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Calcined Clay Improves Germination of Arid Plant Species1
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Abstract
Water conservation efforts in urban landscapes have increased the need for water-wise-plants. A potential source includes multiple 
native, drought-adapted species. A lack of researched propagation protocols makes commercial production of many species diffi cult. 
We examined germination of three native plant species (Purshia stansburiana, Cercocarpus ledifolius, and Forestiera pubescens) 
in three substrates. Both P. stansburiana and C. ledifolius are endemic to semiarid areas. Forestiera pubescens is found in riparian 
areas but is drought hardy once established. Stratifi ed seed of each were sown in substrates varying in organic matter (OM) content 
and water-holding porosity (WHP) characteristics: (1) a commercial germination mix (83% OM); (2) a self-blended combination of 
a commercial potting soil mixed volumetrically 1:1 with vermiculite (37% OM); and (3) a calcined clay (0% OM). Germination was 
monitored for 60 days. Percent germination was highest in the calcined clay for each species evaluated (P. stansburiana: 63%, C. 
ledifolius: 51% and F. pubescens: 83%). These rates were at least 25% greater than the next best medium, the self-blended substrate. 
The commercial germination blend was the least favorable for germination. These results suggest that the common commercial 
practice of using germination substrates may not be suited to germinating many species native to arid areas.

Index words: seed germination, water-wise plant production, substrate properties, water conservation, calcined clay.

Species used in this study: Stansbury cliffrose (Purshia stansburiana (Torr.) Henricksen); curl-leaf mountain mahogany (Cercocarpus 
ledifolius (Nutt.)); and New Mexico privet (Forestiera pubescens (Nutt.)).

1Received for publication November 7, 2012; in revised form February 4, 
2013. We acknowledge Krystal Bundy for assistance with data collection 
and the USU Botanical Center for providing space and resources for our 
research. We also thank Larry Rupp and Heidi Kratsch for their guidance 
during the experiment and for their helpful review.
2Extension Assistant Professor and horticulture agent. Utah State Univer-
sity. 179 N. Main St. #111, Logan, UT, 84321. Taun.beddes@usu.edu.
3Managing Propagator. Utah State University Botanical Center, Kaysville, 
UT, 84307. Richard.anderson@usu.edu.
4Assistant Professor of Entomology, Utah State University, UMC 5305, 
Logan, UT 84322. Ricardo.ramirez@usu.edu.

Signifi cance to the Nursery Industry
Demand exists in the arid West for drought-adapted land-

scape plants, and propagation of native plant species provides 
a source for these needs. Unfortunately, little research on 
the production of many water-wise plants is available, and 
these plants have unique growth characteristics that often 
make their commercial production diffi cult using traditional 
production practices. An aspect of these practices is the use 
of widely available commercial growing substrates, soilless 
substrates, which may retain excessive water for optimal 
germination of drought adapted species. Alternatively, there 
are inexpensive products that have different characteristics, 
such as calcined clay, that may serve as suitable germination 
substrates for arid species. In particular, calcined clays are 
highly porous, making them able to absorb water into pore 
spaces. However, water not held in pore spaces drains away 
quickly due to the relatively large particle size. Because of 
these characteristics, researchers have successfully used 
calcined clay to grow plants hydroponically, produce bare-
root stock and root plant cuttings. Our purposes were to test 
whether calcined clay can be useful in germinating three 
selected drought adapted species.

Introduction
The diminishing amount of available water in the arid 

West has restricted water use in many areas, in particular in 
urban landscapes (12, 21). As a result, drought-adapted land-
scape plants are needed to alleviate the strain between water 
conservation efforts and urban landscape needs. Regionally, 

there are several native species with the potential for use, but 
production challenges exist, including a lack of propagation 
protocols (9, 24). Here we evaluated three such species: 
Stansbury cliffrose (SC), curl-leaf mountain mahogany 
(CM) and New Mexico privet (NP). While infrequent, they 
are sporadically planted in a variety of landscape situations 
and have anecdotally and visually performed well.

