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Q. What are the problems of irrigating remote desert sites?
A. Experiments in the Sonoran and Chihuahuan Deserts beginning as early
as 1890 and involving 83 species and more than 400 sites have demonstrated
the difficulties involved with revegetation in very arid environments.
Plantings were successful in only one of ten years even in the wetter eastern
portion of the Sonoran Desert. While many factors combine to make
revegetation difficult in arid lands, water is often one of the most critical.
Rainfall in the low desert of California is typically less than 5" per year and
the amount and timing are very unpredictable. The long-term average
annual rainfall at Indio is only about 3" per year but has ranged from a low
of 0.12" in 1886 to a high of 7.87" in 1927. Rainfall in one season may
combine a wet winter one year with a wet spring the next; it reached almost
10" in both 1939-40 and 1977-78.
Moisture stress is a reflection of rainfall and evaporation. Annual evaporation
from a Class A evaporation pan near the Salton Sea was 142", more than 40
times the annual precipitation. Despite low average rainfall, tropical storms
may drop the yearly average precipitation in a few minutes, with resulting
sheet and stream flow and flash floods. A storm in 1939 dropped 6.4 inches of
rain in Indio in just six hours. Between the start of record keeping and 1963,
floods occurred in Indio in February 1914, January 1916, December 1921,
April 1926, February 1927, March 1938, September 1939, December 1940 and
February and October 1963. These major flood and less noticable flow
events, where sufficient rain falls in a short time to initiate flows in desert
washes, are very important for plant establishment.

Yet these floods cannot be predicted and plant materials for revegetation
and restoration cannot be held until a major flood occurs. The importance
of reducing water stress for plant establishment has led to tests of irrigation systems that appear well-suited for use at remote sites in the desert.
The objectives of these studies have been to compare promising systems
and to determine their potential for revegetation at disturbed sites in the
California desert.
Plant shelters and plant protection can also reduce plant water demand. Plants
with roots in moist soil can often maintain absolute air water content in the shelter at levels higher than in open field air. This may reduce plant water demand
in the desert where very low humidity and high winds are common. We believe
this may be one of the factors that enhances survival and growth in tree shelters.

Q. How do you deliver water to these remote sites?
A. Capturing and utilizing the rain that falls is a critical first step.

Disturbance often reduces infiltration and enhances runoff. These effects can be
mitigated by surface shaping
with microcatchments, pitting,
and imprinting (see other
Bulletins in this series). Surface
treatments such as vertical
mulch, installing bundles of
straw vertically in holes or
standing rows of plant material
in trenches provides rapid entry
of surface water into the soil.
These steps will improve
establishment from direct
Detail of pitting a disturbed planting site
seeding and enhance growth of
transplants, but watering is still
usually necessary.
Water is heavy, awkward to handle and
quickly becomes
expensive at remote
sites. For example, 1” of
rain per acre weighs
more than 100 tons.
From many years of
experience we have
developed methods that
use as little water as
Pitting a disturbed planting site

possible, but water is
needed while transplanting and must be transported to the site. At one
site in Anza Borrego
Desert State Park, water
catchment systems were
installed at the request of
park personnel. These
worked much better
than expected and
provided runoff to a
storage tank after only
1/10 inch of rainfall.

Catchment, Anza Borrego Desert State Park

We have found that most people can carry a 3 gallon jug and that two jugs
are almost as easy to carry as one. A French style water can from Garden
Suppliers is preferred.
If possible, a water truck
should be used. A water
trailer, collapse-a-tank or
saddle tank for a pickup
can also be used. For low
budget operations, used
thirty gallon plastic
drums can be found for
$10-15 (get food grade
with sealing plug threads
in good condition). These
are the most reasonable
size to fit into most vehicles. They should be
tied securely with load
straps. A hand transfer
pump (Guzzler), 12 volt
French water can
pump or small gas pump
can be used to refill water containers or to pressurize a hose for watering.
A variety of storage tanks have been tested. Polyethylene tanks appear to be
the best compromise. These cost about $1 per gallon of storage capacity. The
tanks should be painted with latex paint to reduce algal growth and reduce
sun damage to the plastic. Galvanized steel tanks that were tested rusted
and led to apparent iron toxicity.

