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Abstract. Water-holding capacity represents the volume of water retained by a substrate
after a saturating irrigation and drainage, and it is often referred to as container
capacity. However, water-holding capacity is a time-specific measurement that is limited
to the status of the substrate immediately after saturation and drainage. It does not
provide information regarding how quickly water is lost from the substrate, the substrate
water status over time, or the irrigation frequency required for a substrate under specific
conditions. A new procedure was developed that generated a single numeric value that
described the wetness of a substrate and in so doing took into account the substrate’s
water-holding capacity and drying rate. This value was referred to as an E-value. For
substrates included in this study, E-values ranged from a low of 6 for parboiled fresh rice
hulls (PBH) to a high of 93 for the commercial substrate Metro Mix 360. The procedure
was shown to generate E-values that were as would be expected for the evaluated
substrates and also ranked the substrates as would have been expected. Over repeated
evaluations, the procedure was demonstrated to have a maximum inherent variability of
plus or minus one E-value.

Root substrates (substrates) are commonly
used in the production of containerized green-
house and nursery crops (Bunt, 1988; Nelson,
2003). Substrates are formulated from various
inorganic and organic components such as peat,
perlite, aged bark, rice hulls, various composts,
and vermiculite to provide suitable physical and
chemical properties as required by the spe-
cific crop and growing conditions (Bunt, 1988;
Raviv and Lieth, 2008).

Among the most commonly evaluated
and reported physical properties of substrates
are bulk density, total pore space, air-filled
pore space, and water-holding capacity. Bulk
density refers to the weight of a given volume
of substrate and is most commonly reported
as grams of dry weight per 100 cm3 of substrate
(Bunt, 1988; Wallach, 2008). Substrates with

low bulk densities are usually preferred
because they facilitate handling and reduce
shipping costs (Bunt, 1983; Wallach, 2008).
However, a relatively high bulk density is
desired when plant stability is an issue such as
occurs with tall or top-heavy crops. Total pore
space represents the volume of the substrate
not occupied by substrate solids. Most green-
house root substrates have a total pore space of
60% to 85% (Arnold Bik, 1983; Boertje, 1984;
Jenkins and Jarrell, 1989). Air-filled pore space
is the volume of the substrate that drains after
a saturating irrigation. Air-filled pore space is
important because it provides for gas exchange
between the root environment and the atmo-
sphere outside of the container. An air-filled
pore space of 10% to 20% has commonly been
recommended for substrates to be used to
produce greenhouse crops (Jenkins and Jarrell,
1989).

Water-holding capacity, often referred to
as container capacity, represents the volume
of water retained by a substrate immediately
after a saturating irrigation and drainage and
is expressed as a percentage of total volume
or weight of the substrate. A water-holding

capacity of 45% to 65% (v/v) has been com-
monly recommended for substrates for green-
house crop production (Arnold Bik, 1983;
Boertje, 1984; Jenkins and Jarrell, 1989).

The water-holding capacity of a substrate
for greenhouse and nursery containers is fur-
ther categorized as easily available, available,
and unavailable water. The water held against
tensions of 1 and 10 kPa is defined as available
water (Bunt, 1988; De Boodt and Verdonck,
1972). The water held against tension between
1 and 5 kPa is defined as easily available water,
and water held against tension higher than
10 kPa is defined as the unavailable water
(Ingram et al., 1993).

These methods of describing substrate water
content have significant limitations. The term
availability and the specific pressures are not
universally agreed on. The tensions of 1, 5, and
10 kPa are arbitrary and do not have physiolog-
ical meaning across greenhouse and nursery
crops. In fact, the limit of a tension of 10 kPa
was suggested by De Boodt and De Waele
(1968) because it strongly inhibited Ficus
growth; thus, the definition of water availability
is species-specific. There is no exact tension at
which water is unavailable to plants in general
(Buamscha et al., 2007).

