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Abstract

Container production of ericaceous plants requires maintenance of a long-term substrate pH of ZloetoBjéctive of the study was
to examine the &cts of incorporated elemental sulffarrous sulfate, and aluminum sulfate on long-term pH suppression in an agidic
container substrate irrigated with highly alkaline wabMorthcountry’blueberry liners were planted into a peat/pine bark based contajiner
substrate containing one of sixfdifent commercial amendments for pH reduction at thréer€lift rates of actual sulfur: 0.89 kg S/m
(1.5 b Slyd), 1.78 kg S/m(3 Ib S/yd), and 2.67 kg S/f(4.5 Ib. S/yd). After fourteen weeks, only one elemental sulfur treatment had

a substrate pH significantly lower than untreated substrate pH. Elemental sulfur particle size played a role in ability to control substrate
pH.

Index words: acidification, alkalinity aluminum sulfate, container media, ferrous sulfate, substrate, Satfcinium.

Species used in this studyaccinium x ‘Northcountry’L.

Significance to the Nursery Industry amendments that couldfef long-term pH suppression, at a
Maintenance of a low pH in container substrates is a con- low cost, would be of significant importance to the nursery

cern for many nursery growers throughout the couniys- industry in the production of ericaceous nursery crops.
ery crops such agaccinium spp.,Rhododendron spp., and .
Hydrangea spp. are often finished as container stock and re- INtr oduction
quire a low substrate pH for optimal growth. In the Upper  The use of elemental sulfur and other soluble sulfur prod-
Midwest container stock is often irrigated with water having ucts to acidify soil in field production of blueberries has been
a pH of 7.5 or greater and high levels of total carbonates well established (2, 8,1). Similarly in container production
which can result in increases in container substraté\piA. of blueberries, nursery growers require a low substrate pH
with minimum inputs. Numerous studies have examined the
N - L effects of aluminum sulfate, ferrous sulfate, and wettable
Received for publication January 21, 2005; in revised form March 12, 2006.

Minnesota Experimentt&tion #041210140This research was funded in sulfur prOdUCts.On container substrates (3' 56,7, 12)' Oth-
part by Bailey Nurseries, Inc. and the Minnesota Nursery and Landscape €IS have examined thefetts of top-dressed elemental and

Association. sulfate materials (12). Few studies, howeveve focused
Horticultural Research Scientist afgsociate Professorespectively on incorporated elemental sulfur and sulfate compounds
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which may ofer long-term acidification of container sub- These six sulfur compounds were manually incorporated

strate with a one-time application at potting. into the base substrate prior to potting at threferdint rates
One potential benefit from the addition of a sulfur product of sulfur content (0.89 kg Si(1.5 Ib S/yd), 1.78 kg S/

is maintaining a low substrate pH. Blueberries and other eri- (3 Ib S/yd), and 2.67 kg S/tn(4.5 Ib. S/yd), in a factorial

caceous crops require a pH between 4.0 and 5.5 for optimalarrangement (six products at thredetiént rates) in a ran-

growth (3, 7, 1, 17). In the Upper Midwest, container nurs- domized complete block desighwelve replications of un-

ery stock is often irrigated with well water having both high treated substrate were also randomized within the experiment

pH (>7.0) and lage amounts of total carbonates (alkalinity to track temporal change in untreated substrate pHesseat

or ‘hardness’)This often results in substrate pH values ris- by irrigation water

ing above a taet range of 4.0 to 5.5 within two months in All elemental sulfur products were sifted using a SS

container production (9, 14). Consequerdlbyid injection or SandShaker mechanical sieve (Keck Instruments, Inc.,

repeated applications of an acidifying product are usually Williamston, MI) to determine percentage and size of the

necessary to keep pH from rising to an unacceptable levelvarious sulfur particles in each formulatiorabife 1).