Curl-leaf mountain mahogany (CM): This actinorhizal, 
rosaceous plant is found in pinion-juniper stands and other 
similar ecosystems with well-drained soils. It is evergreen, 
reaches 20 ft high and wide, and is native from Montana to 
Baja California at elevations from 2,000 to 10,000 ft (19). 
In landscape situations, it is used as a specimen shrub, in 
borders and hedges. When regularly clipped, it forms an ap-
pearance similar to that of boxwood (Buxus spp. L.).

Stansbury cliffrose (SC): This species is also rosaceous, 
evergreen, actinorhizal and grows to a comparable size of 
CM but tends to be smaller in stature. It grows at similar 
elevations and is native from southern Idaho throughout the 
Southwest from Southern California to New Mexico (5). It 
has ornamental, creamy-yellow fl owers similar in appearance 
to shrubby cinquefoil (Dasiphora fruticosa L.) followed by 
ornamental seed-heads.

New Mexico privet (NP): New Mexico privet is an olea-
ceous shrub and reaches 25 feet high and wide. It ranges 
from California to Oklahoma and is considered a riparian 
species (8, 10), but is drought hardy once established (22). 
It produces ornamental spring fl owers, and later produces 
berries attractive to birds (26). The species is used as a hedge 
plant (15). It is additionally trained into a small ornamental 
tree. Although it is native to warmer areas, it is cold hardy 
to at least USDA Zone 4 (30), and is successfully grown in 
Wyoming and Montana test plots (26, 28).

Much of the existing propagation information concerning 
CM and SC pertains to breaking seed dormancy to enhance 
germination. For example, germination of CM can be en-
hanced by soaking seed in an aerated solution of 1.0 mmole 
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KNO3 and 0.035 mmole GA3 at 5C (41F) for 3 weeks (31), 
soaking in a 0.2% solution of KNO3 at 2C (36F) for 10 weeks 
(27), or soaking in concentrated sulfuric acid for either 5 or 
20 min followed by a 4 hr soak in thiourea [SC(NH2)2] solu-
tion (20). In similar research with SC, Stidham et al. (27), 
achieved over 95% germination using moist pre-chilling at 
2C (36F) for 10 weeks. Likewise, moist stratifi cation at 5C 
for 2–4 weeks to can break seed dormancy (5). Dormancy 
can be broken in NP by stratifying seeds in moist sand in a 
cooler at 3C (38F) for at least 30 days (28). This method is 
also mentioned in the Handbook of Seeds on Browse-Shrubs 
and Forbs and states that between 50 and 70% germination 
can be obtained using the afore mentioned method (4).

Few studies, however, examine the impacts of growing 
substrates on germination, and in each study concerning SC 
and CM actual seed germination was conducted in a petri-
dish, and not in a growing substrate. Additionally, it is unclear 
if Belcher (4) monitored germination of NP in a petri dish or 
in a substrate to reach the stated 50–70% germination. This is 
important because regional growers have observed that many 
arid native plants including CM and SC often germinate 
poorly in commercial substrates as compared to the greater 
rates obtained in petri dishes mentioned previously (20). 
Researchers germinated Arizona cliffrose (P. × subintegra 
(Kearny) Henricksen) seed, a species closely related to SC, 
in vermiculite and reported 88% germination (2). Beddes 
and Kratsch (3), additionally found roundleaf buffaloberry 
(Shepherdia rotundifolia Parry), a species native to arid en-
vironments in the desert Southwest, germinated best, 66%, 
in calcined clay and at its lowest rates in the substrates with 
greater water-holding porosity.

Our objective was to evaluate the impacts of three sub-
strates varying in water-holding porosity levels and organic 
matter content on seed germination of CM, SC, and NP. The 
specifi c substrates were (1) a commercial seed germination 
substrate, (2) a self-blended combination of a commercial 
potting soil mixed 1:1 (by vol) with horticulture grade ver-
miculite; and (3) a calcined clay.

