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Summary. Alkyl phenol ethoxylate (APE) surfactants are used in horticultural
substrates but are considered nonbiodegradable, whereas others such as alkyl
polyglucoside (APG) are derived from biodegradable sugar compounds. APE
reduced total porosity (TP), container capacity (CC), and aeration porosity (AP)
whereas APG with polyalkylene oxide block copolymer surfactant (APG/BLK)
increased TP, CC, and AP for some substrates but other substrates remained
unaffected by either surfactant. We determined substrate leaching fraction (LF) and
wettability rating (WR) after drenches of 0.003 to 0.2 mL-L-! APG/BLK for six
bark substrates for three wetting cycles. After the third wetting cycle, five substrates
had reduced LF and increased WR. Drenches of 0.2 mL-L* APE or APG/BLK for
three wetting cycles indicated that APE was more efficacious than APG/BLK for
reducing LF or increasing WR. APE was determined to be an effective surfactant for
difficult-to-wet substrates, but drenching sometimes reduced TP. No reductions
in TP were noted when using APG/BLK. Drenching rates of 0.003-0.2 mL.L™
APG/BLK for three successive wetting cycles reduced LF and increased WR for
most substrates, indicating potential usage for some horticultural applications.

pine bark and may be required in

coarse substrates to enhance lat-
eral movement of water and reduce
infiltration rate through a container
(Bilderback, 1993). Cid-Ballarin et al.
(1998) hypothesized that surfactants
enhance lateral water movement by
increasing the number of small pores
that water penetrates. This effect was
most noticeable after desiccation of
substrate and subsequent rehydration.
A wide spectrum of surfactants exist
for various applications and selection
criteria, including wetting ability,
foaming formation/defoaming char-
acteristics, cosynergistic interactions,
and other propertes (Karsa, 2006).

Polyalkylene oxide block co-
polymers (BLKs) and alkyl phenol
ethoxylates (APEs) are synthetic sur-
factants frequently used in professional
horticultural substrates (Templeton,
1999; Yelanich and Vetanovetz,
2004). The UK restricts the use of
APEs and Switzerland has banned
them (Hepworth, 2006). Incomplete
bacterial biodegradation of APEs has
been documented (White, 1993).
Wide usage of APEs in the United

f ; urfactants increase wettability of
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States has resulted in detrimental
accumulation in the Cuyahoga River
of Ohio (Rice et al., 2003). BLK
surfactants are widely used in many
industries, but products are limited in
abilities because often there is a trade-
off between desired foaming charac-
teristic, biodegradability, and toxicity
(Hepworth, 2006). Organic or natu-
rally occurring surfactants generally
are not accepted by professional hor-
ticulturists because of lack of efficacy
data and because they potentally
serve as a nutrient source for microbes
(Czarnota and Thomas, 2006). Alkyl
polyglucosides (APGs) are synthetic
surfactants derived from glucose and
palm or coconut oil-based alcohols
(Hepworth, 2006) and are consid-
ered less harmful to the environment
than other surfactants with some cur-
rent applications as agronomic adju-
vants (Czarnota and Thomas; 2006).

There appears to be little or no
literature concerning APG-based

surfactants in horticultural substrates.
BLK surfactants alone traditionally
have been poor alternatives to high-
quality APEs, but an alternative may
be a synergistic blend of APG/BLK.
The objective of this experiment was
to determine the efficacy of an APG/
BLK blend in six proprietary bark-
based nursery substrates and to eval-
uate it as a potential replacement of
APEs.

Materials and methods

Six proprietary professional bark
substrates (S-I*through S-6) contain-
ing no surfactant were used in this
study. Formulated surfactants of 51%
APG/BLK plus 49% inert (wt:wt)
and 99% APE plus 1% inert (wt:wt)
were obtained from Aquatrols Cor-
poration of America (Paulsboro, NJ).