Q. What kinds of water delivery systems have you considered?
A. The water requirements for most of the systems we have tested are less
than one gallon per plant per month. Conventional drip systems were not
included because water use with surface drip irrigation is high,with a typical
flow rate of four liters [one gallon] per hour. These systems require regulated
water pressure and careful filtration since emitters are easily clogged with
sediment and insects. In addition, many animals will chew tubing and pipes
even when open water is available nearby. Research has suggested that
intermittent irrigation, which mimics natural events, may be more suitable for
these desert plants than continuous irrigation. Many of these plants are
sensitive to root rot and other pathogenic organisms that thrive in wet soil.
Irrigation type appears to influence ease of inoculation and establishment of
microsymbionts. Preliminary data from a field trial started in 1990 suggests
that deep pipe systems are best suited for mycorrhizae which benefit from
increased aeration. The buried clay pot system, which maintains a higher soil
water content but allows less aeration than the deep pipe system, is more
favorable for rhizobia.

Q. What is deep pipe irrigation?
A. Deep pipe irrigation is a very effective yet little known method for
irrigation in arid areas. This method uses an open vertical pipe to concentrate irrigation water in the deep root zone. This is commonly done with
1/2"-2" diameter pipe placed vertically in the soil 12"-18" deep near the
seedling or tree. Several pipes may be used for older trees. These may be
filled from a watering can (our common refill method), with inverted water
bottles placed in the pipe opening (observed in Kenya), with water from a
water truck or hose (used by the city of San Juan Capistrano), or by being
fitted with a drip emitter.
A screen cap of 1/8" hardware cloth discs should be glued to the pipe top
with silicone caulk to keep animals out. Screen fabricators can make these
at low cost (see suppliers).
Deep pipe irrigation is better than surface or buried drip systems in several
respects. First, it can be used with low quality water. Second, it is possible to
set it up using simple materials and unskilled labor and without using
extensive support systems (i.e. pressurized or filtered water). Third, the deep
pipe provides benefits of buried drip systems such as greater water use
efficiency (due to reduced evaporation) and weed control. Fourth, it enables
a significant amount of water to be applied quickly (4-5 times faster than
basin irrigation) and efficiently with no runoff waste.

The efficient delivery of this system multiplies the value of expensive
water compared to the much less efficient surface irrigation commonly
used. In addition, a deep pipe system with a drip emitter can be monitored
and repaired much more readily
than a buried drip system.
Experiments in Africa have
demonstrated that the deep pipe
drip system is much more
efficient than surface drip or
conventional surface irrigation.
Grape vines watered by a deep
pipe drip system were more than
double the weight of those using
surface drip and more than six
times the vine weight of those
Drip emitter in deep pipe
using conventional surface
irrigation. Root spread reached
70" horizontally with deep pipe irrigation, but only 24" with surface drip
and 40" with conventional surface irrigation.
Deep pipe irrigation stimulates development of a much larger root volume
than other forms of irrigation and helps develop a plant that is better adapted
to survive after watering is terminated following establishment. Plants started
on deep pipes also responded
better to rare summer rains.

Deep pipe and Treeshelter

In one experiment evaluating
deep pipe irrigation at the
Travertine site near Oasis,
California, 2" diameter PVC
pipe was cut into 16“ lengths.
Four 1/4” holes spaced about
3" apart were drilled in a row
down the length of the pipe to
facilitate root growth in the
early stages of development.
The pipes were then buried
12” deep. They were periodically hand-filled (averaging
one liter of water every two
weeks) from 5-gallon water
containers. Survival and
growth were excellent.

At another site along Highway 86 in Coachella Valley, a
gravity fed deep pipe drip
system was set up on a 120
gallon tank with a battery
powered timer valve.

Installing the battery timer
Leadhead drip emitters were
placed in vertically positioned
1/2" PVC pipe. Animal
damage to spaghetti tubing
and clogging of emitters by
Barren area 3 years after installation
ants have caused some problems, but contractors and engineers found this modification of a conventional drip system easy to understand, install and operate. Survival was
outstanding and growth was very fast.
Research is needed to help match pipe placement (number and depth),
diameter and management to larger trees.