Water-holding capacity itself is a time-
specific measurement that is limited to the status
of the substrate immediately after saturation and
drainage. It does not provide information re-
garding how quickly water is lost from the
substrate, the substrate water status over time,
or the irrigation frequency required for a sub-
strate under specific conditions. Furthermore,
in a given container size, water-holding ca-
pacity is a function of the volume and size of
pores in a substrate. Large pores drain after
irrigation and provide air-filled pore space,
whereas small pores retain water after irriga-
tion. However, the terms large pores and small
pores are relative. Evaporation has been shown
to account for 60% of the applied water lost
from the substrate in the first 3 weeks after
planting (Argo and Biernbaum, 2005). The
rate at which water is lost from a substrate
resulting from evaporation depends on sev-
eral factors. Beardsell et al. (1979) demon-
strated that as the pore size decreased, the
tension with which water was held, increased,
and thus as the pore size decreased, the re-
sistance to evaporation increased. Therefore,
water-holding capacity only accounted for
whether a pore was small enough to retain
water at container capacity. It did not take
into account that the water being retained oc-
curred in pores of different sizes that held
water at different tensions. These different pop-
ulations of water would evaporate at different
rates as a result of the different pore sizes.
Therefore, two substrates could theoretically
have the same water-holding capacity but lose
water to evaporation at different rates and the
two substrates would dry at different rates. As
an example, Beardsell et al. (1979) reported
that peat had a higher water-holding capacity
than pine bark or sawdust but peat lost water
as a result of evaporation more rapidly than
these two other organic components. The
authors concluded that this was the result of
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the wicking effect of the peat fibers increasing
the rate of evaporation. In addition to the spe-
cific pore sizes, other factors such as substrate
color and thermal characteristics can affect the
rate of water loss resulting from evaporation.

The frequency of irrigation depends on
both the water-holding capacity as well as the
rate of drying of the substrate. Water-holding
capacity, the rate of drying, and how frequently
a substrate must be irrigated all relate to what
greenhouse managers and substrate manufac-
turers have generally referred to as a substrate’s
wetness. Greenhouse managers and substrate
manufacturers have generally described sub-
strate wetness by referring to a substrate as
being a ‘‘dry’’ substrate or a ‘‘wet’’ substrate.
Substrate wetness is an important characteristic
because it affects the amount of water required
to grow a crop, the irrigation frequency, and fer-
tilization frequency if a liquid fertilization pro-
gram is being used. Although the term substrate
wetness is not a specific term for substrates in
the scientific literature, it is one in which the
horticultural industry is particularly interested
and a measure of substrate wetness that ac-
counts for each of these three variables would
be a valuable tool.

The objectives of this research were to 1)
develop a method of measuring substrate wet-
ness that included the variables of water-holding
capacity, drying rate, and irrigation frequency;
2) to create a single numeric value that could
be used to describe the wetness of a substrate
and allow comparisons of wetness among sub-
strates; and 3) to determine if the procedure
provided reasonable or expected values and
what level of variation might be inherent in
such a procedure.

Materials and Methods

Generation of E-values for various root
substrates. The root substrates selected for
the experiment were a Canadian sphagnum
peatmoss (Fafard, Agawam, MA), super coarse
perlite (Whittemore Company, Lawrence, MA),
parboiled fresh rice hulls (Riceland Foods,
Stuttgart, AR), LA 4 with fine peat (Sun Gro
Horticulture, Bellevue, WA), Metro-Mix 360,
SB 650, SB 200 (Sun Gro Horticulture,
Bellevue, WA), and four substrates formulated
by blending Canadian sphagnum peat (peat)
with 20% and 30% (v/v) super coarse perlite or
PBH. The substrates were placed into 53 cm ·
26 cm · 5-cm plastic flats and allowed to air-
dry at 32 �C until substrates no longer lost
weight for a 24-h period. Water was then
added to the dry substrates to bring them to
50% moisture (w/w). The substrates were
placed in sealed plastic bags and allowed to in-
cubate for 48 h to reach moisture equilibrium.