Physical properties of substrates
were determined with and without
1.0 mL-L'' APG/BLK or APE. To
determine substrate physical proper-
ties, 3.5-inch-tall X 4-inch-diameter
pots were lined with a thin plastic
sheet. Pots were filled with 400 cm?
equaling 115, 70, 140, 210, 330, and
190 g of §-1, S-2, §-3, S-4, S-5, and
S-6, respectively, at 30% substrate
moisture (by weight). This substrate
moisture content was chosen because
preliminary testing indicated water
repellency at this particular stage.
Substrate moisture was determined
based on water weight loss at 110
°C using a moisture analyzer (IR-
200; Denver Instrument, Denver,
CO). Total porosity (TP) percentage
was determined gravimetrically as the
weight of water to completely satu-
rate 400 cm?® of substrate. Leachate
then was allowed to drain by piercing
the plastic through the four drainage
holes. Container capacity (CC) and
aeration porosity (AP) were deter-
mined gravimetrically similar to Pill
etal. (1995). CC equaled the amount
of water retained after drainage
divided by 400 cm?® followed by

Units
To convert U.S. to S, To convert Sl to U.S,,
multiply by U.S. unit Sl unit multiply by
29.5735 floz mL 0.0338
2.54 inch{es) cm 0.3937
25.4 inch(es) mm 0.0394
16.3871 inch? cm? 0.0610
28.3495 oz g 0.0353
0.001 ppm mL-L? 1000
(°F-32) + 1.8 °F °C (1.8x°C) + 32
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multiplication by 100 and AP equaled
TP percentage minus CC. Percentage
of fine particles was determined by
adding 50 g of air-dried substrate
to a U.S. Standard Sieve No. 40
(pore diameter = 0.42 mm), hand-
shaking in a rotational manner for 5
min, and calculating the percentage
(by weight) of materials passing
through the sieve.

Surfactant efficacy in substrates
was determined by methods similar to
Walden et al. (2000). Pots were filled
as previously stated. Substrate was
irrigated with 300 mL of distilled
water containing 0 (control), 0.003,
0.006 (recommended weekly applica-
tion rate), or 0.012 mL-L! APG/
BLK. After drainage, leaching frac-
tion (LF) was calculated as the per-
centage volume of leachate divided
by 300 mL applied. Visible wetting of
substrate was evaluated by wettability
rating (WR; Fig. 1). Irrigated sub-
strates were dried back at labora-
tory conditions (20 °C, 44% relative
humidity) to original moisture con-
tent so that we could determine the
cumulative effect of three surfactant
applications. Subsequent evaluations
were similar to the first wetting. Each
substrate had three wetting cycles
with distilled water or APG/BLK
treatment added at each event.

APG/BLK was compared with
APE using methods similar to the
previously described experiment. Pots
were filled as previously stated and
substrate was irrigated with 300 mL
of distilled water containing 0.2 mL-L™
APG/BLK or APE. After drainage,
LF and WR were determined. Irri-
gated substrates were dried back
to original moisture content and
were evaluated similarly to the first
wetting. Each substrate had three
wetting cycles with APG/BLK or
APE added at each event.

Experiments were designed as
completely randomized blocks with
five replications of each treatment. All
data were subjected to analysis of
variance. Percentage data were arc
sine square root transformed [arc sine
V% (Gomez and Gomez, 1984)] and
means were separated by Fisher’s
protected least significant difference
(Lsp) at P< 0.05.

