depletion of soil water to be replaced by
irrigation is:

D,,=27.0-(40+0+0+1.0)=220

application losses, assuming an AE of 0.8,
are:

A;=(220+0.8)-220=55
and AW needed for the season is:

AW =(27.0+55)-(4.0+0+0+1.0)
=27.5 inches

Sources of information on how to esti-
mate water supplied by preseason usable
water, water tables, fog interception and
rainfall are included in the user’s guide for
the ACRE program.

Acres to plant

Deciding on how many acres to plant
depends on the AW needed for produc-
tion and the quantity of irrigation water
supplied during a season. Water quantities
are typically expressed in acre-feet, so the
depth of applied water in inches is first di-
vided by 12 to convert to acre-feet per
acre. For example, 27.5 inches of water
equals 27.5 + 12 = 2.29 acre-feet per acre.
Acreage to plant is calculated as the acre-
feet of water supplied divided by the acre-
feet per acre of AW needed to produce the
crop. In our example, if 1,000 acre-feet of
water are supplied by a water district
and/or pumping ground water, acres to
plant are calculated as:

Acres to plant = 1,000 + 2.29 = 437

Acreage planning with ACRE

ACRE, a user-friendly program, dis-
plays a single screen for data entry and
output. Sources of water, the crop water
requirement, AE and water supplied for
irrigation can be entered and/or edited on
the computer screen. A value of zero can
be entered for sources of water that are in-
significant or unknown. However, ignor-
ing significant sources of water can lead to
overestimating water needs and underesti-
mating acres to plant. AE is used to calcu-
late application losses from the water bal-
ance. An example of the output using the
sample data presented earlier is shown in
figure 2. Using these data, 437 acres
should be planted.

R. L. Snyder is Biometeorologist at UC Davis.
The ACRE program is written in compiled
QuickBasic by Microsoft, Inc. for IBM compat-
ible MS DOS computers. For further informa-
tion about the ACRE program, write: R. L.
Snyder, Biometeorologist, University of Cali-
fornia, Department of Land, Air and Water
Resources, Davis, California 95616.

Dry polymer crystals on the left contrasted with same crystals after 130 ml of water have been

added.

A greenhouse experiment finds . . .

Water-sorbing

polymers do

not conserve water

Johnletey o PeteR.Clark O

To assess claims that water-sorb-
ing polymers promoie water con-
servation, a greenhouse experi-
ment with container-grown
marigolds was conducted to deter-
mine the effect of adding the poly-
mers to soil mix. Plant growth and
water retention in 1- and 3-quart
containers were not particularly af-
fected, but in the 6-quart size,
maximum water retention was sig-
nificantly higher for the 4 Ib/yd3
polymer treatment than for the
other treatments, and the time from
watering to wilt progressively in-
creased from 6.1 to 7.4 days for the
0, 1, 2 and 4-Ib/yd3 treatments.
However, no water conservation
occurred because evapotranspira-
tion was not significantly affected
by the polymer treatment.

As a result of the drought in California,
various products have been suggested to
promote water conservation, including
commercially produced water-sorbing
polymers that can absorb hundreds of
times their weight in water. The claim is
that incorporating these polyacrylamide
polymer granules in the soil results in in-
creased retention of large quantities of wa-
ter that become available for plant growth.
The difference between amounts of wa-
ter retained by treated and untreated soils
depends on soil texture, soil structure and
the salinity of both soil and water. Untrea-

Christopher Amrhein

ted soil media itself is capable of retaining
large quantities of water; the greatest in-
crease in water retention by polymer treat-
ment can be expected in media containing
large pores.

Promotion of polymers as water con-
serving received a major boost by one
large California water district noted for ef-
fectively educating the public and promot-
ing water conservation. The district dis-
tributed packets containing a sample of
polyacrylamide polymer granules. The
packet’s label carried the following mes-
sage:

How to save water without even try-
ing. This package of ‘polyacryla—
mides’ can help you save water, and
make caring for your plants easier at
the same time. The little beads inside
attract and hold water up to 10 times
longer than soil alone. Simply mix into
the soil of a 6-inch potted plant, and
water once. You shouldn’t have to wa-
ter again for 2 to 3 weeks. Using
polyacrylamides in all your pots and
garden areas can reduce your watering
needs by 60% or more! They are avail-
able in larger quantities at your nursery.

Greenhouse experiment

An experiment was conducted in the
greenhouse on potted plants in three con-
tainer sizes to check the validity of the
claims. The containers were 5 inches in di-
ameter by 5 inches high, 6 inches in diam-
eter by 7 inches high, and 8 inches in di-
ameter by 9 inches high. Approximate
volumes of these containers were 1, 3 and
6 quarts. The potting mix consisted of 50%
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plaster sand, 25% bark shavings and 25%
peat moss. Nitrogen, phosphorus, potas-

- sium and micronutrients were added to
the mix. The potting mix was amended
with 0, 1, 2 and 4 pounds of polymer per
cubic yard of mix. Suppliers of the poly-
mer recommend an application rate of 2
pounds per cubic yard of soil mix. (Al-
though various polymers are marketed
under different tradenames, they are simi-
lar in chemical nature and would have
comparable effects.)