Q. How are Treeshelters used?
A. A treeshelter can be inserted into the ground to surround and protect a
seedling. In addition, by simply pouring water into the tree shelter every 2-3
weeks, it acts as a mini-dam and aids in irrigation. Watering into TUBEX™
treeshelters has worked very well with results comparable to the deep pipe
systems. The treeshelters also reduce plant water demand by reducing water
loss. The collar or shelter eliminates
runoff and essentially focuses the
water on the target seedling. The
1997
twin wall Treessentials shelters
(comparable to TUBEX™) have been
better than TreePees on some sites,
but they have always been more
effective than cages.
A pulsed irrigation system was set
up in late 1990 with tubing running 1991
from an Olson EH-12 multi-tube
emitter fed by a 120 gallon storage tank to seedlings

in TUBEX™ treeshelters. Drip fittings can be attached to the treeshelter
wall or tubing can be run through an x-shaped cut. Survival and growth
have been excellent and this system looks very attractive in terms of cost
and ease of installation. However, problems have been reported when
plants in TUBEX™ treeshelters were watered this way in humid climates
(TUBEX™ pers. comm.). Treeshelters also make it easy to overwater desert
plants, but the simplicity of this system and the low water requirements
make it worth considering.

Q. What about the use of perforated and leaky pipes?
A. A commercial leaky pipe (or porous hose) was tested in 1990 in the hope
that it would match clay pot performance. The hose wetted well but too little
water was provided to the tree seedlings and survival was very low. Burying
the pipe horizontally also failed to deliver water to the depths desired. These
leaky hoses might work better for strips of annuals. It may also prove useful
when cut into short lengths that are
buried vertically by seedlings and
then tied into a pipe system.
Perforated drainage pipe was much
more successful in a trial along
highway 86. This led to the successful
installation of more than a half mile of
perforated pipe to water a windbreak
at Fort Irwin. Vertical standpipes
placed at 100 foot intervals were used
to fill the pipe with water.
Buried drain pipe irrigation

Q. How does buried clay pot irrigation compare?
A. Buried clay pot irrigation is a very efficient traditional system for dryland
irrigation. Buried clay pot irrigation uses a buried, unglazed clay pot filled
with water to provide a steady supply of water to plants growing nearby. The
water seeps out through the walls of the buried clay pot at a rate that is in
part determined by the water use of
the plant. This leads to very high
irrigation efficiency. Most standard
red clay garden pots are suitable if
the bottom hole is plugged. Silicone
caulk works better than rubber
stoppers or corks and is easier to
apply than polyester resin. A wide
masking tape is placed across the
bottom of the pot. The pot is turned
over and the hole is then filled with
Buried clay pot irrigation
silicone caulk.
The buried clay pots can be filled by hand or connected to a pipe network
or reservoir. A tight fitting lid with a drain hole should be used or animals
may knock loose lids off to drink the water. Clay or metal lids can be used.
A common aluminum pie tin will fit a standard 8” pot. There are a number
of advantages to using buried clay pot irrigation. First, pots are not as
sensitive to clogging as drip emitters, although they may clog over time (3-4
seasons) and require reheating to restore their porosity. Second, buried clay
pots can be used without pressurized water systems, which can be difficult
to establish and maintain at remote sites. Third, buried clay pots are less
likely to be damaged by animals or clogged by insects than drip systems.
Fourth, by selecting covers that collect rainfall any precipitation that does
fall can be conserved and utilized. And finally, the buried clay pot systems
may require water only once every one to two weeks, unlike a drip system
where even a short interuption in power supply or water can cause extensive diebacks and plant failure.
The controlled water delivery from buried clay pot irrigation provides
young seedlings with a steady water supply even during periods with very
high temperatures, low humidity, and desiccating winds. This controlled
water delivery is of special value in coarse sand or gravel soils that drain
quickly. This steady delivery makes buried clay pot irrigation a good
method for use with direct seeding. Germination rates were 78-100 percent
for Palo Verde seeds watered by buried clay pots although germination of
mesquite seeds was not as good.

