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Significance to the Industry: Rice hull ash (RHA) is a byproduct from power plants
and is available to Louisiana growers at a low price. RHA can increase water and
nutrient holding capacity of pine bark or whole tree-based substrates thus increasing
water/nutrient use efficiency by the plants. However, irrigation practices may need to be
refined for optimum plant growth. In two greenhouse experiments, RHA was added to a
standard pine bark mix to evaluate its effect on substrate water holding capacity and the
growth of Double-red Knock Out® roses. Results indicated that RHA did not leach from
a standard pine bark mix and significantly increased water holding capacity at a 10%
(v:v) rate. Double-red Knock Out® rose plants grown in 10% or 20% RHA were larger in
size with greater dry weight by the end of a 12 week growing period compared with 5%
RHA or pink bark alone. Substrate pH was within the acceptable range for most
ornamental plants, but high EC levels in 20% RHA may be an issue for sensitive
species. Irrigation practices will need to be adjusted when RHA is used, and future
studies are needed for better understanding of RHA performance under natural rainfall
and outdoor conditions.
Nature of Work: Pine bark at various sizes is used as a main component of potting
substrates in the US where over 75% of nursery crops are grown in containers (9). In
recent years, increased use of pine bark as a biofuel has led to reduced supplies for
nursery growers. Rising costs and concerns over future availability have increased
growers’ interests in using alternative substrates such as whole tree-based materials. In
general, whole tree-based materials have lower water holding and ion exchange
capacities compared with pine bark at similar sizes, resulting in high leaching potential
of agrichemicals. Container nurseries apply on average 80 to 120 inches of irrigation
water in addition to the 70 to 90 inches of average annual rainfall in Louisiana. Irrigation
is applied daily, thus many growers prefer using substrates with a low water holding
capacity (personal communication with local growers). Studies have shown more than
40% nitrogen was leached out of containers over the first 3-mo of production (5) and up
to 80% of granular pesticide applied missed the application target (2), indicating
significant loss of production input and potential impact on local water quality. Substrate
selection and irrigation practices need to be refined for more efficient use of resources
(i.e., agrichemicals, water, and energy).
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Rice hull ash (RHA) is a byproduct of burning rice husk as fuel for boilers or electricity
generation. It is readily available in regions where rice is grown. It is estimated that
every ton of paddy produces ~80 pounds of RHA after burning. Rice hull ash screened
to 140 microns (Powell Corp., Lake Charles LA) contains about 87-97% silica with a
small amount of other trace elements. It has a pH ~4.2 to 5, hardness ~170 mg/L,
alkalinity ~50 mg/L, and chloride ~18 mg/L, all within permissible limits as a soil
amendment for field crops. Due to the high silica content, RHA has a porous structure
resembling a sponge and is high in both surface area and adsorbent capacity (1, 3).
Previous research indicates that tilling RHA into soil increased rice grain and straw
yields (6, 8), tomato yield (7), and quality of tobacco (4). However, no information is
available on its use as a substrate amendment in container production of nursery crops.
If RHA is to be used to increase water retention, irrigation frequency has to be adjusted
to grow healthy plants. However, few studies have investigated physical and chemical
properties of substrate amendments other than peat moss, and no study has
investigated the effects of RHA on nutrient and water retention of pine bark or whole
tree-based substrates and the quality of ornamental plants.
Materials and Methods: Experiment 1 was designed to answer these questions: 1) as
a fine ash, will RHA leach from containers? and 2) will RHA increase substrate water
retention in a 3-gal container? A total of thirty #3 containers (11.4 L) were filled with a
standard pine bark mix (see Table 1 for size composition) at a filling volume of 10.2 L,
leaving the uppermost 2” of the containers for irrigation. Treatments included pine bark
alone (PB) and PB+ 10% RHA (v:v) either thoroughly mixed in or incorporated into the
top 2” of the pine bark mix, with 10 pots of each treatment. As observed during mixing,
RHA settles within the air space among pine park particles and does not take additional
space. Containers were divided into two groups. Containers in group one were placed
on 5-gal buckets constructed to collect leachate from test containers irrigated with a drip
ring (3 emitters each at 1 gal/hr, Fig 1 left). Containers in group two were placed under
overhead irrigation, with each container placed on top of a 6” standard pot set upsidedown inside a 5-gal bucket with a plastic sleeve sealed to the container rim, covering
the bucket rim to collect leachate from the container and to prevent irrigation water from
collecting in the bucket (Fig 1 right). Each group was completely randomized and
contained 3 substrate treatments with 5 replications (containers) each. Containers in
both groups were irrigated with municipal water to the point of leaching and were
weighed (after 30 minutes) to determine maximum container capacity. Containers were
then weighed daily until container capacity (weight) dropped 20%±5% from the
maximum before irrigation was applied. Daily container capacities were recorded
throughout 3 irrigation events with about 8 to 10 days between watering, and leachate
samples were collected at each irrigation event, gravity filtered through a Whatman #41
filter paper, and inspected for RHA residual, which can be visually identified from the
pine bark brown residuals (black vs. yellow or brown).
In experiment 2, 32-cell tray liners of Double-red Knock Out® rose were received on
Nov. 12, Dec. 11, 2014, and Jan. 15, 2015. Trays were grown on greenhouse benches
and were ~9, 5, and 1 week old when potted into the green Knock Out containers
(larger than #3, 11.8 L) on Jan. 22, 2015. The various age groups were used to
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determine if plant response to RHA was affected by liner quality, which may decline
when liners have to be held for a period of time. The same pine bark substrate was
used and mixed with RHA at 0, 5%, 10%, and 20% v:v. The percentage is calculated
based on the same substrate filling volume (10.2 L) in Expt. 1, then mixed into the
container with 10.2 L PB. Because the ash does not take additional volume, final
volume of all containers remained unchanged even at the 20% RHA rate. A complete
NPK fertilizer with minor nutrients (OsmocotePlus 15-9-12 Southern, ICL Co., Tel Aviv,
Israel) was applied to all containers to provide 10 g N/container. Planted containers
were placed into a drip irrigation system with each pot sitting on top of a 5-gal bucket for
leachate collection (Fig 1, left). Containers were arranged in a randomized complete
block design with 3 age treatments x 4 RHA rate treatments with four replications
placed on separate benches (blocks). Each RHA rate treatment was irrigated
independently with different volumes to the point of leaching. All irrigation emitters were
selected to deliver irrigation amount within 5% of deviation from target amount. Irrigation
amount was monitored by catching water from a representative drip ring. Leachate
amount was collected by a beaker under each pot and measured. Plants were pruned
at 6 weeks after transplant (WAT) to mimic grower practices and were harvested at 12
WAT. Plant growth (height, widest width, and perpendicular width to the widest width,
dry weights of clippings at pruning and final harvest), tissue nutrient concentrations,
leachate pH and EC, were recorded and total-P, NO3-1 and NH4+ of the leachates were
analyzed. Volumetric substrate moisture content was monitored by GS3 sensors
(Decagon, Pullman WA) placed in representative pots for each RHA rate and recorded
every 30 min throughout the study. Only the most relevant results to growers’ practices
are presented here.
Results and Discussion: Expt. 1. Following the three irrigation events, only trace
amount of RHA was observed on filter papers for both overhead and drip irrigation. The
majority of the residual collected was pine bark dust, which was higher in PB compared
with the two RHA treatments. Therefore, RHA remained in this pine bark mix. The pine
bark mix contained 39.2% (by dry weight) fine particles (<3/32”, Table 1). Tests with
larger particle sizes of pine bark or whole tree-based materials are needed to confirm
that RHA will remain in the mix.
After the initial irrigation in the drip irrigated group, PB+10% RHA mixed in or topincorporated resulted in 3 and 3.5 times of water being held [(container weight(after 1st
irrigation) – container weight(before)) compared with PB, which were 1034, 1210, and 350 ml
of water, respectively (Fig 2). Because all mixes were uniformly moist without shrinkage
or free water at the time of potting, these numbers represent the actual water holding
capacity of these treatments from a nursery production point of view. By the 2nd drip
irrigation, RHA top-incorporated and mixed-in held 2.3 and 3.4 times of water compared
with PB. Pine bark was able to hold more water at the 3rd irrigation, yet the two RHA
treatments held 1.4 to 1.6 times of water compared with PB. This slow increase of water
holding capacity in pine bark was possibly caused by 1) formation of water channels
under each emitter as observed at the first irrigation, 2) pine bark was hydrophobic at
beginning, therefore water leached out before uniformly saturating the substrate.
Apparently, RHA absorbed water and promoted water dispersal among pine bark
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particles at the first drip irrigation. Over the three irrigation events, containers with RHA
mixed-in and top-incorporated held on average 761 and 900 ml more water than PB,
respectively, as calculated by [Average (container weight(PB+RHA) – container weight(PB) –
dry weight of ash, at each weighing over 30 days)].
With overhead irrigation, PB was thoroughly saturated after the initial irrigation.
Nevertheless, RHA mixed in or top-incorporated resulted in 1.8 or 2.0 times of water
held compared with PB, which were 1213, 1351, and 690 ml of water, respectively (Fig
3). By the 3rd irrigation, RHA treatments held ~1.6 - 1.8 times water as PB (Fig 3). Under
overhead irrigation, PB+10% RHA mixed-in or top-incorporated held on average 601 or
579 ml more water than PB. It was also observed with both irrigation types that, losses
in daily container weight due to evaporation were higher in RHA treatments than pine
bark only, possibly due to more continuous water column and capillary effects in RHA
mixes.
In Expt. 2, before the initial irrigation, adding 5%, 10%, or 20% RHA (v:v) slightly
increased container weight because of the weight of the ash (Fig 4). After the initial
irrigation, quadratic responses were found in container weight of the 4 RHA treatments.
Differences in plant weight among age groups did not affect the trend of container
weight in response to increasing RHA rate. Compared to PB which held 660 ml water
after the irrigation, 5%, 10%, and 20% RHA held 1071, 1526, and 2566 ml, respectively.
This positive response was significant throughout the experiment. In this experiment
with rose plants, we targeted irrigation at 20% water loss after the maximum container
capacities for each treatment were identified after each irrigation event, which translates
to container weight losses, for example, of 132, 214, 306, and 513 g for the PB, 5%,
10%, and 20% RHA, respectively, after the 1st irrigation. When container weights of a
treatment dropped within the range of container weight calculated for irrigation target ±
5%, that treatment was irrigated until leachate was observed. The maximum container
capacity and irrigation targets varied at each irrigation, yet this irrigation schedule
resulted in PB having the most frequent irrigation events but the least amount of
irrigation applied at each event and less amount of leaching at each event (Table 2).
The 20% RHA held more water and needed fewer irrigation events, but amounts of
irrigation and leaching were larger than PB at each irrigation (Table 2). Overall, adding
RHA reduced irrigation frequency but increased total water amount needed to maintain
the higher water holding capacity.
Plant age did not affect substrate pH and EC. There was no significant trend in the RHA
effect on leachate pH, which ranged from 4.8 - 6 and was appropriate for roses (Table
3). Leachate EC increased with increasing RHA rate and was 4.9 mS·cm-1 at the 20%
rate. Roses can tolerant high substrate EC, but EC at this level may be detrimental to
sensitive species. Plant age affected size index and cumulative dry weight (total dry
weight of clippings at the pruning and final harvest) in that, 9-week old plants at
transplant grew larger with greater dry weight than the other age groups (data not
shown). There was no statistical interaction between plant age and RHA rate, and plant
size was larger with greater cumulative dry weight at 10% and 20% RHA compared with
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5% or PB (Table 3). Plant quality assessed by a visual quality rating indicated that these
RHA rates also resulted in better overall quality than PB and 5% RHA (Fig 5).
In summary, the two preliminary experiments indicated that RHA will not leach from a
standard pine bark mix, will significantly increase water holding capacity at 10% and
20%, and has the potential to improve growth and quality of Double-red Knock Out®
rose. Compared to peat moss or compost, RHA is light in weight, less expensive, locally
available, free of weeds and pathogens, and unlikely to decompose and cause drainage
issues within the production cycle of most woody ornamentals. With these promising
results, more studies are needed to evaluate RHA effects in a longer production cycle,
under natural rainfall, and with other ornamental plant species.
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Table 1. Size composition and moisture content of each particle size in the standard
pine bark mix used in both experiments (n = 5).
Particle size
Size composition Moisture content
(% total dry weight) (% wet weight)
1” and above
3.9 d
29.1 b
1/2 ” to 1”
12.3 cbd
31.1 b
1/4 ” to 1/2 ”
22.0 b
35.1 b
3/16 ” to 1/4”
6.7 cd
31.1 b
3/32” to 3/16 ”
15.9 bc
33.0 b
<3/32”
39.2 a
68.9 a
Table 2. Average maximum container capacity, average irrigation and leachate
amounts, number of irrigation events, and total irrigation amount over 12 weeks of
growing Double-red Knock Out® rose in pine bark (PB), and PB+5%, 10%, or 20% rice
hull ash (RHA) across age groups in Expt. 2.
Treatments
PB
PB+5%
RHA
PB+10%
RHA
PB+20%
RHA
LSD0.05