over time (1, 13). Little research has explored tfiecef of ~ Twelve uniformVaccinium x ‘Northcountry’liners were
incorporated sulfate and elemental sulfur materials on pH in randomly assigned to each treatment and rate combination
a highly oganic container substrate. Petereta. (11) found and untreated substrate replications and planted into #1 nurs-

that blueberry growth in soil was significantly increased with  ery containers 16 cm wide x 17.5 cm tall (6.30 in wide x

the addition of sulfur product3his work, howevermade 6.89 in tall) (Nursery Supplies Inc., Chambershu) on

use of a soil that was already considered unsuitable for blue- june 19, 2002. Plants were irrigated using a drip irrigation

berry production due to the addition of limestone. Most pre- system on an automatic timer set to deliver approximately

vious yvork has focused on thdegfts of sulfur an_d/or sulfate 600mL (20 fl 0z) of water two times daily every other day

materials on substrates that already have a high pH. Irrigation volume was decreased and frequency was increased
The objective of this study was to critically examine the on July 1, 2002, to deliver approximately 500 rfl7 fl 0z)

use of a one-time incorporation of various sulfur sources for two times a day until the conclusion of the experiment. Be-

season-long substrate pH suppression. ginning on July 17, 2002, irrigation water was collected ev-
) ery two weeks and analyzed for pH and total carbonates
Materials and Methods (CaCQ mg/liter).

A growth substrate developed by a local nursery grower for ~ Prior to containerization, five substrate samples from each
use specifically with ericaceous plants was used as the basdreatment were collected for initial substrate pH analysis. Sub-
substrate in this studyhe composition of this substrate was: strate samples were also collected bi-weekly to track changes
25% reed-sedge peat, 25% sphagnum peat, 30% composteéh substrate pH asfatted by the treatments. Final substrate
red pine Pinus resinosa) bark, and 20% composted plant samples from each container were collected on September
materials amended with a complete, controlled-release fertil- 25, 2002All substrate samples consisted of a 20 mm x 175
izer 18N-2P-10K (Harre#’ 18—-6—12, Pursellechnologies, mm (0.79 in x 6.89 in) column representing the entire height

Inc., Sylacaugail) at a rate of 5.93 kg/fg10 Ib/yd). of substrate in the contain@ubstrate pH was measured us-
Six sulfur compounds were evaluated for theieetfve- ing a 1:1 v:v water extraction method using deionized water
ness at maintaining a low substrate pH: as the extractant (18) and measured in the supernatant as de-

1) prilled elemental sulfur (90% S) éWowstone Sulfur scribed by Elliott (6) an@homas (16) using an Orion 290A

Granules, Montana Sulfur Co., Billings, MT) meter and Orion model 9107BN gel filled pH electrode
2) flaked elemental sulfur (99.9% S)dNowstone High- (Thermo Orion, BeverlyMA).

Purity Flaked SulfyrMontana Sulfur Co., Billings, MT) Dry shoot and root mass were measured to evaluate the
3) ground elemental sulfur (90% S) (Agri-Sul, Caldwell effects of the difierent treatments on biomass production and

Computer Corporation, DallagX) root:shoot ratioAfter fourteen weeks, shoots were removed
4) ground elemental sulfur (88% S) (Sol-U-Sul, National at the soil line and the roots were washed of substrate to de-

Sulfur Co., MidlandTX) termine dry weight. Plants were dried at 60C (140F) for a
5) ferrous sulfate (25% S) (Iron-Sul, Duval Sales Co., Hous- minimum of 21 days before weighing. final substrate

ton, TX) sample was collected from each replicate to measure the level
6) aluminum sulfate (21% S) (Delta Corporation, Baltimore, of soluble salts (EC) using a 3:1 v:v extraction with deion-

MD). ized waterSoluble salts were measured usiné\gn-Meter

Table 1. Particle size distribution of elemental sulfurformulations based on pecentage of total mass collected at each of nine sen sizes.

Mesh opening (mm)

Sulfur formulation 2.46 1.83 1.02 0.76 0.66 0.38 0.23 0.15 <0.15
(%)

Prilled — 90% Sulfur 99.44 0.13 0.2 0.14 0 0 0 0 0

Flaked — 99.9% Sulfur 53.91 20.29 20.2 4.07 0.3 0.25 0.1 0.08 0.13

Ground — 90% Sulfur 32.61 26.25 26.63 11.96 1.36 0.81 0.08 0 0

Ground — 88% Sulfur 16.64 19.41 29.7 16.83 4.82 7.83 1.67 0.74 0.87

ZElemental sulfur compounds were collected at various sized mesh screens after shaking through Keck SS Sandshaker mechanical hand sieve.
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Fig. 1. Mean substrate pH of containergrown ‘Northcountry’ blue-

berry and irrigation water pH and total carbonates sampled
and tested evey 2 weeks oven 14-week period. pH values &
based on averages on each sampling date for irrigation water
(n = 4) and untreated substrate (n = 12). Emr bars indicate
standard error (SEM).

