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Benefits of
Subsurface Drip
Irrigation:

Increased

e Yields

e Quality

* Flexibility

e Convenience

e Water Use
Efficiency

e Ability to Farm
in Drought
Conditions

Decreased

e Energy Costs

e Labor Costs

InngatieniSelutions

Subsurface Drip Irrigation (SDI) for Field Crops

icro-Irrigation, also
known as drip
irrigation, is the fastest

growing irrigation technology in
the world. It was commercially
introduced in Southern California
over 40 years ago to help irrigate
crops in challenging terrain and
with limited, expensive water
supplies. Drip irrigation consists
of a network of plastic pipes and
emission devices that:

« Delivers water and nutrients
directly to the soil and roots at
low pressure and flow rates

« Is typically operated at frequent
intervals of varied duration
to address multiple farming
objectives and challenges
associated with managing
moisture in the crop rootzone

« May accommodate a wide
range of block sizes, shapes
and flow rates

« Allows easy access to the field for
cultural operations, sometimes
even when irrigating

Subsurface Drip
Irrigation (SDI)
Overview

Subsurface Drip Irrigation is

a specialized sub-set of drip
irrigation where dripline or drip
tape “lateral lines” (tubes buried
beneath the crop rows) and
supply and flushing “submains”
(pipes supplying water to the
lateral lines) are buried beneath
the soil surface for multi-year
use. The technique of burying
less expensive Bi-Wall drip tape
laterals beneath field crops was
pioneered in the American
Southwest decades ago, and

has since been implemented by
researchers and growers alike.
The SDI technique is now being
used throughout the world on a
wide range of grain, forage and
fiber crops including alfalfa, corn,
cotton, soybeans and sugarcane.
In addition to drip tape, thinwall
integral driplines are commonly
used as well.
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Increased
Flexibility &
Convenience

Advantages of SDI

Common benefits of drip irrigation =~ These benefits are also typical in SDI

include yield increases, crop quality applications, along with improved
improvement and better resource flexibility, convenience, and the
use efficiency. ability to farm in drought conditions.
Increased
Yields

Increase
yields by

Irrigate growing Successfully
odd-shaped healthier grow a crop
fields and/or plants with only 9

fields with inches of

obstacles water
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fertilizer to the possible rainfall

whole system events by applying
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that are square water at the last

shaped instead minute should rain
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S full
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irrigation and fewer hours
than pivots

Decreased Costs
& Water Use



Typical SDI Set-up
and Layout

In contrast to surface or hybrid drip
systems for fruit or vegetable crops, SDI
systems are buried, use rigid PVC pipe
submains and flushing manifolds, and
are well maintained for multiple crop
use. The choices of laterals, submains,
accessory equipment and application rate

depend on many factors including soil type and

water conditions, cultural practices, and field
size, shape and topography. Low application
rates are often selected in order to reduce

overall system cost. The diagrams below show
typical layouts for fruit, nut, vegetable and field
crops. To download a larger image or view the

animated version of the Typical Drip System
Layout, visit driptips.toro.com.

Case Studies

Toro’s “Solutions Brochures” contain
a wealth of information that has been
generously shared by Toro’s satisfied
customers. Although each farming
situation is different, customers using
Toro SDI systems to grow alfalfa,
corn, cotton, soybeans and sugarcane
have repeatedly emphasized the
benefits stated above. To learn more
or download Toro’s case studies, visit
driptips.toro.com.

Detail of typical SDI block on corn where
lateral and submain lines are buried for
multiple years to support crop rotations.

Chemical Injection Ta
and Equi

iipment

Typical Drip System Layout shows how drip
is used in (from left to right) field, surface
vegetable, vineyard and orchard crops.

