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SULEFTIR CONTENT
of Rainwater

and Atmosphere

in Southern States .

as related to crop needs

By Howard V. Jordan and Charles E. Bardsley, ﬂr , soil sci-
entists, Soil and Water Conservation Research Division,
Augricultural Research Service; L. E. Ensminger, soil chemist,
Alsbama Agricvltural Experiment Station; and . A. Lulz,
Jr., agronomist, Virginia Agricultural Experiment Station

The Southeastern United States is a region of potential sulfur defi-
ciency, Soils are highly weathered, and there is only minor industrial
activity to contribute sulfur to the atmosphere and precipitation.
Crop production has been sustained in the past, to a considerable ex-
tent, by sulfur applied incidentally in fertilizers. With the present
trend toward use of fertilizers low in sulfur, this contribution can be
expecte¢ 0 diminish, resulting in inerease of sulfur deficiency in the
soils of the region.

The Southern Regional Sulfur Project was begun in 1953 to study
this problem. Tt was established as o cooperative research offort
among the Soil and Water Conservation Rescarch Division, Agricul-
tural Research Service; the Agricultural Experiment Stations of 12
Southern States; and the Soils and Fertilizer Research Branch, Agri-
cultural Relations Division, Tennessee Valley Authority. The project
was designed to study sullur supply as well as sulfur requirements of
crops in the 12 States that participated in the study.

Accretions of sulfur in ranwater, which constitute one source of
sulfur supply, werg measured over a 3-year period.  The data obtained
were supplemented by measurements of sulfur in the atmosphere.
Many of these data have been sumrmar ized in separate reporis.  Bulle-
tins 1ssued by the Alabama (13) ! and the Virginia (28} Agricultural
Experiment Stations present results from thosc two States. Rcaults
from olher States have been summarized in research vepocts.® The

! Italic numbers in parentheses refer to Literature Cited, p. 14
2 Joroax, H, V., and Rarpstey, C. E., Jr., compilers, {1033, 19;}4 AND 1055]
PROMRESS REI’OR"I‘[S] FOR THF SOUTHERN REGLONAL SULFUR PROJECT. Soil angd
Water Conserv. Res, Br,, Agr, Res, Serv., Res. Rpts. 279, 286, and 247, 1354-56.
[Processed. ]
1
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purpose of this bulletin is to bring together ell the data snd to deter-
mine the regional pattern.

There are several potential sources of sulfur in atmosphere and pre-
cipitation. The principal source, especially in the winter months, is
believed to be the discharge of combustion gases from burning coal and
wood. Near sencoasts, sulfur is probabiy carried inland as spray.
Upon apacrobic decomposition, as in swamps, organic matter gives off
hydrogen sulfide. This stmospheric sulfur is periodically carried to
the earth in rainwater. Indirect evidence of sources of sulfur in at-
mosphere and precipitation was obtained in this study.

Measurements and possible significance of stmospheric sulfur are
discussed in this publication. Major emphasis in the study was placed
on measuring sulfur aceretions in rainwater, as these represent tangible
additions to the soil-plant system and ean readily be measured. Con-
iributions of atmospheric suifur to plants, other than that carried to
the earth in rainwater, are more dificult to evaluate,

SULFUR ACCRETIONS IN RAINWATER

The essential role of sulfur in the nutrition of plants was established
a century and a half ago, and the contributions of sulfur in rainwater
were studied as early as 1884 (I8). Since that time pumerous studies
have been made in the United States and other countries,

In the United States, studies of sulfur in rainwater have been made
in Alabamsa (87), Georgin (87), Hlinois {11, 35}, Indiana {4, 11}, Towa
(88), Kentueky (23), Minnesota (1), Mississippl (37), New York (9,
26, 89}, Oklahoma (20, 22), Oregon (34), Tennessec (29, 87), Texas
(16), Virginia (12), Washington (14, 33), and Wisconsin (27}, Studies
in other countries have been reported from France (5, 6), Germany
(27), Great Britain (10), Russia (25), New Zealand (18), and Japan
(80). As most of the resulls of these studies are summarized by
Eriksson {18), they are not reviewed here.

In certain carlier studies, the recording of excessively high values
may have been attributable to the fact that rainwater was collected
in containers made of corrodible metal. In 1937 Alway and co-
workers (7) noted that such metals react with atmospheric sulfur.
This reacted sulfur is washed into the collecting vessel and determined
as sulfate in rainwater, Alway found crrors ranging up to sixfold
from rainwater collectors of this type.

