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REGISTRATION

This document is a collection of Best Management
Practices (BMPs) that are directed at enhancing
and protecting the water resources of the Peace
River and Manasota Basins (PRMSB). It is
recognized by all the groups that participated in the
development of this document, that this collection
of BMPs will need to be revisited, reviewed, and
modified over time and as new scientific data
becomes available. Therefore, all users are
encouraged to register their copy of this manual.
Registered users will be mailed alladdendums and
revisions as they become available. A registration
form is included in the front of this document. If
missing, contact the PRMSB Citrus BMP Steering
Committee at the address below to register.

The PRMSB Citrus BMP Steering Committee will
meet periodically to act on suggestions for

Name:

addendums and/or revisions to the document. To
provide input or to obtain the latest addendums to
the BMP Manual, contact:

PRMSB Citrus BMP Steering Committee

clo Peace River Valley Citrus Grower’s Assn.
10 East Oak Street, Suite B

Arcadia, FL 34266

863-494-0061
prvcga@earthlink.net

DISCLAIMER

Mention of a specific product or company is for
information purposes only and does not constitute
an endorsement or criticism of that product or
company.

Company / Affiliation:

Address1:
Adresss 2:
City: State: Zip:
E-mail address:
Phone:
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Introduction

Due to a sincere desire to sustain and protect our
area's natural resources and the viability of our citrus
properties, the Peace River Valley Citrus Growers
Association initiated Best Management Practices
(BMP)'s for the Peace River and Manasota Basin
area citrus groves. From the beginning of this
process, regulatory, professional and research
communities have been tireless, faithful partners to
area growers. This document should be viewed as a
living document that will adapt to better serve the
needs of our growers and our environment. The
development and implementation of BMPs is an
ongoing process to continually identify and develop
improved, science-based BMPs that will enhance and
protect the Peace River and Manasota Basins
(PRMSB), as shown in Fig. 1, resources and thus the
Charlotte Harbor National Estuary Program (CHNEP)
study area as shown in Fig. 2. The participating
groups recognize this collection of BMPs will need to
be revisited, reviewed, and modified, as new
information becomes available.

In July 2003, the Florida Department of Agriculture
and Consumer Services (FDACS) Commissioner
Charles H. Bronson released a document titled
"Florida's Agricultural Water Policy". The purpose of
this document was to identify those actions needed
to ensure agriculture has access to an adequate
quantity of water of sufficient quality to remain
competitive in an increasingly dynamic and global
marketplace. Implementation of the
recommendations contained in the FDACS
document, as well as this BMP document,  will
provide protection for the state's environment, water
resources, open spaces and wildlife. Success in
implementing these agricultural water policy
recommendations will require commitment,
coordination, and cooperation among elected
officials, agricultural producers, other water users,
environmental interests, university researchers, and
the agencies with water management responsibilities.

Itis fully recognized the boundaries of the CHNEP do
not exactly match the  recognized PRMSB
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boundaries.  In this document, where the
terminology PRMSB/CHNEP is used, we recognize
that our watersheds potentially impact the CHNEP
STUDY area and the importance of that
relationship. That said, the application of these
BMP measures is intended for the PRMSB area
only.

Due to the environmentally sensitive nature of some
recognized "Ridge" soil types present in the
PRMSB/CHNEP (shown in Fig. 3), care should be
taken by growers to identify and understand the soil
types that are present in their groves. If any of
these "Ridge" type soils are present, we urge these
growers to contact the local University of Florida
extension personnel or FDACS to further explore
additional BMP measures.

Lastly, we encourage citrus growers to become
familiar with any and all water policies applicable to
them and to utilize all water management resources
available. We also encourage each citrus grower to
foster positive relationships with those agencies
charged with managing our state's water resources.

Committee Structure

A steering committee was established in May 2003
to guide the development of the BMPs for the
PRMSB/CHNEP citrus growing area. The steering
committee established immediate and long-term
goals directed at improving water quality and
reducing water quantity impacts for the
PRMSB/CHNEP area. The goals are to:

Immediate Goal: Identify, evaluate, develop and
implement BMPs based on the best information
available that will protect and enhance the Peace
River and Manasota Basin's resources, while
maintaining an economically viable citrus industry.

Long-Term Goal: Implement an ongoing process to

identify and develop improved, science-based
BMPs to enhance and protect the Peace River and
Manasota Basin's resources.
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Figure 1. Peace River Basin & Manasota Basin Map
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Figure 2. Charlotte Harbor National Estuary Program Boundary Map
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Figure 3. Soil Type Characteristics of the BMP Area Map
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Four subcommittees were formed:
®\Vater Resource Management,
oNutrient Management,
®Pest Management, and
®Erosion Control & Sediment Management.

Each subcommittee was charged with the task of
creating a comprehensive document that PRMSB
citrus growers could utilize to implement BMPs.
Individuals on each committee were actual
stakeholders in the process and considered
knowledgeable in that particular subject.
Consistent with the goals set forth by the steering
committee, this document outlines a variety of
BMPs. These BMPs have the potential to improve
water quality, reduce the off-site transport of
nutrients and sediments, and provide more suitable
timing of surface water discharges into receiving
streams within the PRMSB area.

In additon to the BMP subcommittees, a
monitoring subcommittee was appointed by the
steering committee to evaluate data collected in the
past related to the BMP objectives. An additional
objective of the monitoring subcommittee is to
develop a list of further research necessary to
characterize the impacts of citrus production in the
PRMSB/CHNEP area, evaluate effectiveness of
BMPs presented in this document, and to identify
research that should be conducted to scientifically
evaluate other potential BMPs.

Participating Organizations

The following is a list of participants the in the
development of the document. Each of these
individuals and organizations made important
contributions to the process, and they also be key
inassuring proper and successful implementation
of the BMPs.

Citrus Growers
Jeff Adams, CMI
Ben Albritton, Albritton Companies
Lex Boswell, Peace Valley Groves
Jonathan Brown, Bethel Farms
Wes Brumback, TRB Groves, LLC
Steve Farr, Ben Hill Griffin, Inc.
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Garvie Hall, Prudential/Citrus Partners
V. C. Hollingsworth, VC Ranch

David Kemeny, TRB Groves, LLC

Clive Morris, Schroeder Manatee Ranch
Jerry Newlin, Orange Co.

Ben Norris, Robert R. Norris, Inc.
Robert Sasser, Villa Citrus, Inc.

Andy Tuck, Elton Crews, Inc.

Citrus Industry
Katherine English - Pavese Law Firm

Keith Davis - Florida Fertilizer Company

Marci Duncan - Duncan Resource Consulting,
Inc.

John Roy Gough - UAP

Keith Hollingsworth - Chemical Containers, Inc.

Dave Owens - Bayer Crop Science

Mike Prescott - Monsanto

Gary Sawyer - Syngenta

Charlotte Harbor National Estuary Program
Lisa Beever
Catherine Corbett

Environmental Affairs Consultants
Beth Andrews
Janice Robbins

FDACS Office of Agricultural Water Policy
Chuck Aller
Bill Bartnick
Rich Budell
Ed Craig

FDEP
Ron McGregor
Richard Cantrell

Florida Citrus Mutual
Mike Carlton

Florida Farm Bureau
Cara Martin
Andy Neuhofer

Peace River Basin Board
Ken Harrison
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Peace River Valley River Citrus Growers
Association Barbara Carlton

South Florida Water Management District
Ross Morton

Southwest Florida Water Management District
Dave Brown
Mark Luchte
Dave Tomasko
Pam Fentress - SWFWMD Governing Board

USDA-NRCS
Jack Creighton
LeRoy Crockett
Tim Eckert
Calvin Essex
Kendal Hicks

University of Florida, IFAS
Brian Boman
Herbert Nigg
Tom Obreza
Harold Browning
Larry Parsons
Arnold Schumann
Jim Syvertsen
Steve Futch

Background

Many activities such as urban development,
agriculture, industry, and regional water
management have all impacted the waters of the
PRMSB/CHNEP area. Over the years, efforts
have been initiated to address environmental
impacts in the PRMSB/CHNEP area. Numerous
efforts and activities are underway to improve
surface water discharges to the PRMSB area and
the CHNEP. There is no single project or effort that
will eliminate all  human impacts to the
PRMSB/CHNEP area. Improvements will come
through diligent, incremental program
achievements and efforts that reduce the volume of
water and loading of constituents that degrade
water quality.

These incremental achievements and activities
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cover all land uses from agriculture to urban, and
include a variety of efforts such as education, water
conservation programs, mobile irrigation labs,
surface water permit design criteria, regional
reservoirs, urban storm water retrofit projects and
BMPs. The BMPs developed in this document are
for the Peace River & Manasota Basin areas.

The development of these BMPs was enhanced
and accelerated by concerns in the CHNEP study
area. The Charlotte Harbor National Estuary
Program is an environmentally unique,
locally-based and federally funded program that
was created under Section 320 of the Federal
Clean Water Act . The general National Estuary
Program is modeled after the success of the
Chesapeake Bay Program, which gathered multiple
states and local governments to address severe
environmental problems in the Chesapeake Bay.
This legislation is implemented by the U.S.
Environmental Protection Agency and asks states
to nominate estuaries for designation as "estuaries
of national significance" and eligibility for federal
funding. Estuaries accepted into the program are
required to develop a "Comprehensive
Conservation and Management Plan" for the
watershed, develop a public involvement strategy,
assess monitoring efforts and base their actions
on sound science. Local committees are
responsible for implementing the Comprehensive
Conservation and Management Plan.

In 1995, Charlotte Harbor was nominated by
Governor Lawton Chiles and accepted by EPA into
the National Estuary Program, making it one of
only 28 NEPs within the United States and Puerto
Rico. Water quality, fish and wildlife habitat, and
hydrology were designated as the highest
priorities facing the Charlotte Harbor watershed
along with the related changes in land use and
population growth.  The Charlotte Harbor
"management conference" is composed of four
committees of citizens, scientists, resource
managers, industry representatives and policy
makers, including federal, state and local
governments; agriculture; non-profit organizations
and citizens. The Charlotte Harbor Comprehensive
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Conservation and Management Plan was finalized
and approved by the "management conference"in
2000 and approved by U.S. EPA in 2001. For
more information, please see the program website
atwww.charlotteharbornep.org or contact program
staff at 239-995-1777.

Requirements for BMP Development

BMPs are production systems and management
strategies scientifically shown to minimize adverse
water quality and other environmental impacts of
agricultural production. BMPs can be defined as
those on-grove operational procedures designed to
achieve greatest agronomic efficiency in food and
fiber production, while limiting the off-site effects of
agricultural  operations and maintaining an
economically viable farming operation. In cases
where the economic cost of implementing certain
BMPs puts an excessive financial burden on the
grower, such practices could only be considered
BMPs if external funds were available and the
future financial profitability of the farm will be
preserved.

There are numerous, significant benefits that can
occur with adoption of BMPs in this document.
These BMPs were established to ensure water
quantity and quality in the PRMSB/CHNEP area is
preserved to the benefit of all interests. Not all
BMPs are applicable to every citrus operation.
Therefore, the overall picture of each citrus
operation should be considered prior to adoption
of any BMP to ensure each BMP achieves its
proper objective.

All BMPs must protect the environment and be
economically viable. Recommendations must be
based on factual information and science, and
must be focused on real problems and real
solutions that work.  However in some cases,
there is no definitive research that applies to a
particular BMP. In other cases, available research
cannot predict the effectiveness of a BMP. In
situations like these, BMPs presented in this
document are based upon a combination of
available research, best professional judgment,
and practical experience. Best professional
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judgment should allow modification of a particular
practice to field conditions in a specific grove to
achieve water quality and quantity objectives.
BMPs should be consistent, while providing
reasonable flexibility to accommodate local needs
and site specific conditions. Most of all, BMPs
should not be a barrier to incentive-based
programs or to technical innovation.

Implementation of BMPs

These BMP measures are not regulatory or
enforcement-based. Landowners are requested to
maintain records and provide documentation
regarding the implementation of all BMPs utilized
and applied on their farm as well as document why
certain BMPs are not applicable to their specific
situation. Adequate records are very important for
documentation of BMP implementation. These
records are an integral part of any BMP program.

The priorities for BMP implementation are:

1. To correct any qualified existing water
quality/quantity problems.

2. To minimize water quality/quantity problems
resulting from land use.

3. To improve effectiveness of applied BMPs.

4. To seek additional improvement of BMPs based
on new, quantifiable information.

All growers are encouraged to perform an
environmental assessment of their crop production
operations. This resource allocation assessment
process is a tool that will aid in identifying which
BMPs should be considered to achieve the
greatest economic and environmental benefit.
Among the incentives for adoption of BMPs are:

®|mproved crop yield

e|mproved crop quality

®|mproved worker safety

e Efficient allocation of resources

e®Reduced environmental impacts

® Opportunity to receive cost-sharing incentives

e®Reduced regulatory requirements

® Opportunity for industry self-regulation
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It is fully recognized that additional research is
required to establish the effectiveness of some
BMPs. The development, advancement, and use
of precision agriculture techniques in citrus
production are strongly recommended. These
technologies have provided cost effective,
agronomically sound management alternatives to
traditional management methods while providing
an increased level of resource protection. The
emergence of new precision  agriculture
technologies occurs rapidly, itis recommended that
growers consistently remain abreast of new
technology trends. The application of these
emerging technologies by growers should be
considered on a site-specific basis. The consistent
pursuit of precision  agriculture technology
information can be satisfied using the resources
listed in the "Precision Agriculture" reference
section at the end of this manual.

Education is a key factor to ensure success of the
BMP programs. Training programs are needed to
ensure that BMPs are applied and implemented
properly. Public participation is needed to provide
quality input into the selection and designation of
BMPs. Monitoring programs are needed to show
that BMPs are effective in protecting water
quality/quantity and to provide measurable data for
BMP revisions. Incentive programs are needed
when a proposed BMP results in adverse
economic impact.

BMP Reference Documents

There are several sources of research that have
been used to develop BMPs for citrus in the
PRMSB/CHNEP area. Primary sourcesinclude the
NRCS, University of Florida-IFAS, EPA, FDEP and
FDACS. This document cites pertinent
documentation from these sources that may guide
the implementation, evaluation, verification and
validation of each and every BMP.
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WATER RESOURCE MANAGEMENT

Page
AQ. PUIPOSE ..o A-1
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A2.2.Drainage .........cccoevrrnninireiiinnens A-9
A2.3. Managing Salinity ....................... A-12
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and Evaluation ..........cccccoeeeenne A-17
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AG. Drainage Management Plan ................. A-24
AT7. Drainage Rate and Volume .................. A-26
A8. Discharge Structure .........cccoceevevirennne, A 26
A9. Detention—Tailwater Recovery and
Surface Water Use .........cccccevrveeenne A-27
A0. Purpose

The drainage systems that have been developed in
the Peace River and Manasota Basins (PRMSB) to
make productive agricultural and urban land has
increased drainage frequency, discharge volumes,
and the velocity of water discharged from structures
within the watershed compared with the natural
condition.  Excess rainfall from high intensity
thunderstorms, tropical storms, and hurricanes must
be drained in order to protect agricultural and urban
areas from flooding (Fig. A0.1). The resulting
discharges to the PRMSB drainage areas from these
events can cause significant environmental impacts
(Fig. A0.2) . Under natural conditions, water from
these areas would be cleaned by traveling
downstream via tributaries before reaching coastal
water bodies.

