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Abstract. The levels of hydration of several hydrophilic polymers (hydrogels) varied greatly. Starch-based polymers
had the fastest rate of hydration (<2 hours), followed by a propenoate-propenamide copolymer. Polyacrylamide
materials required 4 to 8 hours to become fully hydrated. Maximum water retention in distilled water varied from
400 to 57 g of water per gram of dry material. All hydrogels retained less water in the presence of metal ions or
fertilizers in the soaking solution, with substances releasing Fe+2 being the most detrimental. After exposure to
fertilizers and ions, the water-holding capacity of a polyacrylamide with a high degree of cross linkage, but not that
of hydrogels of the other structures, was fully recovered by subsequently soaking in distilled water. Pots amended
with a polyacrylamide polymer but without Micromax (a micronutrient source) reached maximum water retention
after six irrigations, while those with Micromax required 10 irrigations to reach peak water retention. The amounts
of water being held in pots decreased after repeated fertilization. Medium volume increased with increasing levels of
the polyacrylamide Supersorb C (0, 2, 4, or 6 g/pot). Micromax incorporated in medium amended with Supersorb
C caused a depression in volume. Medium bulk density, total water retention, and water retention per unit volume
of medium were increased by the incorporation of the hydrogel, regardless of the presence of Micromax. Noncapillary
porosity measured at container capacity in medium amended with Micromax progressively decreased as the amount
of hydrogel increased, but remained unchanged in medium without Micromax. Repeated drying and dehydration of
the medium resulted in reduced water retention and increased noncapillary pore space.
Horticultural application of hydrophilic polymers (hydrogels)
has drawn research attention during the recent years (Henderson
and Hensley, 1985; Ingram and Yeager, 1987; Tu et al., 1985;
Wang, 1989b; Wang and Boogher, 1987). Despite the various
degrees of water absorption claimed by manufacturers, the amount
of water being retained by hydrogels can be adversely affected
by chemicals or ions present in the water (James and Richards,
1986; Johnson, 1984; Wang, 1987). It has not been documented
if the adverse effect of ions on hydrogel hydration is reversible.
Although experiments have been conducted to study the effect
of hydrogels on plant growth, it remains unclear what effect the
addition of hydrogels to a potting medium would have on its
physical properties. In several studies, changes in the volume
of media in the presence of hydrogels were not reported, making
it difficult to determine the factor(s) contributing to the altered
water-holding capacities of the media (Ingram and Yeager, 1987;
James and Richards, 1986; Johnson, 1984).

The objectives of this study were to determine 1) rates of
water uptake and the effect of several soil amendments on water
retention by several hydrogels, 2) water retention and physical
properties of a potting medium in response to incorporation of
a hydrogel, a micronutrient fertilizer, and irrigation, and 3) ef-
fect of repeated drying-rehydration on medium physical prop-
erties.
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Materials and Methods

Effect of soaking time and soil amendments on water uptake.
Hydrogels used in this study could be separated into three cat-
egories: 1) starch-based materials—Liqua-Gel (Miller Chemical
and Fertilizer Corp., Hanover, Pa.), Water-Lock B-204 (Grain
Processing Corp., Musscatine, Idaho), and Sta-Wet (Polysorb,
Smelterville, Idaho); 2) polyacrylamide and related materials–
Agrosoke (Agrosoke, Fort Worth, Texas), Aqua-Lox (Soil Tech,
Fort Worth, Texas), Broadleaf P-4 (Broadleaf Industries, San
Diego), Supersorb C (Aquatrols Corp. of America, Pennsauken,
N.J.), and Terra-sorb (Industries Services Intl., Bradenton, Fla.);
and 3) propenoate-propenamide copolymers - Viterra (Nepera
Chemical Co., Harriman, N.Y.). One gram of each hydrogel
was placed in a beaker and then filled with 1 liter of distilled
water. Hydrogels were allowed to soak in water at 25 ± lC
for 5, 10, 20, 30, 60, 120, 240, or 480 rein, drained for 5 rein,
and weights of the hydrated materials recorded. Each material
was tested on a separate day. Tukey’s honest significance dif-
ference (HSD) procedure was used for separating water absorp-
tion by various hydrogels for each given soak period and levels
of water retention among soaking times.

