have a larger surface area than those with larger sand particles, and a large surface 



area allows a soil to hold more water. In other words, a soil with a high percentage of silt and clay 
particles, which describes fine soil, has a higher water-holding capacity.  
 
The soil water status is usually described in terms of the amount of water held in a given amount of soil 
(volumetric water content) or by potential (tension) with which the water is held by the soil. The tension 
can be thought of as the amount of energy that the plant has to exert to pull the water out of the capillary.  
It is also called matric water potential.  These two properties describing the water status are related to 
each other throughout the entire soil water content range.  This relationship is expressed as a charac-
teristic curve for a given soil and it describes the ability of a soil to hold water available to plants and the 
forces with which it is held by the soil as it is depleted.  
 
A simple way of measuring the soil water content is to 
perform gravimetric sampling, where the soil sample of 
known volume is taken from the field, weighed, dried, 
weighed again, and the percentage of water content by 
volume is calculated.  This sampling method has some 
disadvantages.  It is destructive and it requires at least 
24 hr to determine the moisture content.  In addition, it 
is quite labor intensive.  Gravimetric method is often 
used for calibration of various soil moisture measuring 
devices that measure moisture content or soil water 
potential indirectly.  There are several indirect methods 
that can provide an indication of the volume of water 
contained in a volume of soil (volumetric moisture 
content).  They include neutron scattering, gamma ray 
attenuation, carbide method and thermal conductance 
and various dielectric methods such as Time Domain 
Reflectometry (TDR), Frequency Domain (FD) or 
Capacitance meters.  Advantages and disadvantages of  
the soil moisture measurement methods are summarized 
 in Table 1. 
 
 
 
Table 1. Methods for measuring soil moisture content 
Method Advantages Disadvantages 
Gravimetric method Little equipment required - 

simple 
Time consuming, destructive, 
labor intensive 

Neutron probe Rapid, non-destructive Radiation hazard, high cost, 
requires training and license 

Gamma ray meter Rapid, non-destructive Radiation hazard, high cost, bulk 
density of the soil influences the 
results 

Carbide method Rapid, in-field measurements Destructive sampling, specialized 
equipment and reagents 

Thermal conductance Non-destructive easy to automate High cost, difficult field 
calibration 

 
 

 
 

Figure 1.  General example of soil 
characteristic curve (original drawing from 
Institute of Agriculture and Natural 
Resources at the University of Nebraska - 
Lincoln.) 



Table 2.  Soil water potential measurement methods. 
Method Advantages Disadvantages 
tensiometers Low cost, direct, continuous 

measutement of matric water 
potential 

Service required, operate 
only up to 80 cb (kPa) 

Soil psychrometers Rapid measurement of 
matric and osmotic 
potentials 

Not accurate below 1bar 
(100 kPa) 

Electrical gypsum resistance blocks Low cost, non-destructive 
measurements, rapid 

Field calibration sensitive to 
salinity, short life sensors, 
calibration often changes 
with time 

Granular Matrix Sensors (GMS) 

 

Low cost, low maintenance Not reliable reading in very 
sandy soils.  

 
 
There are several methods, which can be used to measure the soil water potential, or tension with which 
the water is held in the soil pores against plant extraction.  They include tensiometers, soil psychrometers, 
and electrical resistance blocks. 
 
In very sandy soils (for example in Florida), field capacity (FC) ranges from 10% to 12% moisture by 
volume, while the permanent wilting point (PWP) may range from 2% to 6%.  This results in 6% to 8% 
of available water for plant growth.  Irrigation is usually scheduled when 35-65% of available water is 
used.  The critical timing of irrigation caused by small volumes of available water makes the tensiometer 
a very useful tool. 
 
Soil psychrometers are useful for the measurement of soil water tension in range of 1-15 bars.  For this 
reason they perform much better in soils with large clay content. Soil psychrometers operate by cooling a 
thermocouple junction to the point of water condensation, and then measuring the junction temperature as 
the water is evaporating.  The rate of evaporation, which determines the temperature of the junction, 
depends on the moisture content of the soil where the psychrometer is placed. 
 