Seasonal {rends in precipitation of sulfur were noted In several
investigations. Leland (26) found that sulfur in rainwater at Ithaca,
N. Y, averaged 37.63 pounds per acre for the § months from No-
vember to April and 11.23 pounds for the 6 months from May lo
October.  Johnson (23) measured sulfur in relnwater by quarsers at
7 locations in Kentucky with the following resulis: From January
through March, 13.33 pounds per acre; from April through June,
7.09 pounds; from July through September, 6.36 pounds; and from
October through December, 9.34 pounds. The high values in the
winter monihs were attributed in both studies to higher consumption
of cgal for home healing. Other investigators have noted similar
trends.

A change in concentration of s:ulfur in response to changing cou-
ditions bas also been observed. Wilson (38) found that sulfur in
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rainwater at Ithaea, N. Y., ranged from 25 to 36 pounds per acre per
year in the period from May 1918 to May 1923. A new coal-burning
heating plant was placed in operation nesr the rain collector in the
fall of 1923. Subsequently, sulfur accretions ranged from 46 to 65
pounds per acre per year.

These investigations, as well as others, reflect the doininant influence
of combustion gases as a source of sulfur in rainwater in the continental
United States.

Near seacoasts, other factors may be important, Investigators in
Australia (2), New Zealand (18), the West Coast of Afriea (7), and
Japan (80) emphasize the importance of spray from the sea as a source
of sulfur in precipitation. In fact, Eriksson (15, p. 285) states that
it can be concluded that a great part of sulfur in precipitation is of
oceanic origin either brought into the air by spray or as H,S [hydrogen
sulfide] formed by reduction of sulfate in the sea.”

Experimental Procedures

Rainwater for this study was collected at 109 locaiions (fig. 1).
The collection stations were all in rural arcas, mosily at main or branch
State Agricultural Experiment Stations.

Gages of noncorrodible metal were used to measure the rainwater.
In Virginia these gages were made of aluminum; at all other locations,
they were made of stainiess steel. The water was collected and stored
in glass containers. It was composited by quarters—December
through February, March through May, June through August, and
September through November. Water from all the locations except
those in Alabama and Virginia was shipped to the Mississippi Agri-
cultural Experiment Station, where it was analyzed for suliur. Water
from Alabama and Virginia was shipped, respectively, to the Agri-

@ Represents 23 localions

in the vicinity of Tuscumbia
AN-FGE]
Figerr T.— Localion of rainwaler-collection points in the Southern Riates.
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cultural Experiment Stations of these two States, where it was
analyzed,

At the laboratories of the Mississippt and Alabama Experiment
Stations, water was analyzed by & modification of the turbidimetric
method of Chesnin and Yien (8). A quantity of 100 milliliters {ml.)
of water was evaporated to 25 ml. in & poreelain dish containing 0.5
gram of potassium chloride. After cooling, 10 ml. of saturated
bromine water was added, and the contents were evaporated io
dryness in a sulfur-free hood. The dish and residue were dehydrated
for 1 hour in an clectrie oven; the residue was then taken up with
Morgan’s solution (31), after which it was filtered and washed. Ton
mensured porlion of this soluiion, 2 ml. of acacia solution was added,
and the whole was made to volume of 25 ml.  Sulfate was precipitated
by addition of 1 gram of barium chloride erystals; the whole was
stirred for 1 minute, and allowed to stand for 20 minutes; and the
tarbidily was read on a colorimeter.

Tn Virginia, sulfur was determined by the method of the Association
of Official Agricultural Chemists (8). Sulfur was precipitated as
barium sulfate (BaS0,) and determined gravimetbrically.

Control samples werg analyzed in the laboratories of the Agricultural
Experiment Stations of Mississippi, Alabama, and Virginia, and data
were found to be comparable.

As collections were not initinted at all locations in the first quarter
of 1453, data arc not complete lor that year. However, complete
dnta were recorded for virtually all loeations in 1954 and 1955.

Results of Experiments

Sulfur Accretions Recorded

Data collected in this study as o whole nre reported in table 1.

