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Abstract.-- The addition of 1780 | bs/ac of sulfur plus 1780 |bs/ac of
sul fur as sulfuric acid resulted in a tenmporary decrease in soil pH
Seedling quality variables of Norway spruce were related to soil pH at

time of sowing.

| NTRODUCTI ON

The New York State Departnent of
Envi ronnent al Conservation's Saratoga
Tree Nursery, |located at Saratoga
Springs, New York, currently produces
four to five mllion bareroot conifer
seedlings annually (Scholtes 1985). The
100 acre nursery is |located on deep
| oany sand (80 to 90% sand with 5 to 10%
clay). In the past 10 years the nursery
has experienced problens in producing
hi gh quality seedlings of some species
in some sections of the nursery.
Probl ens encountered are poor seed
gernmination, early seedling survival and
many of the seedlings grown were stunted
and chlorotic (Plum ey 1986).

Bet ween 1973 and 1977, the probl em
areas had received two to 12 inches of
conpost ed horse manure, including barn
sweepi ng. This organic material was
applied to the sandy soil to inprove
cati on exchange, noisture hol ding
capacity, and the anmount of avail able
nutrients. Laboratory anal ysis of
several sanples of material applied in
1973 indicated that the pH of the
material was 8.16. Elenental analysis
i ndicated that the material was very
het er ogeneous. Cal ci um and nmagnesi um
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concentrations averaged 3.6%and 1. 7%
respectively. The concentrations of

ni trogen, phosphorus and potassi um were
0.8% 0.2%and 0.7% respectively. The
hi gh pH, and hi gh concentrati on of

cal ci um and magnesi um were the results
of line being sprinkled daily on the
floors of the stables to control the
odor of wurine.

A single, six inch application of
conposted horse manure in 1974, to one
section of the nursery, increased the
soil organic matter from5.0%to 8.0%
during the three years foll ow ng
application. The organic nmatter concen-
tration had returned to approximately
pre-treatnent |evel by 1982. Soil pH
increased from5.7 to 7.2 as a result of
the single, six inch application of
manure. Soil pHwas 7.0 twelve years
after applyi ng manure.

Soi |l pH above the recommended range
of 5.5 to 6.0 is a concern for nursery
manager s because of potential problens
wi t h danpi ng-of f and nutrient 1 nbal ance
Dampi ng-of f is favored in cool and wet,
neutral to basic soils containing |arge
amounts of organic matter (Manion
1981). MNutrients, such as potassium and
amoni um becone fixed in soils with a
hi gh pH and are, therefore, unavail able
to plants. However, phosphorus
availability is greatest when soil pHis
between 6.0 and 7.0. Solubility of
mcronutrients increases with acidity
and becone toxic when soil pHis too | ow
(Tinus 1980). Therefore, soil pH should
be mai ntained within the range where
nutrients are available for plant growth
but the micronutrients are not at toxic
| evel s.

Sone conifer species are intol erant
to soil pH above 6.0. Mean total dry



wei ght of red pine (Pinus resinosa Ait.)
has been shown to decrease as soil pH
increased from5.4 to 7.8 (Arnson and
Sadrei ka 1979). The wei ght of shoots
and roots of greenhouse grown Dougl as
fir (Pseudotsuga nenziesii (Mrb.)
Franco), was greatest when soil pH was
5.5 (van den Driessche 1979). Hei ght
growt h of Norway spruce (Picea abies
(L.) Karst.) has been shown to be
related to soil pHwith the tallest
seedl i ngs being produced in soil with a
pH of 4.5 (Benzian 1965). Soil pH nust
be mai ntained within the recomended
range of the species to produce an
adequat e nunber of high quality
seedlings per unit area

Use of Sulfur to Reduce Soil pH

The anount of sulfur required to
reduce soil pHto a certain value varies
with initial pH and the amunt of col-
oidal material in the soil. In
general, an application of 500 | bs/ac of
granul ar sul fur is expected to decrease
soil pHby 0.5 units in the surface six
i nches of sandy nursery soils (Wite et
al. 1980). To change soil pH from?7.5
to 6.5, the Western Fertilizer Handbook
(1980) reconmmends the addition of 500,
800 and 1000 | bs/ac of sulfur to a
sandy, |loam and clay soil, respectively.
St oeckel er and Arneman (1960) suggested
that 870 | bs/ac of sul fur would be
needed to |l ower the pH of a silt |oam
soil from7.0 to 6.0 and 1525 | bs/ac of
sul fur would be required to | ower the
soil pHfrom7.0 to 5.5. To prevent
detrinental effects to seedlings, the
application of sulfur to a sandy nursery
soil shoul d not exceed 750 | bs/ac
(Armson and Sadrei ka 1979) .