Implementation of the practices and policies in this
chapter will improve water quality and maintain
natural variability and the aquatic ecosystems in the
PRMSB. Salinity issues have become a major area
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of concern for both agricultural and urban interests
in the PRMSB. Currently, programs are in place
through the Florida Department of Environmental
Protection (FDEP), Florida Department of
Agriculture and Consumer Services (FDACS),
Natural Resources Conservation Service (NRCS)
and the Southwest Florida Water Management
District (SWFWMD) to work with citrus growers and
other farmers to reduce salinity problems. A special
section, A2.3, has been included in this manual to
discuss BMP’s for growers with high salinity
irrigation water.

Figure A0.1. Grove flooding caused by high-intensity and

excessive rainfall.

Nutrients, pesticides, and sedimentin the freshwater
inflows in conjunction with tidal dilution involving
ocean water directly affect estuarine water quality.
Typically, seasonal variation in water quality in the
estuary is driven by incoming freshwater flows from
within the watershed. Management strategies need
to address both freshwater quantity and quality.

All types of land uses within the watershed
contribute surface water runoff and pollutant loads
to the estuary. Since agriculture is the largest land
use type in the PRMSB, the activities associated
with agriculture and citrus production areimportant
considerations in the overall health of the estuary.

Activitiesin groves can affect the water resources of
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Figure A0.2. Steps should be taken to moderate high
grove discharged following storm events in order to
minimize environmental impacts of releases.

the watershed. Wherever feasible, citrus growers
should consider implementing surface water
management strategies that can provide additional
storage and reduce the impacts associated with
excessive freshwater discharges. These surface
water management strategies can range from
improved ditch maintenance, water table
management to additional on-site canal storage or
the construction of detention reservoirs for holding
excess rainfall and tailwater recovery systems (Fig
A0.3). It is important to conduct site-specific
evaluations to determine if additional storage can be
provided on-site and to plan long-term water
management strategies that will minimize off-site
discharges during periods of intense rainfall.

Figure A0.3. On-site retention can greatly reduce off-site
impacts of citrus groves.
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Al. WATER TABLE MANAGEMENT

Water table control can be managed more
efficiently by having sufficient hydraulic
capacity in the ditch/canal system, using water
control structures on culverts, laser land
leveling where appropriate, constructing and
maintaining a properly designed drainage
system, and actively monitoring the water table.

Effective water management of flatwoods soils
requires monitoring the water table depth with
enough precision to minimize pumping for irrigation
and drainage. Knowledge of the water table depth is
essential to ensure that adequate drainage can be
provided. Since a significant portion of the tree
water requirements can come from upward flux from
the water table, water table monitoring should be an
essential tool in irrigation management. Water table
manipulation, and associated supplemental irrigation
reductions, can also assist in salinity management
by reducing the use of low quality ground water.

Upflux
The movement of water upward within the soil

profile from the water table is called "upflux". As
water is removed from the soil by the tree roots and
by evaporation at the ground surface, water content
of the soil decreases. By capillary action, water
moves from the water table into the drier soil above.
Water tends to adhere to soil particles due to
surface tension between adjacent particles. Smaller
soil particles have smaller inter-particle voids. The
smaller particles provide greater surface areas upon
which water can adhere. In addition, the smaller
voids allow water to be retained at higher tension or
suction. As a consequence, soils with smaller
particles have the ability to move water greater
distances by capillary action than coarser soils
(Figs. AL.1 and Al.2). As a result, the upflux
process can move water into the root zone from a
much deeper water table in clay soils than it can in
sandy soils.

Excess water drains by gravity into the shallow
water table after a saturating rain or irrigation cycle.
The removal of soil water by evaporation and
transpiration results in water movement upwards
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(upflux) by capillary action to replace some of the
water in the root zone. The deeper the water table is,
the farther the water has to travel upwards into the
root zone. Therefore, the effectiveness of the water
table for providing moisture to the roots decreases as
the water table level drops. If the level is allowed to
drop too low, capillarity is broken and upflux action
ceases until another saturating rain or irrigation cycle
refills the soil profile.

Figure AL1.1. Typical upflux rates by water table depths for
EauGallie, Myakka, Pineda, and Riviera series soils (data
from Obreza and Boman, 1992).

Water Table Observation Wells

A water table observation well allows the ground
water level to rise and fall inside it as the water level
naturally changes. The changing water level moves
an inserted float with an attached measuring rod
(Fig. A1.3). The float assembly provides a quick
visual indication of water table depth. With more
precise inspections of the observation well, the
information required for more detailed water
management can be obtained.

Figure A1.3. Schematic of observation well.

Figure A1.2. Typical upflux rates by water table depths for
Felda, Immokalee, Wabasso, and Winder series soils
(data from Obreza and Boman, 1992).
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Calibration of Water Table Observation Wells
Calibration is required to determine water table
levels that are optimum for flatwoods citrus trees,
and to determine when to apply irrigation water to
maintain a specific water table level. The measuring
rod can be marked with divisions painted at
appropriate intervals for the desired maximum and
minimum water table depths (Fig. A1.4).

The measuring rod in a water table observation well
has marks that indicate critical water table levels.
When the water table drops lower than these marks,
the soil will not provide sufficient moisture to meet
tree demands. If a very slowly permeable spodic
and/or argillic horizon is present, it may be
necessary to use the depth to the restrictive layer as
the lower depth limit. Observations over a period of
time will help determine whether water perches on
top of the restrictive layer. The upper water table
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management level depends on the depths of the
water furrows and roots. The upper mark should be
selected so that water does not pond in water furrows
or cause root pruning.

Figure Al.4. Observation well installed in a citrus
grove.

Forexample, inan EauGallie soil (Table A1.1), marks
should be made on the measuring rod to show
depths of 30 in. (for summer) and 37 in. (for winter
months). These will be used to signal the need to
start supplemental irrigation throughout the year.

Figure A1.5. Markings on observation well showing
critical depths for winter (lower) and summer (upper)
months.
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These marks should be used as starting points, and
confirmed with soil moisture measurements and
observation of tree response.

Monitoring water table observation wells can
provide adequate information to efficiently schedule
irrigation and drainage practices in Flatwoods soils.
To incorporate the use of water table observation
wells in your operation, contact your local Soil and
Water Conservation District.

Table Al.1. Typical water table depths needed to
meet tree needs for citrus on EauGallie series soil
(calculated from long-term monthly ET and typical

upflux data).
Month Typical ET Water table
(in/day) depth (in.)
Jan. 0.07 32
Feb. 0.10 29
March 0.15 28
April 0.16 27
May 0.18 26
June 0.19 26
July 0.19 27
Aug. 0.19 26
Sept. 0.14 28
Oct. 0.12 28
Nov. 0.10 29
Dec. 0.06 35
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A2. SCHEDULING IRRIGATION AND DRAINAGE

Drainage and irrigation schedules should focus on
optimal crop production and promotion of deep
rooting by maintaining a constant water table that
minimizes water quantity and quality impacts.

During intense rainfall periods when drainage rates
are insufficient to prevent upward fluctuations of the
water table, root damage can occur. Therefore,
irrigation and drainage practices should be focused on
maintaining a well-defined root zone that can be
managed during both drought and wet periods. High
salinity irrigation water can cause an adjustmentto the
above-mentioned scheduling.

A2.1. Irrigation

Citrus evapotranspiration (ET) is largely determined by
climatic factors. Water requirements vary with soil
type, climate, ground cover, cultivation practices,
weed control, tree size and age, scion, rootstock, and
tree health. Typically, trees only require 1 gal/day
during the first 2 years after planting. Large, vigorous,
healthy trees require more water than young or non-
productive trees. Large trees at low planting densities
(60-80 trees/acre) may use twice as much water
versus trees planted at a closer spacing that are
hedged and topped to control tree size. The water
use by typical flatwoods citrus trees planted at a
typical spacing (115 to 150 trees per acre) will be on
the order of 10-20 gal/day during the winter months
and peak at 40-50 gal/day during the summer and
should be similar to the rates for developing trees (Fig.
A2.1.1).

Studies have shown that efficient use of water and
high yields can be obtained by irrigating when 1/3 of
the total available water in the soil is depleted during
the most critical periods (February through June) and
at 2/3 depletion the remainder of the year (Koo et al.,
1978). In a flatwoods study, grapefruit trees irrigated
at soil tensions of 10-15 char (1/3 depletion) yielded
12% more and produced 9% more total soluble solids
than those irrigated at 35-45 char (% depletion). In
addition, irrigation at 1/3 depletion yielded more large-
sized fruit (Boman, 1996). Adequate soil moisture is
especially important during the bloom period in order
to ensure sufficient fruit set. Soil moisture should also
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be plentiful throughout the initial fruit enlargement
phase to prevent excessive “June drop”.

Figure A2.1.1. Water use for Flatwoods citrus trees in
gallons per tree per day for various ages and sizes of
trees.

Application volumes

Water use rates and irrigation requirements are
usually presented in terms of depth. ET rates
calculated by the Florida Agricultural Weather
Network (FAWN) and many of the private weather
stations located within groves (Fig. A2.1.2) use the
Penman Reference ET equation (ETo) and are
presented in units of inches per day. Long-term
monthly ETo calculated from data at NOAA Weather
Service stations at Tampa and Lakeland are
presented in Fig. A2.1.3.

Converting the depths to per-tree volumes is
required to manage microirrigation systems that
water only a portion of the ground surface. Detailed
conversions fromirrigation depth toirrigation volume
require knowledge of tree planting density and tree
size and health. As a rule of thumb, however,
evapotranspiration (ET) rates expressed as depths
can be converted to volume by:

galltree/day = ET (in/day) x tree
spacing (ft?) x 0.622 gal/in-ft?
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Figure A2.1.2. Weather station used for calculating
ETo and estimating water use in citrus grove.

Figure A2.1.3. Monthly ETo calculated from ling-term
weather data at Tampa and Lakeland NOAA weather
stations.

The water use for an ET rate of 0.15 in/day (typical in
late March) and a tree spacing of 12 ft x 25 ft can be
estimated as:
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0.15 in/day x 12 ft x 25 ft x 0.622 gal/in-ft’
= 28 gallday

The conversion should only be used as a starting
point, with the actual water estimates based on the
size and condition of trees in each block. The water
use per tree for mature citrus trees in high-density
plantings will be less than that in low-density
plantings due to tree size.

The effect of tree density on individual tree water
use is illustrated in Table A2.1.1, which assumes
that the water used per-acre is equal. During
extended dry periods, nearly all of the water used by
the trees will come from within the area wetted by
the irrigation system. The volume of water that is
available in the wetted area depends on the soil
texture, organic matter and clay contents, root zone
depth, and the emitter design. Typical
microsprinklers wet an area of 12-16 feet in
diameter, while drip systems frequently wet areas
2Y»-3 feet in diameter.

The volume of water stored beneath the wetted
pattern of a microsprinkler can be estimated if the
water holding capacity (WHC) of the soil is known
and certain assumptions are made (Fig. A.2.1.2).
Table A2.1.2 provides an estimate of the volume of
water stored within the area wetted by a 15 ft
diameter microsprinkler based on soil texture and
root zone depth. Plant available (useable) water is
that portion of the total soil water that is held
between soil tensions of 0.1 bar (field capacity) and
15 bars (wilting point).
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Table A2.1.1. Water use in gal/tree for various planting densities assuming equivalent per-acre water use.

ET Tree spacing Tree area Tree density ET
(in/day) (ft x ft) (ft9) (trees/acre) (galitree/day)

8 x 22 176 248 11

0.10 10x 24 240 182 15

12.5x 25 312 140 19

15x25 375 116 23

8 x 22 176 248 16

0.15 10x 24 240 182 22

12.5x 25 312 140 29

15x25 375 116 35

8 x 22 176 248 22

12.5x 25 312 140 39

15 x 25 375 116 46

Figure A2.1.3. Procedure for calculating available water in wetted area beneath microsprinkler with 15 ft
diameter wetting pattern.
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Table A2.1.2. Gallons of water removed in the 180 ft*area under a microsprinkler with a 15 ft diameter-wetting

attern based on soil type and soil water depletion status.

Available Total available 1/3 depletion 213 depletion

Soil Texture* Water Root depth (ft) Root depth (ft) Root depth (ft)
(in/ft) 15 2.0 3.0 15 2.0 3.0 15 2.0 3.0
Coarse sand 0.45 76 101 | 152 25 33 50 51 68 102
Sand 0.75 127 | 169 | 253 42 56 84 85 113 | 170
FS, LS, LFS, SL 1.00 169 | 225 | 338 56 74 111 | 113 | 151 | 226
Loam 1.40 236 | 315 | 472 78 104 | 156 | 158 | 211 | 317
CL, SCL 1.95 329 | 439 | 658 | 109 | 145 | 217 | 220 | 294 | 441

*FS =fine sand, LS = loamy sand, LFS = loamy fine sand, SL = sandy loam, CL= clay loam, SCL= sandy clay

loam.

Typical soils series are: Coarse sand/sands- Tavares, Zolfo; Fine sands: EauGallie, Pineda, Farmton, Wabasso

Irrigation Interval

The optimum interval between irrigation events
depends on the design of the irrigation system, ET,
time of year, and soil characteristics as well as tree
size and condition. Evapotranspiration rates in
citrus groves are highly dependent on climatic
conditions. Higher evaporation and transpiration
rates occur on clear, sunny days with low humidity
and highwinds compared with cool, damp, overcast
winter days. Therefore, irrigation frequency must be
adjusted through the year. Table A2.1.3 provides
estimates of the irrigation intervals required to
replace water lost by evapotranspiration for
flatwoods soils (assuming no rainfall or upflux from
the water table). Irrigation intervals would be less
frequent for trees that use less water due to tree
size, tree condition, environmental conditions, or
dormancy.

Young Tree Water Use

It takes a number of years (4 to 10, depending on
planting density) to achieve maximum ET in a newly
planted grove. The amount of water applied to a
young grove should take into account the tree
canopy size. Newly planted trees require only a
fraction of the water that is needed by mature trees.
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However, irrigation systems that water grassed
areas in row middles and between trees can raise
the water requirements considerably. One study
found nearly double the water requirement for 2-
year-old citrus trees with grass cover compared
with trees surrounded by bare soil (Smajstria,
1985).

In a Florida study, water use for 5-6 year-old
Valencia orange trees on Swingle citrumelo
rootstock peaked at about 16 gal/day in May.
During November through January, ET rates
averaged only about half the May rate (Boman,
1993). Water use was found to increase at a rate of
about 20% each year from years 4 through 6.

Typical spring applications for young trees are 2, 4,
7,12, and 17 gallons per day from the first to the
fifth year, respectively (Boman et al., 1999).

Weather Data for Irrigation Management

Weather is one of the most important factors that
affect citrus growth and production. When
scheduling irrigation, it is important to have good
rainfall and temperature data. In Florida, one of the
best sources of up-to-date weather information is
the FAWN weather network available on the
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Internet. FAWN stands for Florida Automated
Weather Network, and is available at
http://fawn.ifas.uf.edu. It provides weather
information from numerous locations throughout
the state at 15-minute intervals.

Decision modules, such as disease prediction, crop
phenology, and impacts on crops based on climate
forecasts, are also being added to the Web site. Of
particular use is the daily summary that gives the
daily minimum and maximum temperature, rainfall,
total radiation, calculated evapotranspiration (ET),
and hours below certain temperatures.

For scheduling irrigation, this daily summary gives
much of the information needed to make good
scheduling decisions.

Besides giving rainfall, temperature, and ET
information that can help with irrigation
management, FAWN weather data can be
particularly valuable on freeze nights. FAWN
provides both temperature and humidity (dew point
and wet bulb) data. On predicted frost nights, the
wet bulb temperature from FAWN can be
particularly useful to estimate how cold it will get.