Materials and Methods
Seed germination. All seeds were purchased from Plants 

of the Southwest (Santa Fe, NM) in November 2010. Seeds 
were maintained at 22C (72F) at 30% humidity. On March 
6, 2011, we sent 1,000 unstratifi ed seeds of each species to 
the Utah Department of Agriculture and Food seed-testing 
laboratory (Salt Lake City, UT) for the following quality 
tests: viability, dormant seed, and germination percentage. 
On the same day, we placed seeds of the three species into 
cold-stratifi cation (3C/37F) for 60 days in Rubbermaid™ 
(Huntsville, NC) brand, sealed food containers (100 × 75 
× 5 mm). Prior to stratifi cation, germination paper was cut 
to fi t the bottoms of each container, placed inside and satu-
rated with distilled water. Seeds were placed on top of the 
germination paper and sealed inside the containers. Seeds 
were monitored and rinsed with distilled water weekly to 
minimize water loss. Ninety-six stratifi ed seeds from each 
of the three species were sown into [20.3 × 40.6 × 5 cm (8 × 
16 × 2 in)] seed fl ats, each fi lled with one of three substrates. 
Stansbury cliffrose seed, curl-leaf mountain mahogany and 
New Mexico privet were all sown to a depth of 0.6 cm (0.25 
in). Seed fl ats were held on a greenhouse mist bench with a 
14 hr photoperiod using 400-W, high pressure sodium vapor 
lamps. Each fl at contained 48 individual cells arranged 4 ×12 

cells. Sixteen seeds grouped into four rows (one seed per cell) 
of each species were placed in each fl at. Placement of the 
groups of seed was randomized in each fl at. There were 6 fl ats 
of each substrate for a total of 18 fl ats. Each set of 16 seeds 
was considered an experimental unit (n = 6). The experiment 
was arranged in a randomized complete block design.

Flats were watered and maintained near container capacity 
using an automated mist system set to irrigate 30 seconds 
twice each hour. Mean day/night greenhouse temperatures 
during the experiment were 22.5/20C (78/68F), with an 
overall mean temperature of 22C (72F). Mean relative 
humidity was 52%, and mean daytime photosynthetically 
active radiation during the experiment was 652 umol·m–2·s–1. 
Environmental conditions were recorded by a Watchdog™ 
2475 weather station (Spectrum Technologies Inc., Plainfi eld, 
NY) mounted 1.4 m (4.5 ft) above the ground, 1 m (3.28 ft) 
adjacent to the fl ats. Seedling emergence was monitored 
daily for 60 days.

Substrates. The germination substrates used were: (1) 
Sunshine™ Mix #3 (Sungro Hort., Bellevue, WA; a ger-
mination mix); (2) Sunshine Mix #4 blended 1:1 (by vol) 
with coarse vermiculite; and (3) calcined clay, PrimeraOne 
Field Conditioner, (Primera Turf, North Ridgeville, OH; 
a calcined fuller’s earth product). Total porosity, aeration 
porosity, water-holding capacity and bulk density of the 
substrates were derived from methodology used by Beddes 
and Kratsch (3).

Statistics. Germination of each plant species was analyzed 
separately within a one-way ANOVA, with three levels of 
substrate (calcined clay, aggregate mix, and germination 
mix). Additionally, differences, by substrate, in total porosity, 
aeration porosity, bulk density and water-holding porosity 
were separately analyzed using one-way ANOVA. Analyses 
of each were followed by the Tukey post-hoc test to separate 
differences between treatments when one-way ANOVA was 
signifi cant. All germination data were arcsine square-root 
transformed prior to analysis to normalize the distribution 
of proportional data. Analyses of data were analyzed using 
SYSTAT (version 13; SPSS, Chicago, IL) software.