Buried clay pot irrigation allows soil amendments to be placed where they
will benefit seedlings rather than weeds. The precise water application also
minimizes weed problems. A study in India showed that the the dry weight
of weeds in crops using buried clay pot irrigation was only 13% of the weed
weight for controls using basin irrigation.
Researchers in Pakistan used buried clay pot irrigation to establish acacia
and eucalyptus trees in an area with 200 mm annual precipitation. The trees
irrigated with buried clay pots grew 20% taller than trees receiving hand
watering at the same rate and percent survival was 96.5% compared to 62%
for the control. Buried clay pot irrigation has also been used with mesquite
trees. Air-layer, vegetatively reproduced mesquite trees were outplanted
using 5 liter buried clay pots. Trees irrigated with buried clay pots were
more than 3 times taller than rainfed trees and 70% taller than surface
irrigated trees. The buried clay pot irrigated plants also had more shoots,
with an average of 6.2 compared to 4.5 for surface irrigation and 3.0 for
rainfed plants.
Areas affected by salinity or where only saline water is available for irrigation have also demonstrated the value of buried clay pot irrigation. Buried
clay pots are worth considering in areas where water is expensive and/or
limited, where drainage is very rapid, or where salinity and alkalinity are a
problem. These systems should also be of value for many problem sites in
landscaping and revegetation.
One of the other benefits of buried clay pots is germination of seeds already
present in the soil. Several annuals have germinated and set seed on the clay
pot sites. Buried clay pots have also worked well to increase germination of
seeds planted at the Travertine site mentioned earlier.
Buried clay pot irrigation is also very effective for irrigating cuttings in the
nursery or in the field.

Q. How do you compare porous capsule with buried
clay pot irrigation?
A. Porous capsule irrigation is an efficient modern adaptation of buried
clay pot irrigation. Porous capsules are made with porous low fired clay and
can be more easily tied into a piped network than buried clay pots. They can
also be made by gluing clay pots together.
Like buried clay pots, porous capsules are not as sensitive to clogging as drip
emitters, although they may eventually clog from sediment or bacterial, fungal,
or algal growth. Second, they are not as sensitive to a breakdown in the water

system as the water in the capsule provides some time for repairs to be made to
the system. Third, capsules can be set up with relatively large diameter connectors that require less filtration and lower pressure than the small tubing used
with many drip emitters.
The potential drawbacks
of porous capsules
include increased manufacturing costs and
possibly increased labor
for installation. Porous
capsules for the first
tests at the Travertine
site were made by
gluing two 3" red clay
flower pots together
with polyester resin. The
hole in one pot was
Porous capsule
plugged and a copper
tube was glued into the hole in the other. Two capsules were attached to a
five gallon reservoir with
considerable success. An air
bleed tube helped prevent
air locks in the capsule lines.
A subsequent test with
larger pots suggested that
this system was not suitable
for contractor installation.
The contractor did a poor job
gluing the pots together and
did not set the tubing in
resin. Several capsules had
to be removed from the
experiment while others
were successfully repaired
on site. Plants on porous
capsules that didn’t leak
survived well.
Later tests with custom
fabricated porous capsules
were successful at a Fort
Irwin site, but no commercial
supplier exists at this time.
Porous drip/bottle test

Q. What is Wick irrigation?
A. Wick systems have been used in India in conjunction with buried clay
pot irrigation. A hole or holes are punched in the buried clay pot and a
porous wick made of cotton is inserted in the hole. The material wicks the
water from the container into the soil and provides a slow steady source of
water to encourage root development and plant growth.
An initial field test of wick irrigation was installed on a very dry east facing
slope at the Travertine site. Mesquite transplants with wicks and conventional hand watering were compared. Five matched mesquite plants were
set in each of three treatments: wick, control with and control without screen
to protect the plants from grazing. The wicked plants lasted longer and
grew faster than the controls.
A wick system was also set up in the greenhouse using a Palo Verde seedling in a bucket of 16 grit silica sand. After one month the plant was still
growing and exhibited no signs of water stress. Water consumption ranged
from 20-30 ml/day. Wick systems for a subsequent field trial were made
using 1.6 quart plastic reservoirs, plastic tubing and cotton wicks. The 3/16"
cotton wicks became moldy and considerable biological activity developed
in the reservoirs. This probably limited water transfer. Nylon wicks made
with woven (not braided) nylon rope are recommended. Water consumption
was not calculated precisely but appeared to be running about 20 ml/day.
Several systems were chewed up by animals. Nylon wicks feeding from a
buried pipe reservoir were installed in 1990 along highway 86. Survival has
been modest, in line with earlier studies, but water use is very low.