Table A2.1.3. Estimated irrigation interval (days) for healthy, mature trees by soil series based on average soil
water-holding capacity (WHC) and root zone depth for each series. Citrus tress were assumed to be planted
ona12.5 by 25 foot spacing and hedged to 18 foot canopy width and entire canopy area wetted by the irrigation
system. Irrigation interval will be reduced if irrigation system wets a smaller area of the root zone.

Allowable Myakka EauGallie
Average ET depletion 0.54 in/ft, 18-inch 0.64 in/ft, 18-inch
Month in/day galitree/day % Irrigation interval (days)
Jan 0.07 10 67 7.8 9.2
Feb 0.10 14 33 2.6 32
Mar 0.15 21 33 1.8 2.1
Apr 0.16 22 33 17 2.0
May 0.18 25 33 15 1.8
Jun 0.19 27 33 14 17
Jul 0.19 27 67 2.8 34
Aug 0.19 27 67 2.8 34
Sep 0.14 20 67 39 4.7
Oct 0.12 17 67 4.6 54
Nov 0.10 14 67 5.5 6.4
Dec 0.06 8 67 9.1 10.9

A2.2. Drainage

Water table levels vary greatly in flatwoods areas
during the rainy season due to the effects of
different soil types, non-uniform rainfall, and high
intensity rainstorms. Drainage of soil-water is
especially important in the wet season since citrus
root damage may occur under prolonged high
water table conditions. Effective water
management, which includes both irrigation and
drainage on these poorly drained soils, is essential
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for profitable citrus production.

Drainage systems in flatwoods groves consist of
canals, retention/detention areas, open ditches,
subsurface drains, beds, water furrows, swales,
and may include pumps required to move surface
water. These systems require continuous
maintenance to minimize the chances of root
damage from prolonged exposure to waterlogged
soils caused by poor drainage, high intensity rains,
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and high water tables. Drainage systems should
be designed to allow water table drawdown of 4-6
inches per day, a rate that should be sufficient to
prevent root damage.

Flooding Damage

Research has shown that there is potential for
water damage to citrus roots Fig A2.3.1 if water
saturates beds for 4 days or more during extended
summer rains.  During the cooler months of
December-February, citrus trees can tolerate
flooded conditions for much longer periods than in
the summer. In order to understand how flooding
damages citrus, one needs to understand the soil-
water dynamics in agrove. In most flatwoods soils,
a clay or organic layer within 20-48 inches of the
surface acts as a barrier to downward movement of
water. As aresult, water must move laterally to be
drained from saturated soils above these layers.
The rate at which water moves through soil
expressed in units of distance/time (in/hr or ft/day)
is called hydraulic conductivity. Sands typically
have saturated hydraulic conductivity of 20 in/hr or
more, while the saturated hydraulic conductivity of
many flatwoods soils with significant clay content is
in the range of 0.1-0.2 in/hr. Hydraulic conductivity
also varies tremendously with soil moisture
content. For example, when saturated, the
hydraulic conductivity of an Oldsmar fine sand soil
is about 20 in/hr, but when soil moisture is reduced
to a level where a tensiometer reads 85 char, the
hydraulic conductivity drops to less than 0.05 in/hr.

Porosity is the pore space (air space between soil
particles) divided by the total volume of soil. The
quantity of water that drains out of the soil as the
water table is lowered is directly related to the soil
porosity. Gravity is the force that moves water in
saturated soils. Therefore, water in saturated soils
moves from a higher elevation to a lower elevation.
The difference in elevation between two free water
surfaces divided by the distance between points is
called the hydraulic gradient. The steeper the
gradient, the faster water will drain from the higher
elevation to the lower elevation. Excessive rainfall
will cause a perched water table to develop above
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Figure A2.2.1. Severely water-damage roots (top)
and healthy (boottom) flatwoods citrus roots.

the hardpan in flatwoods soils. Rainfall infiltrates
the soil and moves downward to the free water
surface (where the soil is saturated), and then must
move laterally towards the water furrow for
drainage to occur. As a result, a mound in the
water table develops in the bed between the water
furrows (Fig. A2.2.2).

The time required for this mound of water to recede
to a more average depth varies greatly with soil
texture and the efficiency of the drainage system.
The time may vary from 2 days in coarse textured
soils like Pineda, Riviera, and Immokalee series to
more than a week in finer textured soils like
Winder. Ifthe drainage system is working properly,
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water recedes at rates adequate to prevent root
damage. Problems occur when heavy rainfall
results in elevated water tables for several weeks.
Once the soil is near saturation, only a small
amount of rainfall is needed to fill the available pore
spaces in the soil, saturating the root zone. When
the air is excluded (pore spaces are filled with
water), root decay can occur with infections by
disease organisms.

Figure A2.2.2. Schematic of water table positions
during drainage (bottom, wet soil)) and wetting event
(i.e. seepage irrigation) with dry soil (top).

If surface runoff water moves quickly (i.e. slow
infiltration rate) following rainfall and the water
furrows drain freely, the initial buildup of a perched
water table in the beds may be relatively minor.
When the difference in elevation between the free
water surface in the bed middles and water furrows
is relatively large, maximum drainage rates will
occur. As the water drains from the beds, the
height of the free water surface in the beds
decreases, and the mounded water table becomes
less pronounced. The rate of drainage from the
beds will slow due to a decreased hydraulic
gradient.

Water table observation wells (WTOW) are good
tools for observing soil-water dynamics. They are
a reliable method for evaluating water-saturated
zones in sites subject to chronic flooding injury.
These wells can also be used to measure the rate
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of water table drawdown, which is the key to
discovering how long roots can tolerate flooding.
Observation wells constructed with measuring rods
allow water tables to be visually observed while
driving by the well site. The local water
conservation district can assist with water table
observation well installation and use in scheduling
grove irrigation cycles for Hardee and Desoto,
Manatee, Sarasota and Charlotte Counties.

Short-term estimates of flooding stress can be
obtained by digging into the soil and smelling soil
and root samples. Sour odors indicate an oxygen
deficient environment. The presence of hydrogen
sulfide (a rotten egg odor) is an indication that
feeder roots are dying. Anaerobic bacteria (that
live in the absence of oxygen) will develop rapidly
in flooded soils and contribute to the destruction of
citrus roots. In a field survey of poorly drained
groves, anaerobic sulfate-reducing bacteriain more
than half of the locations formed toxic sulfides.
Nitrites, formed by nitrate reducing bacteria, and
organic acids that are toxic to roots were also
found in these flooded soils.

Good drainage allows air to move into the soil and
prevents oxygen-deprived conditions. Citrus tree
stress caused by flooding is usually less when soil
water is moving than when it is stagnant. A higher
subsoil pH may help to delay, for a few days at
least, the death of citrus roots under flooded
conditions.

With experience, flooding injury can be diagnosed
during periods when groundwater levels are high.
Even before there are visible tree symptoms,
digging into the root zone may give an estimate of
future tree response. Indications of problems
include high water tables with saturated soils in the
root zones, sloughing roots, and sour odors in the
soil.  When the water table recedes, visible
damage to the trees may become more obvious.
New feeder roots appear and grow rapidly on trees
that have survived and received adequate
irrigation.

Symptoms of damage may not occur for several
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weeks, depending on the severity of root damage
and the frequency of rainfall following the damage.
Symptoms usually start to appear after the water
table drops and the soil dries out. Symptoms of
root damage include leaf yellowing, chlorosis,
wilting, fruit drop, leaf drop, and twig dieback.
Often root damage is so severe that trees may go
into a wilt even though water furrows are still wet.
Because the root system was severely damaged
by the flooding, the full extent of damage may not
be known for several months or until drought
conditions occur.

Young trees are often more sensitive to flooding
and may develop symptoms resembling winter
chlorosis. More subtle symptoms include reduced
growth and sparse foliage that can occur at
locations only a few inches lower in elevation that
the surrounding area. Harvesting operations in a
grove after recent flooding may also further
damage surface roots that have been injured by
the flooding.

Hot, dry conditions following flooding will hasten
the onset of stress and symptom expression. The
reduced root system resulting from flooding is
incapable of supporting the existing tree canopy.
When this occurs, irrigation management becomes
critical. Irrigation must provide moisture to a
depleted (shallow) root system. Excessive water
could compound existing problems. If root system
damage is extensive and tree canopy condition
continues to deteriorate with permanent wilt and
foliage dieback, some degree of canopy pruning
may be necessary to reestablish a satisfactory
shoot/root balance.

Light, frequent irrigations will be required until the
root zone has become reestablished. Subsurface
moisture should be maintained to promote root
growth into the lower root zone. If root damage is
severe, frequent irrigation may be required
throughout the winter months, especially if dry
winds persist.

A2.3. Managing Salinity
It is important that growers understand the issues
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related to the quantity and quality of irrigation water
used and the potential impacts that the use may
have on downstream receiving water bodies.
Managing irrigation with high salinity water requires
frequent irrigations with excess water applications
that leach accumulated salts from the soil. As a
result, these salts move off with surface water
drainage and impact downstream water users.

Salinity measurement

Saline water is generally defined as water
unsuitable for irrigation because of its high content
of dissolved solids. Potential problems associated
with the use of saline irrigation water and soils can
be compounded by fertilization and irrigation
practices (Syvertsen et al., 1989). Consequently,
the frequency, sources, and methods of application
of both fertilizer and water become of important to
minimize the effects of salinity.

Electrical conductivity (EC) is a measure of the
ability of a solution to conduct electricity and is
directly related to the quantity of total dissolved
solids (TDS) in solution. The unit of measurement
for EC is deci-Siemens per meter (dS/m), which
generally ranges from 0-5. If the numbers reported
are higher, in the range of 500-5000, the units are
typically micro-Siemens per centimeter (= S/cm).

It is recommended that a commercial or certified
laboratory analyze each irrigation source annually
for EC, TDS, sodium (Na), chloride (Cl), and sulfate
(SO,) concentrations. Specific ion concentrations
in relation to overall TDS are important in the
assessment of salinity and its affects on citrus. For
example, TDS levels may be relatively low (at or
near 1,200 mg/l), but chloride concentrations for
the same sample may exceed 500 mg/l because
chloride is the dominant source of the salinity.

Once laboratory water quality data is obtained, a
simple ratio of EC to each dissolved constituent
can be used to accurately estimate TDS and
concentrations of Na, Cland SO,. The conversion
from electrical conductance to TDS depends onthe
particular salts present in the solution. A factor of
700 x EC (in dS/m) for converting EC values to
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TDS is suitable for many areas of Florida (Wander
and Reitz, 1951).

Salinity in PRMSB

Salinity in some irrigation sources can vary from
hour to hour or from day to day. Generally, ground
water quality decreases with depth and deep wells
may cross-connect multiple water quality zones.
These cross-connecting wells may passively
contribute to a degradation of local ground water
resources due to the intrusion of poor water quality
into zones of higher water quality.

In the coastal and southern areas within the
PRMSB, it is not uncommon for ground water
quality to degrade when wells are pumped at high
rates or for prolonged periods. The degradation is
generally attributed to “up-coning” of denser, saline
water as the fresher water above is pumped out of
the aquifer. If these conditions exist, the well may
be conducive to back plugging of the highly saline
zone to improve water quality. This method of
improving ground water quality can be highly
effective if the saline source, i.e., fractures of flow
zones, can be identified and the flow zone shut off
or plugged. However, the sustainability of wells
that have been back-plugged is unknown.
Therefore, back plugging should be one element of
an overall salinity reduction plan and be
accompanied by other low salinity irrigation
sources such as surface water and/or tailwater
recovery and reuse.

In the southern and coastal areas of the PRMSB,
many irrigation wells are characterized as flowing
artesian wells. If allowed to equilibrate, these wells
can exhibit water levels several feet above land
surface and can discharge water from several
gallons per minute (gpm) to several hundred gpm.
If left unchecked, these wells can waste
tremendous volumes of water and cause harm to
crops and downstream receiving water bodies. If
the water is saline, the effects can be deleterious.

Florida Statutes dictate that flowing artesian wells
be capped or valved in a manner such that only the
volume that is required for an intended use is
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released. This also applies to pumping systems
that allow water to pass through the pump. Such
unchecked flow can allow for a continual discharge
through the irrigation system. All flowing artesian
wells are required to be valved, even if pumping
equipment is installed, unless it can be
demonstrated that the pumping equipment
prevents discharge.

Effects on citrus

The effects of high salinity can be very detrimental
to citrus, especially young trees. The primary
responses to salinity in citrus are; reductions in
growth, leaf drop, twig dieback, reduced yields, and
small fruit. Other considerations include: osmotic
stress, toxicity from sodium (Na), chloride (Cl), and
boron (B) ions, the tolerance of rootstocks and
scions to salinity, fertilizer sources and
formulations, frequency of irrigation and nutrient
applications, and problems associated saline
water used as a carrier for foliar sprays.

Dissolved salts have an osmotic effect that reduces
the availability of soil water causing the trees to
suffer drought stress-like symptoms. A gradual
accumulation of salts in the root zone can reduce
root and leaf growth causing visibly thinner tree
canopies and lower yields. A sudden shock
increase in osmotic stress can be more detrimental
than a gradual increase in salinity stress over
several irrigation cycles. An osmotic shock can
cause leaves to drop within a few days.

Salt stress can occur from fertilizer applied at
excessively high rates. If salts do accumulate at
the edge of the irrigation-wetted area, a slight rain
can move the salts back into solution. If there is
insufficient rain (less than 1 inch), the salts may
move up back in the root zone resulting in osmotic
shock. Salinity can also negatively affect trees
through the accumulation of potentially toxic ions,
principally Na, Cl and Boron (B) in roots and
leaves.

Whether by osmotic stress or by the accumulation
of toxic ions, high temperatures and low humidity’s
can make salinity problems worse. Therefore,
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irrigation water with EC values consistently greater
than 1,000 uS/cm should be avoided and
alternative, low salinity sources employed.

There are differences among citrus rootstocks in
their ability to exclude or tolerate high levels of Na
and Cl in the soil solution while preventing their
accumulation in leaves.  Since many common
citrus rootstocks can exclude Na, high Cl levels in
leaves are usually considered to be more
deleterious than high Na. Preliminary ground water
quality investigations performed by the SWFWMD
indicate that in the southern part of the PRMSB, Cl
concentrations are approximately twice the Na
concentrations.

The general, decreasing order of salinity tolerance
(from best to worse) to high Cl for common citrus
rootstocks is Cleopatra mandarin > Rangpur lime
> sour orange > rough lemon > Volkamer lemon >
Swingle citrumelo > Sweet orange > Carrizo and
other citranges > Poncirus trifoliata (Levy and
Syvertsen 2004). There are also differences in
salinity tolerance among scion varieties that may
be related to water usage (Syvertsen et al. 1989).
The more water a tree uses through transpiration,
the more ions can be deposited inside leaves as
the water evaporates. For example, grapefruit and
lemon trees tend to use more water and are less
salt tolerant than orange varieties.

Critical concentrations of leaf Na and Cl can be
variable depending on leaf age, duration of salinity
stress and the rate at which soil salinity previously
increased. High concentrations of Clin leaves can
cause yellowing, bleaching, bronzing and/or tip
burn (Figs. A2.3.1 and A2.3.2). At higher salinity
levels or longer term drought, leaf drop will occur
as leaf Cl levels increase. The thinning canopy will
be followed by twig dieback, defoliation, and death
of young trees (Fig. A2.3.3).

Leaf tissue analysis should also be used to detect
deficient levels of other elements caused by
nutrient imbalances from the salt stress. For
example, high leaf Na can cause low calcium (Ca)
and low potassium (K). Salinity problems can be
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minimized if adequate leaf nutritional
concentrations are maintained, especially those of
N, Ca, and K.