Sul furic acid has been shown to be
nore effective than granular sulfur in
reducing soil pH but the results are not
per manent (van den Driessche 1969). In
contrast, sulfur reacts slowly with the
soil to reduce soil pH but the change is
consi dered pernmanent (Tinus 1980).
Utilizing this information, a study was
established in the problemareas at the
Saratoga Tree Nursery in an attenpt to
reduce soil pH and inprove seedling
quality. The application of a conbina-
tion of sulfuric acid and granul ar
sul fur was considered as a possible
nmet hod to quickly reduce soil pH and
mai ntain the soil pH between 5.5 and
6. 0.

METHCDS

Study plots had received a single
six inch application of conposted horse
manure in 1974. The soil pH increased
fromb5.7 to 7.2 and renmai ned above 6.9
until 1983 as a result of this single
application (Table 1). In addition
the application of conposted nanure
increased the level of organic matter to
over 8% and the concentration of
exchangeabl e cal cium was as high as 2500
ppm |n 1983 the organic matter
concentration had decreased to 4.5%
whereas the concentration of
exchangeabl e cal ci um renmai ned hi gh (1900
ppm . The cation exchange capacity was
10.2 neq per 100 g and the base
saturation was 114%in 1983

A single application of granular
sul fur was applied at the rate of 0,
890, 1780, 2670 and 3560 I bs/ac in
Cct ober 1984. During the sane period,
concentrated sulfuric acid was applied
at the rate of 890 and 1780 | bs/ac of

Table 1. Effects of applying six inches of conposted I|ime-

treated horse manure on soi
Tree Nursery, New York.

properties at the Saratoga

Year pH oM N P K Ca My
R T ppm------------
1974* 5.7 3.6 0. 06 83 28 396 31
1975 7.3 9.1 0.21 297 462 1216 338
1976 7.0 8.4 0.21 250 210 1426 355
1977 6.9 9.1 0.22 278 178 2509 549
1983 7.1 4.5 0.15 230 76 1900 231

! Horse manure was applied after the 1974 sanples were coll ected




sul fur. In addition, two conbination
treatments were established with gran-

ul ar sul fur and sulfuric acid each being
applied at the rates of 890 and 1780

| bs/ac of sulfur. Each treatment was
replicated three tines. Norway spruce
seeds were sown eight nmonths after the
application of sulfur.

Soil sanples of the surface six
inches were collected before treatnents
were applied, at tinme of sowi ng Norway
spruce seeds, at the end of each grow ng
season, and during the spring of the
second grow ng season. Nunber of
seedl i ngs per foot of seedbed was
determ ned in COctober, 1985 and Cctober,
1986. Seedlings were lifted fromthe
seedbeds in Cctober, 1986, and neasured
for total height, root collar dianeter
and root volume (Burdett 1979).

Addi tional seedlings were lifted in
April, 1987, and nmeasured for tota

hei ght and root collar dianeter. Ten
seedlings fromeach nursery treatnment
pl ot were used for root growth capacity
determination in April, 1987. Root
grow h capacity was determ ned by
counting the nunber of white root tips
per seedling after growing in the
greenhouse for 28 days (Ritchie 1985).

Tabl e 2. Changes in soil

pH of treatnent

RESULTS

Soil pHin the study area was 6.5
before treatnents were applied. This
soil pH was |ower than the observed 6.8
to 7.0 found in other parts of the prob-
| em area because of the application of
840 | bs/ac of sulfur in the spring
before the study was established. At
time of treatnent, the organic natter
concentration was 3.0% cation exchange
capacity was 7.2 neq per 100 g; and
concentrations of exchangeabl e cal ci um
and magnesi um were 1097 and 138 ppm
respectively. The base saturation was
92%