Electrical resistance blocks are built of porous material such as gypsum, nylon, or fiberglass.  Their 
resistance can be correlated with soil water potential.  The block is placed in the soil and after the water 
potential of the resistance block comes to equilibrium with the soil water potential, the resistance of the 
block is measured and related to the water potential. 
 
Irrigation scheduling involves determining when to irrigate and how much water to apply. Both of these 
decisions will depend on the desired soil moisture management level, the crop water demand or 
evapotranspiration (ET) rate, the water supply in the root zone available for ET, the water holding 
characteristics of the soil, and the system efficiency. Atmospheric as well as soil condition vary with 
geographic location. Therefore variations will exist between scheduling programs.  One of the first steps 
in scheduling is to determine the water storage capacity of the soil. The volume of water stored by this 
"reservoir" will depend on the water holding capacity of the soil, the size of effective root zone of the 
crop, and the lateral wetting distribution of the drip emitter. The water holding capacity of the soil refers 
to the amount of water that can be held by the soil with only negligible drainage occurring. Under 
plasticulture production, it can be very helpful to determine the irrigated soil volume per 100 linear bed 
feet of production. The wetted width represents the lateral distribution of water from the drip tube 
(lateral), and the effective root zone represents the desired depth of irrigation. This latter parameter will 



vary with the crop and stage of production.  After determining the irrigated volume of soil, the volume of 
water required for irrigation can be calculated. Irrigations may be scheduled after only a certain fraction 
of the available water in the root zone has been depleted. Irrigations must never be delayed until all 
available water has been depleted, because this will cause the crop to go into water stress and reduce 
yields. Vegetable crops are typically irrigated at 1/3 to 1/2 depletion of available water. By knowing the 
wetted soil volume and the soil water-holding capacity, the volume of water to apply per 100 linear feet 
of production can be determined. The length of time for the irrigation system to operate will depend on 
the volume of water to be applied and the rate at which it is applied. Field experience, visual observations, 
and soil water monitoring can be used with the aforementioned procedure to provide an efficient and 
effective irrigation management program.  
 
Table 3  illustrates water-holding-capacity differences as influenced by texture. Organic matter 
percentage also influences water-holding capacity. As the percentage increases, the water-holding 
capacity increases because of the affinity organic matter has for water. 
 
Table 3. Available Water Holding Capacity by Soil Texture 

Available Water Capacity  
 

 
 

Soil Texture Range (in/ft) 
 

Average (in/ft) 

Coarse sand 0.25 - 0.75 0.50 
Fine sand 0.75 - 1.00 0.90 

Loamy sand 1.10 - 1.20 1.15 
Sandy loam 1.25 - 1.40 1.30 

Fine sandy loam 1.50- 2.00 1.75 
Silt loam  2.00 - 2.50 2.25 

Silty clay loam 1.80 - 2:00 1.90 
Silty clay  1:50 - 1.70 1.60 

Clay 1:50 - 2:50 2:00 
Peats and mucks 2:00 -3:00 2.50 
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Phytophthora capsici reproduces via spores called sporangia that develop
on infected plants and fruit and appear as white “talcum powder.”

Sporangia are lemon-shaped spores
that must be magnified 400 times to be

seen individually.

Irrigation and Disease Management

Dr. M.K. Hausbeck (517-355-4576, hausbec1@msu.edu)

Since water plays a key role in disease development, water is managed based on the crop and the water
dynamics of the region.  A significant problem in the eastern United States is that heavy rainstorms
typically occur and promote disease development.  Michigan growers producing cucumbers, squash,
pumpkins, peppers, eggplants and tomatoes have reported significant losses due to Phytophthora blight in
recent years.  In most cases, the fungus Phytophthora capsici is responsible.  Phytophthora capsici was
first reported on peppers in New Mexico in 1922, but has since been reported throughout the United
States.  Recognizing disease due to Phytophthora capsici is not always easy; often the only visible
symptom of infection, especially for cucumber and tomato plants, is stunting.  Because the disease often
occurs in the low areas of a field where water accumulates, many growers assume that the stunting is due
to the ‘water logging’ of the roots.  Squash and pepper plants may have more obvious symptoms, with
plants permanently wilted or
collapsed prior to dying.