To determine the effect of soil amendments on water uptake,
1 g of each hydrogel was placed in individual beakers. The
beakers were filled with 1 liter of distilled or tap water, or with
solutions containing Micromax (1.2 g, a micronutrient source;
W.R. Grace and Co., Cambridge, Mass.), ferrous sulfate (2 g,
FeSO4-7H2O, analytical grade), Dolomite (7 g, a fine-ground
dolomitic limestone), sodium ferric ethylenediamine di-(o-hy-
droxyphenyl)-acetate (0.2 g, Sequestrene 138; Ciba-Geigy,
Greensboro, N.C.), or a 24N-3.5P-13.3K water-soluble fertil-
izer (0.84 g, W.R. Grace and Co.) in distilled water. The tap
water had an electrical conductance (EC) of 1.45 dS·m-1 and
contained high levels of Ca+2

, M g+2, and Na+ ions (Wang,
1989a). Hydrogels were immersed in solutions for 4 hr, drained
for 5 rein, and their weights recorded. Tukey’s HSD was used
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for mean separations among hydrogels for each treatment and
for separating the effect of various treatments on each hydrogel.

To determine the recovery of water uptake by three hydrogels
after exposure to fertilizers, 1 g of Viterra, Agrosoke, and Su-
persorb C was each sequentially soaked in 500 ml of tap water
(16 hr), distilled water (2 hr), solutions containing a water-
soluble 24N-3.5 P-13.3K fertilizer (0.42 g, 2 hr), and ferrous
sulfate pentahydrate (1 g, 2 hr), then twice in distilled water
(18 and 5 hr). After each soak, excess solution was drained for
5 min and weights of hydrogels were recorded. Tukey’s HSD

was used for separating treatment effects for each hydrogel.
 Treatments in all of the above experiments were replicated three
times in a randomized complete-block design.

Effect of hydrogel and micronutrients on water retention and
physicalproperties of a medium. A common basal medium con-
sisting of equal volumes of peatmoss and composted pine bark
with fine-ground dolomitic lime at 4 kg·m-3 was prepared. Pots
(2-liter volume, 16.3 cm top id. and 12.7 cm tall) were filled
with 450 g of the medium amended with the polyacrylamide
Supersorb C at levels of O, 1, 2, or 3 kg·m-3 (equivalent to O,
2, 4, or 6 g/pot, respectively). Half of the pots had Micromax
incorporated into the medium at 1 kg·m-3. Pots were placed on
a greenhouse bench, irrigated twice, each time with 500 ml of
water (EC < 0.012 dS·m-1, from a reverse osmosis (RO) sys-
tem, and allowed to drain for 30 min before weights were re-
corded. For each of the next 13 days, each pot received 500 ml
of RO water and was weighed after having drained. Starting on
the 15th day, and continuing for an additional 6 days, each pot
received 500 ml of RO water daily containing 0.42 g of a 24N–
3.5P-13.3K water-soluble fertilizer (W.R. Grace and Co.) and
was weighed after having drained. Instead of regression analy-
sis, HSD was used for mean separation within each Micromax
treatment due to the sharp drop in water-holding capacities fol-
lowing the application of fertilizer. Regression analysis was used
to describe treatment effect following each irrigation.

All pots, at their container capacities, were brought to a lab-
oratory for the determination of medium physical properties using
procedures similar to those described by Joiner and Conover
(1965). A layer of a thin polyethylene film was placed on top
of the medium within the rim of the pot. Water was slowly
added to the exposed surface of the polyethylene until the water
surface was level with the rim. This water was poured into a
beaker, weighed, and subtracted from 2 liters to estimate the
volume of the medium in the pot. The pot was then placed in
a bucket, and water was slowly added to the bucket until its
surface reached the level of the medium in the pot and the
medium surface glistened. The pot was quickly lifted from the
container, placed in a large pan, and weighed. The pot was
subsequently drained for 24 hr in an environment with 100’%
RH and weighed again. Bulk density of the fully hydrated me-
dium, noncapillary pore space (by subtracting weight of medium
after draining for 24 hr from that of saturated weight and then
dividing by medium volume), total water retention, and water
content per unit volume of medium were calculated for each
pot.

All pots were then brought back to the greenhouse and irri-
gated with 500 ml of tap water every 2 weeks. After 18 weeks,
pots were watered twice, placed in pans filled with water for
24 hr to ensure complete hydration. Physical properties were
then determined again as described above. The medium was air-
dried, then placed in a forced-air oven at 70C until constant
weight was reached, and dry weight was recorded. Each treat-
ment had a single pot as an experimental unit and was replicated
944
four times in a randomized complete-block design. Linear and
quadratic regression analyses were used for determining treat-
ment effects.

Results

Rate of hydration in distilled water varied drastically among
hydrogels (Table 1). All starch-based materials absorbed water
very quickly. For instance, Water Lock reached 78% of its full
capacity in 5 min. The other types of hydrogels required 120
min or more of soaking in water to reach full hydration. Broad-
leaf P4 had the fastest rate of hydration among the polyacryl-
amide materials tested, being fully hydrated in 120 min. All
other polyacrylamide hydrogels required 480 min in distilled
water to reach complete hydration.