Q. How does Pulsed irrigation work?
A. In late 1991 a new pulsed irrigation system was tested. This system
combines a PVC plastic pipe network with 1/4" spaghetti tubing and a 5gallon transfer feeder. This provides the potential of low cost spot irrigation from direct transfer of water from a vehicle tank to the pipe system.
The key component is a PVC to 1/4" tubing fitting produced by Misti
Maid Inc. (part #165). This fitting is press fit into a hole drilled with a #16
drill bit in the PVC.
Clogging by insects was not a problem but grazers clipped almost all
spaghetti tubing within 4 weeks. This might be minimized by painting the
tubing with a latex paint mixed with a repellent. Installation on slopes
requires attention to pipe runs and fitting placement in order to avoid
system imbalance. By using the methods developed for larger pipes it
should be possible to balance these systems very accurately for uniform
water distribution.

The key to pulse irrigation is that watering is done heavily once every week
or two rather than continuously.

Q. Why not use sprinklers?
A. Overhead sprinkling is very inefficient in the desert, but if water is
available it can be used to irrigate seedlings or direct seeded sites. The key is
to use minimal waterings, mimicking significant storm events. If regular
watering is done it favors non-native weeds and can also result in root rots
and die back of native plants. Overhead irrigation at low rates has worked
well at the Nevada test site.

Q. How good is basin irrigation?
A.The control treatment for most irrigation system tests has been a basin
about 4 inches deep and two feet square. Planting in these depressions
provides some microclimate improvement for the plant and makes it less
likely that irrigation water and rain will run off. In tests, these have been
watered at the same rate as the other treatments, approximately one liter per
plant every two weeks. Survival has generally been very poor with basin
irrigation at these low water rates (often only 1-2%).

Q. What conclusions do you draw from your studies?
A. The cost of all of these systems is modest compared to the total cost of
installing a plant at a remote site. The porous capsules and wick systems
require more labor for construction than other systems but both could
probably be commercially produced at competitive costs. The deep pipe and
treeshelter systems are inexpensive and durable. After plant establishment
the pipes or treeshelters can be removed and reused.
The efficiency of irrigation systems depends on
many factors including soil type, crop type and
management, soil fertility, weed competition
and microclimate. Sample results are shown on
the next page.

Porous drip capsule test

Although special attention to site preparation,
seed or plant preparation, timing and protection
from grazing can increase survival without
irrigation, supplemental irrigation is highly
recommended. Even with the best treatment,
few seedlings will survive and growth will be
minimal without supplemental water. Plants
must be carefully hardened off before
outplanting. In our early trials at the Travertine

site, survival with a single supplemental watering was only about 2%.
Conventional surface irrigation provides little benefit over no irrigation
unless the watering frequency is greater than once every two weeks.

In contrast, the deep pipe, perforated pipe, buried clay pot, porous capsule
and treeshelter systems work very well. These can all dramatically increase
survival and speed growth. Four or five irrigations may be sufficient for
establishment with these systems in many areas. If rapid growth is desired,
supplemental irrigation should be provided but it should be pulsed rather
than continuous.
Treeshelter and deep pipe systems are the least expensive and appear to
encourage more extensive root systems that are better able to take advantage of infrequent rains. Long-term (2+ year) growth and survival has been
good when using the clay pot, treeshelter and deep pipe systems.

Table 1. Installed cost
System

Cost, $ per plant (1991)

treeshelter (twinwall 8")
wick
deep pipe (2")
buried clay pot (8")
pulsed irrigation.
porous capsule

materials
0.55
0.50
0.54
0.69
1.30
0.68

mat’ls &labor
0.75
0.90
1.00
1.19
1.50
1.68

The treeshelter and deep pipe systems are economical, effective and easy to
install. Buried clay pots may also work well for certain applications and
species that require more consistent soil moisture. These systems are virtually unbreakable and can be recycled from one project to the next. They
should be considered for much wider use in landscaping and revegetation.
They can all be tied into pipe networks (with drip emitters if pressurized
water is available, with bug caps if not) or refilled periodically with a hose
or 3-gallon jug.