Infected plants often have
brown to black discolored roots
and crowns.  The disease is
more easily seen on infected
fruit, initially as dark, water-
soaked lesions which may
develop a distinctive white
‘powdered sugar’ layer of
spores on the surface of the
fruit.  Fruit infection is
especially troublesome because
the infection may occur days
before the symptoms become
visible.

Spores and Spread Via Water
Phytophthora capsici grows best at 80°F, and can rapidly spread
throughout a field under warm, wet conditions.  The fungus
produces lemon-shaped spores called sporangia on the surface of
roots, crowns, and fruit of infected plants.  Sporangia may be
dislodged from infected plants by irrigation water, drainage water,
or windblown rain. Sporangia may directly germinate and cause
infection.  In water, sporangia release many smaller swimming
spores called zoospores that are attracted by root exudates from
host crops.  One zoospore is all that is needed to infect a plant.
Disease occurrence within fields often follows drainage patterns,
but windblown rain may allow Phytophthora to spread across an
entire field.  The cycle of plant infection and zoospore production



Once sporangia are released, they may germinate directly or form
swimming spores called zoospores.  The formation of zoospores occurs

when conditions are wet and saturated.

The kidney-shaped zoospore settles
down, losing its swimming tails and

infests plants and fruit.

can occur many times within a single growing season.  Thus, low levels of infection early in the season
may result in an epidemic by harvest, if the disease is not controlled.

Phytophthora capsici in Irrigation Water
Movement of other Phytophthora spp. via irrigation water has been documented and aboveground water
sources may play a role in the long-distance movement of P. capsici.  Runoff water from infested fields
can transport Phytophthora from diseased plants to nearby water sources used for irrigation.  We began
testing aboveground water sources in Michigan for contamination with P. capsici during 2001 and
recovered the pathogen from irrigation ponds on two farms.  Additional irrigation water sources were
monitored for P. capsici in 2002, 2003 and 2004, and the pathogen was frequently detected in a river,
creek, and a naturally-fed pond.  All of these water sources were located near crops infected with 

P. capsici.  Another potential source of P. capsici-contaminated water may be from vegetable processing
facilities that apply their waste water to nearby vegetable production sites.  Using water that may be
contaminated with P. capsici to irrigate healthy crops must be avoided to limit pathogen spread.

In Michigan, where rainfall is prevalent, growers are encouraged to choose well-drained sites and plant
into raised beds and/or mowed cover crops.  However, plants growing in well-drained fields on raised
beds may become diseased if the rainfall is heavy (1 inch or more), because even a well-drained field may
hold standing water long enough for zoospores to be released.

Reducing field wetness periods may be a useful tool in managing fruit rot.  Most irrigation systems in
Michigan use a traveler that produces relatively large water droplets, thereby increasing the risk of
contaminating fruit with soil that is splashed via water.  Irrigation may be reduced to a minimum after
fruit set and even completely eliminated immediately prior to crop harvest without significant yield
reduction and may reduce fruit rot not only in the field but also after harvest.



Table 1.  Southwest Region 2002-2004: Phytophthora capsici in irrigation water.

Site Nearby field
with P. capsici

# years site
sampled

# years P.
capsici

detected

Phytophthora collected

2002 2003 2004 Total

1: river no 2 2 0 2 25 27

2: river yes 2 2 0 1 2 3

3: river no 2 2 0 2 1 3

4: creek yes 3 3 30 76 9 113

5: river yes 2 1 4 1 0 5

6: river yes 2 2 4 3 0 7

Table 2.  Northwest Region: Phytophthora capsici in irrigation water.

Site Nearby field
with P. capsici

# years site
sampled

# years P.
capsici

detected

Phytophthora collected

2002 2003 2004 Total

1: naturally-fed pond yes 3 3 14 4 1 19

2: well-fed pond yes 2 0 0 0 0 0

3: well-fed pond yes 1 1 1 0 0 1

4: naturally-fed pond yes 1 0 0 0 0 0

Table 3.  Southeast Region: Phytophthora capsici in irrigation water.

Site Nearby field
with P. capsici

# years site
sampled

# years P.
capsici

detected

Phytophthora collected
2004

1: retention pond yes 1 0 0

2: run-off ditch yes 1 1 33