A significant decrease in soil pH
was observed eight nonths after sul fur
application (Table 2). The application
of 1780 | bs/ac of granular sul fur plus
1780 | bs/ac of sulfur as sulfuric acid
resulted in further lowering soil pH
conpared to the other sulfur treatnents
and was the only treatnent to reduce the
soil pHto the desired range. After 23
nont hs, the hi gher conbination treatnent
of sulfur plus sulfuric acid still had a
significantly |ower soil pH as conpared
to the control (Table 2)

plots as a result of

appl ying sul fur and sulfuric acid at the Saratoga Tree

Nursery, New York
Tr eat nent Mont hs since treatnent
Sul fur Acid?
(1 bs/ ac) 1o 8 12 20 23
___________________ pH e e e e e e e e e e e e e e e e e
0 0 6.5 a° 6.7 a 6.9 a 6.8 a 6.9 a
890 890 6.5 a 6.3 b 6.7 ab 6.6 ab 6.7 ab
890 0 6.5 a 6.3 b 6.4 abc 6.8 a 6.7 ab
0 890 6.5 a 6.3 b 6.4 abc 6.7 a 6.7 ab
1780 0 6.5 a 6.3 b 6.2 bcd 6.6 ab 6.5 ab
2670 0 6.7 a 6.2 b 6.2 bcd 6.5 ab 6.5 ab
3560 0 6.6 a 6.0 b 6.1 cd 6.5 ab 6.4 ab
0 1780 6.5 a 6.0 b 6.2 bcd 6.5 ab 6.6 ab
1780 1780 6.5 a 5.5¢ 56d 6.1 b 6.1 b

! The acid treatment is | bs/ac of sul fur
2 Month O is at tinme of treatnent.

as sul furic acid.

3 Val ues followed by the same letter within a colum are not
significantly different at

P = 0.05.




Seedbed density at the end of the
first growi ng season was influenced by
the application of sulfur and sulfuric
acid (Table 3). The plots that received
sul furic acid had significantly nore
seedl i ngs per foot of seedbed conpared
to the control plots

One beneficial aspect of many nurs-
ery soil anendnments is the inprovenent
in-seedling quality. After two grow ng
seasons seedlings growing in the plots
whi ch had received sul fur or sulfuric
acid were significantly taller than the
seedlings grown in the control plots
(Table 4). Seedlings fromthe plots
that received the heavier application of
sul fur plus sulfuric acid were al nost
twice as tall as seedlings fromthe
control plots. This nean total height
represents all seedlings in the plot,
including the culls.

Seedling root collar dianeter at
the end of the second growi ng season was
al so related to the application of
sul fur (Table 4). The seedlings in
plots receiving the higher rate of
granul ar sul fur plus sulfuric acid had
significantly larger root collar
di ameters than those in plots which
received only sulfur or sulfuric acid.
Seedlings in the control plots had the
smal | est root collar dianeters

Tabl e 3. Seedlings per foot of seedbed
as influenced by the addition
of sulfur and sulfuric acid
at the Saratoga Tree Nursery,

New Yor k.

Tr eat nent Seedl i ngs per foot
sul fur Acid! of seedbed

(1 bs/ ac) 1-0 2-0

0 1780 120 a° 111 a
2670 0 100 ab 99 ab
1780 1780 99 ab 99 ab

0 890 96 b 95 abc
890 890 95 b 88 abc
890 0 86 bc 86 abc
3560 0 80 bc 80 bc
1780 0 64 cd 69 cd

0 0 53 d 53 d

! The acid treatment is |bs/ac of
sul fur as sulfuric acid.

Val ues followed by the sane letter
within a colum are not
significantly different at P =
0. 05.

Root vol ume of the seedlings in
pl ots receiving the higher rate of
granul ar sul fur plus sulfuric acid was
significantly greater than the contro
plots (Table 4). The heavier applica-
tion rate of granular sulfur plus
sul furic acid produced nore new roots
tips than the control and, therefore
had a hi gher root growmh capacity (Table
4) .

Mor phol ogi cal neasurenents of
seedling quality were related to soil pH
at time of sowi ng Norway spruce seeds,
but not with soil pH at the end of the
first growi ng season or during the
second grow ng season. Vari abl es
strongly correlated with soil pH at tinme
of sowi ng were seedling height, root
collar dianeter and root growth
capacity. The only variable weakly
correlated with soil pH at the tine of
sowi ng was root vol une.

Seedlings lifted in the fall of
1986 and spring of 1987 were graded to a
m ni mum standard (root col |l ar dianeter
bei ng 0.09 inches and hei ght being 3.5
i nches) (Reese and Sadrei ka 1979). This
gradi ng indicated that over 60% of the
seedlings grown in all sulfur plots were
pl ant abl e, whereas |ess than 40% of the
seedlings grown in the control plots
were acceptable (Table 5). The heavier
application of granular sul fur plus
sul furic acid resulted in the |argest
percent age of |arge and nedi um si ze
seedl i ngs and the smal | est percentage of
cull seedlings. The control plots had
the | argest percentage of culls. The
percentage of |arge, nedium and cul
seedlings was strongly correlated to
soil pH at tinme of sow ng.