Max. container
capacity (g)
5119 c
5147 c

Irrigation
vol. (ml)
224 c
312 c

Leachate
vol. (ml)
28 b
59 b

No. of
Events
25
22

Calculated total
irrigation (ml)
5600
6864

5576 b

451 b

94 ab

16

7216

6196 a

732 a

149 a

10

7320

157

126

88

-

-

Table 3. Leachate pH and EC in PB or PB + RHA at 5%, 10%, and 20%, and shoot
growth index and cumulative dry weight of Double-red Knock Out® rose grown in these
substrates after 12 weeks.
Treatments
PB
PB+5% RHA
PB+10% RHA
PB+20% RHA
LSD0.05

pH
5.2 b
5.97 a
4.78 c
5.11 b
0.31

EC
(mS·cm-1)
2.08 c
1.72 c
3.16 b
4.94 a
0.61

Shoot GI
(cm3)
6,219 b
10,505 ab
14,097 a
16,561 a
7,690
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Cumulative dry
weight (g)
7.5 b
8.2 ab
9.4 a
10.8 a
2.7
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Fig 1. In expt. 1, one group of pots were irrigated with drip rings and set up on 5-gal
buckets to collect leachate (left), and the other group were set under overhead
sprinklers and placed on an upside-down 6” standard pot inside a 5-gal bucket to collect
leachate (right).
Drip irrigation
4400
Pine bark
10% RHA mixed-in
10% RHA topdress

Total container weight (g/3-g pot)

4200
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2800
2600
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Fig 2. Total container fresh weights (container + substrate) of #3 pots filled with either
pine bark or 10% (v:v) RHA mixed in or incorporated into top 2” of the pine bark mix
over three irrigation events in Expt. 1 under drip irrigation.
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Overhead irrigation
4400
4200

Total container weight (g)

4000
3800
3600
3400
3200
3000
2800
2600

Pine bark
10% RHA mixed-in
10% RHA topdress

2400
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1st ir
3
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Fig 3. Total container fresh weights (container + substrate) of #3 pots filled with either
pine bark or 10% RHA (v:v) mixed in or incorporated into top 2” of the pine bark mix
over three irrigation events in Expt. 1 under overhead irrigation.
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Fig. 4. Total container fresh weights (container + substrate + plant) of pine bark, or pine
bark mixed with 5%, 10%, or 20% RHA (v:v) before and after the 1st drip irrigation event
in expt. 2.
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Fig 5. Photo of Double-red Knock Out® rose at 5 weeks after being planted into pine
bark (PB), or PB+5%, 10%, or 20% (v:v) rice hull ash. Plants were 1-week old 32-cell
liners at transplant.
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Influence of Shading on Container-Grown Flowering Dogwoods
Matthew W. Burrows, Donna C. Fare, Charles H. Gilliam and D. Joseph Eakes
Department of Horticulture, Auburn University, Auburn, AL 36839
mwb0020@auburn.edu
Index words: Cornus florida L. ‘Cherokee Princess’, C. f. ‘Comco No.1’ Cherokee
Brave™, container production, native tree
Significance to the Industry: Container-grown trees are an important product for the
nursery and landscape industry. These data show that bare root dogwoods can be
successfully grown when transplanted into container production. Shade treatments
regardless of color or density did have an effect on the plant growth of Cherokee
Brave™ and Cherokee Princess dogwood. Plants grown under 50% black and 50%
white shade cloth had more height growth than plants under 30% black shade cloth or
plants in full sun. However, plants responded more dramatically from July to September
than from February to July. Height and trunk diameter growth was greater between
August and September especially under shade treatments, whereas between February
and July growth was less significant. The lack of early season growth may be a result
of transplant shock of the bare root liners into container culture. Light intensity was not a
major component of fertilizer release patterns in the container substrate. More research
is needed to reduce the initial transplanting shock and refine the period and longevity of
shade type for container grown dogwoods.
Nature of Work: Flowering dogwood is considered an aristocrat of native flowering
trees of the U.S. and has a broad range extending through most of the eastern states
and westerly through Iowa and south to Texas (1). This species is one of the most
beautiful and important small flowering trees utilized in the nursery and landscape
industry. A multitude of species and cultivars of dogwood have been a staple in nursery
cultivation. Today, the demand for container-grown dogwoods has increased as the
demand for containerized trees has continued to grow over the last 20 years. However,
dogwoods are a challenging crop to produce in container culture, especially when bare
root liners are used as the initial transplant into containers, and have resulted in
unacceptable levels of mortality and poor growth. Reasons for poor dogwood growth
during the first growing season are anecdotally related to overwatering, underwatering,
over fertilizing, poor root structure, environmental stress, or transplanting delay from the
bare root harvest. Flowering dogwoods are considered an understory tree. Producers
are successfully growing other native understory species under shade cloth (5), but
most producers continue to grow container-grown dogwoods in full sun.
Studies have shown that media temperatures in black plastic containers can exceed
43.3C (110 F) in full sun (2). Shade treatments, 40% black or white shade cloth, were
used to reduce root zone temperatures after transplanting dogwoods into containers
and resulted in larger plants compared to plants grown in full sun (3). The objective of
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this research was to evaluate shade intensity and shade color on the growth of two
cultivars of bare root dogwood liners after transplanting into nursery containers.
Materials and Methods: On February 25, 2014, Cornus florida L. ‘Cherokee Princess’
and C.f. ‘Cherokee Brave™’, bare root flowering dogwood liners ranging from 45.7-60.9
cm (18-24 in) were obtained from a commercial nursery in Winchester, TN. Liners were
potted into a #5 nursery container (Classic 1600, Nursery Supplies, Chambersburg, PA)
with pine bark substrate amended with 3.3 kg (5.6 lbs.) 19-5-9 (19N-2.2P-7.5K)
Osmocote Pro 12 to 14 month controlled release fertilizer (Everris, Dublin, OH), 0.7 kg
(1.2 lbs.) Micromax (Everris, Dublin, OH) and 0.6 kg (1 lbs.) of AquaGro (Aquatrols,
Paulsboro, NJ) per m3 (yd3). Before plants were moved into their respective shade
treatments, height and trunk diameter measured at 15.2 cm (6 in) were recorded and
used to grade plants into replications for small, medium, and large size. Plants were
moved onto a gravel pad in full sun or into one of three shade treatment structures [2.4
x 3.0 m in size (8 x 10 ft)]: a 50% black, 50% white, or 30% black shade cloth (Dewitt,
Sikeston, MO). Each treatment was replicated four times and contained 8 plants of each
cultivar at an outdoor facility at the TSU Nursery Research Center in McMinnville, TN.
Cyclic irrigation was applied twice daily in early spring and increased to three
applications during periods of increased heat throughout the summer. Water was
applied using a 160° Spot-Spitter fan emitter (Roberts Irrigation Company, Inc., San
Marcos, CA). Leachate was collected bi-weekly from two plants of each species in
replication 1, 2, and 3. Electrical conductivity and pH (data not shown) were analyzed
using a Myron L Agri-Meter (Myron L Company, Carlsbad, CA) immediately after all
leachate samples were collected. The remaining leachate was then stored at 5.5C (42F)
until further analysis for ammonium, phosphorus, and nitrate levels.
The number of internodes were obtained from three branches at both 15.2 cm (6 in)
(data not shown) and 30.5 cm (12 in) from the tip down the stem. Leaf area was
recorded prior to harvest using a Cl-203 Area Meter (CID Bio-Science, Inc., Camas,
WA). Five mature leaves were selected from each plant and leaf area was recorded
(data not shown).
Two plants from each rep were harvested on July 7, 2014 and two additional plants
were harvested on August 13, 2014. Height, trunk diameter, leaf area, and internode
length were recorded for each plant. Plants were severed at the substrate level, all
tissue bagged and dried at 57C (135F) for 10 days to obtain shoot dry weight. The
substrate was gently removed from the roots with compressed air and all roots were
dried as described above to obtain dry weight.
The experimental design was a randomized block design with four replications of eight
plants per cultivar per experimental unit. All data were subjected to analysis of variance
with the GLM procedure of SAS (SAS for Windows Version 9.1, SAS Institute, Cary,
NC) and differences among treatments were separated by a Fisher’s least significant
difference, P<0.05.
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Results and Discussion: Plant growth. Regardless of the shade treatment, plant
height growth was similar during the growing season up through the July measurement
date with Cherokee Brave™ (Table 1). However, by August 2014, there was a
significant difference in height with Cherokee Brave™ among shade treatments
compared to full sun and this continued until the end of the experiment. White shade
cloth yielded the greatest height growth but overall both 30% and 50% shade provided
similar height growth. Plants grown under white shade were 48% taller and plants
grown under black shade were 42% taller than plants grown in full sun.
However, even with this increased height difference with Cherokee Brave™ in shade
treatments compared to the full sun treatment, there was only a 25% increase in total
shoot dry weight with plants grown under white shade and a 6% increase with black
shade (Table 1). Even with increased shoot growth, there was very little difference in
root dry weight. The 50% white shade had the greatest root dry weight followed by 30%
black, full sun, and 50% black treatments. The 50% white shade had the lowest root to
shoot ratio with 48% less roots than shoots followed by 50% black (52%), 30% black
(53%), and full sun (57%) (data not shown).
There were fewer internodes on the branches of Cherokee Brave™ grown under 50%
white shade at the July measurement than other treatments (Table 1). By the August
sampling date, all the shade cloth treatments had a similar number of internodes and
were fewer than plants grown in full sun. This trend held until the end of the experiment.
Mean trunk diameter was similar among treatments with Cherokee Brave™ at the July
measurement date with exception of the plants grown under 50% black shade cloth,
which was significantly less (Table 1). This trend continued until the end of the
experiment. Total trunk diameter growth (final measurement – initial measurement) was
the greatest in 50% white and 30% black treatments. Full sun and 50% black treatments
had the least trunk diameter growth with 50% black being the smallest.
Height growth with Cherokee Princess was similar among treatments at the July and
August measurement date (Table 1). By September, Cherokee Princess showed a
significantly greater increase in height with 50% shade cloth using either black or white
shade. Plants grown in full sun were 15% smaller than plants grown under 30% black
shade and 23% smaller than plants grown under 50% white shade. However, there was
only a 7% (30% shade) and a 2% (50% shade) increase in shoot weight as compared to
full sun treatments.
Root dry weight was the greatest in 50% white shade followed by 30% black, 50%
black, and full sun treatments (Table 1). There was no significant difference in root to
shoot ratio when analyzed by treatment, percent exposure, or shade color (data not
shown).
Plants grown in full sun had the largest trunk diameter on July 7 and was similar to
plants under 30% black and 50% white, but significantly different from plants grown
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under 50% black. Total trunk diameter growth (final caliper – initial caliper) was larger
in 50% white and 30% black followed by full sun and 50% black treatments (Table 1).
Interestingly, in July, the number of internodes on branches of Cherokee Princess were
largest when grown in full sun, but by August, the number of internodes were similar
among all treatments (Table 1). At the September termination, the number of internodes
had decreased to 4.6 on plants grown in 50% black shade compared to 5.5 on plants
grown in full sun.
Leaf area. Leaf area taken in July and August did not differ in Cherokee Brave™
whether plants were grown in shade or in full sun exposure. The same applies to
Cherokee Princess for leaf area recorded in July. The only significant difference
occurred in August with Cherokee Princess. Plants grown under 30% black (59.4) and
50% black (55.1) had a larger leaf area than full sun (49.6). Even though 50% white
shade and 50% black treatments provide the same amount of sun exposure, 50% white
(46.6) showed the smallest leaf area in August for Cherokee Princess (data not shown).
Light intensity. Phillips et al., reported that the light intensity with 20 or 55% shade cloth
or shade color did not affect plant growth (5). However, our data shows that height,
trunk diameter, and shoot dry weight were affected by the color of the shade and the
percent intensity of the shade. Our data did agree with Montague et al. (3) that dogwood
under 40% white shade had some growth parameters that were larger than black shade
at 30 or 50% and full sun and that any shade resulted in larger trunk diameters.
Root zone temperatures. Root zone temperatures during this study differed significantly
between treatments. Root zone temperature for full sun treatments were recorded up to
41.1C (106F) and often exceeded ambient air temperature. Phillips et al. (5) reported no
difference in ambient air temperature however, the root zone temperature was
significantly less with plants grown under white shade than plants under black shade.
The 30% black had root zone temperatures that exceeded 38.3C (101F). Root zone
temperatures were not greatly reduced until a 50% shade cloth was used. There were
very few days that root zone temperatures exceeded 37.7C (100F) in both 50% white
and black shade treatments. The highest temperatures recorded were on the southwest
side of the container, but temperatures over 37.7C (100F) were also recorded on the
northeast side of full sun and 30% black treatments (data not shown).
Container leachate. Container leachate collected from a subset of plants for both
Cherokee Brave™ and Cherokee Princess dogwood showed a similar response among
treatments for electrical conductivity, nitrate-nitrogen, and orthophosphate at most
sampling dates with the following exceptions (Fig 1 & 2.). On May 21, the electrical
conductivity, nitrate-nitrogen, and orthophosphate levels were lower than the shade
treatments; and orthophosphate had elevated levels on July 16 (full sun) and August 28
(full sun and 30% black) with Cherokee Brave™. The container leachate from Cherokee
Princess had similar levels of electrical conductivity, nitrate-nitrogen, and
orthophosphate at most sampling dates. As expected, electrical conductivity, nitratenitrogen, and orthophosphate were initially high and remained so for about 12 weeks
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after potting; then stabilized around 0.2 to 0.3 dS·m . So with either cultivar, light
intensity was not a major component of fertilizer release patterns in the container
substrate.
Shade treatments regardless of color or density did have an effect on the plant growth
of Cherokee Brave™ and Cherokee Princess dogwood. The plants grown under 50%
black and 50% white had more height growth than plants under 30% black or plants in
full sun. However, plants responded more dramatically from July to September than
from February to July. This may be a result of the transplanting shock of the bare root
liners into container culture. Light intensity was not a major component of fertilizer
release patterns in the container substrate. More research is needed to reduce the initial
transplanting shock and refine the period and longevity of shade intensity of container
grown dogwoods.
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Table 1. The effects of shade type on height and trunk diameter growth of Cherokee Brave™ and Cherokee Princess dogwood.
Total Height Growth (cm)
Shade Trtmts.