Results and Discussion
Calcined clay had the highest germination rates for each 

of the three species (P < 0.001) and increased germination 
by at least 25% as compared to the self-blended substrate 
(Table 1). Additionally, seed germination of all species in the 
calcined clay was approximately equal to the viability rates 
obtained by the seed testing lab (Table 2), further suggesting 
that the calcined clay substrate is an optimal germination 
substrate for these species. Several factors or combinations 
of factors unique to the calcined clay may account for the 
greater germination rates. Of the three substrates tested, it is 
suspected that the calcined clay best matched native condi-
tions that each species germinate in. Specifi cally with regard 
to the substrate, characteristics of the native range tend to 
have low organic matter content and high porosity.

Field soils where CM and SC are native are characteristi-
cally shallow and contain less than 2% organic matter (3, 23), 
and examples exist where relatively high germination rates 
have been obtained with arid species in substrates containing 
little to no organic matter. Ibanez and Schupp (13) achieved 
71% emergence of CM on seeds placed on top of fi eld soil 

90

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-19 via free access



J. Environ. Hort. 31(2):89–93. June 2013

collected from where the species grows. Baggs and Maschin-
ski (2) achieved 88% germination with P. subintegra seed in 
vermiculite, a substrate containing no organic matter. These 
studies show that substrates containing little to no organic 
matter can be useful in maximizing germination rates of 
certain arid species.

The lower germination rates of the species in the germina-
tion and self-blended substrates are most likely due to the 
substrates’ organic matter content, where the organic matter 
particle size is smaller than non-organic components. The 
smaller particle size of the germination mix and self-blended 
substrate may retain more water compared to the calcined 
clay that has a larger particle size. Substrates with a greater 
percentage of larger particles retain less water (1). Argo (1), 
states that the total porosity of an average organic matter 
based growing substrate is often near 85%, and that an ac-
cepted standard for aeration porosity at container capacity 
is as low as 15%. The commercial germination substrate 
used in this work very closely matched these parameters but 
resulted in the lowest number of germinated seeds among 
all species (Tables 1 and 3).

Organic matter content also likely reduced water evapora-
tion rates from the germination substrate and self-blended 
substrate, because water evaporates at slower rates from 
substrates containing organic matter as compared to certain 
inorganic substrates. Calonje et al. (7), compared germination 
rates of three Zamia species in three substrates including one 
substrate containing organic matter, and the other two inor-
ganic substrates being sand and Turface MVP®, a calcined 
clay product. The Turface MVP® had similar properties to 
the calcined clay used in our work (Table 3). These included 
bulk density ( 0.71 g·cm–3), aeration porosity (16.3%), water 
holding-porosity (40.3%) and total porosity (56.7%). The 
authors found that water evaporated more quickly from the 
Turface MVP® as compared to the substrate containing 

organic matter. The authors reasoned that this was a likely 
result of the highly porous nature of the Turface MVP® and 
the portion of course particles that it contained.

Similarly it is expected that water evaporated more quickly 
from the calcined clay as compared to the other substrates 
used in our work. Further, the calcined clay had reduced 
water-holding porosity and increased aeration porosity as 
compared to the other substrates (P < 0.001 and P = 0.006 
respectively; Table 2). This lower water holding porosity is 
most likely due to the calcined clay’s particle size that ranges 
from an estimated 1.0 to 3.0 mm (0.04 to 0.1 in), where sub-
strate particles greater than 1.0 mm (0.04 in) have increased 
aeration porosity as compared to those of smaller size (1, 6, 
18). Beside the lack of organic matter, the calcined clay’s 
reduced-water holding porosity is also due to its greater bulk 
density, because total porosity is inversely proportional to 
bulk density (1). Others have found similar results concern-
ing calcined clay. Kang et al. (16), tested a calcined clay and 
other inorganic growing substrate components. The calcined 
clay they tested had higher bulk density and ‘air volume’ but 
‘low water volume’ as compared to the other tested substrates 
including perlite and Rockwool. Since the various substrates 
in our study were maintained near container capacity, the 
calcined clay apparently retained suffi cient but not excessive 
moisture for seeds to imbibe water and maintain adequate 
moisture levels to germinate at greater rates than the other 
two substrates. Additionally, due to the large particle size 
of the calcined clay, what water the substrate retained was 
most likely in capillary pore space. Here, non-capillary pore 
space that seeds were exposed to was mostly air fi lled at 
container capacity (3).