Special Considerations
for SDI

SDI systems are expected to last for
many years. As a result, they must

be designed, installed, operated

and maintained properly. Common
challenges include emitter clogging,
root intrusion, vacuum suction and
insect, rodent and mechanical damage
— all of which may be successfully
addressed with proper planning and
management. For more information on
proper design, installation, operation
and maintenance, contact your nearest
Authorized Toro dealer or consult
Toro’s Micro-Irrigation Owner’s
Manual - free download available

at driptips.toro.com.
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Selecting SDI Laterals

The SDI lateral line tubes (AquaTraxx®

or Thinwall) are buried beneath the crop
and deliver water and nutrients directly to
the soil and plant roots to support crop
growth. The following guideline may be
used to begin the selection process based
on soil types, crop layout, water quality and
availability, desired application rate, desired
emitter spacing and environmental and
hydraulic considerations.

Step 1:

Determine approximate spacing
between lateral lines based on:

1. Soil texture

2. Crop spacing
cotton on medium

For example, 30"

soil

will usually use a 60”

lateral spacing.

Note that in the selection process, lateral
line flow rates must be determined. Many
refer to the lateral flow rate as the Q100, or
gallons per minute per 100 feet (gpm/100’),
which is dependent upon the emitter flow
rate and the emitter spacing. In addition,
the lateral internal diameter and lateral wall
thickness must be chosen. An authorized
Toro dealer or representative will be happy
to assist with this selection process.

Typical Spacing
Between Laterals

Heavy soils
(silt/clay
loams)

Medium soils
(loams):

Light soils
(sandy loams)

30"- 40" 40”- 60" 60"- 80"

Step 2:

Gross Application Rate
After the Lateral Gallon Per Minute/Acre and Inches/Hour
Spacing from Step 1 P
is selected, the Lateral Spacing, 30” 40" 60" 80"
Flow Rate (Q100) may inches:
be selected based on Hf:,te;:'te
the desired system (Q100), |GPM/Acre|Inches/Hr|GPM/Acre|Inches/Hr|GPM/Acre|Inches/Hr|GPM/Acre|Inches/Hr
P P GPM/100
application rate in: ach
1. GPM/Acre, or 0.06 10.45 0.023 7.84 0.017 5.23 0.012 3.92 0.009
0.08 13.94 | 0.031 10.45 0.023 6.97 0.015 5.23 0.012
2. Inches/hour 0.10 1742 | 0.039 | 13.07 | 0.029 8.71 0.019 6.53 0.014
0.12 20.91 0.046 15.68 | 0.035 10.45 0.023 7.84 0.017
0.14 2439 | 0.054 1830 | 0.040 1220 | 0.027 9.15 0.020
For example, if the 0.16 27.88 | 0.062 | 20.91 0.046 13.94 | 0.031 10.45 0.023
lateral na is 60 0.18 3136 | 0.069 | 23.52 | 0.052 15.68 | 0.035 11.76 | 0.026
LB Ol 0.20 34.85 0.077 | 2614 | 0.058 17.42 | 0.039 13.07 | 0.029
inches, and the desired 0.22 38.33 0.085 28.75 0.064 19.17 0.042 14.37 0.032
application rate is .035 0.24 41.82 | 0.092 | 3136 | 0.069 | 2091 0.046 | 15.68 | 0.035
inches per hour, then 0.26 4530 | 0.100 33.98 | 0.075 22.65 0.050 16.99 | 0.038
the Lateral Flow Rate 0.28 48.79 | 0.108 36.59 | 0.081 2439 | 0.054 18.30 | 0.040
0.30 5227 | 0.116 3920 | 0.087 | 26.14 | 0.058 19.60 | 0.043
must be .18 gpm/100 0.35 60.98 0.135 45.74 0.101 30.49 0.067 22.87 0.051
feet. Or, if only 10.45 0.40 69.70 | 0.154 | 5227 | 0.116 | 3485 | 0.077 | 2614 | 0.058
gpm/acre is available, 0.45 78.41 0.173 58.81 0.130 3920 | 0.087 | 29.40 | 0.065
then the lateral flow 0.50 8712 | 0.193 6534 | 0.144 | 4356 | 0.096 3267 | 0.072
0.75 130.68 | 0.289 | 98.01 0.217 6534 | 0.144 | 49.01 0.108
rate must be .12 1.00 17424 | 0.385 | 130.68 | 0.289 | 87.12 | 0.193 6534 | 0.144
gpm/100 feet or less. 1.25 217.80 | 0.481 | 163.35 | 0.361 | 108.90 | 0.241 81.68 0.180