(Myron L Co., Carlshad, CA) to determine electrical con-
ductivity in deciSiemens/meter (dS/m).
Descriptive statistics, univariate analysis of variance, and

significant diferences in substrate pH, substrate soluble salts,

pH data from the untreated substrate using Dursnetést
function in SPSS with a levels of significancePat 0.05
andP = 0.01 (19)After statistical analysis, data was trans-
formed back into pH units for reporting using the equation

pH = —log(x).

Results and Discussion

All plants survived for the duration of the experiment and
did not exhibit any foliar symptoms indicating a nutrient de-
ficiency. The lack of chlorosis or other pH related foliar symp-
toms would suggest that high pH stress had not occurred.

The irrigation water used for this study was considered
generally unsuitable for nursery productidvater pH val-
ues ranged from 7.67 to 8.06 and total carbonates ranged
from 175 to 210 mg/liter CaC@ver the course of the study
(Fig. 1). Baileyet al. (1) and Robbins and Evans (13) sug-
gest keeping irrigation water pH between 5.5 and 7.0 and
total carbonates less than 100 mg/liter Ca@® general
nursery production.

After fourteen weeks, substrate soluble salts varied sig-
nificantly depending on treatmentadle 2). Prilled elemen-
tal sulfur, ground elemental sulfur (90% S), and ground el-
emental sulfur (88% S) treatments all at the two highest rates
had significantly higher soluble salts than untreated substrate
at the end of the experimentafdle 2). Swansodt al. (15)
suggest keeping soluble salts for water extraction below 1.00
dS/m for salt-sensitive plants. In these treatments, soluble
salts ranged from 0.41 to 0.66 dS/m over that recommenda-
tion. Howeverthere were no observed symptoms of exces-
sive salt buildup over the course of this study

and dry mass between treatments were determined using the Mean dry shoot and root mass and root:shoot ratio in treated
general linear model function of SPSS (19). Data recorded plants did not dfeer significantly from untreated plantsadle

in pH units collected from irrigation wateuntreated sub-

strate, and all treatments were transformed prior to statisti-

cal analysis using the equation x =P0Untransformed pH

2).
There was significant interaction between treatment and
rate in initial mean substrate pHRt 0.05 Aluminum sul-

data from treated substrate were compared to untransformedate and ferrous sulfate treatments at the high rate (2.69 kg S/

Table 2. Mean initial substrate pH, final substrate soluble salts (EC), final shoot andoot dry weights, and final oot:shoot ratio in ‘Northcountry’
blueberry after 14 weeks as &écted by various incorporated sulfurtreatments.

Initial Final Final Final Final
Sulfur substrate substrate shoot dry root dry root:shoot
Treatment content Rate pH Ec weight weight ratio
(%) (kg/m?) (dS/m) ()] (9

Prilled Elemental Sulfur 20 0.89 4.37 1.24 30.49 25.71 0.8877
Prilled Elemental Sulfur 90 1.78 4.68 1.44** 31.87 34.66 1.1295
Prilled Elemental Sulfur 20 2.67 4.69 1.56** 27.14 20.57 0.7665
Flaked Elemental Sulfur 99.9 0.89 4.59 1.01 29.35 20.92 0.7134
Flaked Elemental Sulfur 99.9 1.78 4.48 1.22 26.23 19.64 0.7355
Flaked Elemental Sulfur 99.9 2.67 4.46 1.08 28.49 28.97 1.0216
Ground Elemental Sulfur 20 0.89 4.52 0.83 30.72 23.69 0.7732
Ground Elemental Sulfur 90 1.78 4.53 1.41* 26.16 23.86 1.0136
Ground Elemental Sulfur 20 2.67 4.24 1.66** 30.37 27.06 0.9547
Ground Elemental Sulfur 88 0.89 4.54 1.12 28.49 22.12 0.7996
Ground Elemental Sulfur 88 1.78 4.37 1.52%* 27.20 26.63 1.0188
Ground Elemental Sulfur 88 2.67 4.27 1.66** 28.00 27.58 1.0377
Iron Sulfate 25 0.89 4.31 0.80 30.45 33.51 1.1175
Iron Sulfate 25 1.78 4.41 1.07 28.52 35.62 1.3060
Iron Sulfate 25 2.67 3.98* 1.04 26.71 24.43 0.8749
Aluminum Sulfate 21 0.89 4.16 0.55 25.54 28.60 1.0373
Aluminum Sulfate 21 1.78 4.19 0.65 31.71 32.82 1.0604
Aluminum Sulfate 21 2.67 3.97* 0.59 28.41 24.86 0.9263