Marigold seeds were initially germi-
nated in pure silica sand and nutrient so-
lution. After about 2 weeks, the 4-inch-
high plants were transplanted into the
experiment’s containers. The numbers of
plants per container were one, two and
four in the 1-, 3- and 6-quart containers, re-
spectively. Treatments were run in tripli-
cate in a randomized block design.

The containers, irrigated regularly to
maintain plant turgor, were periodically
weighed to compute evapotranspiration
and to determine water loss and, subse-
quently, how much water to apply with-
out leakage from the container bottom.
The plants were allowed to grow for 3
weeks, after which excess water was ap-
plied to each container; considerable
drainage resulted.

After drainage had stopped, each con-
tainer was weighed to determine the

TABLE 1. Statistical significance (5% probability
level) of polymer treatment effects in various
container sizes

Container size

5in. 6 in. 8in.
Water retained ns ns T
after soaking (%)
Water retained ns ns ns
at wilt (%)
Time to wilt (days) ns ns T
Plant dry weight ns ns ns
Evapotranspiration ns ns ns

“ns is not statistically significant and t is statistically
significant.
TABLE 2. Polymer treatment effects on water
retained after soaking in 8-inch containers

Polymer Water
treatment retained* i
Iblyd® %
4 58a
0 53b
2 52b
1 52b

*Values followed by the same letter are not signifi-
cantly different.

of days to wilt in 8-inch containers

Polymer Time
treatment to wilt
Ibyd® days
4 7.4
2 6.9
1 6.7
0 6.1

=

TABLE 3. Polymer treatment effects on number

Dime indicates approximate size of dry versus
water-filled polymer crystals.

amount of retained water. The measure-
ment allowed computing the difference in
water retained in treated and untreated
soil mix. No more watering was done and
the plants were allowed to go to the wilt-
ing stage. The number of hours between
the last watering and when the plants
were judged permanently wilted was re-
corded. When the shoots were wilted, they
were cut, dried at 150°F (65°C) and
weighed. The water content of the soil mix
was also determined at the wilting stage.

Results

Results are summarized in table 1.
Statistically significant polymer treatment
effects were only observed in the 8-inch di-
ameter container. In these containers, the
polymer treatment significantly affected
the amount of water retained in the soil
mix after soaking and the number of days
until the plants wilted. The polymer treat-
ment did not affect the soil water content
at the wilting time, indicating that water
retained by the polymer was readily avail-
able to the plant. Plant growth and evapo-
transpiration were not significantly af-
fected by polymer treatment in any
containers.

The soil amended with the 4-1b/yd3
polymer treatment retained significantly
more water than the control (table 2). The
two lower polymer treatments did not re-
tain significantly more water than the con-
trol. The number of days to wilting pro-
gressively increased with increasing
polymer treatment (table 3) and the trend
was statistically significant. Although the
polymer treatment did increase the time to
wilting, the increase was only about 1 day
out of a week, and certainly would not al-
low a 6-inch potted plant to go2 to 3
weeks without water, as claimed on the la-
bel of the water district’s sample package.
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Conclusions

Concerning the utility of water-sorbing
polymers in container-grown plants, poly-
mers can sorb and hold water, but the
quantity of extra water held in the con-
tainer depends on the nature of the porous
media and the size of the container. The
mix used in our experiment was porous
and typical of the medium used in con-
tainers. Water absorbed by the polymer
was available for plant use and may ex-
tend the time between waterings. Note,
however, that the extended time was not
great, about 1 day out of 7.

Use of polymers does not conserve wa-
ter. Water loss through evapotranspiration
was the same for all treatments. Extending
the time between irrigations does not con-
serve water because more water has to be
applied at the time of irrigation to re-
charge the container to full water-holding
capacity. In this experiment, the polymer
treatments had no effect on plant growth.

Similar principles are involved in using
polymers in the landscape. Potential ben-
efits to be achieved depend on soil texture.
Coarse-textured soils with large pores
tend to retain less water than finer-tex-
tured soils. Thus, the amount of water that
may be retained by incorporating a poly-
mer would be greater in coarse-textured
soils than in fine-textured soils.

Use of polymers should be coordinated
with irrigation scheduling. If the polymer
allows greater water retention in coarse-
textured soils, irrigations can be applied
less frequently but in greater quantity
when applied. In a properly scheduled ir-
rigation scheme, the total amount of water
annually applied will be about the same
with and without polymers. Only timing
and amount are altered. This result is
based on the fact that the polymer does
not alter evapotranspiration. Water appli-
cation must equal evapotranspiration, and
the only factor that is altered is the storage
capacity of the soil between irrigations.
Thus, use of polymers is not a water con-
servation practice with proper irrigation
management.

As is the case with almost all products,
polymers can be effectively used to accom-
plish certain goals, such as increasing the
water-holding capacity of some soils. They
are not beneficial in all cases. Potential us-
ers must clearly identify what they hope to
accomplish and evaluate whether the
polymer will indeed accomplish that goal.
Also, they must consider whether there
are alternatives to accomplishing the same
goal and then compare the relative costs.

J. Letey is Professor, P. R. Clark is Staff Re-
search Associate, and C. Amrhein is Assistant
Professor, Department of Soil and Environ-
mental Sciences, UC Riverside.