Results and discussion

FP, TP, CC, anD AP. Substrates
S-2 and S-4 had the highest percentage

296

TecHNoOLOGY AND ProbucT REPORTS AN

of fine particles (FP), whereas S-1 and
S-5 had the lowest percentage of
FP (Table 1). APE-treated S-2 had
reduced CC, whereas S-4 had
reduced TP, and APE-treated S-1
had reduced TP and AP compared
with the control. $-5 and S-6 physical
properties were unaffected by APG/

BLK or APE compared with their
control treatment. APG/BLK-trea-
ted S-3 had increased TP and AP
compared with the control and dif-
fered from APE in TP for S-1 and S-2
and in CC for §-1 and S-6. According
to Cid-Ballarin et al. (1998), surfac-
tant may aid water penetration of

Fig. 1. Pots containing irrigated substrate were inverted and the substrate was
visually evaluated for wettability rating (WR): (A) WR 1 = less than 10% of substrate
conglomerated with most of substrate unwetted; (B) WR 2 = one-third of substrate

conglomerated with a majority of substrate unwetted; (C) WR 3 = about one-half of

substrate conglomerated and about one-half of substrate unwetted; (D) WR 4 =
two-thirds of substrate conglomerated with a majority of substrate wetted; and (E)
WR 5 = maximum conglomeration of substrate with virtually all of substrate

wetted.

Horfichnobogy + April-June 2008 18(2)




e

Table 1. Percentage of fine particles (FP) and the effect of control (distilled
water) or 1.0 mL-L* (1000 ppm) alkyl polyglucoside and polyalkylene block
copolymer (APG/BLK) or alkyl phenol ethoxylate (APE) additions on total
porosity (TP), container capacity (CC), and aeration porosity (AP) for six

bark substrates.?

FP TP CC AP
Substrate’  Surfactant (% +SD)*  [% (deg.)]”  [% (deg.)] [% (deg.)]
S-1 - 253 - — —
Control - 91(73)a" 74 (60)ab 17 (24)a
APG/BLK — 91(73)a 77 (61)a 14 (22) ab
APE - 86 (66) b 73 (59) b 13(21)b
S-2 4314 — — —
Control — 88 (70) ab 61 (51)a 27 (32)a
APG/BLK — 91 (73)a 55 (48)ab  37(37)a
APE - 83 (66) b 50 (45) b 34 (35)a
S-3 284 = — —
Control - 76 (61) b 61 (51)a 15 (23) b
APG/BLK - 89 (72)a 59 (50) a 30 (33)a
APE — 84 (67) ab 59 (50) a 25 (30) ab
S-4 42+ 4 — — —
Control - 74 (60) a 48 (44)a 26 (31)a
APG/BLK — 70 (57) ab 53 (47)a 17 (24) a
APE — 68 (56) b 48 (44) a 20 (26)a
S-5 25+2 — — —
Control — 65 (54) a 49 (45) a 15 (23)a
APG/BLK — 64 (53)a 48 (44) a 16 (24)a
APE = 65 (54) a 47 (43)a  17(25)a
S-6 364 — — =
Control — 89 (71)a 75(60)ab 13 (21)a
APG/BLK — 88 (69) a 74 (59) b 13(22)a
APE — 91 (73)a 78 (62) a 14 (22)a

*TP, CC, and AP determined for 400 cm?® (24.4 inch?®) in 3.5-inch-tall x 4.0-inch-diameter (8.89 x 10.16-cm)

pots.

YBark components for substrate (S) 1 through 6 were balsam fir (Abies balsamea) and spruce ( Picea spp.; $-1 and
$-6); redwood (Sequoia sempervivens, S-2); fir (Abies spp.), pine ( Pinus spp.), and redwood, (S-3 and $-4); and

fir, pine, and spruce (S-5).

*Percentage of particle sizes less than 0.42 mm (0.017 inches); n = 5.
“deg. = angular transformation of percentage data (arc sine +/%).
“Mean separation among treatments by substrate indicated by a different letter at P < g0.05 using Fisher’s

protected least significant difference.

small pores preferentially and enhance
water holding capacity; however, sub-
strates containing a high percentage
of FP did not have a higher CC when
treated with APG/BLK or APE. Our
data indicated that there was no spe-
cific effect of surfactants on water
retention in substrates containing
high or low percentages of FP. There
were no AP differences between
APG/BLK and APE. Blodgett et al.
(1993) found that surfactant addition
increased CC in a peat-based mix but
not in a bark-based one. Likewise,
Bilderback and Lotscheider (1997)
concluded that surfactant additions
had little effect on water or air con-
centrations in a pine bark substrate
and that surfactant amendments were
most effective under decreased irriga-
tion regimes. Qur results indicate that
effects on physical properties can be

Horfechnology © April-June 2008 18(2)

affected by type of surfactant and
substrate.