Management
Salinity management should be based on relative

concentrations of salts in water, fertilizer solutions

Figure A2.3.1. Leaf tip burn caused by excess salinity
in citrus.

and soils. Therefore, irrigation source water should
be regularly tested and when available, low salinity
sources should be used to the greatest extent
practicable.

Irrigation with high salinity water requires
applications to be more frequent and of greater
amounts than when good quality water is used.
During extended droughts, salinity levels will
dictate irrigation scheduling. Salts are
concentrated in the soil with the process of plant
transpiration and soil surface evaporation, which
selectively remove relatively pure water and
concentrates the salts. Salt accumulations in the
soil are generally only removed by leaching below
the crop root zone. Therefore, the key to salinity
control is to provide a net downward flow in the root
zone.

Even in well-managed groves, the soil water will be
several times more saline than the irrigation water.
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With insufficient leaching and drying out of the soil,
this ratio can easily increase ten-fold or more,
resulting in injury to the trees. Accumulation of
salts over the years is not a problem in most cases
due to the abundant rainfall at sufficient rates to
leach the salts from the root zones. Salts in typical
sandy soils are generally leached out with the first
inch of rainfall. However, in some poorly drained
heavier soils, salt accumulation can be a problem.
These soils require more careful monitoring of
salinity-related problems.

If surface water resources are developed, it is
important to operate them independently from
saline groundwater sources. Mixing of saline
ground water into a surface water reservoir may
increase the salinity of the reservoir through
evaporation. Therefore, water supply withdrawals
should be managed independently, if possible.
Surface water impounded behind water control
structures can also assist in saline water dilution
and inhibit off site discharge. This practice, if
managed properly, can add to the upflux of soil
water, thereby reducing overall irrigation demand
and assist in low temperature moderation.

Figure A2.3.2. Leaf bronzing caused by excess salinity
in citrus.
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Be aware of the effect of fertilizer use on increasing
osmotic stress.  Consider selecting fertilizer
sources that have the lowest salt index per unit of
plant nutrients when using saline irrigation water
(Appendix 4, Salt Index table). Increase the
frequency of fertilizations by applying lower rates,
thereby making it possible to reduce the salt
content of each application and aid in preventing
excess salt accumulation in the root zone.
Maintain optimum, but not excessive, nutrient
levels in soil and leaves with rates based on the
long-term production potential from each specific
grove. Fertilizer rates can usually be lowered for
trees with high salinity since production levels will
probably be lower than for non-salt stressed trees.

Figure A2.3.3. Canopy thinning and twig dieback

There are numerous programs offered by
governmental agencies that will assist in lowering
and/or managing high salinity levels in irrigation
water. Table A2.3.1 provides information on
several of these programs:
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Table A2.3.1. Programs aimed at assisting growers with salinity management.

Program Program Summary Contact
Quality of Water Improvement Program | Provides partial reimbursement to plug | Southwest Florida Water Management
(QWIP) abandoned or non-used wells District (SWFWMD)

Provides partial reimbursement to
Irrigation Well Back-plugging Program | back-plug wells to reduce poor water
quality yield

Southwest Florida Water Management
District (SWFWMD)

Facilitating Agricultural Resource
Management Systems (FARMS)
Program

Provides funding (up to 75%) for
alternative irrigation source
development within the Southern
Water Use Caution Area (SWUCA)

Southwest Florida Water Management
District (SWFWMD) and Florida
Department of Agriculture and
COnsumer Services (FDACS)

Environmental Quality Improvement
Program (EQIP)

Provides funding (up to 75%) for
irrigation related BMPs

Natural Resources Conservation
Service (NRCS)

Mobile Irrigation Lab

Helps to provide confidential
evaluations of irrigation system
efficiency and operation.

See A-2d below.

Natural Resources Conservation
Service (NRCS) and (SWFWMD)

County Alliance for Responsible
Environmental Stewardship Program

Provides increased awareness on
positive environmental practices while
(CARES) maintaining profitability

Florida Farm Bureau, IFAS, NRCS

Summary

BMPs for saline irrigation sources are critical to
overall fruit yield and tree health. Consequently, all
irrigation sources should be analyzed and
monitored frequently.  As individual irrigation
sources are characterized, the use of high salinity
sources should be reduced and low salinity and/or
alternative irrigation sources maximized. Practices
that reduce salt buildup in the soils offer increased
fruit yield, more effective nutrient uptake, and
reduce potential water quality impacts to receiving
surface water bodies.

References:

o Circ.1411. Managing Salinity in Florida Citrus.
http://edis.ifas.ufl.edu/AE171.

® Levy, Y. and J.P. Syvertsen. 2004.

® SP-169. Nutrition of Florida citrus trees.

® BUL 208. Trickle Irrigation Scheduling for Florida Citrus.

® [FC-81. Management of Microirrigation Systems for Florida
Citrus.

® HS-166. Irrigation Scheduling Tables For Florida citrus.

® Circ. 444. Citrus Irrigation Management.

® Boman, 1994. Evapotranspiration from Young Florida
Flatwoods Citrus Trees.

® Boman, 1996. Effects of Microirrigation Frequency on
Florida Grapefruit.

® Boman, 1999. Water Management, In Citrus Health
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Management.

® Graser and Allen, 1987. Water Relations of 7-year-old
Containerized Citrus Trees under Drought and Flooding
Stress.

® Smajstrla, 1985. Response of Young Citrus Trees to

Irrigation.

A2.4. Mobile Irrigation Lab

An evaluation of an irrigation system by a Mobile
Irrigation Lab (MIL) team incorporates site-specific
data about the soil, crop and irrigation system to
identify problems with system design and
operation. The MIL provides recommendations for
system improvements and scheduling and shows
growers how to use soil moisture measuring
devices like tensiometers and water table
observation wells.  System improvements to
increase uniformity and efficient scheduling can
help growers conserve significant amounts of
irrigation water while still providing the water
required to meet crop needs. Increased irrigation
efficiency not only saves water, but also reduces
the potential for leaching of nutrients and
agricultural chemicals. Such leaching may lead to
groundwater and/or surface water contamination.
A typical MIL evaluation of an irrigation system
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begins with a request from a grower for the service.
The evaluation is scheduled to accommodate the
various grove management operations like
spraying, herbiciding and harvesting. The team
arrives on-site and works with the cooperating
grower to collect information on the system type,
design and specifications, tree spacing, canopy
size, root depth, wetted area and soils. The grower
then begins normal operation of the system. Flow
rates and pressures at the pump station and at the
ends of the manifolds are measured.

A representative portion of the operating zone fed
by one manifold is chosen for intensive study.
Flow rates of emitters are measured at 16 locations
in a grid pattern throughout the chosen area and
pressures are measured at the inlet and closed
ends of the laterals. Observations on leaks,
clogged emitters and malfunctioning field valves
are also noted. MIL operators bring major
problems to the immediate attention of the grower
for timely repair and provide information on the
principles of irrigation water management.

The team calculates emission uniformity, variation
in manifold pressures, average emitter discharge
rate, water application per irrigation and per tree,
average wetted area, and the percent of cropped
area. Water samples should be taken to determine
pH, total dissolved solids, chlorides, sulfides, iron,
calcium, magnesium, total hardness and total
alkalinity. The grower can have the samples run at
a private lab or contact the local SWFWMD office
for assistance. Once the samples have been
analyzed the team can provide guidelines on the
potential for clogging and recommend treatment
methods.

Recommendations

Based on the collected data and the calculated
values, the team recommends an irrigation
schedule that will help the grower operate the
system effectively. ~ This schedule includes
recommended run times and frequencies, month
by month, reflecting water requirements that will
change as a result of growth stages and climatic
effects.  All the data, calculated information,
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problems and recommended improvements in
system design, operation and maintenance are
presented in a written report to the grower. The
team is available to answer questions, discuss
problems and recommend improvements, and to
pursue further technical assistance through NRCS
or the University of Florida, IFAS, Cooperative
Extension Service.

Later in the year or the following year, the MIL
team follows up with the grower and may
re-evaluate the system after improvements are
made. Based on this re-evaluation, a new irrigation
water management schedule is provided to the
grower to ensure increased efficiencies.

NRCS Contacts:
Charlotte County
Ft. Myers Service Center
3434 Hancock Bridge Parkway, Suite 209B
N. Ft. Myers, Florida 33903
Phone: 239-995-5678 ext. 3

Hardee and DeSoto Counties
NRCS Wauchula Service Center
316 North 7" Ave. Suite 101
Wauchula, FL 33873

Phone: 863-773-4764 ext. 3

Sarasota and Manatee Counties
NRCS Sarasota Service Center
6942 Professional Pkwy E., Unit 200
Sarasota, FL 34240-8426

Phone: 941-907-0011

A2.5. lrrigation System Maintenance and
Evaluation

Irrigation maintenance and evaluation is a
management plan designed to maintain irrigation
system components in good condition, so that the
entire system can perform according to
manufacturer’s specifications.

The uniformity of water application and efficiency in
water delivery of an irrigation system tends to
decrease over time because of aging, weathering
and component breakdown unless proper
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maintenance is done on the system. The goal of
irrigation system maintenance is to maintain and
maximize system performance.

Maintenance programs vary according to the type
of irrigation system: For example, maintenance of
flood or seepage systems may be limited to a pre-
season operational check of pump stations and
ditches.  Likewise, maintenance programs for
pressurized pipe irrigation systems generally
involve filtration, chlorination/acidification, flushing,
repair or replacement of clogged emitters, and
observation. Irrigation systems that are managed
efficiently help ensure citrus tree uniformity,
conserve water, and reduce operation and
maintenance costs.

General Irrigation Maintenance

® Determine and record the design operating
values. Know the level of irrigation system
efficiency defined as the ratio of the volume of
water delivered by an irrigation system and
available to the crop, compared to the volume of
water that this system uses from a source (e.g.,
well, pond, etc.).

® Periodically check the uniformity, defined as the
degree to which an irrigation system can apply
equal amounts of water throughout different
locations in a field. Improper maintenance can
decrease system uniformity.

® Establish a documented maintenance schedule
that should include inspection of the mechanical
components, irrigation lines, as well as monitoring
of the pump and power unit. This can be done by
keeping written records of performance and
maintenance actions.

® Use flow meters and pressure gages to
determine existing operating parameters and to
properly manage the irrigation system.

® Test water quality at least once a year; since
changes in water quality parameters affect
maintenance requirements and frequency.

Clean and maintain filtration equipment, so that it
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operates at optimum pressure ranges.

® Record the flow rate, pressure delivered by the
pump, and energy consumption of the power unit
frequently.

® Regularly check control valves, pressure
regulators, leaks on seals and fittings, and
pressure relief valves for proper operation.
Lubricate as necessary.

Microsprinkler Systems

Microirrigation systems are an efficient tool for
grower utilization to timely deliver water efficiently
to the crop. When properly designed, operated
and maintained precise amounts of water, nutrients
and other materials are delivered to the target site.

If the microirrigation systems are improperly
maintained, problems can occur due to clogged
filters and microsprinklers, malfunctioning pressure
regulators, damaged lateral lines or connectors.
Uniformity of water application is affected by
system maintenance and operational pressure.
When systems are properly maintained by flushing
lines and filters, unclogging emitters and in some
cases treating the water to minimize clogging,
irrigation efficiency and uniformity is improved,
thereby conserving water and improving efficiency
which enhance yields.

Microirrigation Maintenance List
® Use proper filters with at least 200 mesh or
equivalent.

® Check system prior to injection of fertilizers or
chemical to assure even distribution of materials
within the grove.

® Flush lines regularly to minimize sediment build
up.

® Flush all fertilizers from the lateral lines prior to

shutting the irrigation system down when
fertigating to avoid clogging problems.
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o |f required chemically treat water to prevent
emitter plugging due to microbial growth and/or
mineral precipitation, inject chemicals prior to
filtration.

® Adjust pH of irrigation water to reduce potential
for chemical precipitation.

o |f water is from surface sources, treat algae
blooms in the pond to minimize clogging.

Drip Irrigation Systems
® Use filters compatible with drip irrigation (200
mesh or equivalent) and water source.

® Consider using chemical treatment to prevent
emitter plugging due to microbial growth and/or
mineral precipitation. Chlorination is the most
common method for treating bacterial slimes. If
the microirrigation system water source is not
chlorinated, it is a good practice to equip the
system to inject chlorine to suppress microbial
growth. Since bacteria can grow within filters
and chlorination may create iron-hydroxide
precipitates, chlorine injection should be done
before filtration.

® Acid can be used to lower the pH of irrigation
water to reduce the potential for chemical
precipitation and to enhance the effectiveness of
the chlorine injection. Acid can be injected in
much the same way as fertilizer; however,
extreme caution is required.

e Scale inhibitors, such as chelating and
sequesting agents are available for use in
microirrigation systems to prevent plugging.

®Flush the drip irrigation lines regularly to
minimize sediment build up. A regular
maintenance program of inspection and flushing
will help significantly in preventing emitter

plugging.

® Flush all fertilizer (when fertigating) prior to
shutting the irrigation system down. Flushing
can be accomplished manually by opening the
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end of each lateral, or by using automatic
flushing end-caps on the laterals.

Mobile Irrigation Lab (MIL)

® MILs are available free of charge and provide a
confidential irrigation system evaluation with
recommendations regarding system upgrades,
irrigation scheduling, and other maintenance
items. Contact your NRCS District
Conservationist for the MIL closest to your
location.

References:

® AE-73. Potential Impacts of Improper Irrigation System
Design, http://edis.ifas.ufl.edu/ae073

® Bul 258. Causes and Prevention of Emitter Plugging in
Microirrigation Systems, http:/edis.ifas.ufl.edu/AEQ32

® Bul 247. Efficiencies of Florida Agricultural Irrigation
Systems, http://edis.ifas.ufl.edu/ae110

® Bul 248, Backflow Requirements When Using Public Water
Supplies, http://edis.ifas.ufl.edu/bul248

® Bul 294. Design of Agricultural Irrigation Systems in
Florida, http://edis.ifas.ufl.edu/ae064

® Code 441. NRCS Conservation Practice Standard,
Irrigation System, Microirrigation.

® SP-281. Water and Florida Citrus.
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A3. Moderate Discharge Rate

Adjust the rate of discharge proportionate to
the rate of lateral movement of water through
soils. Slowing the discharge rate will lessen
the turbulence, reduce sediment movement,
reduce erosion, and moderate the impacts on
the receiving water body.

Figure A3.1. Sediment can move through discharge
structures if discharge rates are not moderated.

Figure A3.2. The objective is to achieve the desired
drainage rate while retaining sediment on site. For
board risers remove only the boards necessary to
achieve desired drainage.
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A4. Water Furrow Maintenance

Maintain a consistent bottom slope on water
furrows between beds to achieve uniform
drainage. Avoid rutting and sloughing of water
furrow areas. Where possible, maintain
vegetation management  programs that
minimize soil movement in the event of heavy
rains by keeping a grass or vegetation cover on
the soil surface in between tree rows. For
additional information refer to the Erosion
Control and Sediment Management chapter in
this manual.

Figure A4.1. Water furrows should be re-worked in the
dry season to allow adequate time for re-vegetation
prior to the wet season.

Figure A4.2. Healthy, uniform vegetative cover
maintained over water furrows.
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A5. Monitor Soil Moisture

Use Tensiometers, capacitance sensors or
other soil water monitoring devices along with
water table observation wells for irrigation and
drainage management to avoid excess soil
moisture depletion and minimize water volume
requirements during irrigation cycles.

Good irrigation management requires that the
status of soil water be accurately evaluated. There
are direct and indirect methods to measure soil
water content and several alternative ways to
express it quantitatively. There is no universally
recognized standard method of measurement and
no uniform way to compute and present the results.
The most commonly used sensor is the
tensiometer, however; capacitance sensors are
rapidly gaining in popularity.