7-Jul Z

Total Trunk Diameter Growth (mm)

13-AugZ

14-Sept Z

7-Jul X

13-AugX

14-Sept X

Full sun
Black, 30 %
Black, 50 %
White, 50 %
lsd

24.7
32.5
31.5
35.5
12.5

aY
a
a
a

47.0
68.1
61.4
77.4
14.1

c
ab
b
a

48.5
81.1
85.7
92.9
9.5

c
b
ab
a

4.8
5.0
3.4
4.9
1.1

a
a
b
a

7.8
8.7
6.3
8.9
1.5

a
a
b
a

11.6
12.4
10.8
12.4
1.2

ab
a
b
a

Full sun
Black, 30 %
Black, 50 %
White, 50 %
lsd

34.6
37.1
37.4
43.5
13.1

a
a
a
a

50.7
58.7
59.9
64.9
16.1

a
a
a
a

50.5
69.5
86.8
83.5
11.3

c
b
a
a

5.1
4.2
3.7
4.7
1.0

a
ab
b
a

7.3
6.7
6.1
7.1
1.9

a
a
a
a

10.7
11.9
10.1
11.9
1.1

b
a
b
a

Z
X
Y

Shoot Dry Weight (g)

Root Dry Weight (g)

14-Sep

7-Jul

13-Aug

Number of internodes at, 30.5 cm

7-Jul
13-Aug
Cherokee Brave™
115.0 ab
218.1 a
129.4 a
243.8 a
87.5 b
172.1 b
128.1 a
245.6 a
29.8
44.5

14-Sep

13-Aug

14-Sep

285.0
328.3
279.6
383.3
41.1

c
b
c
a

32.5
35.0
22.5
30.6
10.3

ab
a
b
ab

68.8
85.6
61.9
89.4
20.7

ab
a
b
a

164.2
175.8
144.6
188.3
37.0

ab
ab
b
a

5.6
5.1
5.1
4.7
0.4

7-Jul
a
ab
ab
c

5.0
4.5
4.3
4.2
0.4

a
b
b
b

5.3
4.3
4.1
4.2
0.3

a
b
b
b

Cherokee Princess
118.1 a
216.9 a
91.3 b
201.9 a
85.0 b
168.8 a
108.8 ab
202.5 a
25.6
72.1

298.3
321.7
265.6
337.8
51.0

ab
a
b
a

33.13
31.25
23.13
30.63
11.19

a
a
a
a

76.9
75.0
59.4
90.6
30.6

ab
ab
b
a

150.0
198.3
161.7
203.9
46.5

b
a
ab
a

5.8
5.2
5.6
5.0
0.4

a
bc
ab
c

5.3
5.2
5.2
5.6
0.6

a
a
a
a

5.5
4.9
4.6
5.0
0.4

a
bc
c
b

Total height growth=Height measured on Sept 14, 2014-initial height measured on Feb 25, 2014.
Total trunk diameter growth=Trunk diameter measured on Sept 14, 2014-initial trunk diameter measured on Feb 25, 2014.
Means within columns followed by the same letter are not significantly different. Means separated using Fisher's protected LSD, α=0.05.
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Fig. 1. Electrical conductivity, nitrate, and orthophosphate levels in leachate from container grown
Cherokee Brave™.