Basin watering from a truck tank

Resources and Suppliers:
TUBEX
• Treessentials
2371 Waters Drive
Mendota Hgts., MN 55120
(651) 681-0011 FAX: (651) 681-1951
info@treessentials.com
www.treessentials.com
TreePees
• Bailey’s
PO Box 550
Laytonville, CA 95454
(707) 984-6133 FAX:(707) 984-8115
baileys@bbaileys.com
www.bbaileys.com
Screen disks for pipes
• TWP Inc.
2831 Tenth Street
Berkeley, CA 94710
(510) 548-4434 FAX: (510) 548-3073
info@twpinc.com
www.twpinc.com
Polytanks
• Rotonics Manufacturing
17038 South Figueroa St.
Gardena, CA 90248
(310) 327-5401 FAX:(310) 323-9597
www.rotonics.com
Saddletanks and collapse-a-tanks
• Terra/Tech International
Reforestation Suppliers (IRS)
PO Box 5547
Eugene, Oregon 97405
(800) 321-1037 FAX: (541) 687-2244
OLSON EH 12 Emitters
• Olson Irrigation
10910 Wheatlands Avenue
Santee, CA 92071
(619) 562-3100 FAX:(619) 562-2724
h2olson@pacbell.net

PVC to 1/4" (local irrigation and
nursery supply stores)
Misti Maid/DripMaster
• Orbit Irrigation Products, Inc.
845 Overland Rd.
No. Salt Lake, UT 84054
(801)299-5555 FAX: (801)299-5549
Jess Ruyg Call (760) 244 -7264
Galcon battery powered irrigation timers
• Gardener’s Supply Company
128 Intervale Rd.
Burlington, Vermont 05401
(800) 863-1700 FAX: (800) 551-6712
Wholesale (800) 944-5580
www.gardeners.com
• Ben Meadows
3589 Broad St.
Atlanta, GA 30341
(800) 241-6401 FAX: (800) 628-2068
www.benmeadows.com
• General Supply Corporation
PO Box 9347
Jackson, MS 39286-9347
(800) 647-6450 FAX: (800) 553-2457
gensupp@netdoor.com
Water Tanks
•Rotocast
(800)327-5062
Guzzler, transfer pump
• Bosworth Co.
930 Waterman Ave.
East Providence, RI 02914-1327
(401) 438-1110 FAX: (401) 438-2713
www.bosworth.thomasregister.com
Homelite AP-125 Gas Powered
Transfer Pump
•Homelite
(800)242-4672
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Interview from the field
With Josh Bennett
As a student of Ecology at San Diego
State University, the opportunity to
work with a team of Ecologists was
right up my alley. In late spring of 1996,
I began working with the Soil Ecology
and Restoration Group (SERG). To
date, I have been involved with Coastal
Sage Scrub, Oak Scrub and Desert
community restoration projects, all
located in Southern California.
Being an assistant to graduate
students in their work has exposed
me to many techniques of restoration. Recently, I was given
the chance to devise a plan for a desert irrigation scheme. The
idea was to create an efficient and cost effective method for
irrigating newly planted desert shrubs. The experience did not
go as planned; design modifications were needed in order for
the system to work properly and I began to feel like a company
man who was trying to develop a product to achieve only temporary results. I did not utilize any used products for the job,
and it is unfortunate that so much new plastic was bought to
sustain the irrigation system . With my limited ecology experience, I can already see that concentrating on small-scale
advances in knowledge is acceptable and significant, but it is
not practical. Unfortunately, it does not appear that the drive
to attain ecological and other scientific knowledge for shortterm remedies is going to diminish in the near future.
Without delving into the origin of my environmental consciousness, I’ll sum up my goals by saying that for the rest of my life I
will dedicate my energy to becoming better connected with our
mother, Earth. Our pursuit of technological advances has and
continues to cause damage to the planet at an alarming rate.
Finding short -term remedies for our polluted waters, our diminishing forests and our decreasing diversity does not solve
anything in the long run. Reestablishing a connection with the
earth, though it is not immediately essential for the survival of
the human race, is necessary to preserve the natural ecological
harmony that persisted before us. For the long-term success of
world ecology, we must get to the roots of all our problems and
start by working to make serious changes in our lifestyles, since
we are, after all, ultimately responsible for our present and
future situation.
Josh Bennett
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