Tensiometers

Tensiometers are devices that indicate the water
status of a soil. They do not directly measure the
amount of water in the soil, but measure the energy
a plant must exert to extract water from the soil.
The amount of energy a plant exerts to extract
water is directly related to the soil water content. A
diagram of a commercial tensiometer is shown in
(Fig. A5.1). It consists of a porous ceramic tip
sealed to the base of a water-filled tube, usually
plastic, which is sealed at the top with a removable
airtight cap. A vacuum gauge is connected to the
upper part of the tube.

Soil moisture tension (SMT) values are periodically
read from the vacuum gauge. Soil moisture tension
is a direct measurement of the energy that holds
water in the soil. When the relationship between
SMT and available soil water are known, the
tensiometer can be used to determine the amount
of available water present in the soil at any time
and therefore, it can be used to schedule
irrigations.

The vacuum gauges available on most commercial
tensiometers are calibrated in units called centibars
(cbar) with readings on the gauge ranging from 0 to
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100. Some tensiometers may read in kilopascals
(KPa) units, with the conversion of 1 cbar = 1 KPa.
The useful range of the tensiometer is from 0 to 80
cbar. At SMT values greater than 80 cbar, air
enters the porous tip and the tensiometer no longer
functions properly. Essentially all of the water
available for plant growth can be detected between
gauge readings of 0 and 80 for coarse textured
soils. Less can be measured with a tensiometer in
medium-textured soils, while only a small amount
of the available water can be detected with a
tensiometer in fine textured soils. Therefore,
tensiometers are most applicable to coarse and
medium-textured soils.

Figure A5.1. Components of a typical tensiometer.

When a tensiometer is filed with water and
properly installed with the porous tip in the root
zone of a growing crop, movement of water into or
out of the porous tip occurs in order to maintain
equilibrium between water in the soil and water in
the tensiometer (Fig. A5.2). Asthe soil dries, water
moves from the porous tip into the soil and a higher
tension is registered on the gauge. Conversely,
when irrigation or rainwater wets the soil
surrounding the tip, water moves from the soil into
the tensiometer with a resultant decrease in
tension. Thus, the tensiometer indicates the soil
water status for soils as they become drier in
response to crop use and as they receive water
from rainfall or irrigation.
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Figure A5.2. Cross-section of soil showing
relationships among roots, soil particles, and soil water.

Tensiometer Installation

Tensiometers must be properly prepared prior to
their insertion in the soil. This servicing process
requires the following steps. Remove the threaded
cap from the tensiometer and submerge the
ceramic tip in a bucket of water and allow it to soak
overnight. Water will move through the tip and
accumulate in the tube. A hand-held suction pump
(sold by the tensiometer supplier) should be used
to remove entrapped air from the porous cup.
Allow the tensiometer to soak a few more hours
and repeat the process of removing entrapped air.
Fill the hollow tensiometer tube with water and seal
the cap firmly. The tensiometer is now ready for
insertion into the soil.

Installation of tensiometers in the soil is a simple
process requiring only a hammer and a piece of
steel rod having the same diameter as the body of
the tensiometer. The steel rod, which should have
a tapered point, is driven to the desired depth and
extracted. In coarse, moderately coarse and
medium textured soil, pounding the tapered rod
into the soil and extracting the rod from the soil is
easily done. An alternative method of installation is
to make the tensiometer hole using a soil-sampling
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probe (coring tools are sold by tensiometer
manufacturers) or a soil auger of the required
diameter.

After inserting the body of the tensiometer into the
hole, the tip should be forced gently into the soil at
the base of the hole. In order to establish good
contact between the porous tip and the soil (good
contact must be established for the tensiometer to
function properly), pour about one fourth cup of
water down the hole prior to inserting the
tensiometer. The bottom of the gauge should be
about one inch above the soil surface. Get a snug
fit between the body of the tensiometer and the soil
surface by compacting the soil around the
tensiometer so that water will not run down along
the body of the tensiometer. Minimal disturbance
of the soil adjacent to the tensiometer is essential.
Allow the tensiometer to remain overnight before
taking the first reading.

Maintenance

Service each tensiometer frequently when air
bubbles accumulate in the tensiometer tube. This
involves recording the tension, removing the cap,
adding water to refill the instrument, removing
entrapped air bubbles with the hand-held suction
pump, and replacing the airtight cap. If the gauge
indicates an unexpectedly low (or zero) reading
following a previous high gauge reading, the
tensiometer is probably not broken, but the tension
is broken. Tensiometers are not intended to
operate above a reading of 80 char. One can
correct this seemingly erratic behavior simply by
servicing the tensiometer as indicated above.
Servicing the tensiometer before irrigating the soil
will be of no benefit because the soil is so dry that
the tension will break again.

Location

Tensiometers should be placed at representative
sites or stations in a field (Fig. A5.3). Since many
groves have several different soil types, a specific
recommendation on the number of tensiometers
required per block is difficult to provide. More
tensiometers per block mean a better
characterization of the grove soil water status, and

Page A-22



a grower should invest in as many tensiometers as
he can reasonably afford, read, and maintain.
Tensiometers should be placed in the root zone
where water uptake is most rapid. Since citrus
roots are more abundant near the soil surface, and
because upper soil layers usually dry out sooner
than the deeper soil layers, placement within the
root zone is ideal.

Figure A5.3. Typical location of tensiometers (in tree
row) for mature citrus trees.

There are various opinions on best depths for
tensiometer placement. Tensiometer stations
should consist of at least two tensiometers of
different lengths, preferably 6 and 12 inches.
Tensiometers must be placed at stations where
they will not be damaged or broken during normal
cultural operations. Typically, they should be
installed in the tree row near the drip line of the
tree. Tensiometers need to be in an area wetted
by the microirrigation system to provide meaningful
information. On typical flatwoods soils, springtime
irrigation can start at 15 cbar and fall and winter
irrigation can start at 20-30 cbar (Table A5.1).

Capacitance Sensors

Capacitance methods measure the dielectric
constant of the soil using an electric circuit
arrangement in which the soil is the dielectric
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media of one capacitor in a circuit. Capacitance-
based sensors rely on the fact that water has a
much higher dielectric constant than air or dry soil.
Hence, changes in the water content of the soil are
reflected in capacitance changes of the soil near
the sensor. Soil water content is determined by
measuring the capacitance between two electrodes
implanted in the soil.

Table A5.1. Tensiometer readings for starting
irrigation in flatwoods soils (Boman, 1996).

Period Tensiometer Reading
(cbar or Kpa)
February-June 15
July-January 30

Capacitance sensors provide a near instantaneous
measure of volumetric soil water content. Two
types of devices are available: one is a portable
sensor that is lowered into the soil through an
access tube and the other is more permanently
installed with numerous sensors connected to a
datalogger (Fig. A5.4). Theoretically, capacitance
sensors can provide absolute soil water content.
They also can provide water contents at any depth.

Figure A5.4. Multi-sensor capacitance probe installed
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An advantage of capacitance-type sensors is their
high accuracy, the availability of excellent software
for interpreting data, the speed data can be
formatted and delivered and the fact that there are
no known hazards associated with their use. Figure
A5.6 shows an easy to read graph reflecting
moisture content relative to fill (high moisture) and
refill (low moisture) lines.

This type of information is available in a matter of
minutes on the Internet transmitted via radio waves
from a probe, which expedites a grower’s decision-
making process on operating and irrigation system.
Commercial systems are operating and are
available in the PRMSB. For more information
contact your local NRCS office or agricultural
extension agent.

Figure A5.6. Typical printout from capacitance
sensors showing soil moisture variation over time and
its response to irrigation and rainfall.

References

® Bul 319. Tensiometer Service, Testing and Calibration.

® Circ. 487. Tensiometers for Soil Moisture Measurement
and Irrigation Scheduling Calibration.

® Circ. 532. Measurement of Soil Water for Irrigation
Management.

® SP-281. Water and Florida Citrus, Chapt. 15. Soil
Water Measuring Devices.
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A6. Drainage Management Plan

Implement and maintain a written drainage
management plan that provides specific
responses to various types and levels of
rainfall. The goal of the plan should be a
reduction in volume of off-site discharge while
maintaining a healthy rooting environment for
citrus trees thus maximizing fruit production.
The plan should include target water table
levels and pump or drainage structure
operating procedures that will be used for
typical and extreme rainfall events.
Consideration should be given to the use of
existing canals and ditches for temporary water
storage.

The United States Department of Agriculture-
Natural Resource Conservation Service (USDA-
NRCS) has conservation planning to help develop
this BMP.

Conservation planning is a natural resource
problem solving and management process. The
process integrates economic, social (cultural
resources are included with social), and ecological
considerations to meet private and public needs. A
conservation plan is developed by the NRCS to
assist growers in developing, implementing, and
evaluating conservation practices for their groves.
The process is used regardless of the expected
outcome, scope, size of planning area, complexity
of natural resource problems or source of funding
to be used for implementation.

This approach, which emphasizes desired future
conditions, helps improve natural resource
management, minimize conflict, and address
problems and opportunities. The success of
conservation planning and implementation
depends on the voluntary participation of clients.
The planning process used by NRCS is based on
the premise that clients will make and implement
sound decisions if they understand their resources,
natural resource problems and opportunities, and
the effects of their decisions.
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Figure A6.1. NRCS Farm Plan development process
schematic.

Conservation planning helps clients,
conservationists, and others view the environment
as aliving system, of which humans are an integral
part. Conservation planning enables clients and
planners to analyze and work with complex, natural
processes in definable and measurable terms. The
conservation planning process consists of the
following nine steps divided into three phases (Fig.
AB.1). Itis a process that considers people and the
resources they use or manage. Conservation
planning is based on a desired future condition that
is developed by the grower for an individual
conservation plan.

Collection and Analysis

® |dentify resource problems, opportunities, and
concerns in the planning area.

® |dentify and document the client's objectives.

e nventory the natural resources and their
condition, and the economic and social
considerations related to the resources. This
includes on-site and related off-site conditions.

® Analyze the resource information gathered to
clearly define the natural resource conditions
along with economic and social issues related to
the resources. This includes both problems and
opportunities.
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Decision Support

e Formulate alternatives that will achieve the
client's objectives, solve natural resource
problems, and take advantage of opportunities to
improve or protect resource conditions.

e Evaluate the alternatives to determine their
effects in addressing the client's objectives and
the natural resource problems and opportunities.
Evaluate the projected effects on
social,economic, and ecological concerns.
Special attention must be given to those
ecological values protected by law or Executive
Order.

® Make decisions based on selected alternatives
and work with the planner to schedule
conservation system and practice
implementation. The planner prepares the
necessary documentation.

® Implement the conservation plan and the
selected alternatives. The planner provides
encouragement to the client for continued
implementation.

® Evaluate the effectiveness of the plan if it is
implemented and make adjustments as needed.

To provide conservation planning direction and
help ensure a balance of natural resource issues
with economic and social needs, NRCS employees
will work with conservation districts to establish
objectives thatreflect current resource issues in the
district. The process should include meetings with
stakeholders interested in resource issues. These
objectives will help define some desired future
condition of these resources in terms of what the
local people desire regarding resource
management.
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A7. Drainage Rate and Volume

Drainage rates and the volume of water
released or discharged following intense
rainfall events should provide an adequately
drained root zone while minimizing off-site
impacts.

When the water table approaches the target level,
off-site  discharges should be moderated.
Depending on the grove design, this may require
reducing pump speed, adjusting the discharge
structure, or pulse drainage (discharging for short
periods of time and then allowing for recharge in
the ditches). If adequate drainage in one portion
of a grove results in water tables that are below
target levels in another area, ditch cleaning,
drainage system redesign, or auxiliary pumps may
be needed to achieve more uniform drainage.

Figure A7.1. When releasing water from the grove
using discharge structures or pumps moderate the rate
at which water leaves the grove to avoid off-site
impacts.

References:

® Circ. 661 A Guide for Plastic Drain Tile in Florida Citrus
Groves.

® SP-281. Water and Florida Citrus, Chapt. 19. Drainage.

For additional information see your local NRCS and
SWFWMD Ag-Team representative.
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A8. Discharge Structures

Structures and/or pumps that regulate off-site
water discharge should be adequately
designed, constructed, and maintained so that
target water table levels within the grove can be
achieved.

If safety or operational concerns prevent structures
from being adjusted to regulate discharges during
storm drainage events, they should be rehabilitated
or replaced. (e.g. modifying riser-board structures
to allow easier water level control).

Figure A8.1. Unsafe water control structures such as
this one with a decaying catwalk should be repaired or
replaced so that they can be safely operated during
storm events.

Figure A8.2. Catwalks that are built out of materials

For additional information see your local NRCS and
SWFWMD Ag-Team representative.
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A9. Detention- Tailwater Recovery and Surface
Water Use

Where possible, on-site detention should be
considered to reduce both the rate and volume
of off-site discharges following heavy rains.

Detention areas allow all or a portion of the
drainage water to be temporarily stored on-site.
The excess water can be stored for tailwater
recovery or released later at low flow rates. The
size, type, and location of proposed tailwater
recovery ponds are variables considered when
determining the need for an Environmental
Resource Permit. Growers should contact their
local SWFWMD Ag-Team for guidance on the
issue.

Figure A9.1. Groves that are designed to recover the
water used in irrigation and rainfall runoff are less
dependent on other water sources during months when
water is scarce.

Working definition:
Tailwater recovery is the practice of collecting,
storing, and re-using water for irrigation.

Tailwater Recovery

® A tailwater recovery system typically consists of
collection and storage components (ditches,
ponds), and also delivery components (pump
stations, pipes).

July 16, 2004

® Consider the runoff volume and rate in addition
to the water control level in the tailwater pond
when determining the proper size of the storage
facility.

® Also consider the size of the tailwater recovery
system, including variables such as land
available, gravity drainage, number of fields and
their acreage, and the source and quality of the
irrigation water.

e Consider tailwater recovery systems for
seepage, flood irrigation systems, and low-
volume irrigation systems.

® Locate the tailwater recovery system at the low
end of the grove so that water can be collected
by gravity.

® Contact an Agricultural Engineer to determine if
your grove is suited for a tailwater recovery
system.

® Consider ‘“rainwater harvesting” to collect
significant water quantities from storm water
runoff.

Water Quality Considerations

® Tailwater recovery and/or surface water reservoir
systems may require additional filtering and
purification infrastructure, depending on the
quality of the water, the type of irrigation system
being used.

o Offsite seepage from the tailwater recovery
system should be controlled and managed
properly, especially if the system is expected to
receive chemical-laden waters. Control may be
in the form of dike compaction, natural-soil liners,
soil additives, commercial liners, drain tile, or
other approved methods.

Technical Criteria

® Equip tailwater recovery ponds with inlets
designed to protect the collection and storage
facilities from erosion. Additional sediment
sumps should be installed as needed.
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® The capacity of tailwater recovery systems
should be determined by analysis of the
expected runoff rate, the planned storage pond
capacity, and the irrigation application rate if the
recovery pond is to supply irrigation water.

® Tailwater recovery systems should be designed
for structural integrity, using the appropriate, 24-
hour storm frequency design if the system will be
directly accepting rainfall.

Operation and Maintenance:

® Clean and re-grade all collection components
periodically to maintain structural integrity and
functionality.

® Check and remove debris as necessary from
trash racks and structures to assure proper
operation.

®Remove sediment from traps and/or storage
facilities to maintain design capacity and
efficiency.

® [nspect or test all pipeline and pumping station
components and appurtenances, as applicable,
to ensure their long-term operation.