Container Grown Plant Production

17

SNA Research Conference Vol. 60 2015

dS∙m

-‐1

Electrical conductivity

mg∙l

Nitrate-Nitrogen

mg∙l

Ortho-phosphate

Fig. 2. Electrical conductivity, nitrate, and orthophosphate levels in leachate from container grown
Cherokee Princess.
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Exploring the Influence of Particle Size on Plant Water
Availability in Pine Bark Substrates
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Index words: wet sieving, pressure bomb, substrate hydrology, fibrous additions,
Hyprop, substrate moisture characteristic curve
Significance to the Industry: Understanding how to manipulate hydrophysical
properties of pine bark substrates and the subsequent resulting changes in air space,
water holding capacity, and water availability can allow growers to understand the
capacity of their substrates to hold and deliver water to the plant, while maintaining
adequate air space for gas exchange. These insights have the potential to reduce water
consumption and subsequent nutrients over the course of producing a containerized
crop. Research herein revisits altering pine bark hydrology via selection of particle size
ranges by screening. Moreover, new tools can be utilized to better understand the
implication of resulting pore size as is it related to particle size and overall effect on in
situ water mobility. Research is returning to ways to improve existing substrate
components by manipulating or refining substrates through sieving pine bark or
subsequent blending with fibrous materials such as Sphagnum peat and coconut coir.
Considering monetary benefits associated with reduced water consumption, and
stronger regulations looming, the ability to produce a salable crop with less water and
few changes in other production practices can be a great advantage for nursery
growers. Wet sieving provides a cost effective means to engineer substrates from
conventional components.
Nature of Work: Freshwater is a finite resource. The United States Geological Survey
reports that nearly 40% of the freshwater used in the US is for irrigation of crops alone.
A container nursery may consume up to 19,000 gallons of water per acre per day during
a growing season (4). Growers of containerized plants generally utilize bark- or peatbased soilless substrates in order to achieve optimal growing conditions. Soilless
substrate components are considered to hold relatively little water as compared to
mineral soils, which results in need for more frequent water application as opposed to
field grown crops. However, water availability (i.e. proportion of water available to the
crop) and the corresponding controls are poorly understood. Therefore, excess water is
applied once or multiple times daily to reduce the risk of crop water stress and
subsequent reduction in crop growth or loss (5).
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Water held within a container is available for plant uptake only if it can be accessed by
roots. Generally, any water that comes in direct contact with plant roots can be
absorbed by the plant and used for physiological functions. Water held within pores that
is not in direct contact with plant roots must be mobilized across particle surfaces and
adjacent pores by reducing water potentials of the roots themselves. Decreased
hydraulic conductivity (i.e. ease of water to move through substrate pore spaces) has
been shown to reduce the ability for roots to obtain water the greater the distance the
roots are from available pore water (1). The relationship between hydraulic conductivity
and water availability has been further demonstrated in peat based soilless substrates
(2). However, further research is needed to understand the factors that affect hydraulic
conductivity (i.e. water mobility) and at what point (in relation to volumetric water
content) it becomes limiting to plant growth.
Hydrophysical properties of pine bark are dependent on the distribution of varying size
particles and the resulting pore sizes (6). Our study examined how screening moist pine
bark or blending specific particle size fractions with fibrous materials such as Sphagnum
peat moss or coconut coir pith may allow for higher percentages of container water
being available for plant uptake in soilless substrates. Higher percentages of available
water will likely reduce water required to produce a salable crop, as the plant will be
able to access higher proportions of the water retained in the substrate between
irrigation events, thus minimizing water stress under reduced or less frequent water
applications.
Materials and Methods: Aged pine bark (Pinus taeda L.; Carolina Bark Products, LLC,
Seaboard, NC) was piled approximately 5 ft (1.5 m) high and allowed to sit in an openair environment at the Virginia Tech Hampton Roads Agricultural Research and
Extension Center in Virginia Beach, VA for approximately 30 days in the summer of
2014. After this time, the moisture content (MC) of the bark was randomly sampled from
throughout the pile over the course of 7 days. The MC of the bark pile was measured at
67.3% 1.5 SE (n=5) by weight, and considered to be representative of a typical
nursery’s bark substrate MC. A sample of 9 ft3 (0.25 m3) was then removed by taking
bark from throughout the pile and placed in three, sealed plastic bags to allow the
moisture to equilibrate for 48 hours. Once equilibrated, the bark was sieved using a RoTap shaker (Model RX-29; W.S. Tyler, Mentor, OH) fitted with a column of 8” (20.3 cm)
diameter sieves with screen openings of 0.50” (12.7mm), 0.25” (6.3mm), 0.16” (4.0
mm), 0.08” (2.0 mm), 0.04” (1.0 mm), and a pan. Sieving the bark consisted of the top,
0.5” (12.7mm) sieve being loosely filled with bark [approximately 91.5 in3 (1500 cm3)]
before agitating the sieve column for 5 minutes. After the sieving, the contents of each
sieve were separated into individual buckets, which were filled with the same screen
size material via repeating this process until approximately 0.67 ft3 (0.02 m3) of each
sieve fraction was collected (Fig. 1). The average proportions of bark captured in each
sieve were as follows: 12.7 mm = 6.9% (± 0.17 SE), 6.3 mm = 23% (± 2.22 SE), 4.0 mm
= 19.5% (± 1.17 SE), 2.0 mm = 28.6% (± 0.9 SE), 1.0 mm = 19.4% (± 0.39 SE), and the
unders (bottom pan after passing through 1.0 mm sieve) were 2.7% (± 0.12 SE) by
weight. Buckets were kept sealed except when bark was being added, to retain
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moisture. The bark that remained in the upper sieve (above ½”) and the bark passing
through all screens (pan) were discarded.
Physical properties including air space, container capacity, total porosity, and bulk
density of each screen size fraction (excluding material captured in the ½” sieve and
bottom pan), as well as the unscreened bark were determined through porometer
analysis (3). Furthermore, samples of each sieve fraction and the unscreened bark were
dried at 221°F (105°C) for 48 hours and sieved again through the Ro-Tap shaker to
determine particle size distribution of each sieve fraction. Each of the four sieve
fractions plus the control was then analyzed using a Hyprop (Hydraulic PROPerty
analyzer; Decagon Devices, Inc., Pullman, WA) to test for the relationship between
volumetric water content, matric potential, and hydraulic conductivity.
Separately, the bark captured in the 4.0 mm sieve was also blended with varying
percentages of Sphagnum peat moss (Premier Tech, Quebec, Canada) or coconut coir
(Fibre Dust LLC, Glastonbury, CT) at 10, 20, 30, 40, and 50% by volume, respectively
(data not shown). Each material was analyzed for physical properties using the
porometer method to find physical properties similar to the unscreened bark. Both
fibrous materials were chosen to be mixed at 40% with the bark captured in the 4.0 mm
screen.
Each fraction size and the 4.0 mm screened bark amended with peat or coir were used
to investigate their effect on production Hibiscus moscheutos L. ‘Sweet Caroline’.
Research was carried out at Virginia Tech greenhouses (Blacksburg, VA). Plugs from
50 cell trays (North Creek Nurseries, Oxford, PA) were planted in true 1 gallon (0.0037
m3) containers (#1, 400c, Nursery Supplies, Kissimmee, FL), each filled with one of the
substrate treatments. Each substrate was replicated six times. Containers were watered
as needed and plants were allowed to grow until establishment (roots reached bottom of
container). Once established, irrigation was discontinued from half of the plants in each
treatment. When plants reached full wilt, a 5” section of the main stem was removed
from both the wilted and watered plants and water potential was measured in a
pressure bomb (PMS Instrument Co., St. Albany, OR).
Data were analyzed using SAS version 9.3 (SAS Institute, Cary, NC) using the general
linear model featuring a Tukey’s HSD means separation and a MANCOVA statement.
Hyprop data were corrected from between suctions of 0 hPa (total porosity) and 3.8 hPa
(container capacity) using values from porometer analysis to account for inaccuracies
with estimation of very wet volumetric water contents.
Results and Discussion: The process of sieving bark moist, as compared to sieving
dry, allowed fine sized particles to remain distributed across individual sieve fractions,
increasing total surface area and subsequent smaller pores. Thus, the individual
fractions were able to retain more water than if the finer particles were removed as if dry
sieved. For this reason, crops were able to grow in the differing substrates. The three
sieve fractions containing larger particles (6.3 mm, 4.0 mm, and 2.0 mm) all were
determined to have the highest total porosity, along with both the fractions blended with
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peat and coir (Table 1). Container capacity of wet sieved bark curvilinearly decreased
from 61% to 34% by volume with increasing screen size from 1.0 mm to 6.3 mm.
Conversely, air space curvilinearly increased 34% by volume when wet sieved with 1.0
to 4.0 mm screens. However, there was no notable change in air space when using 4.0
to 6.3 mm screens. Both 4.0 and 6.3 mm was comprised of 8% fines (< 0.71 mm) as
determined by dry particle size distribution. The aforementioned results can be
explained by the particle size distribution in which ≥ 58% of total particles occurred
surrounding the sieve size used. The two largest fractions (6.3 and 4.0 mm) were
similar in all physical properties while differing in their particle size distribution. The
unscreened bark had similar physical properties with the 2mm sieve fraction.
Substrate moisture characteristic curves allowed us to infer homogeneity in the pore
size distributions for the coarse sized material (Fig. 2 A & B), as the moisture
characteristic curves decline very steeply at relatively low tensions. As the substrates
transition to finer sized particles (Fig. 2 C & D) there is a more gradual decrease in
volumetric water content, thus a heterogeneous mixture of pore sizes similar to the
unscreened pine bark (Fig. 3). Therefore, we can infer that the hydraulic conductivity of
the finer materials is higher than that of the coarse materials.
The pressure bomb survey observations on the plants were fairly consistent across
treatments when the plants were fully hydrated (1.0 mm = 7.5 bar, 2.0 mm = 8.5 bar, 4.0
mm = 10.5 bar, 6.3 mm = 11 bar, 40% peat = 8 bar, and 40% coir = 9 bar), with all
treatments measuring under what is often considered the first sign of stress for plants
(aside from 6.3 mm slightly above this mark). However, when exposed to drought
conditions (no water for 5 days), the stem water potentials of the 1.0 mm (13 bar), 40%
peat (12.5 bar), and 40% coir (15.5 bar) were much lower than that of the 2.0 mm (21
bar), 4.0 mm (25.5 bar), and 6.3 mm (26 bar). From this, it can be hypothesized that the
screened bark with the additions of the fibrous materials were still able to access
adequate water under drought conditions to only experience moderate stress, as
opposed the coarse materials, with relatively low hydraulic conductivity, which were
experiencing severe stress as indicated by stem water potential.
As a result of the reduced stress levels in plants grown in the substrates with higher
hydraulic conductivity (i.e. 1.0 mm sieve and the substrates with peat and coir
additions), the authors hypothesize that these substrates provide more favorable
hydrophysical properties for low water production settings. Further investigation is
needed to determine how to best alter hydrophysical properties of soilless substrates,
and to further refine the optimal ranges for such properties.
Acknowledgements: The authors of this paper would like to acknowledge Mrs. Julie
Brindley and Dr. Marc van Iersel for their continued sharing of knowledge and support
with this project. Funding for this work was provided in part by the J. Frank Schmidt
Foundation, Specialty Crop Research Initiative, Virginia Agricultural Experiment Station,
and the Hatch Program of the National Institute of Food and Agriculture, U.S.
Department of Agriculture.
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Table 1. Physical properties and particle size distribution of individual sieve size fractions of aged
pine bark sieved at 67.25% moisture content.z
Physical properties
Particle size distribution
u
Container
Air
Total
Bulk
X-Large
Larget Mediums Finesr
capacityy spacex
porosityw densityv
(> 6.3 (2 - 6.3
(0.71-2 (<0.71
3
(% vol)
(% vol)
(% vol)
(g/cm )
mm)
mm)
mm)
mm)
Unscreened bark 51.2 bcq
6.3 mm screen
4.0 mm screen
2.0 mm screen
1.0 mm screen
4mm screen w/peat
4mm screen w/coir
Multivariate source
of variation
y

33.1 b

84.3 bc

0.16 b

--

--

34.8 d
38.5 d
48.2 c
61.5 a

52.4 a
51.4 a
39.1 b
17.7 c

87.2 ab
89.9 a
87.3 ab
79.3 c

0.13 c
0.14 c
0.16 b
0.23 a

73.19 a
0.90 b
0.07 b
0.04 b

56.9 ab
58.5 a

29.9 bc
31.9 b

86.8 ab
90.4 a

0.13 c
0.13 c

---

-------------------0.0001p-------------------

--

16.97 c
88.88 a
58.68 b
1.08 d
---

--

1.91 c
1.53 c
27.89 b
67.55 a

7.93 c
8.69 bc
13.36 b
31.33 a

---

---

-------------------0.0001-------------------

Container capacity is percentage of the sample volume occupied by water after allowing sample to
drain for 1h.
x
Air space is the percent of the sample volume occupied by air after allowing to drain for 1h.
w
Total porosity is the percent of the sample volume not occupied by solid particles (air space +
container capacity).
v
Bulk density is the dry weight of the sample (solid particles) ÷ total sample volume.
u
X-Large is the percentage by weight of the dry sample that is captured on a 6.3mm sieve (1/4”).
t
Large is the percentage by weight of the dry sample that passes through 6.3mm sieve and is
captured on the 2mm sieve.
s
Medium is the percentage by weight of the dry sample that passes through 2mm sieve and is
captured on the 0.71mm sieve.
r
Fines are the percentage by weight of the dry sample that pass through a 0.71mm sieve.
q
Means analyzed via Tukey’s Honestly Significant Difference, and different letters represent
statistical differences with α=0.05.
p
P value
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A