Note: Systems with low lateral flow rates are usually less expensive



Step 3: Thinwall

Now, to select the emitter flow rate Emitter Flow Rate

and the emitter spacing, find the gph @ 8psi Lateral Flow Rate (Q100, GPM/100
0.16 023 | 020 [ 018 [ 0.6

lateral flow rate (Q100) from Step 2 in 0.25 036 | 032 | 028 | 025
the adjacent chart. The corresponding 0.30 043 | 038 | 033 | 030
emitter flow rate will be stated on g-‘;z ?-g; g-gg g-gi g;z
the left, and the corresponding e —— 14 16 18 20
emitter spacing can be found at the
bottom of the chart. Note that it is Aqua-Traxx PC
possible that more than one product Emitter Flow Rate

it . N h @ 100si Lateral Flow Rate (Q100, GPM/100")
family, emitter flow rate, and spacing T 534 555 T o3

may satisfy the lateral flow rate 0.27 0.45 034 | 030

requirement. The following lateral er Spacing

product families are available from Aqua-Traxx Classic
Toro for SDI systems in field crops: P

mitter Flow Rate ,

e Thinwall gph @ 8psi Lateral Flow Rate (Q100, GPM/100")

0.07 0.09
* Aqua-Traxx 0.09 0.11

e Aqua-Traxx PC 0.10 0.13
0.13 0.17

For example, if the desired lateral flow 8:;3 05

rate is .18 gpm/100/, then the Thinwall 0.27 0.34
.16 gph emitter on an 18" spacing would 8-34 Lo
be one possible selection. Lo 7 0'6.6

Note: SDI systems typically use an emitter spacing between 12 and 24 inches dependent upon soil texture.

Step 4:

Based on hydraulic layout
and desired durability, select:

e |Lateral wall thickness

e Lateral internal diameter Thinwall Aqua-Traxx

Internal Wall Internal Wall
Diameter Thickness Diameter Thickness

10 mil 4 mil
5/8" . .
) 13 mil 5 mil
For example, an SDI system using (16 mm) P— p
Thinwall dripline is desired on a 10 70 il 5/8" (16 mm) 3 mil

acre block measuring 1,320' x 330", 2;/8” 13 mil 10 mil
Using Toro's AquaFlow Design Software (22 mm) 15 mil 12 mil

(available at toro.com), you enter 15 mil
a lateral length of 1,320', and then 6 mil
compare both 5/8" internal diameter Aqua-Traxx PC 58" (16 8 mil
(ID) and 7/8" ID Thinwall Dripline ro— VAT s Comm 10 mil
using a 0.16 gph emitter on an 18 inch Diameter Thickness 12 mil

emitter spacing. The results reveal that a 8 mil 15 mil

10 mil 6 mil
12 mil 8 mil
15 mil 7/8" (22 mm) 10 mil
10 mil 12 mil

5/8" ID tube will deliver an unacceptable 5/8"
block Emission Uniformity (EU) of only
80%, while a 7/8" ID tube will deliver an

acceptable EU of over 90%. Since you 218" Pp— Py—
are a new SDI user and the terrain is i @5 mm) B mi
rough, a 15 mil wall thickness is chosen. 13/8' (35 mm) 5 mil 13/8' 35 mm) 15 mil

Note: Thicker mil tubes perform best in rough soil conditions; larger diameter lateral lines allow longer
lateral lengths of run and potentially fewer submains.