Not only are fi nal germination rates (Table 1) in the various 
substrates important to growers, but germination patterns 
(Fig. 1) over time are additionally useful in managing plant 
propagation for the end-user and as it relates to business 

Table 1. Rate and total seed germination of curl-leaf mountain mahogany, Stansbury cliffrose and New Mexico privet in three substrates. Strati-
fi ed seeds were sewn on May 6, 2011 and germination was recorded daily 60 days (n = 6).

  Curl-leaf mountain mahogany  Stansbury cliffrose   New Mexico privet

   Total   Total   Total
   germination   germination   germination
Substrate T30–90

z T50
y (%)x T30–90 T50 (%) T30–90 T50 (%)

Germination 15 4 13bw 49 11 4c 25 31 9c
Self-Mixed 9 2 24b 17 6 38b 13 25 49b
Calcined clay 1 1 51a 15 4 63a 21 13 83a

zEstimated number of days from 30–90% of the measured germination rate.
yEstimated number of days to reach 50% of the measured germination rate.
xGermination is calculated as a percentage of the total seed sewn and is rounded to the nearest whole number.
wMeans separation within germination columns by Tukey’s HSD at P < 0.05.

Table 2. Results of seed quality testing of curl-leaf mountain mahogany, Stansbury cliffrose and New Mexico privet seed submitted to the Utah 
Department of Agriculture and Food testing laboratory on March 6, 2011. One thousand seeds of each species were submitted.

 Seed quality

 Tetrazolium (TZ) Dormant Total viable Germination
Species viability (%) seed (%) seed (%)z (%)

Stansbury cliffrose 56 18 67 49
Curl-leaf mountain mahogany 63 4 47 43
New Mexico privet 97 50 91 41

zTotal seed viable was determined after germination testing and is a combination of germinated and dormant seed and was performed as a more exact test 
of viable seed as compared to the estimated viability derived from tetrazolium testing.
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management. Of note, CM reached 90% germination (of 
the seeds that germinated over the course of the experi-
ment) in the calcined clay on day 1 and SC on day 22. New 
Mexico Privet did not reach 90% germination until day 35. 
One factor that may explain why CM germinated so early 
in the calcined clay includes that certain species endemic to 
course soils tend to germinate more quickly when seeded in 
a coarsely textured substrate. Schutz et al. (25), worked with 
four separate Eucalyptus species, two endemic to sandy soil 
and the others to loamy soil. The authors seeded all species 
in both sand and a loamy soil substrate and noted that the 
Eucalyptus native to sandy soil germinated at faster rates in 
the sand than they did in the loamy soil, but the loamy soil 
species germinated at equal rates in both substrates.

In our study, New Mexico privet did not show a similar 
germination pattern to CM. However, it is noteworthy, that 
germination of this riparian NP was maximized in the cal-
cined clay in contrast to another riparian species examined 
by Beddes and Kratsch (3), silver buffaloberry [Shepherdia 
argentea (Pursh.) Nutt.]. The authors found that silver buf-
faloberry germinated at equal rates, varying from 42–54%, 
in all substrates, that included a commercial germination 
substrate; a self-blended substrate containing a mix of perlite, 
a calcined clay and sand; and a calcined clay. The substrates 
they used varied in water holding capacity similarly to ours. 
The difference between NP germination in this study and 
silver buffaloberry may be explained by the variability in soil 
moisture content in different areas of riparian zones where 
these species reside. The NRCS states that riparian areas 
encompass ecosystems occurring along water courses or 
water bodies different from surrounding lands due to unique 
soil and plant characteristics that are heavily infl uenced by 
free unbound water in the soil, and occupy transitional areas 
between the terrestrial (dry) and aquatic (wet) ecosystems 
(29). New Mexico privet is listed as riparian but as being 
upland obligate, which is defi ned as rarely being a hydrophyte 
and almost always in uplands portion of riparian zones (29). 
Conversely, silver buffaloberry is apparently more tolerant 
of permanently moist soil where, in the western United 
States, it is endemic along the edges of stream and river 
banks; the shorelines of ponds and lakes; and other areas 
with permanently moist soil (11). Where these species often 
occupy different zones within riparian ecosystems, it is not 
surprising that the seeds of NP did not germinate well in the 
substrates with greater water holding capacity.