® [mplement routine maintenance of all mechanical
components in accordance with the
manufacturer’s recommendations.

® Maintain proper vegetative cover and re-grade
dikes and berms as necessary to maintain
structural integrity and insure proper functioning
of the system.

Other Considerations:

® [rrigation scheduling and related management
practices should be reviewed once tailwater
recovery systems are implemented.

® The stored tailwater should be analyzed for
nutrient content and the fertilization program
should be adjusted accordingly.

® Nutrientand pest management measures should
be planned to limit chemical laden tailwater as
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much as practical. Chemical laden water can
create a potential hazard to wildlife, and
especially to any waterfowl that are drawn to the
impounded water.

® Protection of system components from large
storm events and excessive sedimentation
should be considered.

® The effect on downstream flows and/or wetland
hydrology should be analyzed.

® Monitor the EC of tail water, especially in areas
that have irrigation water with high salinity.

In the southern and coastal areas of the PRMSB,
poor ground water quality may dictate the
incorporation of tailwater recovery and/or surface
water reservoirs. Tailwater recovery systems can
be installed to conserve water and improve runoff
water quality by collecting and re-using irrigation
water. Since these systems intercept subsurface
lateral flow above a spodic or clay horizon, swales
or ditches may have to be added to increase the
area captured and increase the efficiency of the
recovery system.

Where groundwater is highly mineralized, surface
water reservoirs may be the only viable source of
irrigation water. These reservoirs typically extend
10to 15 feet below land surface and are recharged
by the surficial aquifer system. Some of these
reservoirs are often made from old shell borrow
pits. Water levels in shell pits may recover quickly
and can offer sustainable quantities for irrigation.
Shell pits can also be incorporated into a tailwater
recovery system. Please check local ordinances
and the SWFWMD Ag-Team representatives
regarding the construction and/or modification of
tailwater or surface water irrigation systems, prior
to construction.

Both tailwater recovery and surface water
reservoirs can offer improved irrigation water
quality in regard to dissolved constituents, i.e. TDS.
However, they can cause problems in low volume
irrigation systems due to high levels of total
suspended solids (TSS) which include algal and
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vegetative debris. The development of algae can
occur in both tailwater recovery and surface water
systems, as well as within the irrigation pipelines
and valves. This can result in reduced output and
eventual clogging of the emitters.

Increased filtration, in addition to water purification
through chlorination, may have to be added to the
tailwater recovery and/or surface water irrigation
system to reduce or eliminate clogging. Other, less
hazardous compounds are currently being
marketed for the same purpose. Please check with
the NRCS or the University of Florida - IFAS
Extension Service for technical assistance.

If a chlorination system is incorporated, care must
be taken in both the handling and storage of the
chlorine, as well as the rate and concentration
used. If chlorine is used for purification, the
residual chloride concentration of the irrigation
water should be kept to an absolute minimum so as
to not harm the crop or cause impacts to
downstream receiving waters.
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EROSION CONTROL AND SEDIMENT MANAGEMENT
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BO. Purpose

Sediments or suspended solids are recognized
forms of water pollution and often result in the loss
of ditch or canal capacity. Unlike many chemical
pollutants, sediment s a natural component of water
bodies and the resources they support. Excessive
amounts of suspended solids or sediments are
often a product of erosion from un-stabilized or
disturbed land areas. These solids originate form
four primary sources:

® Soil-particles eroded into ditches

® Soil-particles eroded from ditches

® Plant material washed into the ditches

® Plant and biological material growing within the
ditches and canals.

Excessive sediments deposited on stream bottoms
and suspended in the water column can harm fish

July 16, 2004

spawning and impair fish food sources, reduce
habitat complexity, potentially harm public water
supply sources, and reduce water clarity. Reduction
in water clarity can harm natural resources, such as
seagrasses and oysters, in the receiving estuary.
Studies have shown one of the major causes for
reduction in water clarity in Charlotte Harbor is
suspended solids.

Figure B0.1. Sediment buildup downstream of weir
control structure.

In addition to potential downstream water quality
impacts, the build-up of silts and sediments in the
grove/farm-level, secondary, and primary drainage
canals reduces ditch and canal cross-section. This
reduction in cross-sectional area results in higher
water velocities, as compared to an unfilled ditch or
canal. This higher water velocity (compared to
unfilled ditches/canals) may induce greateramounts
of erosion of fine and coarse particles from ditch
and canal banks. The presence of shoals and
sandbars are good indicators of soil losses. Field
erosion also results in site degradation resulting in
increased costs for ditch-cleaning and reshaping of
beds and furrows. In order to minimize effects of
sediment transport in surface water, efforts should
focus on keeping soils in the fields and along canal
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and ditch banks.

Minimizing downstream transport of sediments from
groves and canal/ditch banks requires an integrated
approach of managing erosion at the grove-level,
the secondary canal system level and primary canal
system level. Erosion control measures for the
secondary and primary canal systems are beyond
the scope of this document. This document focuses
on practices that can help reduce sediment losses
at the grove-level. However, many of these
practices may be applicable for the primary and
secondary canal systems. It should be noted that
maximum sediment losses from groves are
expected during construction of new groves or
renovation of older ones. Losses from mature, well
managed groves will be much lower.

The following sections describe BMPs that are
applicable for water conveyances within citrus
groves. The selection and implementation of
particular BMPs must be based upon site-specific
circumstances and management styles.

NOTE: Water conveyances within citrus groves are
defined as follows:

Figure B0.2. A water furrow is typically a 2-3 ft deep
ditch with gently sloping sides. They are used to
transport water away from the root zone.
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Figure B0.3. Lateral ditches are cut at right angles to
the beds. They accept drainage from the water
furrows.

Figure B0.4. Collector or perimeter ditches collect
water from several lateral ditches.
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B1. RiseR-BoARD WATER CONTROL STRUCTURES
Place and maintain culverts with riser-board
control structures at locations where runoff is
discharged off-site.

Water discharge structures are used to control
water table levels and surface water levels in
drainage ditches within flatwoods citrus groves. The
type of structure selected can significantly influence
the quality of water discharges.

With riser-board control structures, water is forced
to flow over the top of the boards. This flow path
creates a low current area towards the bottom of the
structure, which facilitates the deposition of
sediments and their accompanying nutrients or
pesticides, essentially removing them from the
discharges. Conversely, screw-gates structures do
not create this dead-current zone. Since they open
formthe bottom, sediments and their accompanying
load are swept out along with the discharge water.

Figure B1.1. Riser-board water control structure.

Figure B1.3. An example of a sinkerboard weighted
with metal straps used with riser-board structures. The
weight of the sinker board helps keep the other boards
in place.

Figure B1.2. Note the accumulation of aquatic weeds at
the riser-board control structure. Sediments generated
by the decay of these plants will settle to the bottom of
the ditch and need to be periodically removed.
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Figure B1.4. Riser-board structure with two
sinkerboards installed. The sinker boards should be
brightly colored to facilitate retrieval if they are
accidently dropped in the ditch or misplaced around the
structure.

References

® Code 537. NRCS Conservation Practice Standard.

® SS-409. Flatwoods Citrus Best Management Practice:
Riser-board Structures, http://edis.ifas.ufl.edu/SS409
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B2. SEDIMENT SETTLING BASINS IN ALL DITCHES
Create and maintain localized settling basins
(sump) to trap sediments at field ditch
connections to lateral canals, at lateral and
collector ditch connections, and prior to water
discharge points from the grove.

Figure B2.1. Example of a settling basin upstream of
the pump intake in a collector ditch.

Successful sediment traps require site-specific
designs, with the following points to consider:

® Determine runoff volume and intensity.

®Determine transport and settling rates for
sediments of concern.

e Size traps to allow adequate residence time for
natural settling to occur - include considerations
for allowable storage (fill-up) of trapped
sediments.

® Make provisions for materials removed from the
ditches.

® Maintenance access to settling basin area should
be provided.

®\Vhen sediments are removed, materials need to
be placed in a manner that prevents material from
sloughing back into the waterway.

®Sediment excavation and removal should be
conducted during low stage conditions or during
the dry season. This will reduce the likelihood of
increasing turbidity and suspended solid loads.
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Settling basins or settling ponds are a quick and
simple way to remove sediments out of runoff water.
Settling basins simply slow down the water, allowing
sediments to settle out of the water before the water
returns to the receiving water body.

Figure B2.2. Settling basins can be created by digging
out a basin on the upward side of the culvert and/or by
placing culverts above the bottom of the ditch on the

upstream side.

Figure B2.3. lllustration of settling basin at the
intersection of lateral and collector ditches.

NOTE: Existing detention impoundments may
function as sediment settling basins.
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B3. DitrcH CONSTRUCTION
Construct ditches and canals with side-slopes
consistent with soil types.

Refer to Engineering Tables in local County Soil
Surveys for information on preferred side slopes for
specific soil types.

Table B3.1. Side slopes for open channels.

Side Slopes
Soil
Shallow Deep
channels channels
(up to 4 ft) (over 4 ft)
Peat and muck Vertical 0.25:1
Heavy clay 0.5:1 1:1
Clay or silt loam 1:1 1.5:1
Sandy loam 1.5:1 2:1
Loose sandy 2:1 3:1
Reference: Land Drainage and Flood Protection, by

Etcheverry, copyright, 1931, McGraw-Hill Book Co.

Figure B3.1. Relationships between side slopes and
top widths of typical grove ditches.

References
® NRCS engineering tables & local county soil survey
manuals.
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B4. STABILIZE BARE SoILS

Stabilize bare soils and canal or ditch banks by
encouraging coverage by noninvasive
vegetation.

Vegetation types selected should be adapted to
grove conditions and should provide maximum
stabilization by roots and foliage. Vegetative buffer
strips can also serve to reduce the erosion of soil
particles. Whenever practical, plant or encourage
establishment of native species.

Figure B4.1. Ditch banks stabilized with grasses result
in reduced erosion.

Figure B4.2. Erosion of topsoil caused by high-intensity
rains and bare soil. Excess width of herbicide bands

should be avoided.

References

® (Code 342.NRCS Conservation Practice Standard, Critical
Area Planting.

® Code 391a. NRCS Conservation Practice Standard,
Riparian Forest Buffer.

® (Code 393. NRCS Conservation Practice Standard, Filter
Strip.

® HS-802. Weed Controlin Subtropical Conditions in Florida
Citrus.
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B5. DiTcH BANK CONTOURS
Contour ditch bank top edges or berms to divert
water away from the drainage ditch.

This practice will minimize overland flow of
stormwater directly down the banks.

Figure B5.1. Slope tops of ditch banks to drain away
from the ditch or canal.

Figure B5.2. Roads adjacent to canals and ditches
should be sloped to drain away from the ditch or canal.

Figure B5.3. A berm created by a good road
management plan. Rough roads can cause erosion
and are hard on equipment.
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B6. DiTcH BANK VEGETATION MAINTENANCE
Broadleaf weed control using herbicides or
maintenance mowing of slopes and ditch banks
increases grass cover and decreases the
proliferation of shade-producing shrubs and
weeds, thus reducing erosion from wind and
rainfall.

Figure B6.1. Well-maintained vegetative cover on ditch
banks.

Points to Consider:

® Mechanical mowing does not uproot vegetation
and expose soil.

® The use of herbicides should be conducted with
caution and precision to avoid excessively large
areas of bare soil.

® Selective herbicides should be used in order to
maintain desired vegetation (e.g. remove
broadleaf vegetation while maintaining grasses).

Figure B6.2. Herbicide applications to ditchbanks
should be made with caution to prevent bare soil

conditions.
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Ditch Bank Brush Identification and Control

The following describes several common plants that
may be in or around ditches and canals within citrus
groves. The reader is directed to IFAS Publication
SP-168 and Circular 707 for further information and
recommendations for control.

Brazilian Pepper (Schinus terebinthifolius)
Description: ~ An extremely fast growing shrub
found predominantly in disturbed areas of south
Florida.  This aggressive nonnative species
produces large quantities of seeds contained in a
red fruit usually about 1/4-inch in diameter.
Reproduction is by seed.

Wax Myrtle (Myrica cerifera)

Description: ~ Shrub or small tree usually 10 feet
tall. Leaves are alternate, pale green, and lance-
shaped. When crushed, leaves emit a pleasant
aroma. Close inspection of the leaves will reveal
numerous small dark scales on top and bright
orange scales below. Reproduction is by seed.

Water primrose (Ludwigia species)

Description: ~ Small shrub attaining height of up
to 6 feet with multiple branching stems. Leaves are
lance-shaped with small soft hairs on both sides.
Flowers are yellow with four symmetrical petals.
Reproduction is by seed and underground stems.

Willow (Salix species)

Description: ~ Fast growing shrub, which can
become a tree in a short period of time. Leaves are
alternate and lance-shaped with finely toothed
margins. The fruit capsule contains many small
hairy seeds, which drift in air currents.

References
® (CH-181. Aquatic Weed Managementin Citrus Canals and
Ditches, http://edis.ifas.ufl.edu/CH181
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B7. Protect Ditch Banks
Protect canal and ditch banks from erosion in
areas subject to high water velocities.

In areas where water is constricted (usually at
discharge points) or at ditch intersections where
velocities are high, rip-rap, concrete, headwalls, or
other materials that buffer turbulence should be
used to protect ditch banks and reduce sediment
transport.

Figure B7.1. Hi-energy areas such as culverts can be
stabilized with concrete.

Figure B7.2. Rip rap, rocks, and broken concrete can
help stabilize ditch banks. However, materials should

be placed to ensure complete overlapping coverage of
areas to be protected.
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Figure B.7.3. Canal section stabilized with rock and
concrete sections.

Figure B7.4. Fabriform lining used to stabilize
ditchbanks and roadway at a high-energy road crossing.
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B8. VEGETATIVE STABILIZATION (WATER FURROWS)
Plant noninvasive vegetation and/or maintain
desirable vegetation within all water furrows to
prevent/minimize erosion and trap sediments
that may result from stormwater runoff or
irrigation drainage.

Figure B8.1. Healthy, uniform vegetative cover
maintained over water furrows.

Figure B8.2. Water furrow erosion due to lack of
protective cover.
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B9. AQUATIC PLANT MANAGEMENT
When removing vegetation from ditch bottoms,
avoid disrupting side slopes.

Figure B9.1. Erosion resulting from water in the bucket
running down side of ditch when aquatic plants were
dumped too close to ditch bank.

Figure B9.2. Preferred buckets for ditch cleaning are
slotted or are cross-drilled to allow water to seep out

before materials are placed on ditch banks.

If a backhoe without a vented bucket is used to
remove aquatic plants from grove ditches, special
precautions should be taken to prevent washouts.
Once a bucketful of vegetation is picked up, the
bucket should be raised to allow most of the water
to drain out over the deeper part of the ditch. The
boom should be swung far enough over the ditch
bank so that when the vegetation is dumped,
remaining water will flow away from the ditch.
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Aquatic Plant Identification and Control

The following describes several common plants that
may be in ditches and canals within citrus groves.
The reader is directed to IFAS Publication SP-168
and Circular 707 for further information and
recommendations for control.

Cattail (Typha species)

Description:  Erect perennials (up to 9 feet) that
can reproduce by seed or creeping rootstalk.
Grasslike leaves are flat and smooth to the touch.
Flowers look like a "cat's tail" and can be found in a
tightly packed spike usually 6-8 inches long.

Hydrilia (Hydrilla verticillata)

Description:  Long stemmed, branching plant that
is rooted to the bottom and often forms large
surface mats. Leaves grow in a whorl with toothed
margins that feel rough. Hydrilla can spread by
plant fragments, underground stems, seed, leaf
buds, or buds located on the underground stems.