B

Figure 1: A) Photograph of individual fractions of pine bark sieved at 67.25% moisture
content and B) oven dried post-sieving (for visual purposes). (A&B) From left to right =
unders (passed through all sieves), 0.5mm (removed from experiment), 1mm sieve,
2mm, sieve, 4mm sieve, 6.3mm sieve, and 12.7mm sieve.
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Figure 2: Moisture characteristic curves attained from Hyprop analysis on individual
fractions of pine bark sieved at 67.25% moisture content. A) Captured in the 6.3 mm
screen, B) captured in the 4.0 mm screen, C) captured in the 2.0 mm screen, D)
captured in the 1.0 mm screen.
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Figure 3: Moisture characteristic curve attained from Hyprop analysis of the unscreened
pine bark.
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When to Fertigate: The Influence of Substrate Moisture Content on Nutrient
Retention in Containerized Crop Production
Simon McPherson, James S. Owen, Jr., Julie Brindley and Jeb S. Fields
Virginia Tech, Department of Horticulture, Hampton Roads Agricultural Research and
Extension Center, 1444 Diamond Springs Road, Virginia Beach, VA 23455
jsowen@vt.edu
Index Words: pine bark, Ilex crenata, nitrogen, phosphorous, leachate, nursery crop
Significance to Industry: The agriculture industry, including nursery and greenhouse,
is already absorbing rising fertilizer costs, averaging 9% in the decade from 2000-2010,
fueled by pressures on fossil fuel and phosphorous markets (1). Given these
challenges, the efficient fertilization of crops is, and will increasingly become, essential
to the profitability and sustainability of the industry. In an overview of water
management practices, Bilderback (2) reported that container leachate volume
correlates positively with irrigation volume. Thus, water application efficiency directly
relates to the use efficiency of mineral nutrients. Research herein investigates delivery
efficiency of mineral nutrients via fertigation when initial substrate moisture content
varies from dry (i.e. moisture content when conventional irrigation takes place) to wet
(i.e. requiring no irrigation). Efficiency was measured using effluent electrical
conductivity (EC) as a proxy for mineral nutrient leaching. Results indicate fertigation
efficiency (decreased nutrient leaching) of Ilex crenata curvilinearly increased as pinebark substrate moisture content increased from 38%, 44%, 50%, and 56%
(gravimetrically). This was in part because observable leaching occurred much sooner
(approx. 30 sec.) with lower substrate moisture content treatments. The authors
hypothesize mineral retention is aided by a more uniform distribution of water (and
mineral nutrients) as the result of increasing hydrating efficiencies at higher initial
moisture content. This is believed to be a result of decreased preferential flow (i.e.
channeling) at increasing moisture content (3); whereas, solute (water and mineral
nutrient) retention and distribution in the container was greater when fertigating pots
pre-hydrated (4). In conclusion, a fertigation event should not replace a scheduled
irrigation event. Knowing that when crops require irrigation, mineral nutrients applied via
fertigation will rapidly leach from containers, wasting resources and subsequent dollars.
Nature of Work: Globally, the pressures on the agriculture industry are increasing, and
showing little sign of easing. The UN projects an increase in world population to
approximately 9.6 billion by 2050 (5), putting pressure on agricultural producers, allied
suppliers and associated resources. In the future, agriculture will also have to face the
challenge of a projected increase in global resource demands, fueled by socioeconomic
and demographic factors resulting from an additional 2.4 billion people (2013 ≈ 7.2
billion) (5). Given these massive challenges, the containerized nursery industry cannot
be immune from these global trends. Nursery crop cash receipts alone were
approximately $3.8 billion, of which 66% was a result of containerized crops, in 2007
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(6). Timely and successful production of containerized crops relies on a balanced
approach to water and nutrient management, which are in part a function of the soilless
substrate utilized during production. Substrates differ widely in their physical and
chemical constitution. Therefore, the choice of components and resulting substrates are
key to successful containerized crop production. Understanding how a substrate
interacts with water and nutrients will allow growers to optimize resource efficiency by
implementing varying strategies dependent upon the substrate properties.
Wettability is considered to be an important factor in soilless substrate culture.
Research in the 1960’s by Letey et al. (7) described wettability as how easily a liquid
can spread over the surface of a soil or substrate particle. The authors consider
wettability to be a primary property influencing water distribution (and nutrient) within a
soilless substrate. Plaut et al. (8) reported wettability of soilless substrate influenced
hybrid tea rose growth by improving water-holding capacity. Bilderback et al. (2)
demonstrated soilless substrates have lower water holding capacity than soil, requiring
less water to be applied more frequently to minimize crop water stress. In a practical
sense, research indicates that container leachate volume and total mineral nutrient loss
will increase as irrigation application rate or total volume exceeds retention capacity of
the substrate. Mineral nutrient loss is also a function of the type of fertilizer applied (4).
Fare et al. (9) demonstrated that three spaced irrigation events (i.e. cyclic irrigation)
compared to a single irrigation event, both of which apply a total of 0.5 inch (13 mm) of
water, reduced container leachate volume by 34%. More recent research by Fare et al.
(10) found leachate volume could be further reduced by 54% and subsequent nitrogen
leached reduced by approximately 47% when using a 30 minute to two hour resting
phase form of cyclic irrigation, as opposed to continuous irrigation, both of which
exhibited similar growth index and root distribution. Results by Fare and her colleagues
support earlier research findings and imply that leaching is more prevalent in drier
substrates and water application should not exceed substrate capacity.
Research to date has primarily focused on irrigation scheduling or water application
quantity. Recently, Hoskins (4), investigating water and solute transport during irrigation
events, suggests pre-irrigation container moisture content has an effect on preferential
flow. Moreover, solute retention and distribution in the substrate was greater when
fertigating pre-hydrated containers. This research builds on these findings and the work
of others to suggest producers should consider pre-fertigation substrate moisture
content as a means to increase resource retention efficiencies. Research herein
investigates delivery efficiency of mineral nutrients via fertigation when initial substrate
moisture content varies from dry to wet.
Materials and Methods: On 23 February 2015, 40 Ilex crenata ‘Bennett’s Compactum’
liners were selected from 15 cell plug trays (Bennett’s Creek Nursery, Inc., Suffolk, VA)
and potted into #1 (2.7 L) containers (Model # T1G TL, Dillen Products, Middlefield, OH)
using aged pine bark (Sun Gro Horticulture, Inc., Elizabeth City, NC) amended with 3.0
lb•yd-3 (1.8 kg•m-3) ground dolomite (Rockydale Quarries Corporation, Roanoke, VA)
and 3.0 lb•yd-3 (1.8 kg•m-3) pulverized dolomite (Old Castle Lawn and Garden,
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Thomasville, PA). Plants were grown on an expanded metal bench in a greenhouse at
Hampton Roads Agricultural Research and Extension Center in Virginia Beach, VA for
85 days. Plants were arranged in a completely randomized design. Plants were pruned
to uniform baseline canopy architecture [approx. diameter of 4.7 inches (11.8 cm ± 0.4
SE); approx. perpendicular diameter 3.7 inches (9.3 cm ± 0.3 SE); approx. height of 4.3
inches (11.0 cm ± 0.2 SE)]. All plants received irrigation as needed and were fertilized
with 3.3 oz (100 ml) of a 236 ppm (mg•L-1) solution of Peters 20.0N-8.8P-16.6K
(General Purpose 20-20-20, JR Peters Inc., Allentown, PA), periodically (approximately
every 17 days) according to the standard cultural practices observed by commercial
growers. Substrate physical properties (Table 1) were determined using the North
Carolina State University poromoter method as described by Fonteno and Harden (11).
To ensure homogeneity all plants were thoroughly watered, and allowed to dry down to
their target moisture content only prior to laboratory data collection. On the day of data
collection, three plants from each moisture content treatment were randomly assigned
to receive deionized water or mineral nutrient solution influent. In total, there were three
groups receiving deionized water influent and three groups receiving nutrient solution
influent, each consisting of one plant at each of the four moisture contents. In order to
establish an initial pH and EC, an extra plant in each treatment was used to conduct a
pour through as described by LeBude and Bilderback, 2009 (12). Initial pH and EC were
5.91 ± 0.06 and 213.6 µS•cm-1 ± 8.4 SE, respectively. All other plants were weighed to
measure final moisture content prior to receiving water or fertilizer solution.
Moisture content targets were determined once roots began to explore the container
volume, defined visually as the roots being 80% of the way down the container wall.
Investigators identified 16% and 34% volumetric water content (38% to 56% moisture
content) range to be similar to what would be observed under normal production
conditions. Target weights were determined to be 2.48 lb (1125 g) for the lowest
moisture content (MC) treatment (MC1, 38%) and 3.64 lb (1650 g) for the highest
moisture content treatment (MC4; 56%). Target weights for remaining moisture content
treatment [MC2 (44% and MC3 (50%)] were determined at equidistant points.
The aforementioned water-soluble fertilizer was added, 2.63 ounces (74.8 grams), to
4.5 gal (17 L) of deionized water in a 5-gallon (19 L) bucket. The resulting solution had
an EC of ≈ 4000 µS•cm-1. A sample was taken from each bucket to measure influent EC
and pH using a bench top meter (Orion 4-Star) equipped with a 4-electrode conductivity
cell (DuraProbeTM) and pH electrode (Orion™ Model 91-72 Sure-Flow; Thermo Fisher
Scientific, Beverly, MA). The influent diffuser and plant container was placed into a
custom irrigation platform and leveled as described by Hoskins et al. (4). A 4-inch (10
cm) tall collar [7.5 inch (19 cm) diameter] was placed around each plant to ensure no
loss of applied influent. Fertilizer solution or DI water was poured into the 2.5 quart (2.4
L) influent diffuser, with perforated bottom, and the water level was quickly brought a
height of ≈1 inch (2.5 cm) while water was diverted away from the leveled container
below. Once flow was stable at 2.69 gal•hr-1 (2.83 ml•sec-1) the irrigation or fertigation
event began (initiation time = 0) and delivered ≈ 0.80” (20.3 mm) over the course of two
minutes and twenty-seven seconds before being diverted after completion of the
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irrigation or fertigation event.
Effluent was collected for a total of 900 seconds (15 minutes) after initiation.
Fractionations were collected in increments of 0.85 oz (25 ml) for the first 1.69 oz (50
ml), and 1.69 oz (50 ml) thereafter. Time was recorded when first leaching was
observed and when each incremental volume was reached. Electrical conductivity and
pH of each fractionation was measured and recorded. Containers were allowed to drain
for ≈13 minutes and then weighed to determine substrate final moisture content.
In order to determine root depth, the plant container was placed upside down in a tray,
and substrate gently scraped off in layers beginning at the bottom of the substrate and
the distance from top of the substrate surface to the first observed root measured.
Rooting depth was 5.6 inches (14.2 cm ± 0.4 SE).
Results were subjected to analysis of variance or linear and quadratic regression (α =
0.10) and subjected to Tukey’s range test (α = 0.05) where appropriate. Data was
analyzed using JMP® Pro version 10.0.2 (SAS Institute Inc., Carey, NC).
Results and Discussion: Average effluent EC of containers receiving only DI water
was 179 µS•cm-1 ± 7 SE. Initial moisture content or the quantity of leaching had little
effect on the EC. Results indicate fertigation efficiency (i.e. decreased nutrient
leaching) of Ilex crenata curvilinearly increased as pine-bark substrate moisture content
increased from 38%, 44%, 50%, and 56%. This was most apparent when reporting the
EC of leachate collected (Figure 1) when applying mineral nutrients. This was in part
because observable leaching occurred much sooner (approx. 30 sec.) when substrate
was drier (38% and 44%) than when at higher (50% and 56%) moisture content. When
applying water only, leaching was observed at approximately 32 seconds when
substrate at low moisture content versus 89 seconds when initial substrate moisture
content was 50% or greater. When applying solute, the time to observed leaching
increased with increasing initial moisture content (31, 40, 72, 90 seconds from 38% to
56% MC).
The authors hypothesize mineral retention is aided by a more uniform distribution of
water (and mineral nutrients) as the result of increasing hydrating efficiencies at higher
initial moisture content as observed by Fields et al. (3). This is believed to be a result of
decreased preferential flow at increasing moisture content; whereas, solute (water and
mineral nutrient) retention and distribution in the container was greater when fertigating
pots pre-hydrated (4). In conclusion, these results suggest nutrient leaching can be
reduced by fertigating when container moisture content is relatively high, rather than
relatively low. More research is needed to see if cyclic irrigation alone can mitigate
issues with channeling and subsequent resource inefficiencies.
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Table 1. Physical properties for a substrate comprised of 9:1 (by vol.) Pine-bark : sand
using the NCSU porometer method.
Db

TP

CC

AS

0.24

77

53

24

Db = Bulk density g•cc-1.
TP = Total porosity. Percent of substrate vol. comprised of pores or void space. (TP =
Volume of water to saturate substrate)
CC = Container capacity. Percent of substrate vol. comprised of water after free
drainage occurring as a result of gravity and atmospheric pressure. (CC = TP – volume
of water drained after saturation)
AS = Air Space. Percent of substrate vol. comprised of air at container capacity. AS =
TP - CC.
Median volume (ml)

1.0

13
38
75
125
175

Ratio of electical conductivity of influent in / out

0.8

0.6

0.4

0.2

0.0
0.15

0.20

0.25
0.30
Substrate volumetric water content (%)