The maximum water retention by each hydrogel after soaking
in distilled water also varied substantially_ (Tables 1 and 2).
Viterra, the propenoate-propenamide copolymer, had the high-
est water-holding capacity, whereas Agrosoke, a polyacryl-
amide, had the lowest. All hydrogels retained much less water
when hydrated in tap water high in dissolved salts or in water
containing chemical amendments, regardless of their levels of
water retention in distilled water (Table 2). Ferrous sulfate was
particularly damaging to the starch-based hydrogels. Micromax
contains ferrous sulfate as the source of iron, and its effect on
hydrogel hydration was similar to that of ferrous sulfate alone.
Dolomite and Sequestrene 138 had less deleterious effects on
hydrogels than other substances used in this experiment. The
water-soluble fertilizer depressed the water retention of all hy-
drogels and it affected some more than the others.

The reduced water-holding capacities of Viterra, Agrosoke,
and Supersorb C, as the result of soaking in tap water, were
partially recovered after a subsequent soak in distilled water
(Table 3). Water was released by all expanded hydrogels fol-
lowing additional soaks in fertilizer and ferrous sulfate solu-
tions. After two extra soaks in distilled water, the water-holding
capacity of Agrosoke was completely recovered and that of Su-
persorb C was partially recovered. However, Viterra had lost
its integrity and could hardly be held by the sieve, suggesting
that its structure had been disrupted.

Medium amended with Supersorb C had increased water re-
tention relative to the base medium upon the first irrigation
(Table 4; for briefness, only selected data are presented.). Pot
weights continued to increase with increasing number of irri-

gations, with significant difference among levels of the hydro-
gel. Pots without the hydrogel reached their maximum water-
holding capacities after six irrigations. Those amended with the
hydrogel, but without Micromax, reached maximum retention
after eight irrigations, while pots with hydrogel and Micromax
continued to absorb water until the 10th irrigation was com-
pleted. Pot weights declined’ after being irrigated with water
containing fertilizer, except those without the hydrogel. More
water was released by the medium with increasing levels of
Supersorb C. Additional irrigations with fertilizer resulted in a
continuous decline of pot weight. At any given level of Super-
sorb C, pots without Micromax retained more water than those
with Micromax (Table 4). However, the effect of Micromax on
water retention declined after several irrigations and diminished
completely after seven irrigations with fertilizer water.

Physical properties of the base medium following watering
and fertilization were altered by the addition of Supersorb C
and micronutrients. Medium volume increased with increasing
levels of hydrogel (Table 5). Although incorporation of Micro-
max resulted in less medium volume than that without Micro-
J. Amer. Soc. Hort. Sci. 115(6):943-948. 1990.



Table 1. Amount of water absorbed by various synthetic hydrophilic polymers. Hy-
drated polymers were drained for 5 min before weighing.

.

Table2. Effect of water source and common potting medium amendments on the water retention of several hydrophilic polymers
(hydrogels). Hydrogels were soaked in each solution for 4 hr, drained for 5 rein, and then weighed.

Distilled Tap Micromax FeSO4 Dolomite Sequestrene 138 Fertilizer
Hydrogel water water z (1.2g·liter -1 ) (2.0gliter-1 ) (7g·liter-1 ) (0.2g·liter-1 ) (0.84 g·liter -1) y 

H S D0 . 0 5

Water retention (g water/g dry hydrogel)x

Water Lock 401 56 34 18 208 261 118
Aqua-Lox 291 70 50

12
49 190 213

Liqua-Gel 232
113

27 2
12

4 165 180
Sta-Wet

122
133 28 8

37
7 115 109 75 7

Viterra 544 79  52 47 339 322 163 16
Broadleaf P4 435 . 89 74 64 299 280 144 16
Terra-Sorb 395 83 76 69 283 257 69 7
Supersorb C 332 88 70 70 252 232 135 12
Agrosoke 57 20 23 19 33 38 25 3
HSD 0.05 35 10 7 6 19 11 7
zWater had an electrical conductance of 1.45 dS·m-1.
yFrom a 24N–3.5P-13.3K water-soluble fertilizer (W. R. Grace and Co.).
xMeans are averages of three replicates.

Table3. Effect of sequential exposures to tap water, distilled water,
soluble fertilizer, FeSO4, and distilled water on water-holding ca-
pacities of three hydrophilic polymers. Hydrated polymers were drained
for 5 min after each treatment before soaking in the successive so-
lutions. Five hundred milliliters of solution was used for each treat-
ment.