Torpedograss (Panicum repens)

Description: ~ Narrow leaves (less than 1/4-inch
wide), with stems often several feet in length.
Torpedograss creeps horizontally by underground
stems and forms large floating mats. Reproduction
is by seed and creeping stems.

Waterhyacinth (Eichhomia crassipes)
Description:  Plants several inches to two feet in
height.  Smooth leaves attached to spongy
bulb-shaped stalks. Reproduction is primarily
through the production of daughter plants.

References
®(CH-181. Aquatic Weed Management in Citrus Canals and
Ditches.
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B10. Ditch Maintenance Cleaning and Dredging
Develop and implement a systematic
management plan for removing sediments from
canals and farm ditches on a regular basis.

Figure B10.1. Improper placement of dredged
sediments and vegetation on the sides of the canal may
result in the material washing back into the canal system
during storms.

Maintenance dredging of existing ditches, canals,

and intake and discharge structures should include

the following:

® Spoil material should be removed and deposited
on a self-contained, upland spoil site and not
placed in a delineated floodplain.  This will
prevent the movement of the water and
excavated spoil material into wetlands or other
surface waters.

® Do not remove any more material than is
necessary to restore the original design
specifications or configurations.

® No significantimpacts should occur to previously
undisturbed natural areas.

® Erosion and sedimentation control devices (e.g.,
turbidity screens) should be used to prevent
bank erosion, scouring, and to prevent turbidity
from discharging into adjacent waters during
maintenance dredging.

Removal of excess sediment to the originally
designed and constructed cross-sectional area
generally increases the canal cross-sectional area
and reduces water velocities (compared to same
water volume in filled-in systems), thus reducing the
potential for bank scouring. Caution should be
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considered as ditch maintenance, cleaning and
dredging beyond the originally designed and
constructed cross-sectional area may result in
upstream and/or downstream adverse water
resource impacts.

Figure B10.2. Ditches and canals need to be
periodically cleaned to ensure adequate drainage at
minimum velocity.

In order to reduce the potential for
misunderstandings with regulatory agencies and
adjacent property owners, growers are highly
encouraged to initially schedule a site visit with the
SWFWMD local service office Ag-Team prior to
conducting routine ditch maintenance activities. If
an agreementis reached, this approach will result in
a formal SWFWMD letter confirming that the
activities are indeed exempt.

Figure B10.3. Sediment should be removed from
ditches and canals need to maintain design cross-
sectional area.

References:
®Chapter 403.813, Florida statutes.

®Rule 40D-4.051, Florida Administrative Code.
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B11. HERBICIDE APPLICATIONS (WATER FURROWS)
Restrict the area of tree-row applied herbicides
to within the canopy dripline of the citrus trees.

The restricted herbicide band width will maximize
the width of grassed water furrow slopes. Grassed
water furrows serve as filters, preventing sediment
movement from the fields into the drainage systems.

Figure B11.1. An example of an excellent herbicide
program for mature trees, with the herbicide band at the
canopy line.

Figure B11.2. Excessive herbicide band widths may
result in appreciable erosion of soil particles from
exposed bare soil areas during high-intensity rainstorms.

See Section C12 for proper handling and
application of herbicides.

For young plantings, minimize the width of tree-row
applied herbicides and establish vegetation in the
water furrows. Smaller band widths will reduce the
quantity of herbicides applied, thereby reducing
material costs while minimizing potential of soil
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erosion into the drainage systems. As the trees
increase in canopy width, the herbicide band width
can be increased to match canopy size.

Figure B11.3. An example of an excellent herbicide
program for young trees, with a herbicide band that
allows a vegetation free area near the trees, but
provides adequate protection against erosion.

Figure B11.4. Excessive herbicide band on young trees
that extends well into the water furrow side of bed.

References
® SP-43. Florida Citrus Pest Management Guide: Weed

Management, Section HS-107.
® HS-802. Weed Controlin Subtropical Conditions in Florida
Citrus.
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B12. MippLES MANAGEMENT (HERBICIDE)
Suppress undesirable vegetation on bed tops
and in water furrows.

Figure B12.1. Using a wiper to apply herbicides can
be an effective way of suppressing undesirable

vegetation.

Figure B12.2. The use of tree sensing systems and
precision equipment that can apply both contact and
residual products provides effective control of

undesirable species.

References

® SP-43. Florida Citrus Pest Management Guide: Weed
Management, Section HS-107.

® HS-869. Vegetation Management in Row Middles in
Florida Citrus.

® HS-802. Weed Controlin Subtropical Conditions in Florida
Citrus.
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B13. GROVE DEVELOPMENT/RENOVATION

Upon completion of the soil bedding process
within citrus groves, all bare soil areas (except
tree rows) should be planted with grass or other
vegetation species to minimize soil movement
from rain and/or wind.

Bare soil surface, during windy conditions, can
provide sufficient soil to blast the bark of young
trees and allow movement of soil into water furrows
and other drainage systems.

Figure B13.1. Bare soil areas should be planted as
soon as possible after beds are formed in order to
minimize soil erosion. When established, plant roots
help hold soils in place during windy and rainy
conditions. Note erosion already beginning in photo.

Figure B13.2. Grass established on bed tops and water
furrows will hold soil in place against strong winds and

high-intensity rainfall.
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B14. SETTLING BASINS (SumPS)
Dig out and maintain small settling basins in
front of the drainage inlets within water furrows.

B15. WATER FURROW DRAIN PIPES

Figure B14.1. Maintaining a sediment trap can improve
drainage and prevent sediment suspended in runoff
water to be captured prior to discharge.

Figure B14.2. Water furrow sediment traps should be
cleaned out in the dry season to allow time for grass to
re-establish before summer rains begin.
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Use PVC drain pipe or flexible pipe to connect
all water furrows or field ditches to lateral
ditches. Extend the pipe on the downstream
side away from the ditch bank to prevent bank
scouring.

Figure B15.1. PVC drain pipe extended from the ditch
bank to prevent bank scouring.

Figure B15.2. Corrugated polyethylene drain pipes
used for water furrow drain.
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B16. WATER FURROW MAINTENANCE

Use water furrow drain pipes with managed
vegetation in furrows to reduce surface water
transfer velocity from the furrows to the
drainage ditches and canals.

Figure B16.1. Re-working water furrows when they get
rutted can improve drainage and avoid ponding, resulting
in healthier trees and more uniform drainage. Water
furrows should be re-worked in the dry season to allow
adequate time for re-vegetation prior to the wet season.

Figure B16.2. Properly sloped and maintained water
furrows will enhance grove drainage while minimizing
adverse effects of excess rainfall.
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B17. CONSTRUCTION AND TEMPORARY EROSION
CoNTROL MEASURES

Special measures and/or temporary erosion
control measures should be taken during
construction and renovation of groves, when
culverts and control structures are replaced or
repaired, and when there is a major disruption of
established vegetation such as during irrigation
system installation or when buried water lines
are repaired.

Figure B17.1. Road grading, reworking beds or furrows
all require turning the soil. It is at this time when soil is

unbound by vegetation and is most prone to runoff.

Erosion control measures are used to minimize
sediment transport and protect the quality of water
bodies that receive runoff from disturbed areas.
The most common temporary erosion control tools
include straw or hay bale barriers, silt screens, and
silt fences; however, more permanent control can
be obtained through the use of specialized blankets
and mats, gabions, and other systems used for soil
stabilization.

The cost of erosion control options are highly
variable and agricultural producers are encouraged
to consider economics and site-specific conditions
when selecting the most appropriate erosion control
system for a particular action. When selecting an
erosion and sediment control method, it is
recommended that a NRCS representative,
engineer, and/ora SWFWMD Ag-Team member be
consulted.
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Straw or Hay Bale Barrier: A temporary sediment
barrier consisting of a row of entrenched and
anchored straw or hay bales.

Figure B17.2. Placement of hay bales for temporary
sediment barrier.

Installation Considerations:

e|nstall bales below disturbed areas that are
subject to sheet or rill erosion.

® Use bale barriers when effective control is needed
for less than 3 months.

e |nstall bales in a continuous row, perpendicular to
the direction of water flow, and place bales tightly
together to prevent water from passing between the
bales.

®Entrench bales approximately 4 inches, and
secure by driving two stakes through each bale.

e Use double rows spaced a minimum of five feet
apart when the disturbed area is within 50 feet of a
receiving water bodly.

o |f bales are used in conjunction with silt screens,
bales should be placed adjacent to the silt screen
on the upslope side.

Things to Avoid:
®Do not construct straw or hay bale barriers in

streams or swales where hydraulic forces will cause
a washout.

® Do not use straw or hay bale barriers for sediment
control when site conditions exceed the application
specifications identified below.
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® Avoid bare ground situations during construction,
and sod, seed and protect as necessary to minimize
adverse impacts from erosion.

Applicable Technical Criteria:

e Drainage area should not exceed ¥ acre per 100
feet of barrier length.

®Slope length behind barrier should not exceed
100 feet, and slope gradient behind barrier should
not exceed 5%.

Operation and Maintenance:

®Inspect barriers after all significant rainfall events
and replace bales as needed.

®Remove sediment deposits if they reach one half
the height of the barrier.

Silt Fence: Atemporary barrier consisting of a filter
fabric (burlap or synthetic material) stretched across
and attached to supporting posts and, in some
cases, wire fence material. Small silt fences, which
are designed with lighter materials and without the
use of supporting wire, are often referred to as “filter
barriers”.

Figure B17.3. Silt fences are designed to detain small
amounts of sediment and sheet erosion.

Installation Considerations:

o nstall silt fences perpendicular to the direction of
water flow, below disturbed areas that are subject to
sheet or rill erosion.

o Use filter barriers when effective control is needed
for less than 3 months, and use silt fences when
longer application periods are needed.
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®Drive posts or stakes securely into the ground
(minimum depth of 12 inches for posts and 8 inches
for stakes).

e Excavate a 4-inch by 4-inch trench along the line
of posts and on the upslope side.

o|f wire fence material is used to provide extra
support, fence should extend 1inch into the trench,
be securely attached to the posts using heavy
gauge wire staples, and should not extend more
than 36 inches above the original land surface.

o Securely fasten filter fabric to the posts or fence
material with 8 inches of the fabric extending into
the trench.

e Backfill the trench and compact over the filter
fabric.

e|nstall two parallel silt fences (located at least
three feet apart) if needed to provide additional
sediment control. When within 50 feet of surface
waters, utilize two rows of silt fences spaced at least
5 feet apart.

Things to Avoid:
e®Do not install silt fences in streams or swales

where the contributing drainage area exceeds 2
acres or where flows will exceed one cubic foot per
second.

® Avoid bare ground situations during construction,
and sod, seed and protect as necessary to minimize
adverse impacts from erosion.

Applicable Technical Criteria:

e Drainage area should not exceed 4 acre per 100
feet of barrier length.

®Slope length behind barrier should not exceed
100 feet, and slope gradient behind barrier should
not exceed 5%.

o Silt fences should not exceed 36 inches in height,
and filter barriers should be between 15 and 18
inches in height.

®Posts (4 inch diameter wood or equivalent) for silt
fences should be spaced a maximum of 10 feet
apart. When extra strength fabric is used without
wire support, post spacing should not exceed 6 feet.
® Stakes (1-inch by 2-inch wood or equivalent) for
filter barriers should be spaced a maximum of 3 feet
apart.
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Operation and Maintenance:

®|nspect silt fences after significant rainfall events,
and make repairs as needed.

®Remove sediment deposits if they reach one half
the height of the barrier.

Erosion control blankets: Erosion control
blankets and mats are made of natural and/or
synthetic fibers that are woven to form a highly
permeable material. These blankets, which are
often photodegradable and/or biodegradable, are
commonly used to provide permanent erosion
control on ditch banks, berms, levies and other
areas with excessive slope. Erosion control
blankets protect soils prior to vegetative
establishment and encourage vegetative growth by
capturing sediment and providing soil reinforcement.

Figure B17.4. Erosion control blanket installed on slope
to prevent erosion. Vegetation will grow through the
porous material and stabilize the soil.

Erosion Control Blankets can be utilized in
association with other types of erosion control
methods where the feasibility of utilizing sodding is
cost prohibitive because of the area of application.
Mulches are generally utilized to retard erosion by
protecting bare earth areas where sheet and rill
erosion are likely to occur by reducing the velocity
of overland flow and enhancing the effectiveness of
turbidity and erosion controls installed down
slope. In addition, mulches can enhance the
effectiveness of seeded areas by retarding the
transport of seeds down slope. Mulches should be
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free from weeds and/or nuisance and exotic plant
material. The recommended application rate for
broadcasting hay/straw is 1.5 to 2 tons per acre or
70 to 90 Ibs per 1000 sq. ft. Mulches such as wood
chips need to be anchored (i.e., netting, etc.).

For further information regarding the applicability
and usage of specific products in this category,
please contact your local Soil and Water
Conservation District, or USDA-NRCS.

Gabions: Gabions are partitioned, wire meshed
containers that are filled with stone or concrete
rubble to form flexible, permeable, monolithic
structures such as retaining walls, weirs, and
channel linings. Gabions can provide effective long-
term erosion control within water conveyance
features especially around water control structures.
For further information regarding the applicability
and usage of gabions, please contact your local Soil
and Water Conservation District, USDA-NRCS, or
refer to information provided by product
manufacturers, distributors and/or dealers.

Figure B17.5. Rock-filled gabions used to stabilize slope
at drainage pump station.

Floating Turbidity Barriers.

Turbidity barriers or “curtains” are designed to
minimize sediment transport from a disturbed area
adjacent to or within a water body. Turbidity
barriers are commonly used in addition to other
sediment controls to provide additional water quality
protection. These barriers are designed to trap
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sediment in low to moderate flow conditions.
Turbidity barriers should not be installed across
channel flows where higher water velocities can
occur.

The standard practice ininstalling barriers is to keep
the lower edge of the barrier about 12 inches above
the bottom as shown in Fig. B17.6.When the lower
edge of the barrier is long enough to drape on the
bottom, silt will build up as shown in Fig. B17.7. If
the build-up is allowed to collect over a long period
of time, the barrier may be pulled beneath the
surface of the water. The build-up also makes it
difficult to remove the barrier without stirring up the
silt and sending in back in to the water course. For
further information regarding the applicability and
usage of floating turbidity barriers, please contact
your local Soil and Water Conservation District,
USDA-NRCS, or refer to information provided by
product manufacturers, distributors and/or dealers.

Figure B.17.6. Typical floating turbidity barrier.

Key Terms:

Sheet Erosion: Sheet erosion is caused by shallow
sheets of water flowing of the land. These broad
moving sheets of water are seldom the cause of
erosion, but the flow transports sediments detached
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Figure B17.7. Floating sediment barriers should be
installed with the lower edge about 12 inches above the
bottom of the channel.

by raindrop impact and splash. The shallow surface
flow rarely moves as a uniform sheet for more than
a few feet before concentrating due to topographic
irregularities.

Rill Erosion: Rill erosion develops as the shallow
surface flow begins to concentrate in low spots. The
concentrated flow increases in velocity and
turbulence, which in turn causes the erosion and
transport of more sediments. This action cuts tiny
well-defined channels called rills, which are usually
only a few inches deep.

References

® The Florida Strormwater, Erosion, and Sediment Control
Inspector's Manual.

® FDEP Storm Water Inspection Course.

® SL-195. Flatwoods Citrus Best Management Practice: Soil

Stabilization.
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Figure B17.8. Floating sediment barriers installed with
the bottom too low may result in the barrier pulled below
the surface when sediments accumulate.
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Table B17.1. Potential temporary erosion control practices for use during grove construction and renovation
and when major land disturbances are make during repair operations.