The substrates were fluffed by tumbling in
a plastic bag for �5 seconds and placed into
15.2-cm plastic containers (10.3 cm lower diam-
eter, 14.7 cm top diameter, 14.3 cm height,
1680 mL volume, 170 cm2 top surface area;
ITML, Middlefield, OH). Containers were
filled to the rim, tamped five times, and the
excess root substrate removed by brushing.
Containers were watered four times at 1-h
intervals with 650 mL of water. Additional

substrate was added as needed after the first or
second irrigation to allow for 1 cm of settling
below the container rim. This resulted in 1500
mL of substrate and a exposed top substrate
surface area of 161 cm2. After the final irriga-
tion, the substrates were allowed to drain for
30 min to attain container capacity at which
time they were weighed to obtain the total
weight at container capacity. If any container
with substrate varied from the other containers
by more than 2 g, it was discarded and a new
container was filled with substrate and the
process repeated.

Three containers of each root substrate were
placed randomly into the center of a 117 cm
high · 185 cm wide · 76-cm deep growth
chamber (Conviron E15; Winnipeg, Manitoba,
Canada). Growth chamber temperature was
maintained at 21 ± 0.4 �C. Photosynthetic
photon flux density was maintained at 464 ±
27 mmol�m–2�s–1 at container level using a com-
bination of cool white fluorescent and incan-
descent lamps. The air velocity at the container
rim level was 0.30 ± 0.05 m�s–1 and the air flow
was 0.42 ± 0.05 m3�min–1 with air being
circulated from the floor of the chamber and
around the base of the containers. The relative
humidity was maintained at 60% ± 2%.

The containers were weighed daily at
1100 HR and weights were recorded. Plants
were placed back in their original locations
within the chamber after weighing. The days
required for the substrates to reach the 10%
(v/v) moisture level (or first day to immedi-
ately decrease to below 10%) were recorded.
The 10% moisture level was determined from
the known weights of the dry substrate and the
container. After substrates reached the 10%
moisture level, the containers with substrate
were oven-dried at 60 �C for 72 h. Afterward,
the containers and dry substrate were weighed
and these weights subtracted from the original
daily weights to determine the water weight in

a container at each daily measurement. Water
content by weight was converted to volume by
1 mL of water weighing 1 g at 20 �C. The ex-
periment was repeated three times.

The daily water volumes were transformed
using a natural log transformation. The log-
transformed values were then regressed against
time for the number of days required for each
substrate to return to, or just fall below, 10%
moisture. The resulting model provided a
straight line with a negative slope where the
y intercept represented the substrate water-
holding capacity, the slope was the rate of
drying, and the length of the line was the time
to 10% moisture (Fig. 1). The E-value was
calculated as the area under the regression line
for the days to 10% moisture and was calcu-
lated as E = [(b – 5.01)D]0.5 + 5.01D where D
was the number of days to reach 10% moisture
(as determined using the regression model) and
b was the intercept of the regression line. The
value of 5.01 was a constant derived from the
natural log of the volume of water (150 mL)
contained in the substrate at 10% moisture
specific to the volume of the container used in
these experiments. A 95% confidence interval
was generated for the intercepts and slopes of
each regression line to determine if there were
significant differences among these values for
each substrate. The significances in days to
10% moisture and the generated E-values were
determined by generating these values for the
95% confidence intervals for the intercepts and
slopes for each substrate.