In Kentucky, Tennessee, and Virginia, sulfur accretions in rain-
water were found to be higher than in the nine other Southern States
covered by 1his study {table 2).  The reason for this may have been a
erealer consumpiion of coal for industrial and heating purpoeses in
those three Slates.

Within the nine other Southern States covered by this study, a fow
lecations recorded abpormally high sulflur aceretions. At Canton-
neent, Fla,, sulfur added in rainwater amounied to 47.0, 29.5, and
13.2 pounds per acre in 1933, 1954, and 1955, respectively.  The gage
at Cantenment was located about 1 mile from a paper mull; this may
have accounted for the high values. At Bogalusn, Lin—some 3 miles
from a paper mill-- sulfur in rainwater amounted to 12.4 pounds per
acre in 1955. :

sullur aceretions ab Statesville, N, O, were 12,7, 113, and 173
pounds per acre, respeclively, for the 3 yenrs of the study.  Similar
high values were obtained at Apex, N, C., in 1953; alse, al Blackville,
S, ., and Beaumont, Tex., in 1955, Industrial aclivily at or near
these locations probably accounts for the high values,

Disregarding the locations mentioned in the preeeding paragraph,
the average annual aceretions of sullur in rainwater in Alabama, Arkan-
sas, Florida, Genrgin, Louisisna, Mississippi, Novth Carolina, Sonth
Caroling, and Texas were 5.8, 4.1, and 6.3 pounds per sere in 1933,
1954, nnd 1955, pespectively,  The goneral average of 5.4 ponnds per
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TaBLE 1.—Sulfur collected in rainwater during 8-year period ! December
1952 to November 1955, inclusive

Amounts of elemental sulfur
collected during the perioed—
Average
Cotllection Joeation December | December | December | annual
1852 1953 1954 ageretion
through through through
November | November | November
1953 1954 1955
Pounds Pounds Poynds Pounds
Alabgma: per acre per acre per acre per acre
Prattville. o 23.0 23 3
Tuseumbia__ . feeoo—an 48 110 6 78
Arkansas:
Fayetteville_. ...l ________ 34 4.7 4.1
Mearianna,_ oo cecmemmem e e 2.3 2.4 2.4
Florida:
Cantonmend_ ____..___..__.. 47, 0 29, 5 132 20. 9
Gainesville_ oo oo e 7.1 86 81 . 7.9
Homestead . eoooo.- 24 3.2 28
Jay oo _ 2.6 2.9 3.7 3.2
L0 ¢ . S 2.0 36 2.5
Quiney . oo i 1. & 2.1 LG
Waldo traet 5 __________._.__ 5. 8 3.0 30 39
Georgia:
Blairsvilleo o . oo 1003 oo
Cathoun__ L e 5 7 78 6 8
Bxperiment. - . .| Ciaoaaoo- 6 9 6.1 6.5
Fleming. o |eaeiaas 4.0 12 4 82
BT 1 RN EEPUP 2.5 4. 4 3.7
Watkinsville. - _|eaaaoo 56 5.8 37
Kentucky:
Campbellsville______ o ... o id 12. 1 70
Greenville. - o lemacmccaa- 11. 3 14. 6 3. 0
Texington_ . oo e 8¢ 15. 8 11. 9
Mayfeld ..o 83 i9. 9 141
Princeton. . .. feeaaooo- 10. 2 144 12.3
Quicksand . oo feieo oo 0 W 2 IR F
Louisiana:
Baton Rouge. - .= oo 2.0 4. 8 3.4
Bogalusa_ oo oo e an 124 L
De Ridder oo oo oo 1.9 7.0 4.5
Franklinton. e fmammm————a 85 oo
Homer oo oo e e 3.6 151 8 4
Missisaippi:
Brooksville ... ... .._. 68 1,7 61 4. 9
Holly Springs_.... .. ... .__ 7.3 3.0 80 6.1
Newton..oo. . -, .. .- R 9.0 3.3 I 4 4.6
Oakley_ . ___.. I 6.5 2.3 .7 3.2
Pontotoe_ __. ... _.._. -. 8.4 5.9 86 7.1
Poplarvillee____ ... ... . .. 44 1.4 31 2.6
State College_ ... .. ... .. .. i - 1.3 4.8 31
North Carolina:
APEN e e e s 4. 1} 21 89 6.7
Faison oo o i 4G 2.2 5 3 3.8
Greenvilleo___. R 3.0 4.9 1.0
Hendersonville, _ _.__ S USRS, 4.2 130 8 8
Jackson Springs. ..o ... .. t 3.5 ¢ 9.3 ¢ 7.7 6.8

t IDala are omitted where records for year are incomplete.