Practice

Definition

Purpose

Where Applicable

Straw Bale Dike

Temporary sediment
barrier constructed form a
row of entrenched and
anchored straw bales.

To catch and retain sediment
on the construction site and
prevent sedimentation.

May be used below disturbed areas
subject to sheet and rill erosion where
temporary sedimentation control is
needed.

Turbidity Barrier

Temporary sediment
barrier consisting of an

To catch and hold sediment
plumes and floating debris in

May be used across ditches and canals
and in retention/detention areas or

Sediment Trap

or by an embankment.

(staked or impermeable material surface waters. reservoirs adjacent to shores.
floating) stretched across a surface
water body.
A small temporary ponding | To detain sediment-laden May be used at the outlets of drains,
basin formed by excavation | runoff and to trap the diversions, ditches, and other runoff
Temporary

sediment and to protect
receiving water bodies from
sedimentation.

conveyances.

Planting fast-growing

To provide stabilization of

May be used on cleared, un-vegetated

Entrance/Exit

construction site.

Temporary vegetation to provide bare soil areas that will not be | areas where temporary erosion control
Seeding temporary erosion control. brought to final form for a is needed.
period of more than 30 days.
Use of a protective blanket | To protect soil surface from May be used on beds for temporary or
Mulching of straw, residue, gravel, or | forces of raindrop impacts permanent seeding and on areas of
synthetic material on soil and overland or sheet water bare soil when seeding or planting must
surface. flow. be delayed.
Outlet Structure designed to To prevent erosion by May be used at locations where water
Stabilization control erosion at the outlet | reducing water velocity from velocity from a conduit or open channel
Structure of a channel or conduit. the outlet of a channel or exceeds permissible velocity of the
conduit. receiving canal.
Temporary fabric barrier To prevent sediment from May be used where drain inlets are to
placed around inlets to entering canals during be operational before permanent
Fabric Drop ditches or canals. construction activities; allows stabilization of the drainage area
Inlet use of the drainage system occurs. This method is used in areas
during construction. that are nearly level, with slopes less
than 5%.
A gravel driveway or pad Provides a suitable location May be used whenever traffic leaves a
located at a point where for vehicles to drop mud and construction site and enters a public
Temporary ) . . .
Graveled vehicles enter and exit a sediment before entering road or other paved areas.

public roads; controls erosion
from surface runoff and helps
control dust.

Silt Fence

Temporary sediment
barrier consisting of filter
fabric or burlap stretched
across supporting posts
and entrenched.

To catch and hold small
amounts of sediment from
disturbed areas by reducing
the velocity of sheet flow to
allow sediment deposition.

May be used below small disturbed
areas less than 1/4 acre per 100 ft of
fence, and where runoff can be stored
behind the fence without damaging the
fence or the area behind the fence.
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Purpose

Over the past 50 years, many lessons have been
learned about the use of agrichemicals and synthetic
pesticides (herein described as crop protection
products or CP products) and the unintended
environmental consequences that may have resulted
from these older products. Over the last 20 years,
great strides have been made in the development of
CP products that are more target specific, less
harmful to the environment and safer to those who
handle and apply these products. The development
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and implementation of responsible farm
management practices that promote the proper
handling of these products also has contributed
significantly to reducing the risk of environmental
problems and protecting water resources, pesticide
handlers and agricultural workers.

Figure C0.1. Historically crop protection products were
applied by hand without more thought given to pest
pressure.

Figure C0.2. Newer scouting programs and tools allow
managers to make better decisions about when and
where products need to be applied.
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C1. Integrated Pest Management (IPM)

Adopt an Integrated Pest Management (IPM)
program. IPM is an integrated system using a
combination of mechanical, cultural, biological,
and chemical approaches to best meet the goals
of the program. This approach provides better
and more economical management of most
pests.

What is IPM?

® A philosophy of managing pests that aims to
reduce farm expenses, conserve energy, and
protect the environment.

® A broad, interdisciplinary approach using a variety
of methods to systematically manage pests which
adversely affect people and agriculture.

IPM does not, as many believe, mean that no CP
products are used. Rather, it means that CP
products are only one weapon against pests and they
should be used judiciously, and only when
necessary.

The goals of an IPM program are:

1. Improved control of pests, through a broad
spectrum of practices that work together to keep
pest populations below economically significant
thresholds.

2. More efficient CP product management through
less frequent and more selective use of CP
products.

3. More economical crop protection from reduced
chemical costs and more efficient protection.

4. Reduction of potential hazards to farmers,
workers, consumers, and the environment through
reduced CP product exposure.

IPM accomplishes these goals using resistant plant
varieties, cultural practices, parasites and predators,
other biological controls such as Bacillus
thuringiensis (BT), and other methods including
chemical CP products as appropriate.

The basic steps for an IPM program are:
1. Identify key pests and beneficial organisms and
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the factors affecting their populations.

2. Selectpreventative cultural practices to minimize
pests and enhance biological controls. These
practices may include soil preparation, resistant
rootstocks/scions, modified irrigation methods,
cover crops, augmenting beneficials, efc.

3. Use trained "scouts" to monitor pest populations
to determine if or when a control tactic might be
needed.

4. Predict economic losses and risks so that the
cost of various treatments can be compared to
the potential losses to be incurred.

5. Decide the best course and carry out corrective
actions.

6. Continue to monitor pest populations to evaluate
results and the effectiveness of corrective
actions. Use this information when making
similar decisions in the future.

See your county extension agent or independent
crop consultant for help in setting up an IPM
program for your farm. Factors to consider when
selecting pest management strategies are listed in
Table C1.1.

What are Pests?

The pests associated with citrus IPM include
insects, mites, nematodes, fungi, bacteria, viruses
and weeds. Itis important to recognize that not all
organisms found in citrus groves are considered
pests. Many species in the diverse ecosystem of
the citrus grove are neutral they do not cause injury
or loss to citrus, while other species are actually
beneficial to the production of citrus. Thus, only a
small proportion of the organisms should be
considered as pests, and only under certain
circumstances, when their level of existence
threatens the health or productivity of citrus trees.

In addition to pests that are known to occur in
Florida and for which IPM tactics are available, there
is a continuing threat of the introduction and
establishment of exotic pests. Establishment and
spread of exotic mites, insects, nematodes,
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Table C1.1. Issues to consider when selecting pest management strategies.

Problem

Reference

Timing/Season

Citrus Rust Mite (CRM)

Spider Mites
Other Mites

SP-43, Annual Citrus
Pest Management
Guide

—-

. Resistance management

. Biological controls and Predator populations
(Beneficials)

. Pest Populations (i.e.; citrus leafminer)

4. Environmental Hazards (See CP product

label environmental hazards section)

N

w

. Hirsutella thompsonii fungus (CRM)

. Other increased pest populations
associated with certain sprays

. Phytotoxicity

. Fresh or processed fruit

. Rainfall

0. Temperature

o o

= © oo

Scale Insects

SP-43, Annual Citrus
Pest Management
Guide

N —

Natural Predator Populations
Pest location - Interior or Exterior
a. Trunk

b. Leaves

c. Fruit

d. Limbs

. Trunk run-off

. Type of seal (armored or soft)
Emulsifiable oil control

Environmental Hazards (See CP product
label)

7. Timing of sprays

o o b~ w

Guide

Population timing

8. Weather (adequate moisture, temperature,

Zhg?dss SP-43, Annual Citrus K Elz\tl)ztln)nmental hazards (see CP product 4. Area of the canopy receiving spray
P Pest Management . coverage (periphery)
Mealy Bugs Guide 2. Timing of sprays 5. Resistance factor
Leafminer 3. Natural predator population (beneficials) ’
6. Proper calibration for ground applied
1. Mode of action (i.e. adulticide, ovicide, etc.) materials
. SP-43, Annual Citrus 2. Weeds and ground applications 7. Area to receive application (tree trunk to
Root Weevils . . -
Pest Management 3. Partition coefficient (SP-43) canopy drip line

Nematodes 4

5

. Application equipment

rainfall, wind)
9. Erosion from application site

Other Insects

SP-43, Annual Citrus
Pest Management
Guide

3. Population Build-Up
4. Timing/Season

Fungal Pathogens

SP-43, Annual Citrus
Pest Management
Guide

1. Resistance

2. Biological Predators

1. Resistance

2. Fresh or processed fruit

w

Biological Predation

4. Alternative compounds
5. Soil toxicity
6. Soil pH

Citrus Canker

IFAS SP-182

FDACS Plant
Pathology Circular No.
377

Decontamination

1. SoillType 7. Band width/Canopy dripline
2. Partition Coefficient (SP-43) 8. Erosion/Ground Cover/Buffer Strips
SP-43 Annual Citrus 3. Types and modes of action for herbicides 9. Root System/Size of tree
Terrestrial Weeds Pest Management 4. Types of weeds to control 10. Good Calibration
Guide 5. Growth stage of weeds 11. Rainfall/Moisture
6. Season/Timing 12. Temperature/Wind
8. Application site (label)
1. Water level 9. Timing/season
2. Irrigation water usage intervals 10. Temperature
. 3. Rainfall 11. Sunlight

Aquatic Weeds f/lz-rjuﬁagly Aquatic Weed 4. Method of control 12. Wind

5. Biological Predators 13. Mowing vs. Chemical

6. Surface or underwater weed control 14. Wiping vs. Spraying

7. Good calibration (Surface area or volume) 15. Ditch bank erosion

16. Downstream effects

1. Leaching potential 7. Foliar

2. Saltindex 8. Rainfall capacity
Fertilization of Bedded SP-169, Nutrition of 3. Cation exchange capacity 9. Application site
Groves Florida Citrus Trees 4. Soil type 10. Proper calibration

5. Timing/season 11. Spillage

6. Volatilization 12. Root zone location
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diseases or weeds exert additional pressure on the
citrus production system, often leading to the need
for additional chemical intervention in order to
prevent injury or tree loss. New introductions of
pests are destabilizing features of IPM systems
and must be treated carefully to avoid disruption of
the established pest management system.

Approaches that can be used in IPM vary from
those that prevent development of damaging levels
of the pest to those that reduce the pest below
levels of concern. Among the tactics that are
available that prevent development of pest injury
are sanitation and exclusion. When these tactics
fail, eradication can be attempted to eliminate the
pest organism from the system and prevent
repeated injury or damage. Finally, suppression
tactics are used to reduce populations or infection
below the level that would compromise tree health
or fruit yield.

Informed decisions are an important aspect of
citrus IPM. As pest populations are encountered in
the grove, proper identification of the pest
organisms involved is a crucial step in making
appropriate responses. Following identification of
the pest(s) involved, implementation of the
appropriate cultural practices or other tactics
should occur. When itis deemed that CP products
are necessary, targeted application of pest control
products should be made so as to maximize
suppression of the target pest populations while
minimizing non-target impacts.  Inappropriate
choice of tactics can lead to undesirable outcomes.
The presence of a long history of biological control
of numerous pests in Florida citrus makes the
system vulnerable to upset through misuse or
overuse of CP products. Elimination of parasites or
predators through multiple applications of CP
products can lead to disruption of the balance
between pests and their natural enemies, resulting
in higher pest populations and increased damage.

Pest Monitoring and Economic Assessment:
Scouting procedures are a very effective and
efficient tool for the grower. Scouting allows the
grower or production manager to visually formulate
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recommendations that can be very cost effective
for the crop being grown. It gives the grower the
decision-making ability to properly apply CP
products and nutrients.

By scouting the crop, past, current and future
problems can be seen, and scouting allows
growers to address them in the proper manner.
When scouting for insects, for example, growers
should also be watchful for other problems that
could be present. Forinstance, when scouting for
mites growers could find an increasing problem
with weed control or an increasing insect
population. When practiced properly, scouting can
be a valuable management tool for all growers.

Pest monitoring results should be subjected to an
economic assessment before reactive measures
are taken. The mere presence of a pest or disease
is not sufficient to warrant treatment expense.
Assessing the potential loss if the pest goes
unchecked versus the cost and financial return
preserved through various treatments should assist
the pest manager in making decisions that are
biologically and economically sound. While cost of
suppression compared to savings in yield, quality
or tree health is of primary importance, the costs
associated with disruption of other pests by the
treatment also should be considered.

References

® Howard et al.,, 1998. Best Management Practices for
Agrichemical Handling and Farm EquipmentMaintenance.

® CPMG-02. Approaches to Processed and Fresh Fruit
Management.

® CPMG-03 Florida Citrus Integrated Pest Management
Guide: the Use of Pesticides in Citrus IPM.

® EDIS UF/IFAS. http:/ledis.ifas.ufl.edu/

® ENY-624. Pesticide Resistance and Resistance
Management.

® HS-107. Florida Citrus Integrated Pest Management
Guide: Weeds.

O RF-WQ-108. Best Management Practices to Protect
Groundwater from Agricultural Pesticides.

® SM-1. Applying Pesticides Correctly: a Guide for Pesticide
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® SM-53. Private Applicator Agricultural Pest Control.

® SM-63. Agricultural Tree Crop Pest Control.

® SP-176. Identification of Mites, Insects, Diseases, Nutrition
Symptoms, and Disorders of Citrus.
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C2. Product Selection

Select target-specific active ingredients that
complement natural systems in epidemiological
cycles and modes of action (i.e. insect growth
regulators, botanicals, and biologicals).

Be aware of CP product leaching- and/or runoff-
potential with each soil type within the grove.
Select CP products that have the least potential for
impacting water quality.

Agricultural use of CP products should be part of
an overall pest management strategy, which
includes biological controls, cultural controls, pest
monitoring and other applicable practices, referred
to altogether as Integrated Pest Management or
IPM. When a CP product is needed, its selection
should be based on effectiveness, toxicity to non-
target species, cost, and site characteristics, as
well as its solubility and persistence.

While the focus of the IPM program is for field
populations of mites, insects, nematodes disease
pathogens and weeds, CP products also are
prescribed for post-harvest maintenance of fruit
quality. Some of these situations require pre-
harvest applications as part of the overall
management strategy. Due consideration needs to
be given to these treatments in the overall crop
BMPs.

Half-lives and partition coefficients (K, are
particularly important when the application site of a
CP product is near surface waters or is underlain
with permeable subsoil and a shallow aquifer.
Short half-lives and intermediate to large K, are
best in this situation. The K, for a compound is a
measurement of its tendency to tightly bind to
organic materials.

Many areas of Florida have impermeable sub-soils
which impede deep leaching of soluble CP
products. Where impermeable sub-soil exist,
soluble CP products (low K,.) and moderate long
half-lives may be rapidly transported in drainage
water to nearby surface waters. Non-erosive soils
are common in much of Florida and CP products
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with large K, remain on the application site for a
long time. However, the user should be cautious of
CP products with long half-lives as they may build
up in the soil.

In addition to CP product solubility and soil
permeability, it is important that the CP product's
toxicity to non-target species be considered. Some
of the CP products listed in Table C2.1 have
severely restricted use due to acute toxicity or long
half-life.

An important purpose of the CP product container
label is to instruct users to apply the CP products
safely and with minimum threat to non-target
species, both on and off the application site. CP
product users assume responsibility to follow label
instructions. Table C2.2 shows the potential
movement of CP products into ground and surface
water based on persistence and sorption. Table
C2.3 shows potential for surface runoff and/or
leaching based on common soil types within the
Peace River and Manasota Basin (PRMSB) citrus
production areas.

Adapted from SL-40;
Behavior of Pesticides in Soils and Water

CP Product Leaching and Runoff Potential
Resource soil scientists with the Natural Resources
Conservation Service have rated the soils
delineated by map units for their potential for
leaching and runoff of CP products (Table C2.3).
The rating criteria