Determination of degree of variability of
E-values generated for root substrates. The SB
650 and the 30% PBH with 70% peat sub-
strates were selected to determine the level of
variability in E-values that could be expected
using the described procedure. The generation
of E-values for the substrates was repeated five
times (runs) following the same procedure
as described for Expt. 1. A 95% confidence

Fig. 1. Example of a regression line used to calculate an E-value where the E-value was the area under the
regression line and was calculated as E = [(b – 5.01)D]0.5 + 5.01D where D was the number of days to
return to 10% moisture and b was the intercept of the regression line. The value of 5.01 was a constant
derived from the natural log of volume of water (150 mL) contained in the substrate at 10% moisture
specific to the volume of the container used in these experiments.
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interval was generated for the intercepts and
slopes of each regression line to determine if
there were significant differences among these
values for each run. The differences in days to
10% moisture and the generated E-values were
determined by generating these values for the
95% confidence intervals for the intercepts and
slopes for each substrate.

Results

Generation of E-values for various root
substrates. The regression lines generated from
the transformed water volumes displayed three
factors related to the wetness of the substrates
(Fig. 2). The y intercept was a relative measure
of the water-holding capacity of the substrate at
container capacity. The slope of the line was

the rate of drying, whereas the length of the
line represented the number of days required to
reach 10% moisture and, depending on cultural
practices, a relative measure of the inverse of
the required irrigation frequency.

The PBH had a lower intercept (water-
holding capacity) than perlite both of which
had lower intercepts than all other substrates
(Table 1). Adding 30% perlite or 20% and 30%
PBH reduced the intercept of the peat. Increas-
ing the amount of either PBH or perlite in the
peat-based substrates decreased the intercept
of the substrates and PBH-containing sub-
strates had a lower intercept than equivalent
perlite-containing substrates. The LA 4 sub-
strate had the highest intercept of the com-
mercial substrates followed by SB200,
Metro-Mix 360, and SB 650, respectively.

The PBH had a higher mean slope (faster
drying rate) than perlite but the slope confi-
dence intervals of these substrates overlapped
(Table 1). Adding 20% or 30% PBH and 30%
perlite to peat increased the slope of the sub-
strates. Increasing the amount of PBH or perlite
from 20% to 30% also increased the slope of
the resulting substrate, and PBH-containing
substrates had a higher slope than equivalent
perlite-containing substrates. The SB 200 and
SB 650 substrates had the highest slope of the
commercial substrates followed by LA 4 and
Metro-Mix 360, respectively. Across all sub-
strates, the MM 360 had the lowest slope.

The PBH required fewer days to reach 10%
moisture than perlite, both of which required
fewer days than all other substrates (Table 1).
Adding 20% or 30% PBH or 30% perlite to
peat decreased the days required to reach 10%
moisture. Increasing the amount of either PBH
or perlite in the peat-based substrates from 20%
to 30% decreased the days to 10% moisture and
PBH-containing substrates required fewer days
to reach 10% moisture than equivalent perlite-
containing substrates. Of the commercial sub-
strates, SB 650 required the fewest days to
reach 10% moisture followed by SB 200, LA 4,
and Metro-Mix 360, respectively.

When E-values were calculated as the area
under the line for each substrate, PBH had
a lower E-value than perlite, both of which had
a lower E-value than all other substrates (Table
2). The addition of 20% or 30% PBH or 30%
perlite to peat lowered the E-value of the

Fig. 2. Regression equations for root substrates. Equations for each substrate were: peat, y = 6.57–0.14x (R2 =
0.99); PBH, y = 5.43–0.37x (R2 = 0.92); perlite, y = 6.08–0.21x (R2 = 0.98); PBH 20%, y = 6.52–0.18x
(R2 = 0.99); PBH 30%, y = 6.40–0.21x (R2 = 0.98); perlite 20%, y = 6.59–0.14x (R2 = 0.99); perlite 30%,
y = 6.50–0.16x (R2 = 0.99); SB 650, y = 6.57–0.15 (R2 = 0.99); Metro Mix 360, y = 6.60–0.10x (R2 = 0.96);
SB 200, y = 6.67–0.15x (R2 = 0.99); and LA4, y = 6.75–0.14x (R2 = 0.99). PBH = parboiled fresh rice hulls.

Table 1. Regression model values and days to 10% moisture with 95% confidence intervals for various root
substrates.