Non-germinated seeds used in this work were not col-
lected post experiment for viability testing. However, we 
suspect that many seeds were detrimentally impacted by 
soil microorganisms in the self-blended and germination 
substrates, where excessive irrigation can lead to greater 

Fig. 1. Cumulative germination percentage of curl-leaf mountain 
mahogany, Stansbury cliffrose and New Mexico privet 
exposed to three substrate treatments including a calcined 
clay substrate, a self-blended substrate and a commercial 
germination substrate (n = 6). Germination was monitored 
for 60 days, no seeds germinated after day 56.
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Table 3. Relative differences in pore-space distribution, organic matter content and bulk density the germination substrate, self-mixed substrate and 
calcined clay substrate used for seed germination of curl-leaf mountain mahogany, Stansbury cliffrose and New Mexico privet (n = 3).

   Substrate properties

 Total porosity Water holding Aeration porosity Bulk density Organic mattery

Substrate (%) porosity (%) (%) (g·cm–3) (%)

Germination substrate 83cz 68c 15b 0.16b 83
Self-Blended substrate 74b 56b 18ab 0.17b 42
Calcined clay 61a 40a 22a 0.70a 0

zMeans separation within columns by Tukey’s HSD at P < 0.05. Numbers within these columns rounded to the nearest whole number.
yPercent organic matter was derived from the manufactures labels and not statistically analyzed.
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incidences of disease (17). Beddes and Kratsch (3), sus-
pected water-holding capacity and organic matter content 
caused low germination rates of roundleaf buffaloberry in 
substrates they worked with as compared to the calcined 
clay. They stated that the calcined clay most likely buffered 
the seed against detrimental effects of frequent irrigation. 
The USDA NRCS Plants Database further lists all three spe-
cies as being anaerobic intolerant, which suggests that seed 
could be detrimentally impacted in substrates with greater 
water-holding porosities.

Increased availability of ornamental, drought-adapted 
species is an important aspect of resource conservation. 
Unfortunately little production information exists concerning 
many of these species. We have shown that, of the substrates 
we tested, calcined clay optimized germination. Our data 
suggest this may be primarily due to the increased water-
holding porosity of the germination substrate and self-mixed 
substrate created by their organic matter content.

Further testing is needed, but we additionally expect that 
other similar commercially available organic matter rich 
substrates are detrimental to germination of these and other 
species endemic to arid areas with soils low in organic mat-
ter. Beddes and Kratsch (3) stated similar conclusions, and 
other examples exist where researchers recommend using 
growing substrates better suited to the particular crop being 
grown. One includes Bunt (6), recommending rhododendrons 
be produced in sharply drained soil due to winter root-rot 
being common in the species in substrates with excessive 
water-holding porosities.

The method we used to germinate seeds is easily replicated 
by commercial growers as all materials are readily available 
and inexpensive. However, further research is justifi ed in pin-
pointing the specifi c infl uences of organic matter, substrate 
pore size and soil microorganisms on germination of arid 
species, and into the usefulness and practicality of various 
calcined clay products available. A reason given as to why 
calcined clays have not been more widely used in the indus-
try is due to their high bulk density makes them diffi cult to 
handle (14). However, potentially useful calcined clays with 
lower bulk densities currently exist that deserve trialing.
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