* Avernge of 2 loeations.
1 Average of 19 loealions,

¢ Average of 20 loeationa.
5 11 miles north of Gainesville, Fia.
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Tasue 1. —Sulfur collected in rainwater during 3-year period ! December
1952 to November 1855, inclusive—Continued

Amounts of elemental sulfur
collected during the period—

Average
Coliection location December | December { December | annual
1952 1953 1954 aceretion
through { through : through
November | November | November
1853 1054 1955

Pounds Pounds Pounds

North Curolina—Continued PEF ALTE per acre per acre
Laurel Springs
Lewiston

o
-
=
2
ta

Plymouth
Rocky Mount
Rural Hall
Statesville

RN P T A

= S e O LT e IO Q1 AOD WG ] O LI
P12 e 1 80 e e PO

[ad* A=l =R et Re R i ge v -R/CRVER SRS B¢ )

Wilmington
South Carolina:
Blackviile
Clemson__ . ___._.________._ -
Columbia
Summerville
Tennassee:
Columbia
Crossville

A I PRI CEEPS bt
= B R LN D SO0 e T W00 Uy
L

[

N PEo o
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Lawrenceburg
Springfield

Texas:
Beaumont
College Station
Temple
Trler
Weslaco

Virginia:
Ashland
Biacksburg
Buckingham
Chantilly
Chetham
Charlette Courthouse__ __._..
Fredericksburg
Holdax_ ..
Hillsville
Kenbridge
Mabboax_ ... e
Middleburg
Norfolk
Onley
COrange
Saint Stephons Church
Salem
Staunton
Warsaw

B S

R N
O pma =] T b2 OO =310
A A2 L LU = S ]
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TasLs 2.—Sulfur accretions in rainwater collected wn Kentucky, Ten-
nessee, and Virginia, and averages for the nine other Southern States’®
covered by this study, 1858-56

Sulfur in rainwater in—

1953 1954 1955

Pounds Pounds Pounds
per acre per acre per acre

Kentueky o oo o e e _as 28 5 88 15. 4
TenResses .o cccemcccmc e e e mm e e e e 12,9
Virginin . oo e 112 2 4 5 187
Nine other Bouthern States,! average__.___. 5. 8 4.1 6.3

! Alabama, Arkansas, Florida, Georgin, Louisiana, Mississippi, North Carolina,
Sonth Carolina, and Texas.

* Record for § months, caleulated on & 12-month basis,

3 Record for 16 months, calculated on a 12-month hasis.

acre should be & good estimate of the annual aceretion of sulfur in rain.
water for rural locations in thisregion. By comparison, sulfur in rain-
water near Gary, Ind., which is a bighly industrialized locality, was
messured (4) as 127 pounds per acre annually. Meceasurements made
near Ithaca, N. Y. (26) and Lafayette, Ind. (4), which arc moderately
industrialized, were 48 and 22 pounds per acye, respectively.

Effects of Steam-Plant Effluents

A cooperative project between the Alabama Agricultural Experi-
ment Station and the Tennessee Valley Authority was initiated in
1951 to study the cffects of steam-plant cfftuents on soils and vege-
tation. Rainwater samples were aiso collected during the time the
units were being put into use and fov a period of 1 year alter all 4 units
were in fill operation.

The effccts of the steam plant on sulfur in rainwater are presented
in table 3. TFor the period December 1833 through November 1954,
which preceded operation of the steam plant near Tuscumbin, Ala,,
an average of 4.8 pounds of sulfur was brought down in raimwater,
During the next year, when the steam plant was being put into oper- .
ation, the avernge amount of sulfur increased to 10.6 pounds, During
the last period—the first year in which all units were in operation—
the sulfur in rainfall averaged 9.8 pounds. Although the steam-plant
effiuents about deubled the sulfur brought down in rain, the amounts
measured were relatively low compared with those reported for certain
industrial arens,

Based on the average sulfur content of coal burned in 1958, it was
estimated that 89,000 tons of sulfur was given off by the steam plant.
Evidently, the stacks were high enough to cause the effiuents to be dis-
tributed over a wide arca. Locations of the collection points are shown
in figure 2. 1% is apparent from the data that there is no relationship
between the amount of sulfur brought down in rainwater and the
(iisfimm(; or dircction of collection points frorn the steam plant.  (Seo
table 3.