Substratez Intercept

Intercept 95%
confidence

interval Slopey

Slope 95%
confidence
intervaly

Days
to 10%

moisturex

Days to 10%
moisture 95%

confidence interval

Sphagnum peat 6.57 6.53–6.61 0.14 0.14–0.15 10.8 10.7–10.9
PBH 5.43 5.24–5.64 0.37 0.20–0.45 1.2 1.1–1.4
Perlite 6.08 6.02–6.13 0.21 0.20–0.23 5.0 4.9–5.1
PBH 20% + sphagnum

peat 80%
6.52 6.49–6.54 0.18 0.17–0.18 8.4 8.3–8.5

PBH 30% + sphagnum
peat 70%

6.40 6.35–6.45 0.21 0.20–0.23 6.5 6.4–6.7

Perlite 20% + sphagnum
peat 80%

6.59 6.55–6.62 0.14 0.14–0.15 10.9 10.8–11.0

Perlite 30% + sphagnum
peat 70%

6.50 6.48–6.58 0.16 0.15–0.16 9.5 9.3–9.7

SB 650 6.57 6.54–6.59 0.15 0.15–0.16 10.3 10.2–10.4
Metro-Mix 360 6.60 6.55–6.66 0.10 0.09–0.10 16.0 15.8–16.3
SB 200 6.67 6.64–6.70 0.15 0.15–0.16 10.8 10.7–10.9
LA 4 6.75 6.71–6.79 0.14 0.13–0.14 12.5 12.4–12.7
zPBH = parboiled fresh rice hulls (Riceland Foods, Stuttgart, AR). Perlite was a medium course grade
(Whittemore Company, Lawerence, MA). Sphagnum peat was supplied by Fafard (Agawam, MA) and the SB
650, Metro Mix 360, SB 200, and LA 4 substrates were supplied by Sun Gro Horticulture (Bellevue, WA).
yAll slope values were negative.
xDays to 10% moisture reported were determined using the regression equations.

Table 2. E-values and 95% confidence intervals
generated for various root substrates.

Substratez E-valuey

E-value 95%
confidence
intervalx

Sphagnum peat 63 62–63
PBH 6 6–8
Perlite 28 27–28
PBH 20% + sphagnum

peat 80%
48 48–49

PBH 30% + sphagnum
peat 70%

37 36–38

Perlite 20% + sphagnum
peat 80%

63 62–64

Perlite 30% + sphagnum
peat 70%

54 54–56

SB 650 59 59–60
Metro-Mix 360 93 92–94
SB 200 63 62–64
LA 4 74 73–75
zPBH = parboiled fresh rice hulls (Riceland Foods,
Stuttgart, AR). Sphagnum peat was supplied by
Fafard (Agawam, MA) and the SB 650, Metro-Mix
360, SB 200, and LA 4 substrates were supplied by
Sun Gro Horticulture (Bellevue, WA).
yE-values generated as the area under the line produced
by regressing the natural log of the water volume over
time for the number of days required for the substrate
to reach 10% moisture (v/v) content as described by
the equation E = [(b – 5.01)D]0.5 + 5.01D where D
was the number of days to return to 10% moisture and
b was the intercept of the regression line. E-values had
the units ln(mL) · days. However, the units had no
practical or demonstrative value and E-values are thus
reported as whole numbers without units.
xConfidence intervals are E-values generated using the
95% confidence intervals for the regression equation
variables and rounded to the nearest whole number.
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resulting substrate as compared with 100%
peat. As the amount of PBH or perlite added
to peat was increased, the E-value decreased.
Furthermore, peat substrates containing PBH
had lower E-values than peat-based substrates
containing equivalent amounts of perlite. Of
the commercial substrates, Metro-Mix 360
had the highest E-value followed by LA 4,
SB 200, and SB 650, respectively.