Anot her beneficial aspect of
nursery soil treatnent is the increase
in the nunber of plantable seedlings per
unit area. The | argest nunber of
pl ant abl e seedl i ngs was produced in the
plots that received the heavier
application of granular sul fur plus
sul furic acid (Table 6). The | owest
nunber of acceptabl e seedlings was
produced in the control plots. The
number of seedlings per foot of seedbed
and the cull percentage have been shown
to be related to sul fur treatnment and
soil pHat tine of sowing Norway spruce
seeds.



Tabl e 4. Morphol ogi cal characteristic of 2-0 Norway spruce
seedl ings as influenced by the application of sulfur
and sulfuric acid treatnents at the Saratoga Tree
Nur sery, New YorKk.

Treat nent Hei ght Di anet er Root volune Nunber of

sul fur  Acid! (in) (in) (cn?) white root
tips
1780 1780 6.14 a° 0.100 a 2.28 a 100 a
0 1780 5.41 ab 0. 086 bc 1.48 cd 79 ab
3560 0 5.29 bc 0.090 b 2.01 ab 49 bc
890 0 5.22 bc 0. 086 bc 1.88 abc 52 bc
2670 0 5.01 bc 0.080 cd 1.17 bcd 65 bc
0 890 4,81 bc 0.079 cd 1.48 abc 59 bc
890 890 4.73 bc 0.082 cd 2.00 ab 63 bc
1780 0 4,46 bc 0.077 d 1.94 abc 53 bc
0 0 3.15 d 0.063 a 1.45 d 44 ¢

Y'Acid treatnment is Ibs/ac of sulfur as sulfuric acid

2 Val ues followed by the sane letter within a colum are not
significantly different.

Tabl e 5. Percentage of seedlings by size class as influenced by
the application of sulfur and sulfuric acid treatments
at the Saratoga Tree Nursery, New York.

Tr eat nent
sulfur Acid? Lar ge Medi um Sal | aul |
(1 bs/ac) - - - - - - - Percent- - - - - - - - - -
1780 1780 20.8 a° 26.8 a 32.9d 19.5 ¢
3560 0 13.8 b 14.8 bc 45,0 abcd 26.4 bc
0 1780 8.5 bc 16.1 b 42.3 abcd 33.1 bc
890 0 6.5 cd 15.8 bc 44.2 abcd 33.5 bc
2670 0 6.4 cd 13.4 bc 49. 4 abc 30.8 bc
0 890 6.1 cd 14. 4 bc 41. 4 bcd 38.1 Db
890 890 6.0 cd 8.0 bcd 58.4 a 27.6 bc
1780 0 3.0 cd 7.1 cd 53.0 ab 36.9 bc
0 0 0.6 d 2.4 d 34.6 cd 62.4 a

lLarge size seedlings: >0.11" dianeter and >7.5" height
Medi um si ze seedlings: >0.10" dianeter and >6.3" hei ght
Smal | size seedlings: >0.09" diameter and >3.5" height
Cul |l seedlings: <0.09" dianmeter or <3.5" height
Acid treatment is |bs/ac of sulfur as sulfuric acid.

Val ues followed by the same letter within a colum are not
significantly different.

DI SCUSSI ON volurme, all variables of seedling
quality were affected by the soil pH at
the time of sowi ng. The higher

Results observed fromthe application rate of sulfur plus sulfuric
application of sulfur and sulfuric acid acid yielded the | owest soil pH and the
at the Saratoga Tree Nursery reveal ed hi ghest quality of seedlings.
that the soil pHat time of sow ng and
germ nation of Norway spruce seeds was These results differed fromthose
imr~_tant in producing quality observed at the Orono Nursery, |ocated

seedlings. Wth the expection of root near Toronto, Ontario (Mullin 1964). At



the Orono nursery sul fur was applied at
0, 750, 1500 and 2250 pounds per acre,
and at the end of three years, soil pH
was reduced from7.4 to 6.5, 6.0, 5.3
and 5.0, respectively. The reduction in
soil pH of the control plots at the
Orono Nursery may have been the result
of the application of amonium sulfate
fertilizer the first year and anmoni um
nitrate the renmaining two years of the
study. Wth the exception of the 2250

| bs/ac treatnent, seedlings produced in
sul fur treated plots were taller,

thi cker (larger root collar dianeter),
and heavier with a |lower top-root ratio
than seedlings grown in the contro

pl ots. The 2250'I1bs/ac treatnent
resulted in increased nortality of
seedlings at the end of the first
growi ng season