48507258 2
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TasLe 3. —Effect of steam-plant effluents on sulfur content of rasnweter
collected in the wcinity of Tuscumbia, Ala., December 1958 to Novem-
ber 1958, inclusive

Sulfur in rainwater ? from—-

Tracts where rainwater was coliected ! | December 1, | December I, | December 1,
1933 through|1954 through|1955 through
November | Ngvember November
30, 1954 30, 1955 30, 1956

Pounds Pounds Pounds
per acre per acre poT acre
X 10,

14,
11
B,
10.
13.

= b
el ol el b b=

B mIUEST =GN
e D WO WD R O]

. Watkins Cemetery
. Cﬁi}ockwell

. BEthridge

. Nelson

. Thompson
. Inpram
. Haddock

W N OE DNOHES

Lol

! Loestions with respect to the steam plant are shown (fig. 2).

? The first unit of the steam plant was put into operation in January 1955, the
secgnd in Pebruary of that year, the third in July, and the fourth and final unit
in Qetober,

Effects of Seasons

Only minor seasonal changes in the amount of sulfur in rainwater
were recorded in the States covered by this study. Average data by
quarters for nine Southern States ave given in table 4. The highest
values wers recorded in the December-through-February and the
March-through-May quarters, but actual differences for all quarters
were small.  Lack of more pronounced seasonsl effeets in these nine
States was probably occasioned by the relatively small amount of
home heating,
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T ENNESSEE

L Dotson LAUDERDALE COUNTY &
2. Mcekride L]
3. McGavach [T 7 o

4. Fosler
5. Heater \-«/_FH\\\ *
&

Rutlond
S Rilond ,/'\\ 2 |

8. Moody )
9 Working Cemetery
10, Sackwall -
Vi, Ethridge a
12, 'Melson 13
I3 Hariis a
14, Campbell _. 1l
5. Horoway . -
16, Thampion v |
17 Ingram . Sieam Flont ? i -
i
i

l :
|
1
_ a Tuscumbia
ol 2
[ X [ ] .

I8 Hoddock .
19, Whinen _{
20 Darby i
51, Dorby | U S, ] e
22 Howard
2A Yaung -

3

COLBERT COUNTY

HN-2942

Ficure 2—Loecation, with respect to electric steam plant, of points in the vicinity
of Tuscumbiz, Ala., where rainwater was collected for determination of sutfur
eontent. The map shows two Alabama countics. (See also table 3.)

TasLE 4.—Sulfur aceretions in rainwater averaged by quarters for nine
of the Southern States ! covered by this study, 1958-55

Sulfur in rainwater for the quarter—
Yoar

December | March June September

through through through through
February May August | November

Pounds Pounds Pounds Pounds

per acre per acre per acre per acre
1958 o .8 1.8 .0 , §
1954 . - 1.2 9 .9 11
1 Uy, 1. 4 26 1.3 1.0
AVCIAEe . oo 1.5 1.8 1.1 .9

1 Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North Carolina,
South Caroling, and Texas.

The data indicate that sulfur aceretions in rainfall ave correlated to
some extent with frequency of rains. The following hypothesis is
suggested: A moderate rainfall, perbaps 0.5 inch, removes practically
all sulfur from the atmosphere. If the rain continues to a total of 2
inches, the latter 1.5 inches serves only to dilute the concentration of
sulfur. Thus, 4 intermittent rains of 0.5 inch each may bring down
more sulfur than a single rain of 2 inches,

This is illustrated by data from Homestead, Fla. (table 5). Rainfall
in the last 2 quarters was predominantly in rains of 1 to 3 inches cach.
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Table 5—Relationship befween frequency and volume of roins and
accretions of sulfur in reinwater, Homestead, Fla., by gquarters,
December 1954 through November 1856

Total rain-
fall from | Sulfur Sulfur
Total rains in | in rain- | accretion
rainfall | excess of fall from total
0.5 inch rainfall
each
Pounds
December 1954 through February | Incies Inches | P.p.m.} per acre
1988 e 2 42 0 1. 41 0. 77
March 1955 through May 1955 .. __ 6. 72 3. 68 1. 32 201
June 1955 through August 1955______ 25. 66 19. 40 .04 .23
September 19535 through November
19508 e iaaaaaa 16. 66 13. 6o . 06 .23

Effects of Sea Spray

No clear evidence was found during these investigations to indicate s
that sea spray contributed to sulfur in precipitation, although oppor-'

tunity to measure this influence was limited. Homestead, Fla., and
Wilmington, N. C., are near the coast where sea spray might be a
factor. At neither of these loeations were sulfur-accrelion values
found to be appreciably different from those at similar locations farther
from the coast.