Determination of degree of variability of
E-values generated for root substrates. The re-
gression equation intercept for the 30% PBH
substrate was 6.4 for the five runs (Table 3).
The regression equation intercept for the SB
650 substrate was 6.57 for the five runs. For
both substrates, the intercepts for each of the
runs were within the 95% confidence intervals
of the other runs.

The regression equation slope for the 30%
PBH substrate was –0.21 for the five runs
(Table 3). The regression equation slope for
the SB 650 substrate was –0.15 for the five runs.
For both substrates, all slope values were within
the 95% confidence interval of one another.

The days to 10% moisture for the 30% PBH
substrate ranged from 6.5 to 6.6 among the five
runs (Table 3). The days to 10% moisture for
the SB 650 substrate ranged from 10.2 to 10.3
among the five runs. For both substrates, the
days to 10% moisture for each of the runs were
within the 95% confidence intervals of the
other runs.

The E-values generated from the regression
equations for the 30% PBH substrate ranged
from 37.2 to 37.4 (Table 4). The E-values gen-
erated from the regression equations for the SB
650 substrate ranged from 59.2 to 59.5. For
both substrates, the E-values for each of the
runs were less than a single whole number and
were within the 95% confidence intervals of
the other runs.

Discussion

Because this procedure is used to create a
novel variable describing substrates, it is not
possible to directly evaluate the accuracy of the
procedure nor to directly relate the E-values
produced to other data related to a given sub-
strate. However, we can examine the E-values
produced and indirectly relate them to what is
known about the substrates through other
published research and experience.

The described procedure produced E-
values that ranked the substrates as would have
been expected based on previous research and
industry experience. Perlite and PBH had the
lowest E-values of all of the substrates evalu-
ated. Furthermore, PBH had a lower E- value
than perlite. These values were expected be-
cause perlite and PBH have been shown to
have low water-holding capacities and to dry
rapidly after irrigation (Evans and Gachukia,
2007). Additionally, PBH is commonly added
to substrates to increase air-filled pore space,
reduce water-holding capacity, and increase
drying rate.

When PBH was added to peat at either
20% or 30%, the E-value was reduced. Adding
PBH to peat at 30% resulted in a lower E-
value than when added at 20%. Researchers

have demonstrated that as the amount of PBH
in a peat-based substrate was increased from
20% to 30%, the water-holding capacity de-
creased exponentially (Evans and Gachukia,
2007). When perlite was added to peat at 20%,
there was no difference in the E-value. How-
ever, when perlite was added to the peat at
30%, the E-value was reduced. This concurs
with previous research in which it was demon-
strated that adding perlite up to 20% had little
effect on the physical properties of the substrate
(Evans and Gachukia, 2007). However, adding
30% perlite reduced water-holding capacity of
the substrate. Furthermore, it was shown that
equivalent amounts of PBH resulted in a sub-
strate with a lower water-holding capacity,
a higher air-filled pore space, and a higher
drying rate than sphagnum peat-based sub-
strates containing equivalent amounts of per-
lite (Evans and Gachukia, 2007). Therefore,
the E-values generated for these substrates
were as would have been expected and ranked
the substrates as would have been expected
based on previous research and experience.

In each case, the procedure produced E-
values that ranked the commercial substrates
as would have been expected based on pre-
vious research and industry experience. Of the
four commercial substrates evaluated, Metro-
Mix 360 had the highest E-value. This sub-
strate was composed of sphagnum peat,
vermiculite, fine composted pine bark, and
bark ash. It is described as being suitable where
a higher water-holding capacity (Sun Gro,
2010) is desired and is known in the industry
to have a high water-holding capacity and
a very slow drying rate (Rick Vetanovetz,
Sun Gro Horticulture, personal communica-
tion). The SB 200 substrate contained com-
posted pine bark, sphagnum peat, and coarse
perlite. The SB 650 substrate was composed
of the same components but with different
proportions so that, as noted in the manufac-
turer’s literature, it was designed to have
a higher amount of drainage (Sun Gro, 2010).
Therefore, as would have been expected, SB
650 had an E-value that was 4 points lower
than the SB 200 substrate. The LA 4 sub-
strate used in this study was composed of a
fine-textured peat and therefore would have
been expected to have a high water-holding

capacity and to dry more slowly than SB 200
and SB 650.