The different results obtained in
reducing soil pH with the high
application rates of sulfur in the
Ontario study and the Saratoga study nay
be related to the differences in cation
exchange capacity and buffering capacity
of the soils. Another contributing
factor is that the organic matter
applied at the Saratoga Tree Nursery
cont ai ned | arge anobunts of cal ci um and
magnesi um and served as a buffering
agent. In fact, the application of six
i nches of conposted |line-treated horse

Tabl e 6. Nunmber of plantable seedlings
per foot of seedbed as
i nfluenced by the application
sul fur and sulfuric acid at
the Saratoga Tree Nursery, New

Yor k.
Tr eat ment
Sul fur Aci dt Nunber of
(1 bs/ ac) seedl i ngs
1780 1780 79 a°
0 1780 74 ab
2670 0 68 abc
890 890 64 abc
3560 0 59 bcd
0 890 56 bcd
890 0 54 cd
1780 0 42 d
0 0 21 e

1 Acid treatment is |bs/ac of sul fur
as sulfuric acid
Val ues foll owed by the sane letter

within a colum are not
significantly different.

manure was equivalent to applying 3.5
tons per acre of |ine.

At the Saratoga Tree Nursery the
reduction of soil pH by nost treatnents
however, was only for a short duration
The effect of the addition of 3560
| bs/ac of granular sulfur on soil pHis
undet ect abl e 20 nonths after applica-
tion. In contrast, the application of
1780 | bs/ac of granular sulfur plus 1780
I bs/ac of sulfur as sulfuric acid showed
a reduction of soil pH for at |east 23
nmonths. Primarily anal yses indicate a
treatment of 1780 | bs/ac sul fur plus
1780 I bs/ac sulfur as sulfuric acid is
an acceptabl e nethod of |owering soil pH
to obtain high quality seedlings

Most of the study plots at the
Saratoga Nursery that received sul fur
sul furic acid had seedbed densities
above the recommended 60 to 70 seedlings
per foot of seedbed (Richards et al
1973) at the end of the second grow ng
season. The addition of sulfur plus
sul furic acid conbined with the opera-
tional sowing rate crated conditions for
hi gh seedbed density. Consequently,

i ndi vi dual seedling weight nay decrease
as seedbed density increases because of
decreased seedling branching (Richards
et al. 1973). By using the higher

sul fur plus sulfuric acid treatnment in
conjuction with a | ower sowi ng rates,
desi rabl e seedbed densities of high

qual ity seedlings nmay be produced at a
reasonabl e cost. A cost-benefit analysis
needs to be conducted to exam ne
econom ¢ benefits.

Results of the Saratoga study were
also simlar to other studies where the
nunber and size of seedlings increased
as a result of applying sulfuric acid
(Hartley 1917). In fact, the application
of sulfuric acid provided two
benefits: (1) increased the soil acidity
and (2) acted as a soil sterilizer.

Bef ore organi c fum gants were devel oped
sul furic acid was often used as a soil
sterilizer (Stoeckeler and Sl abaugh
1965). High popul ati ons of Fusarium
reported 4y Plum ey (1986) at the
Saratoga Nursery may have been
control l ed by the application of

sul furic acid.

Al t hough heavy applications of
sul fur and sulfuric acid inproved
seedling quality at the Saratoga Tree
Nursery, | nust stress that these heavy
application rates may not be acceptable
at all nurseries and all species.
Testing with small plots are needed to
determ ne beneficial rates and any
potential adverse effects.



CONCLUSI ONS

1. The effect of applying six
i nches of conposted |line-treated horse
manure resulted in an increase in soil
pH, a condition that has persisted for
at least 12 years.

2. The heavy application of sulfur
resulted in a significant decrease in
soil pH eight nonths after application.
The greatest decrease in soil pH was
achi eved with the application of 1780
| bs/ac of granular sulfur plus 1780
| bs/ac of sulfur as sulfuric acid.

3. No significant differences were
detected in soil pH twenty nmonths after
the application of sulfur or sulfuric
acid. The conbination of sulfuric acid
pl us sul fur decreased soil pH for at
| east 23 nonths.

4. The application of sulfur
resulted in | arger seedlings. The
| argest seedlings were produced in plots
recei ving the higher application rate of
granul ar sul fur plus sulfuric acid.

5. Measures of seedling quality
strongly correlated with soil pHat tine
of sowi ng Norway spruce seeds were
hei ght, root collar dianeter and root
growt h capacity.

6. The application of sulfur reduced
the percentage of cull seedlings and
i ncreased the nunber of seedlings per
foot of seedbed.
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