SULFUR IN THE ATMOSPHERE

Sulfur contributed to the soil-plant system by rainwater, as discussed
in the preceding scction, is dissolved initially from the atmosphere,
Surface soils and plants also take up atmospheric sulfur. Thus, the
concentration of sulfur in the atmosphere has a direct relationship Lo
the sulfur nutrition of plants. It is difficult, however, to measure and
evaluate this contribution.

Alway and coworkers (f) concluded that sulfur absorbed from the
atmosphere by surface soils made an appreciable contribution to plant
requirements. Fried (77) and Turrell and Weber (36) demonstrated by
use of radicactive sulfur (8-35) that alfalfa and lemon trees can
absorh sulfur directly through their leaves.

A method of assessing atmospheric sulfur was devised in Great
Britain (19, p. 14) in 2 study of air pollution. This method, which
cousisted of absorbing atmospheric sulfur on eylinders coated with
lead peroxide, was adapted for use in several investigations in the
United States and was used in the present study.

Alway and coworkers (1) used the lead-peroxide-cylinder method of
measurcment in Minnesota and caleulated sulfur reacted as pounds
per acre of exposed surface. Values ranged from 343 pounds of sulfur
per acre of surface in a 10-month period in Minneapolis to 2 pounds




SULFUR CONTENT OF RAINWATER AND ATMOSPEERE 11

per acre at Becida, a rural post office 12 miles from the nearest town
or railroad. Alway concluded that sulfur in the atmosphere varies in
somewhat the same way as sulfur brought down in rainwater, but that
it 1s of less value to crops.

Kelly and Midgley (24) conducted a similar study in Vermont,
Atmospheric sulfur avallable for absorption ranged from annual
equivalents of 43 to 13 pounds per acre of exposed surface at 5 loca-
tions in the State. They concluded that Vermont atmosphere contains
sufficient sulfur to supply crop needs. Tt has been estimated (32)
that around 650,000 tons of sulfur trioxide (SO;) are liberated in the
atmosphere of New England each yesr from burning coal. This
is the equivalent of 13.3 pounds of sulfur ahove each acre in the region.
No comparabie estimate is available for the Southeast,

. Experimental Procedures

Lead-peroxide cylinders were exposed at 8 locations in Alabama and
19 Jocations in Virginia where suifur accretions in rainwater were also
measured. The locations in Alabama were in the vicinity of Tuscum-
bia, and the records cover the period March 1, 19586, through February
28, 1957. During this period sulfur in rainwater near Tuscumbia was
higher than during an earlier period because of operation of the electric
steam plant. {(See table 1.)

The cylinders were covered with cotton fabric having a surface area
of 100 cm.?, which was coated with lead-peroxide paste. At intervals
the fabric and coating were removed from the cylinders, the amount
of sulfate was determined, and new fabrie surfaces were exposed. The
cylinders were exposed freely to the air but were protected from rain
by a cowl.

Results of Experiments

The lead-peroxide-cylinder data for 1 year, as well as sulfur accre-
tions in rainwater, are shown in table 6 for cach location in Alabama
and Virginia.

Although considerable variation was noted in both States, at-
mospheric sulfur, as measured by absorption on cylinders was gen-
erally found to be at higher concenirations at locations sampled in
Virginia than at the Ala]%ama locations. Annual averages were 22.8
mg. per 100 em.? in Virginia and 16.7 mg. per 100 cm.? in Alabama.
This difference corresponds with the higher aceretions of sulfur re-
corded n rainwsater in Virginia than in the other Southern States,
{See table 2.) This may also have been o factor in the lack of crop
response to sulfur applications in Virginia {28} and in the response
obtained in Alabama (183).