Argo and Biernbaum (2005) reported that
60% of the water applied to a substrate was lost
through evaporation during the first 3 weeks
after potting, and Beardsell et al. (1979) demon-
strated that substrates lost water to evaporation
at different rates. The dry-down lines generated
in this research demonstrated the different rates
of water loss among the substrates. The initial
water-holding capacity and the rate of drying
resulted in different numbers of days required
to reach 10% moisture (different lengths on
lines). If only the intercepts had been used to
describe the substrate wetness and drying rate
had been ignored, the substrates would have
been ranked in different orders than when
ranked using the E-values. For example, MM

Table 3. Regression model values and days to 10% moisture with 95% confidence intervals for repeated
runs of two root substrates.

Substratez Run Intercept

Intercept 95%
confidence

interval Slopey

Slop 95%
confidence
intervaly

Days to 10%
moisturex

Days to 10%
moisture 95%

confidence interval
30% PBH 1 6.40 6.35–6.45 0.21 0.20–0.22 6.5 6.4–6.7
30% PBH 2 6.40 6.36–6.44 0.21 0.20–0.22 6.5 6.5–6.6
30% PBH 3 6.40 6.36–6.43 0.21 0.20–0.22 6.5 6.4–6.7
30% PBH 4 6.40 6.36–6.44 0.21 0.20–0.22 6.6 6.5–6.6
30% PBH 5 6.40 6.36–6.44 0.21 0.20–0.22 6.5 6.4–6.6
SB 650 1 6.57 6.54–6.59 0.15 0.14–0.16 10.3 10.2–10.4
SB 650 2 6.57 6.52–6.62 0.15 0.14–0.16 10.3 10.1–10.4
SB 650 3 6.57 6.53–6.60 0.15 0.15–0.16 10.2 10.1–10.3
SB 650 4 6.57 6.53–6.61 0.15 0.15–0.16 10.2 10.1–10.4
SB 650 5 6.57 6.54–6.63 0.15 0.14–0.15 10.3 10.2–10.4
zPBH = parboiled fresh rice hulls (Riceland Foods, Stuttgart, AR). Sphagnum peat was supplied by Fafard
(Agawam, MA) and the SB 650 substrate was supplied by Sun Gro Horticulture (Bellevue, WA).
yAll slope values were negative.
xDays to 10% moisture reported were determined using the regression equations.

Table 4. E-values and 95% confidence intervals
generated for repeated determinations of E
values of two root substrates.

Substratez Run E-valuey

E-value 95%
confidence
intervalx

30% PBH 1 37.2 37.1–37.4
30% PBH 2 37.3 37.2–37.4
30% PBH 3 37.3 36.8–37.9
30% PBH 4 37.4 37.1–37.7
30% PBH 5 37.2 37.0–37.4
SB 650 1 59.4 58.8–60.0
SB 650 2 59.4 58.9–60.1
SB 650 3 59.3 58.9–59.8
SB 650 4 59.2 58.6–60.1
SB 650 5 59.5 59.4–60.4
zPBH = parboiled fresh rice hulls (Riceland Foods,
Stuttgart, AR). Sphagnum peat was supplied by Fafard
(Agawam, MA) and the SB 650 substrate was
supplied by Sun Gro Horticulture (Bellevue, WA).
yE-values generated as the area under the line
produced by regressing the natural log of the water
volume over time for the number of days required
for the substrate to reach 10% moisture (v/v)
content as described by the equation E = [(b –
5.01)D]0.5 + 5.01D where D was the number of
days to return to 10% moisture and b was the
intercept of the regression line. E-values had the
units ln(mL) · days. However, the units had no
practical or demonstrative value and E-values are
thus reported as whole numbers without units.
xConfidence intervals are E-values generated using the
95% confidence intervals for the regression equation
variables and rounded to the nearest whole number.
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360 was selected specifically because it was
known to be one of the wettest substrates used
in the greenhouse industry. However, based
only on the intercepts, MM 360 would have
been ranked as a dryer substrate than LA 4 and
SB 200. Peat would have had the same wetness
as SB 650, which had bark and perlite added
specifically to create a dryer substrate. The
20% perlite substrate would have had a higher
wetness than peat although from previous re-
search, a 20% perlite and 80% sphagnum peat
substrate has been shown to have similar pro-
perties as 100% sphagnum peat. The 20% PBH
substrate and 30% perlite substrates had inter-
cepts that were not significantly different. How-
ever, the 20% PBH substrate dried at a quicker
rate and therefore had a lower E-value than the
30% perlite.