0.35

Figure 1. Influent / effluent electrical conductivity ratio of incremental leachate
fractions when fertigating (mineral nutrient solution having an electrical
conductivity of 3820 µS•cm-1) Ilex crenata growing in a pine bark substrate
with varying water content.
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Predicting pH of Sphagnum Peat moss and Pine Bark Substrates Amended with
Ground and Pulverized Dolomitic Limestone
Jacob H. Shreckhise, James S. Owen, Jr. and Alexander X. Niemiera
Department of Horticulture
Virginia Tech, Blacksburg, VA 24061
jshreck@vt.edu
Index Words: dolomite, pH, Sphagnum peat moss, pine bark
Significance to the Industry: Amending container substrate with a mixture of ground
and pulverized dolomitic limestone (dolomite) is a recommended practice for nurseries
in the mid-Atlantic United States. Research herein showed that when amending with
10.5 or 14.0 lbs·yd-3 of 1 ground : 1 pulverized dolomite, pore-water pH (i.e., pH of
solution residing in container substrate pores) of pine bark and peat moss reached
equilibrium values in 15 and 7 days, respectively. Data were used to fit existing linear
and non-linear models that growers can use to calculate the amount of 50% ground
50% pulverized dolomite to yield a target substrate pore-water pH. Further research is
needed to investigate the stability of pore-water pH over time and under conventional
management practices (e.g., fertilization and irrigation) when amending with a blend of
dolomite particle sizes.
Nature of Work: Pine bark and Sphagnum peat moss have inherently low pore-water
pH values [i.e., ≈ 4.0 to 5.5 for pine bark (11) and ≈ 3.5 to 4.5 for peat moss (8)] for
containerized crop production, and are therefore commonly amended with limestone to
raise pore-water pH and consequently improve nutrient availability. Like calcite
(CaCO3), dolomite [CaMg(CO3)2] is effective at adjusting bark- and peat-based
substrate pore-water pH (6). Dolomite also supplies magnesium (Mg) to the plant, and
thus nursery crop growers prefer dolomite to adjust substrate pore-water pH.
The ability of dolomite to increase substrate pH is dependent upon inherent substrate
buffering capacity (3), as well as dolomite incorporation rate (1, 3, 6), calcium carbonate
equivalency (CCE) (10) and particle size (4, 6, 9). Dolomite particle size is particularly
important when amending with dolomite because it influences dolomite solubility;
dolomite grinds with smaller particles (e.g., pulverized) have a greater surface area and
are therefore more reactive than relatively coarse grinds (e.g., ground) (4, 7). For
example, Huang et al. (4) demonstrated that to increase pore-water pH of peat moss by
≈2 units, required dolomite-substrate incubation was 7 or 28 days when amended with
100–325 mesh or 100–60 mesh dolomite, respectively.
The commercial availability of ground and pulverized dolomite has enabled nursery crop
growers to amend with a mixture of dolomite particle sizes, improving longevity (short
and long term) of pore-water pH regulation in container substrates. This is
accomplished by amending container substrates with a ratio of 1 ground : 1 pulverized
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dolomite, which is a commonplace practice by nurseries throughout the mid-Atlantic
United States (13).	
  However, few published studies have investigated the substratedolomite incubation duration and dolomite rate needed to reach target pore-water pH
values in pine bark and peat moss when amending with a mixture of ground and
pulverized dolomite. The objective of this study was to examine the effect of dolomite
rate (50% ground and 50% pulverized) and dolomite incubation duration on pine bark
and peat moss pore-water pH.
Materials and Methods: In June 2014, aged pine bark (Pacific Organics, Henderson,
NC) and Canadian Sphagnum peat moss (Conrad Fafard Inc., Agawam, MA) were
moistened with potable water to obtain an initial moisture content of 55.5 ± 0.3% and
75.7 ± 0.4%, respectively. The two substrates were then each amended with 5 dolomite
rates (0.0, 3.5, 7.0, 10.5 or 14.0 lbs·yd-3) in a laboratory in Blacksburg, VA. For each
dolomite treatment, 1.5 ft3 of each substrate was mixed for 5 minutes in a small cement
mixer (≈5 ft3 capacity) and amended with equal parts of ground dolomite (97% CCE;
Rockydale Quarries Corporation, Roanoke, VA) and pulverized dolomite (94% CCE;
Old Castle Lawn and Garden, Thomasville, PA). For the ground dolomite, 100, 90, 50
and 35% of dolomite particles passed through US mesh sizes, 10, 20, 60 and 100,
respectively. For the pulverized dolomite, 100, 95, 90, 80, 72 and 54% of dolomite
particles passed through US mesh sizes, 10, 20, 40, 50, 60 and 100, respectively. After
mixing, four 0.25 ft3 aliquots of amended substrate were transferred from the cement
mixer into respective 30 gal plastic bags. A portion of this pine bark and peat moss was
stored in a lidded 5 gal bucket and later analyzed for substrate physical properties (i.e.,
total porosity, container capacity, air space and bulk density; Table 1). All plastic bags
were sealed to prevent evaporative water loss and stored in darkness at an ambient
temperature of 73 ± 2°F. The experiment was a completely randomized design in a
complete factorial arrangement, with four replications per treatment.
Pore-water extracts were collected using ≈25 in3 substrate from each bag via the
saturated media extract method (12) at 4, 7, 15, 20 and 40 days after experiment
initiation (DAI) for pine bark and 4, 7, 21 and 49 DAI for peat moss. The remaining
substrate in each plastic bag was then mixed by hand, weighed to ensure moisture
content was constant between sampling dates, sealed and stored (as previously
described) until the subsequent sampling date. Once extracts were obtained, used
substrate was discarded. Substrate pore-water pH was measured for each extract using
a Hanna HI 9813-5 instrument (Hanna Instruments, Woonsocket, RI). Mean initial pH
values for non-amended pine bark and peat moss were 4.1 ± 0.1 and 3.7 ± 0.1,
respectively.
Non-linear regression (pine bark substrate) and linear regression (peat moss substrate)
were utilized to assess the effect of dolomite rate on pH within sampling dates. Effect of
incubation duration, lime rate and the incubation duration x lime rate interaction on pH
were determined using analysis of variance (P ≤ 0.05). Treatment means were
separated using Tukey’s honest significant difference means comparison at the P ≤
0.05 level. All data analyses were performed using JMP Pro 11 (SAS Institute, Cary,
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NC). Since pore-water pH values at 0 DAI were obtained from 4 repetitions of non-limed
substrate, these values were excluded from analyses.
Results and Discussion: Pore-water pH values in pine bark amended with 3.5 to 14.0
lbs·yd-3 dolomite were stable (i.e., unaffected by incubation duration) after 15 DAI,
indicating the dolomite-pine bark reaction had equilibrated sometime between 7 and 15
DAI (Table 2). However, pine bark pore-water pH values were within the optimal nutrient
availability range for container-grown plants (2) by 4 DAI. Similar pH equilibrium times
and pH adjustment rates were reported by Elliott (3) when pine bark was amended with
pulverized dolomite. From 20 to 40 DAI, pore water pH values for the 3.5 lbs·yd-3 lime
treatment were lower than the 7.0, 10.5, and 14.0 lbs·yd-3 rates with no pH differences
between these higher rates. Thus, amending pine bark with >7.0 lbs·yd-3 of 1 ground : 1
pulverized dolomite may only be useful for increasing residual dolomite supply for longterm pH buffering and , Mg and Ca supply.
Peat moss pore-water pH values for substrate amended with 3.5 or 7.0 lbs·yd-3 dolomite
were the same (P ≤ 0.05) from days 4 through 21 but were higher at day 49 (Table 3).
For peat moss amended with 10.5 or 14.0 lbs·yd-3, equilibrium pH was attained by 7
DAI. In contrast to pine bark in which there was no pore-water pH difference between
the 7.0, 10.5, and 14.0 lbs·yd-3 dolomite rates after 20 DAI, peat moss pore-water pH
increased significantly with each increase in lime treatment, regardless of incubation
duration.
Regression equations show the pH response over lime rate for pine bark (Figure 1) and
peat moss (Figure 2). Since no incubation duration x lime rate interaction was observed
(P ≤ 0.05) and to ensure models represented pH at equilibrium, pore-water pH values
were pooled over 20 and 40 DAI for pine bark and 21 and 49 DAI for peat moss. A peak
pH value was not established for peat moss pore-water in this experiment. However,
Elliott (3) showed that pH does not continue to increase linearly when dolomite rate is
increased from 13.5 to 27 lbs·yd-3 dolomite. Thus, one should take caution when using
provided models to estimate dolomite rate to achieve a higher pH than values observed
in this experiment.
Regression equations predict pore water pH and thereby can be used as an
approximate guide for growers to determine how much ground and pulverized lime to
add to their substrates to reach a target pH value. One should realize that these
equations should only be used for estimating initial pore-water pH since practices such
as irrigation and fertilization also influence pH and were not considered in this study.
Furthermore, the pH-altering effect of nutrient uptake and root exudates may also
influence pH and should be taken into consideration when determining lime rate.
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Table 1. Substrate physical properties (n = 3) of aged pine bark and Sphagnum peat
moss measured at experiment initiation
Substrate

Total porosityz
(% vol.)

Container capacityy
(% vol.)

Air spacex
(% vol.)

Bulk densityw
(g·cm-3)

Pine bark

85 ± 1.6v

63 ± 0.3

22 ± 1.4

0.21 ± 0.0

Sphagnum peat
moss

92 ± 0.5

85 ± 0.2

7 ± 0.4

0.11 ± 0.0

z

Total porosity is the % sample volume occupied by air and water (air space + container
capacity) after allowing sample to drain for 1 hour.
y
Container capacity is the % sample volume occupied by water after allowing sample to
drain for 1 hour.
x
Air space is the % sample volume occupied by air after allowing to drain for 1 hour.
w
Bulk density is the sample dry weight (solid particles) ÷ total sample volume.
v
Sample mean ± standard error

Table 2. Effect of dolomite rate (applied as half ground and half pulverized) and
incubation duration on aged pine bark pore-water pH

4
7
15
20
40

0.0
4.53 a
4.68 a
4.63 a
4.63 a
4.68 a

3.5
6.23 b
6.05 b
6.33 b
6.30 b
6.23 b

Lime rate (lbs·yd3)
7.0
10.5
6.68 bc 6.80 c
6.38 c
6.60 cd
6.60 c
6.78 cd
6.60 c
6.68 c
6.78 c
6.85 c

HSD critical value

0.37 y

0.31

0.24

0.20

0.27

P-value

0.001

<0.001

<0.001

<0.001

<0.001

Incubation duration
(days)

14.0
6.83 c
6.65 c
6.75 c
6.75 c
6.90 c

P-value
<0.001
<0.001
<0.001
<0.001
<0.001

z

Means within row followed by the same letter are not significantly different based on
Tukey’s HSD at the P ≤ 0.05 level.
y
HSD critical values separate means within columns at the P ≤ 0.05 level.
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Table 3. Effect of dolomite rate (applied as half ground and half pulverized) and
incubation duration on Sphagnum peat moss pore-water pH.
0.0
3.80 az
3.78 a
3.58 a
3.93 a

3.5
4.35 b
4.35 b
4.28 b
4.70 b

Lime rate (lbs·yd3)
7.0
10.5
5.05 c
5.80 d
5.08 c
5.98 d
5.08 c
5.93 d
5.30 c
6.18 d

HSD critical value

0.20y

0.17

0.18

0.27

0.32

P-value

0.001

<0.001

<0.001

<0.001

<0.001

Incubation duration
(days)
4
7
21
49

14.0
6.18 e
6.40 e
6.38 e
6.68 e

P-value
<0.001
<0.001
<0.001
<0.001

z

Means within row followed by the same letter are not significantly different based on
Tukey’s HSD at the P ≤ 0.05 level.
y
HSD critical values separate means within columns at the P ≤ 0.05 level.