“Mean separations in columns by Dunrsetitest aP = 0.05 (*) orP = 0.01 (**) indicating treatments that resulted in mean value that is significaridyedif

from untreated substrate mean value.
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Fig. 2. Mean substrate pH of container grown ‘Northcouribtyeberry treated with six dédrent sulfurbased compounds at threefeliént rates. Substrate
samples were collected every 2 weeks over a 14-week period. Mean separations within dates by Bueshet = 0.05 (*) orP = 0.01 (**)
indicating treatments that resulted in substrate pH that is significarftyedif from untreated substrate pH. Error bars indicate standard error (SEM).

m?®) had significantly lower initial substrate pH than untreated the experiment progressed, the elemental sulfur compounds
substrate pH, remaining significantly lower until July 17, were most likely slowly oxidized, thus suppressing substrate
2002. Initial pH was not significantly ddrent from untreated pH increases morefettively while ferrous sulfate and alu-
substrate pH in any of the other treatmenth(@ 2). Poor minum sulfate treatments were fully solubilized andfeef
initial suppression of substrate pH in the elemental sulfur tive in suppressing substrate pH for extended periods of time
treatments may have been due to a lack of small sulfur par (Table 2).This trend was noted in substrate pH samples col-
ticles (Table 1), allowing the highly alkaline irrigation water lected on July 3, 2002, two weeks after starting the experi-
to cause initial increases in substrate pH. BeverlyAmagr ment, where substrate pH in all elemental sulfur treatments
son (4) and Janzen and Bettany (8) both noted that smallerhad risen to a pH range of 5.40 to 5.80 (Figs. 2A to 2D).
sulfur particle sizes increased the overall surface area of re-Conversely substrate pH in ferrous sulfate and aluminum
activity for oxidation in elemental sulfur amendments. sulfate treatments, especially at the two highest sulfur rates
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(1.78 kg S/mand 2.67 kg S/Bhad risen only slightlyang- ground elemental sulfur treatments (88% S) at the low rate
ing from pH 4.40 to 5.30 (Figs. 2E and 2F). From July 3, (0.89 kg S/mM) showed a drop in mean substrate pH of over
2002, until experiment termination on September 25, 2002, 0.5 units After four weeks, substrate pH in the ferrous sul-
elemental sulfur treatments at the two highest sulfur rates fate treatment rose back to its previous level, while the ground
(1.78 kg S/mand 2.67 kg S/& showed a steady drop in  sulfur treatment remained suppressed until the end of the
substrate pH. Elemental sulfur treatments at the lowest ratestudy Other treatments showed a slight response to this
(0.89 kg S/m) offered some substrate pH suppression but change in total carbonates, but not nearly as dramatic as the

not to the extent ééred by the two higher rates. Beginning

onJuly 17, 2002, the ground elemental sulfur treatment (90%

S) at the highest rate (2.67 kg SYimad a significantly lower

four cases mentioned above.
Implementation of container production schedules using
sulfur products for substrate pH control will require testing

substrate pH than untreated substrate pH until the end of theon the growerspart as substrate components, fertilizexd
experiment. Substrate pH in ferrous sulfate treatments heldirrigation water from will vary from site to sitéddition-

relatively stable or rose just slightly throughout the experi-
ment (Fig. 2E)Aluminum sulfate treatments showed a gen-
eral rise in substrate pH (Fig. 2F).

At termination of the experiment, tests of between-sub-

ject efects showed that there was still an interaction between

treatment and rate &= 0.05. Untreated substrate pH had
increased about 1.75 units to 5.93 (Fig.Al).treatments

ally, checking elemental sulfur particle size for distribution
and consistency will be essential for reliable results.
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