Length Water retentionz

Sequential of time (g water/g dry polymer)

exposure (hr) Viterra Agrosoke Supersorb C

Tap water 16 83 19 67
Distilled water 2 184 26 122
200 mg N/litery 2 141 22 98
FeSO4 2 59 22 46
Distilled water 18 9 27 52
Distilled water 5  6 65 73
HSD 0.05 8 4 6
zMeans are averages of three replicates.
yFrom a 24N-3.5P-13.3K water-soluble fertilizer at 0.84 g-liter-l (W.R.
Grace and Co.).
max, the percentages of reduction were small (<5%). The weight
of fully hydrated medium, bulk density, total water retention,
and water retention by a unit volume of medium were increased
by the hydrogel whether or not Micromax was present. Non-
capillary porosity at container capacity progressively decreased
as the amount of hydrogel increased in medium amended with
J. Amer. Soc. Hort. Sci. 115(6):943-948. 1990.
Micromax, but remained unchanged in medium without the mi-
cronutrients (Table 5). Total water retention on a per-pot basis
was unaffected by Micromax.

After repeated drying and dehydration, the medium volume
and weight, as well as water-holding capacities, were greater
with increasing amounts of Supersorb C (Table 6). Bulk density
of medium without Micromax was not affected by Supersorb
C, while that of medium amended with Micromax increased as
hydrogel level increased. Changes in noncapillary porosity fol-
lowed the same patterns described previously. Micromax had
no significant effect on the amount of water retained in pots.
Although no statistical comparisons were made, it was obvious
that repeated drying caused the medium volume, water-holding
capacities, and bulk density to decline, even after complete hy-
dration (Tables 5 and 6). However, noncapillary porosity in-
creased.

Discussion

Starch-based hydrogels have many polar hydroxyl groups that
may make it easier for the polar water molecules to be adsorbed
to the hydrogels, resulting in fast water uptake and expansion
of the materials. Both Liqua-Gel and Viterra (containing 7.8%
K) have many – COO-K + groups that may behave as salts,
and thus increase their affinity to water. Plants grown in medium
with a hydrogel containing – COO-K+ had increased K levels
in their tissues (Taylor and Halfacre, 1986), suggesting the pOS-
945



Table 4. Water absorption by a potting medium as affected by the addition of Supersorb C
and Micromax. Each pot contained 450 g of medium at the beginning.

zMeans are averages of four replicates.
yPots received two 500 ml of water at the first irrigation.
xPots received 500ml water with 24N-3.5P-13.3K water-soluble fertilizer (O.84g·liter-1)
each day.
NS*, ** Nonsignificant or significant at P = 0.05 and 0.01, respectively.

Table 5. Effect of Supersorb C and Micromax on medium physical properties following repeated
watering and fertilization.z

Water
Level of Medium Medium Bulk Noncapillary Total retention

Supersorb C volume density porosity water (g H2O/
(g/pot) (cm3) (g/pot) (g·cm -3) (%) (g/pot) cm3medium)

Micromax (MK, l kg·m-3)
 0 1697 1091 0.642 30.8 851 0.501

2 1720 1153 0.670 29.5 913 0.531
4 1826 1249 0.684 29.2 1007 0.551
6 1899 1328 0.699 27.0 1083 0.570

Significance
Linear ** ** ** ** ** **

Quadratic NS NS N S NS NS NS

o
NoMicromax(noMX)

1650 1084 0.657 29.5 846 0.513
2 1813 1171 0.646 31.8 936 0.516
4 1899 1257 0.662 31.8 1019 0.537
6 1955 1311 0.671 31.6 1074 0.549

Significance
Linear ** ** *

Quadratic
NS ** **

** * ** NS * *

Main effect
MX vs. noMX * NS ** ** NS *

zMeans are averages of four replicates.
NS,*,**Nonsignificant or significant at P = 0.05 and 0.01, respectively.

 

sibility of dissociation of K from the hydrogel. It is not clear
whether the increased tissue K level was solely the result of
increased K concentration due to the hydrogel in the amended
medium.
The degree of cross-binding (provided by acrylic acid) to hold   
the long chains of acrylamide together determines the behavior
946
of a polyacrylamide. A high degree of cross-linkage (such as in
Agrosoke) results in the material having a relatively low water-
retention capacity (Table 2), yet it renders a higher degree of
resistance to the damage caused by various salts (Table 3). Be-

    cause of the large amount of cross-linkage, the reduced water
retention of Agrosoke, as the result of exposure to various ions,
J. Amer. Soc. Hort. Sci. 115(6):943-948. 1990.