7.0

6.5

6.0
p
H
5.5

5.0

4.5

4.0

0

3.5

7.0
-3
Lime rate (lbs·yd )

10.5

14

Figure 1. Regression relationship for dolomite rate and pine bark pore water pH pooled
over 20 and 40 DAI using a non-linear exponential regression model [y = 6.82 −
2.17*Exp(−0.39x)].
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14

-3
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Figure 2. Regression relationship for dolomite rate and Sphagnum peat moss pore
water pH pooled over 21 and 49 DAI using a linear regression model (y = 3.78 + 0.20x;
R2 = 0.99).
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Dealing with the Poo: Utilizing Swine Lagoon Compost as an
Amendment to Pine Bark
M. Terri Williams, Helen T. Kraus and Elizabeth D. Riley
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Helen_Kraus@ncsu.edu
Index Words: substrate, swine lagoon waste, Musa velutina H.Wendl & Drude
Significance to Industry: There are several alternative substrate choices available for
use in the nursery industry. However, before implementing a new substrate mix into an
operation there are several factors that need to be considered such as impacts on plant
growth, nutrient availability within the substrate, and changes to fertility programs. This
study utilized a 9:1 (v/v) pine bark:swine lagoon compost substrate with varying nitrogen
(N) fertilizer rates (12.5, 25, 50, 100, and 200 mg·L⁻¹) to examine the impacts on shoot
and root growth of Musa velutina. However, shoot and root growths were not impacted
by the varying N rates.
Nature of Work: In response to the decreased availability and increased cost of the
traditional nursery substrate, pine bark, growers and suppliers have instigated research
into alternative substrate amendments to extend the amount available (9). With many
alternative substrates available, growers are looking for the most locally available media
with the least increase in cost, and the ready availability of swine lagoon waste is an
attractive option.
In North Carolina there is a significant production of hogs comprising 23,389,026 of
North Carolina’s 401,313,896 billion dollar farm cash receipts (5). The application of
swine lagoon compost (SLC) at 20% has been shown to increase plant dry weight as
much as 58% more than pine bark in a greenhouse setting (3). It has also been
reported that the shoot dry weights of bermudagrass (Cynodon dactylon L. Pers.),
sweet corn (Zea mays L. var. silver queen), sorghum (Sorghum bicolor L. var. DK-54),
and field bean (Phaseolus vulgaris L. var. blue lake) in the Ap horizon of a Norfolk
sandy loam soil mixed with processed swine lagoon solid were similar or superior to
growth with a conventional inorganic fertilizer (0, 125, 250, 500, 1,000 mg N kg⁻¹; 0, 25,
50, 100, 200 mg total P kg⁻¹) (2). Incubation studies showed pelletized processed swine
lagoon solids were an adequate source of phosphorus, but some plants, such as row
crops, would require supplemental application of nitrogen (1). The objective of this study
was to evaluate the impact on plant growth from the addition of swine lagoon compost
to pine bark, fertilized with varying nitrogen rates.
A study was conducted as a randomized complete block design with four replications
and five nitrogen (N) rates to evaluate plant growth in a substrate composed of pine
bark amended with swine lagoon compost (9:1 by vol.) (n=20). An industry control
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substrate (8:1 pine bark:mortar sand, by vol.) amended with 1.4 kg.m-3 (3 lbs.yd-3)
dolomitic lime was included for comparison (n=4). Swine lagoon waste was dredged
from a lagoon in Garland, NC (Murphy Brown, LLC, Warsaw, NC) and dewatered using
a polymer (PT1051, PolyTec Inc., Mooresville, NC) and a geotextile bag. The
waste/polymer mix was pumped into the bags where the water filtered out and was
pumped back into the lagoon. The waste/polymer mix in the bag was allowed to drain
for two years before use, resulting in swine lagoon compost (SLC). Once removed from
the bag, the SLC was spread on plastic and allowed to air dry for two weeks.
On February 5, 2015 seedlings of Musa velutina H.Wendl & Drude were potted into 3.8
L (1gal) containers filled with either the 9:1 pine bark (PB): SLC or the industry control
substrate. The plants were grown in a greenhouse (80F day/65F night temperature) with
natural irradiance and photoperiod. Ammonium nitrate (34.9-0-0) was used to mix
fertilizer solutions of varying N rates: 12.5, 25, 50, 100, and 200 mg·L⁻¹ to be applied to
the 9:1 PB:SLC substrate. A complete fertilizer (20-10-20) (Peters’ Professional,
Everris, Dublin, OH) was applied to the control substrate and supplied 100 mg·L⁻¹ N.
Concentrated stock solutions of each N rate and the industry control nutrient solution
were applied with a fertigation system using low-volume spray stakes (PC Spray Stake,
Netafim, Ltd., Tel Aviv, Israel) and a Dosatron D16I proportional injector (Dosatron, Inc.,
Clearwater, Fla.). Between each treatment the Dosatron and appropriate irrigation lines
were flushed with DI water, drained, and primed with the next treatment before
application.
Leaching fractions (LF = volume leached ÷ volume applied) were measured every two
weeks and irrigation volume was adjusted to maintain a 0.2 LF. Irrigation water
contained an average of 0.83 mg.L-1 N, 0.21 mg.L-1 P, and 3.44 mg.L-1 K with a pH of
7.83. Additionally, substrate solution was collected every 2 weeks using the pourthrough nutrient extraction method (10). Substrate solution electrical conductivity (EC)
and pH were determined via a combination EC/pH meter (HI 8424, Hannah
Instruments, Ann Arbor, MI).
After 7 weeks, shoots were removed and roots were washed free of substrate. Shoot
and root dry weights (dried at 140F for 4 days) were determined and used for growth
comparisons. After drying weights were measured, samples were submitted to the
North Carolina Department of Agriculture and Consumer Services, Agronomic Division,
Raleigh, NC for grinding and tissue analysis of N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, B,
and Na.
The data were subjected to ANOVA and regression analyses and means were
separated using single degree of freedom, linear contrasts and were considered
significant at P < 0.05.
Results and Discussion: Neither shoot nor root growth were affected by N rate (Table
1). There were also no significant differences between the industry control shoot
growths when compared using contrasts to the SLC with varying N rates (Table 2).
However, numerically shoot growth was greater in the SLC substrate compared to the
Container Grown Plant Production

42

SNA Research Conference Vol. 60 2015

industry control for all N rates except 50 mg.L-1 N (Table 1). Root growth in the industry
control was larger when compared to the SLC substrate for all N rates (Table 1 and 2).
Shoot growth in the SLC substrate was 0.27% greater than industry control substrate
while root growth in SLC was reduced by 0.29% in comparison to the industry control.
Plants grown in the SLC amended substrates with all N rates resulted in greater N, P, K,
Ca, Mg, Fe, and Mn foliar concentrations than plants grown in the industry control (data
not shown).
In conclusion, the addition of N to substrates amended with SLC did not enhance shoot
or root growth. This may indicate that extra nitrogen fertilizer may not be necessary
when growing certain crops such as Musa velutina in the SLC amended PB substrates
at a 9:1 ratio. Further research needs to be conducted to see how different crops grow
in the SLC amended substrates. Also, the amount of nutrients in the effluent from the
containers needs to be evaluated to ensure that excess pollutants are not exiting the
production system.
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Table 1. Effect of varying nitrogen rates on Musa velutina shoot and root dry weights
grown in a 9:1 (v/v) pine bark:swine lagoon compost substrate.
Treatmentz
12.5 mg.L-1
25 mg.L-1
50 mg.L-1
100 mg.L-1
200 mg.L-1
Control

Shoot Dry Weight (g)
8.0y
8.2
8.2
7.3
8.0
6.3

Root Dry Weight (g)
8.9x
8.4
8.7
7.1
6.9
12.5

ANOVAw

NS

NS

NS
NS

NS
NS

v

Linear
Quadratic
11)

z

The treatments consisted of a 9:1 (v/v) pine bark:swine lagoon compost substrate
fertilized with 12.5, 25, 50, 100, or 200 mg.L-1 nitrogen (N) and a control substrate of 8:1
(v/v) pine bark:mortar sand, substrate fertilized with a 20-10-20 fertilizer at 100 mg.L-1 N.
y
Shoot dry weight data are from means of four replications.
x
Root dry weight data are from means of four replications.
w
ANOVA effect of N rate. NS=nonsignificant.
v
Regression analysis. NS=nonsignificant.
Table 2. Linear contrast significances for varying nitrogen rates added the 9:1 (v/v) pine
bark:swine lagoon compost substrate compared to an industry control.
12)

Shoot Dry Weighty

Root Dry Weight

Control vs. 12.5 mg.L-1 Nz

NSx

0.0193

Control vs. 25 mg.L-1 N

NS

0.0090

Control vs. 50 mg.L-1 N

NS

0.0142

Control vs. 100 mg.L-1 N

NS

0.0011

Control vs. 200 mg.L-1 N

NS

0.0007

13)