APG/BLK EFFICACY. Irrigation
with APG/BLK reduced LF in S-1,
S-3, S-4, §-5, and S-6 and increased
WR for S-1, S-3, S-4, S-5, and S-6
after three wetting cycles, respec-
tively (Table 2). APG/BLK was inef-
fective at increasing WR in S-2, and
by the third wetting cycle, APG/
BLK-treated S-2 had increased LF,
which is hypothesized to result from
decreased water tension and hydro-
phobic substrate surfaces repelling
the water and rapid leaching down
container walls. Quadratic responses
to surfactant rate after three wetting
cycles seem to support this hypoth-
esis. Thus, a higher rate of surfactant
could potentially increase infiltration
rate and increase LF. Significant water
repellency commonly occurs in bark

substrate at <35% moisture content
(by weight), and 1 to 5 mL-L! sur-
factant is necessary to increase water
retention of bark substrate (Airhart
ctal,, 1980). Our data indicated one-
third of the substrates tested were ade-
quately wetted using lower rates for
three successive applications. Airhart
et al. (1978a) found that maintaining
minimum threshold moisture con-
tents is required for bark to rehydrate.
It was thought that proprietary sub-
strates used here had different mini-
mum threshold moisture contents
because bark was not the only com-
ponent of the mixes. It is hypothe-
sized that low rates of surfactant are
only effective when bark substrate is
at or slightly less than this threshold.
APG/BLK versus APE. Sig-
nificant wetting cycle differences (P
< 0.001) illustrated the cumulative
effect of successive 0.2 mL-L! surfac-
tant drenches on substrate LF and
WR (Table 3). The first wetting cycle
in particular had higher LF and
reduced WR compared with the sec-
ond or third wetting cycles. After the
third wetting cycle, there was no
difference in WR between APG/
BLK and APE, except for S-3 and
S-6, where APE had the higher WR.
Interactions between surfactant type
and wetting cycle indicated that APE,
but not APG/BLK, was capable of
wetting the most difficult-to-wet
bark mixes S-3 and S-6. The WR
for APE-treated S-3 after the third
wetting cycle was 5.0, whereas that
for APG/BLK-treated was 4.0. The
WR for APE-treated S-6 after the
third wetting cycle was 5.0, whereas
that for APG/BLK-treated was 3.0.
Although surfactant chemistry
class affects wettability of bark sub-
strates (Airhart et al., 1980), it re-
mains unclear as to specific reasons
for increased efficacy of APE com-
pared with APG/BLK in bark sub-
strates. Plant anatomical structures
and hydrophobic plant cellular sub-
stances likely contribute to water
repellency in bark (Airhart et al.,
1978b). Most bark materials used in
this study were blends of various
species, therefore it was not possible
to determine individual bark species’
contribution to observed water repel-
lency. The sole bark component of
S-2 was redwood (Sequoia sempervi-
rens), which did not wet using
0.003 to 0.012 mL-L"' APG/BLK
(Table 2), but had reduced LF and
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increased WR using 0.2 mL.L7?!
APG/BLK or APE after two wetting

cycles. APE-treated S-2 had reduced

This research evaluated a syner-

gistic non-APE surfactant blend con-
taining APG and BLK. Overall,

the APG/BLK surfactant was not as

effective as

LF compared with APG/BLK-trea-

ted §-2 after two wetting cycles

(Table 3).

surfactant,
horticultural

{

tant offers & potential alternative
some

to APE for

the APE
however, the APG/BLK surfactant
was effective at reducing LF and

increasing WR for most substrates
tested. Thus, the APG/BLK surfac-

applications.
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