Additional Considerations
for SDI:
Sub-mains, both inlet and flushing:

« Submain depth: typically 2 - 3
feet deep

« Submain material: rigid PVC pipe
or HDPE pipe

« Submain to lateral connections:
saddles or grommet type
connectors

« Submain quantity may be reduced
by using larger diameter laterals

» Flushing submains are often
divided to help achieve proper
flushing velocity

Accessory Equipment:
« Filtration: 120 - 200 mesh equivalent

» Chemical injection: multiple
tank systems typically apply acid,
chlorine and fertilizer

+ Valves: manual or automatic
« Controls: AC or DC; wire or radio
* Monitors: pressure, flow, pH, EC

Cultural practices:

SDI is compatible with no-till,
minimum till and conservation tillage
practices that avoid disturbing the soil
and buried driplines.

Installation:
SDI systems should be installed

carefully since they are expected to
last multiple years. Modern SDI
systems are typically installed using
precise GPS systems so that operators
know the exact location of the buried
equipment.

« The lateral lines should be
installed with the emission device
facing upwards to help prevent
clogging from any contaminants
that may enter the lines.

Lateral line injection equipment
should be inspected daily and be
free of sharp edges, burrs, and
areas where the tubing could be
damaged. Bends, rollers and other
points of contact with the tubing
should be kept to a minimum to
reduce both the possibilities for
damage and incorrect tension on
the tubing as it is injected.

Tubing ends should be closed off
by kinking or knotting until they
are connected to submains.

It is strongly recommended that
the lateral lines be monitored as
they are injected into the soil.
Someone should be watching to
insure that the tubing maintains
its emitter-upwards orientation, to
assist in case the tubing becomes
tangled in the injector, and to
signal the tractor driver when the
tubing reel is empty and needs to
be replaced.



Toro Products and Services

Toro’s premium, seamless extruded lateral tubing options for SDI are
unmatched and are designed to perform in demanding SDI applications

Aqua-Traxx PC

Drip Tape

Built with a rotary molded
pressure-compensating
flowpath for long runs or
hilly terrain.

Together with Toro’s fittings, connection tubing, filters, valves, controllers
and chemical injection equipment, a Toro SDI system is built to perform,
and last. For more information and to help you get started, visit toro.com
or driptips.toro.com to download Toro’s product catalog and brochures.

”

Aqua-Traxx “Classic
Drip Tape

Built with a rotary molded
flow path for optimal
precision, water flow, and
clogging resistance.

Thinwall

Dripline

Built with a pre-inserted,
discrete emitter for
demanding applications.




SDI Tools

The following SDI tools may be downloaded for free at toro.com or driptips.toro.com

Drip Irrigation
Payback Wizard

Toro’s “Drip-Micro Irrigation

how long it will take to pay for
the SDI investment. Simply
enter the state, crop, acres,
current irrigation system type

average data. Then, if desired,
you can easily customize the
report with your own data.
Sometimes it is estimated that
the system could pay for itself
within months!

AquaFlow - Drip Irrigation
Design Software

AquaFlow was developed to
Payback Wizard” helps estimate  ease and improve the design
process, and is also available to
those who wish to pre-qualify
flow rate choices and system
layout options in advance. Since
and the water cost per acre foot  AquaFlow uniquely displays

to view a report that is based on  both the block uniformity and
flushing velocity on one screen,
it is especially valuable when
used to design SDI systems.
Toro recommends that final SDI
systems be professionally designed
by an authorized Toro Dealer or
Certified Irrigation Designer.
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Micro-Irrigation
Owner’s Manual

Toro’s Micro-Irrigation Owner’s
Manual is a 129-page, four-color,
spiral-bound document written
in layman terms for farmers.
Beautifully illustrated, it is a
comprehensive guide to the
operation and maintenance of
both new and existing micro-
irrigation and SDI systems

for row, field and permanent
crops. It’s available in both
English and Spanish, with
measurements in English and
Metric Units. Download a free
copy today!
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