z

The treatments consisted of a 9:1 (v/v) pine bark:swine lagoon compost substrate
fertilized with 12.5, 25, 50, 100, or 200 mg.L-1 nitrogen (N) and a control substrate of 8:1
(v/v) pine bark:mortar sand, substrate fertilized with a 20-10-20 fertilizer at 100 mg.L-1 N.
y
Shoot and root dry weight means for each N rate were compared using linear contrasts
to the control.
x
Linear contrasts were considered significant at P < 0.05. NS=nonsignificant.
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Significance to Industry: Stress-resistant ornamental plants are critical to meet the
demands of green industry for sustainability as they create opportunities to increase
plant quality and decrease input costs for growers and landscapers. A new Nandina
domestica (nandina) variety with glossy red foliage in the fall has been selected at the
University of Georgia. Yet little information is known about how this new nandina
selection is tolerant to drought condition in the field. This study examined the growth of
the nandina seedlings at different substrate volumetric water contents (volume of
water/volume of substrate, VWC) to determine its drought tolerance. The results
showed that nandina seedlings could grow at substrate VWC of 30% or above, at which
plants grew about 90% bigger with better visual quality over the seven-week period
compared to those irrigated at VWC of 20%. Such information may help growers and
landscapers make more informed decisions regarding plant selection and irrigation
management.
Nature of Work: Nandina domestica, a species in Berberidaceae, is commonly known
as nandina or heavenly bamboo. It is native to eastern Asia from the Himalayas to
Japan and widely planted in gardens as an ornamental plant. It can be grown in a range
of soil types, but prefers moist and well-drained soil (1, 2). Nandina has white flowers in
terminal panicles and bright red berries ripening in late autumn and often persisting
through the winter. Selections for foliage, fruit, and growth habit dominate the
marketplace. There are 65 cultivars named in Japan (3) and 40 cultivars described by
Dirr (1, 2). A new nandina selection with glossy red foliage in the fall has been selected
at the University of Georgia (Fig. 1). The drought tolerance of this new selection
remains unclear.
To systematically investigate plant response to drought condition in the field, more
frequent assessments of drought tolerance rather than anecdotal observations are
needed. Field trial is a standard and reliable method to evaluate plant drought tolerance.
However, it needs a larger plant population and often requires years to get accurate
results. Moreover, the occurrence of drought conditions in the field is unpredictable.
Sensor-based automatic irrigation system described by Nemali and van Iersel (4) could
efficiently irrigate plants to a desired level. This system allows control over the rate at
which drought stress is imposed on plants. Therefore, it provides an effective way to
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generate reliable data within two to three months on plant drought tolerance based on
the growth and physiological parameters.
The objective of this study was to evaluate the relative drought tolerance of new
nandina selection in a greenhouse. The growth of nandina seedlings at different
substrate volumetric water contents (volume of water/volume of substrate, VWC, L·L-1)
controlled by sensor-based automatic irrigation system was investigated.
Materials and Methods: On 15 May 2014, nandina seedlings (~ 10 cm in height) were
received from the University of Georgia and were transplanted into six-inch pots (13.5 ×
13.5 × 4.5 cm) filled with Metro-Mix 360 (Canadian sphagnum peat moss 45-55%,
vermiculite, composed bark, dolomite lime; SunGro®, Agawam, MA). Plants were
watered with a water-soluble 15N-2.2P-12.5K fertilizer solution (Peters 15-5-15 Peat-lite
special; The Scotts Co., Marysville, OH) at a nitrogen concentration of 105 mg·L–1 using
a fertilizer injector (Dosatron International, Inc., Clearwater, FL). On 4 June 2014, plants
were transplanted into 5.8-L black poly-tainer containers (22.5 x 19.5 cm) filled with
commercial substrate Metro-Mix 902 (50-60% bark, canadian sphagnum peat moss,
vermiculite and coarse perlite, and dolomitic limestone; starter nutrient charge with
gypsum and slow release nitrogen; SunGro®, Agawam, MA). Seedlings were watered
with the same water-soluble 15N-2.2P-12.5K fertilizer solution to container capacity.
Containers were then irrigated at one of the three substrate VWC set points: 0.20 L·L-1
(20%), 0.30 L·L-1 (30%), and 0.40 L·L-1 (40%) using a sensor-based automated
irrigation system similar to that described by Nemali and van Iersel (4). One 10HS
capacitance sensor (Decagon, Pullman, WA) was inserted perpendicularly into the
substrate in a randomly selected container in each treatment. The sensors were
connected to a CR10 datalogger (Campbell Scientific, Logan, UT) through a AM416
multiplexer (Campbell Scientific), and the voltage output was measured every 5 min.
The datalogger was programmed to convert voltage to substrate VWC using a
substrate-specific calibration equation (VWC = -75.146 + 198.344 × voltage – 69.747 ×
voltage2, R2 = 0.996***). The datalogger compared the VWC in each treatment with the
VWC set point for that particular treatment. As soon as the VWC in a container dropped
below the set point for irrigation, the datalogger sent a signal to the 16-channel SDMCD16AC relay controller (Campbell Scientific), which opened the solenoid valve (X13551-72; Dayton Electric Co., Niles, IL) corresponding to that treatment for 40
seconds. Each container was watered with one dribble ring (Dramm, Manitowoc, WI) at
a diameter of 15 cm with five emitter holes per ring. The dribble ring was connected to
pressure-compensated drip emitter (8 LPH; Netafim USA, Fresno, CA) with an average
flow rate of 2.1 gallon per hour. The temperatures in the greenhouse were maintained at
33.9 ± 6.0 °C (mean ± standard deviation) during the day and 27.1 ± 4.5 °C at night.
The daily light integral (photosynthetically active radiation) was 17.7 ± 1.7 mol·m-2·d-1.
Plant height (cm) and two perpendicular widths (cm) were recorded every two weeks.
Height was measured from pot rim to the tallest point of the plant. Growth index was
calculated as (height + width 1 + width 2)/3. On 22 August 2014 (77 days after
treatment), visual quality of every plant (leaf marginal burn and necrosis) was rated on a
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score of 0 to 5, where 0 = dead, 1 = severe (over 90%), 2 = moderate (50-90%); 3 =
slight (<50%), 4 = good quality with minimal foliar damage; and 5 = excellent without
any foliar damage. Shoots were cut off at the substrate surface and dried for three days
at 65 °C, after which dry weight (DW, g) was determined.
The study was designed as a randomized complete block design with two blocks, three
VWC thresholds as treatments, four replications per treatment, and four seedlings per
replication per block. Analysis of variance (ANOVA) was performed using PROC GLM.
Means separation among treatments was conducted using Tukey’s HSD multiple
comparison. All statistical analyses were performed using JMP 11 (SAS Institute Inc.,
Cary, NC).
Results and Discussion: All nandina seedlings survived when they were irrigated at
VWC of 30% or 40% (Fig. 2). However, only 56.3% nandina seedlings survived at VWC
of 20%. Substrate water content significantly affected the visual quality of nandina
seedlings with better visual quality of plants at higher VWC (P < 0.0001; Fig. 2).
Nandina seedlings had significant foliage damage with an average visual score of 1.5
when they were irrigated at VWC of 20% (Fig. 2). Nandina seedlings grown in a
substrate with a VWC of 30% and 40% had similar average visual scores of 3.7 and 3.6,
respectively.
Substrate water content also significantly impacted the plant growth (P < 0.0005) and
biomass accumulation (P = 0.01) of nandina seedlings (Fig. 3). Nandina seedlings grew
much faster when they were irrigated at higher water content. During the seven-week
period, the growth index of nandina seedlings increased by 94% and 84.7% when they
were irrigated at VWC of 30% or 40%, respectively. While nandina seedlings grew at
VWC of 20%, the growth index only increased by 21.6%. Nandina seedlings produced
more biomass at VWC of 30% and 40% than those at 20% (Fig. 3). Compared to those
grew at VWC of 20%, the dry weight of nandina seedlings increased by 76.6% and 81%
when they were irrigated at VWC of 30% or 40%, respectively. These results could
explain authors’ observation at the campus of the University of Georgia where nandina
plants exhibited different growth rate along the slope behind Clark Howell Hall (Fig. 4).
In conclusion, nandina plant growth was reduced by drought stress. Compared to those
irrigated at VWC of 20%, nandina seedlings grew about 90% bigger over the sevenweek period when they were irrigated at VWC of 30% or above with better visual
quality.
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Fig. 1. Nandina selection with beautiful glossy red fall foliage at the University of
Georgia Horticulture Farm (Watkinsville, GA; photo taken on 13 Nov. 2014).
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Fig 2. Survival rate and visual score of nandina seedlings irrigated with a soil moisture
sensor- controlled automatic irrigation system at three substrate volumetric water
content thresholds for 77 days. Visual quality (leaf marginal burning and necrosis) was
rated for every plant on a score of 0 to 5, where 0 = dead, 1 = severe (over 90%), 2 =
moderate (50-90%); 3 = slight (<50%), 4 = good quality with minimal foliar damage; and
5 = excellent without any foliar damage. Same lowercase letters above column bars are
not significantly different among treatments by Tukey’s HSD test at P < 0.05.
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Fig 3. Growth index and dry weight of nandina seedlings irrigated with a soil moisture
sensor-controlled automatic irrigation system at three substrate volumetric water
content thresholds for 77 days. Growth index was calculated as (height + width 1 +
width 2)/3. Same lowercase letters above column bars are not significantly different
among treatments by Tukey’s HSD test at P < 0.05.
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Fig. 4. Nandina plants exhibited different growth rate when they were planted along the
5 degree slope behind Clark Howell Hall at the University of Georgia. The plants at the
bottom grow faster than those on the top because of the higher soil water content at the
bottom of the slope.
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Significance to the Industry: A routine leaching fraction (LF) monitoring program can
be used to adjust irrigation to maintain a low LF and thus maximize irrigation efficiency.
Because container nursery managers can be reluctant to devote labor to new tasks, our
objective was to determine the labor associated with routine LF testing so that the costbenefits of adopting this management practice could be better evaluated. Results from a
nursery that has adopted LF testing indicated that the costs were very low ($0.002 per
container per year for sprinkler-irrigated small containers up to $0.09 per container per
year for micro-irrigated large containers on 3 irrigation cycles per day) compared to
other routine tasks in the nursery. The results should be useful for nursery managers
considering adopting LF monitoring to improve irrigation efficiency in their nurseries.
Nature of Work: Leaching fraction is the volume of container leachate (drainage)
collected relative to the volume of irrigation water applied to the container. The method
for measuring LF and thus the labor requirement to conduct the task depends in part on
the irrigation system. For overhead sprinkler irrigation, containers must be weighed
before and after irrigation to determine the volume of irrigation applied to the container.
Weighing is needed because the plant canopy can affect how much irrigation water
enters the container (1) and simply catching sprinkler irrigation water in a ‘catch-can’ will
not reflect the true amount that is captured by a container with a plant. With microirrigation (e.g. spray-stake) systems that directly apply water to the container, the
volume of water applied to the container is not affected by the plant canopy and thus
can be determined by simply collecting water from an emitter. In this case, weighing of
containers is not needed and labor per container is reduced. For both irrigation
systems, leachate must be collected and measured so neither system has a labor
advantage in this regard.
Materials and Methods: We evaluated labor costs associated with routine LF testing at
Saunders Brothers (SB) nursery located in Piney River, VA. At SB, LF tests were
conducted routinely on three representative containers per irrigation zone. The average
of three LF tests was used to make irrigation decisions for that zone and often other
adjacent zones of the same or similar species and stage of growth. It is typical for LF
tests for a given zone to be repeated once every three to four weeks throughout the
growing season. Typically only one person handles the responsibility but when weighing
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containers in sprinkler-irrigated areas, a second person can improve the speed if not the
efficiency of conducting the test. On eight days during the summer of 2014 we had the
LF tester record the time it took to conduct LF tests. If more than one person was
conducting the LF tests, then labor was adjusted to the equivalent man-hour. The time
to conduct LF tests included time needed to gather and store the testing equipment
(scale, leachate collection pails) as well as to enter the data into a spreadsheet in an
office computer. The total number of containers that were irrigated based upon the
average LF of the three plants was also recorded so that labor associated with LF
testing could be reported on a per-container basis. We separated the labor associated
with LF testing of sprinkler-irrigated crops from that of micro-irrigated crops. Sprinkler
irrigated plants included containers ranging from trade #1 to trade #7 while microirrigated (spray-stake) plants were grown in trade #15 containers.
Results and Discussion: Labor and associated costs for LF testing of sprinklerirrigated plants are given in Table 1. The cost for LF testing of smaller (≤trade #3)
container-grown plants averaged $0.0001 per container per test or $0.0017 per year.
Cost of LF testing for sprinkler-irrigated trade #7 containers was approximately 10-fold
higher. The higher cost was due more to the reduced number of containers being
produced per LF test than the increased time and effort to conduct LF tests on the
larger and heavier containers. Evidence for this is the finding that man-hours per LF
test averaged 0.29 for trade #3 or smaller containers and 0.35 for trade #7 containers.
Thus, man-hours for LF testing of trade #7 containers was only 20% higher than for the
smaller trade #1 and #3 containers.
Labor costs associated with LF testing for micro-irrigated plants grown in trade #15
containers are given in Table 2. A LF test required 0.66 man-hours (9.2 hours/14 tests)
for each irrigation cycle tested. Based on this rate and the number of containers
irrigated, the cost for one day’s LF testing would be $0.0017, $0.0034, and $0.0052 per
container, respectively, for 1, 2, and 3 cycles per day irrigation schedules. On an
annual basis, this comes to $0.03, $0.06 and 0.09 per container.
The added information gleaned from testing each irrigation cycle if cyclic irrigation is
practiced is valuable, particularly if the start times for each irrigation cycle are far apart.
For example, if one irrigation cycle was in the late morning and a second cycle in late
afternoon, individual LF tests for each cycle would indicate if run times are similar for
both cycles. If different run times are indicated by LF tests on each cycle, then the start
times may need to be changed if both cycles are to have the same run time.
We can obtain a general estimate of the total annual labor cost of LF testing in a
nursery if we evaluate costs on a production area-basis and assume tri-weekly LF
testing and a wage rate of $10/hour. For each acre of sprinkler-irrigated production with
four LF-tested zones per acre, annual labor costs would range from $200 (0.29 manhour per test for ≤trade #3 containers) to $240 (0.35 man-hour per test for #7
containers). Similarly, for each acre of micro-irrigated production with 2 LF zones per
acre, annual labor costs would be $220 assuming an average man-hour per LF test of
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0.66. If cyclic irrigation was practiced and LF tests were run on each cycle, these
estimated costs would be increased in direct proportion to the number of cycles tested.
While the benefits of LF testing are difficult to measure objectively, Saunders Brothers
found in a given 4-month period that water savings (and pumping costs) from LF testing
were 43% (2). Other indirect benefits included improved plant quality, increased
agrichemical efficiency, and reduced chlorine demand. We hope the information given
herein will help make informed decisions regarding the cost for implementing routine LF
testing programs in other container nurseries.
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Table 1. Labor costs associated with LF testing of sprinkler-irrigated container-grown plants.
No.
Total
containers
Container
labor
No.
irrigated
Annual cost for triz
y
Container
diameter
(manLF
based on LF
Cost per LF test
weekly LF testing
trade size
(inch)
hours)
tests
test
($/container)
($/container/year)
9
#1
6.5
2.54
243,000
0.000104
0.00177
8
#3
10
1.96
313,600
0.000063
0.00106
29
#3
11
8.65
646,000
0.000134
0.00228
5
#7
14
1.77
13,200
0.001343
0.02283
51
All
15.40
1,217,900
0.000126
0.00215
z
Based on a wage rate of $10/hour
y
Based on 17 LF testing days per year

Table 2. Labor costs associated with LF testing of micro-irrigated (spray stake) plants grown in trade #15
containers.
No.
irrigation
No. containers
Annual cost of triy
x
cycles in LF Total labor
No. LF
irrigated based on Cost per LF test
weekly LF testing
test
(hours)
tests
LF test
($/container)
($/container/year)
1

9.2

14

53135

0.0017

0.029

2

z

18.3

28

53135

0.0034

0.059

3

z

27.5

42

53135

0.0052

0.088

z

extrapolated
based on wage rate of $10/hour
x
based on 17 LF tests per year
y
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