Another way to visualize this is to look at
cases (Fig. 2) in which regression lines of
substrates crossed one another. For example,
the MM 360 did not have the highest water-
holding capacity (intercept) but because it
dried very slowly, it had a lower slope and
over time the line for MM 360 crossed the
lines for LA 4 and SB 200. This resulted in
MM 360 having a higher E-value than either
LA4 or SB 200 although it had a lower initial
water-holding capacity. Using intercepts
rather than E-values to characterize wetness
in this case alone would have resulted in two
of the 11 substrates tested being incorrectly
ranked against in perspective to MM 360.

When E-values were repeatedly deter-
mined for both substrates, the intercepts, the
slopes, and the days to 10% moisture for each
run were within the 95% confidence interval of
one another and were therefore not different
among the runs. Because E-values are de-
signed to be reported as whole numbers, the
E-values generated for 30% PBH were 37 for
all runs and the E-values for SB 650 were 59 or
60. When rounded to a whole number, the 95%
confidence intervals across all runs for 30%
PBH and SB 650 ranged from 37 to 38 and 59
to 60, respectively. With this level of variation,
E-values generated over repeated runs would
be expected to vary by no more than one E-
value unit. Because the E-values of substrates
in this study ranged from 6 to 93, the level of

variation observed for a specific substrate
would have little practical importance.

E-values represent a potentially significant
new tool for use by greenhouse and nursery
managers and substrate manufacturers. Man-
agers may choose to select substrates based on
their E-values. When a manager desires a sub-
strate that requires less frequent irrigation, they
can select a substrate with a higher E-value.
Likewise, when a manager desires a substrate
that dries more quickly, they can select a sub-
strate with a lower E-value. If managers are
accustomed to a substrate composed of spe-
cific components and would choose to use
a similar substrate but with an increased or
decreased drying rate, they could use the E-
values as a way to adjust one or more of the
substrate components until the desired E-value
is achieved.

In a similar manner, substrate manufacturers
could design substrates to have specific E-
values rather than designing substrates to con-
tain certain percentages of components. In fact,
a substrate manufacturer might choose to have
a series of substrates such as a bark and peat
series or a perlite and peat series and change the
proportion of the components to generate a de-
sired E-value. The substrate industry could also
use E-values as a quality control tool to evaluate
how uniformly and consistently they are pro-
ducing a substrate. Individual substrate compo-
nents could be evaluated before their use to
determine if they have an appropriate E-value
or if the E-value is different from what would be
expected. Adjustments could be made before
substrate mixing to achieve the desired E-value.
For example, if sphagnum peat that is to be used
in a substrate is coarser or finer than normal and
is behaving differently than in previous years,
this could be determined before mixing and
changes made in the formulation to achieve
the desired E-value of the final substrate.
The greenhouse or nursery manager would be
receiving a substrate that, although had differ-
ent proportions of components, would behave
in a greenhouse environment with respect to
its water-holding capacity, its drying rate,
and its irrigation frequency in a consistent
manner to what the manager had experi-
enced previously.
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