Table 6. Effect of Supersorb C and Micromax on medium physical properties after repeated drying
and wetting (pots received 500 ml of water every 2 weeks) for 18 weeks.’

zMeans are averages of four replicates.
NS,*,* * Nonsignificant or significant at P = 0.0.5 and 0.01, respectively.
was fully recovered after subsequent soaks in distilled water.
Viterra had an outstanding. water absorption in distilled water;
however, it was physically unstable in the presence of salts due
to less or weak cross-linkage. Therefore, the degree of cross-
linkage holding the long chain molecules together needs to be
balanced carefully to give adequate water retention while keep-
ing the material’s structure reasonably rigid.

Although starch-based materials absorbed water very quickly,
their abilities to retain water in solutions containing ferrous and
other ions were impaired to a much higher degree than poly-
acrylamides. Cations, such as Na+, Ca+2, and Mg+2, have been
shown to reduce water absorption by hydrogels, with the di-
valent ions being particularly damaging to the structure of all
types of hydrogels (Johnson, 1984; Evans and Bowman, 1989).
Dolomite, containing Ca and Mg, has limited volubility in water;
therefore, it had less effect on hydrogel water retention than
substances containing water-soluble Ca (Johnson, 1984). James
and Richards (1986) have suggested that multivalent cations
actively dislodged and replaced water molecules at polarized
sites upon and within polymers. Evans and Bowman (1989)
showed that the reduced water absorption brought about by
monovalent ions was fully reversible by repeated soaking with
deionized water, whereas the damaging effect of divalent ions
on hydrogel water retention was irreversible. In our study, fer-
rous sulfate and Micromax appeared to have completely de-
stroyed the integrity of several hydrogels other than those made
of polyacrylamide.

The water absorption pattern (Table 4) showed that a medium
did not reach its maximum hydration until after several irriga-
tions, and repeated drying-rehydration cycles drastically re-
duced the water-holding capacity of a medium (Tables 5 and
6). This was more obvious when a hydrogel had been incor-
porated into the medium. Although 8 hr was long enough for
all hydrogels to reach full hydration in distilled water, they took
a much longer time to reach full expansion in a potting medium.
The above suggests that hydrogels may require the presence of
J. Amer. Soc. Hort. Sci. 115(6):943-948. 1990.
free water for quick expansion and are unable to extract water
effectively from an unsaturated medium. We have noticed the
fast expansion of the volume when a potting medium amended
with a hydrogel was placed in a propagation bed with intermit-
tent mist or had received prolonged rain. Under nursery con-
ditions, pots with living plants are amended with many fertilizers
and watered only when the medium has lost much of its avail-
able water. Therefore, a hydrogel’s capacity to retain water in
practice would be far below its maximum capacity. It may be
beneficial to irrigate the pots containing a hydrogel before the
medium becomes too dry.

Although Micromax resulted in slower initial water uptake,
it had little effect on the total amount of water being held by a
medium after repeated watering and fertilization. However, ad-
dition of Micromax to a potting medium amended with a hy-
drogel resulted in the reduction of medium volume, possibly
due to the weakening of the gel structure. As a result of com-
paction, as shown by the lower noncapillary porosity of medium
amended with the hydrogel, Micromax actually increased the
water-holding capacity of the medium when measured on the
basis of a unit volume of the medium. The porosity at any level
of Supersorb C, regardless of Micromax, was adequate for good
plant growth (Conover and Poole, 1981, 1988; Poole et al.,
1981).

Hydrogel manufacturers often recommend placing less me-
dium in pots when a hydrogel is used, so that the medium does
not expand over the rims. Although in some cases, such as in
areas where high-quality water is available, this practice may
be necessary; in most production areas it may interfere with
obtaining the full benefits of using a hydrogel. For example,
pots amended with Micromax and Supersorb C at rates of 2, 4,
or 6 g had 62, 156, and 232 g of extra water, respectively, after
21 irrigations (subtracting total water in the control from that
of each treatment) (Table 5). On the contrary, they would have
held only 50, 72, and 116 g of extra water (multiplying the
water retention per cubic centimeter of medium by the volume
947



of the control and subtracting the amount of water held by the
control), respectively, if the amount of medium had been pro-
portionally reduced at the beginning so that the final volumes
were equivalent to that of the control. Similarly, the increased
water content in medium with SuperSorb C, but without Micro-
max, was mainly due to the increased volume as the result of
hydrogel incorporation. Thus, a large reduction in the amount
of medium per pot, while using a hydrogel, should be avoided.
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