Although sulluc carried to the earth in rainwater is derived from
atmospheric snlfur, the amount in rainwater is dependent on the
frequeney of rains. {See tuble 5.) For this reason, only a general
correlation exists between sulfur absorbed on eylinders and sulfur
aceretions in rainwater,
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Table 6. —Comparative amounts of atmospheric sulfur absorbed by sur-
Jaces of lead-peroxide eylinders and sulfur collected in rainwater, at

tarious locations in Alabame end Virginia, by quarters
ALABAMA (IN VICINITY OF TUSCUMBIA)

Bulfur absorbed on cylinders during period— | Sulfar in rain
. for year
Loeation Mareh | June |Septem-| Decem-
through | through ber lber 1956| Total Total
May | August | through | through | for year [Average| acere-
1934 1956 | Novem- |February tion
ber 1956 | 1957
Mg, per | Mg. per | Mg. per | Mg. per | My. per Pounds
100 em 100 em 2| 100 cm.2| 100 em.2 | 100 em.? |P. p. m.Jper acre
Gilbert________ 02 01 4.0 13 5. 6 Lo il. 2
Moody_.__.___ 1.3 a. 1 71 2.9 16. 4 .8 9 4
Foster.__.___. .9 4, 6 26 29 11. 0 .9 10, 5
McGavaek. . __ 1.9 3.4 4 2 2.5 12,0 1.1 12. 3
Howard_______ 6.1 .9 3. 5 2.8 15. 3 1.2 3.6
Darby________ 91 33 6.1 7.9 26. 4 14 15. 7
Darby_ . _____ 6.3 6.9 6.7 7.1 27.0 k2 14. 4
Wright._______ 5.1 .2 7.0 7.9 2002 [ ja______
VIRGINIA (IN VICINITY OF FTOWNS NAMED)
March ! June {Septem-| Decem-
Location through | through ber |bher 1954| Total Total
* May | Aupust | through | through | for vear {Average| acere-
1953 1855 | Novem- |February, tion
ber 1955 | 1965
Mg, ver | Mg. per | Mg, per | Mg, per| Mg. per Pounds
100 em 2] 100 em 2 100 cn 2| 100 em 2| 100 em 2| P. p. m.iper acre
Ashland______. 3.8 L4 31 82 17. ¢ L7 16. 9
Blacksburg. __. 5 4 2.6 84| 7.3 23.7 L# 18. 4
Buckingham___ 3.5 2.0 4. 4 6.9 16. 8 1.8 11. 9
Chantilly___.._ 7.8 39 8.6 1L G 31.9 3.9 27.7
Chatham..____ 4. 6 1.7 57 30 15. 0 21 15. 5
Charlotte

Courthonse. . 34 1. 6 4.4 4.4 15. 8 L7 13. 5
Tmory________ 22 1.3 b5 % U SRR FESRRI FRUUIRR R
Frederickshurg. 52 3.8 6. 3 13. 5 28 8 3.1 252
Halifax. .. ___ 2.0 1.9 34 3.4 10. 7 12,2
Hillsville. oo __. 21 1. 8 4.8 4 8 13. 5 L. 12. 9
Tenhridge_ ... i 27 1.0 19 a. 0 12. 4 1.3 16. 8
AMiddlehurg._ - . 74 3.3 7. 14,7 22,7 2.9 22,6
Norfolko o_._.. 12. 4 3.3 i0. 2 26. 9 34 8 T 33.0
Onley_________ 5.4 .0 S N S 5.2 30. 8
Orange__—.-.._ 27 1.9 4.7 85 17. 8 2.0 22,6
Saint Stephens !

Church....__. i 42 1. & T . [ LG 149
Salem oo A 471 18] 125 36l 42| 258
Staunton._ ... 1 5 1.6 1. 9 8.2 14, 2 2.4 14. &
Warsaw....___ | 5.1 2.6 5.1 0.6 224 21 1% 0
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DISCUSSION

Crops commonly grown in the Southeast, such as clover, alfalfa,
and cotton, require from 15 to 25 pounds of sulfur per acre for normal
roduction. Vegetable crops of the Cruciferae and Liliaceae families
ave even higher sulfur requirements. Corn and grasses require 10
pounds per acre or less.

Surface soils in the Southeast characteristically contain 3 parts
per million (6 pounds per acre) of extractable sulfur or less, although
there are accumulations of larger amounts in lower soil horizons.
Such soils are potentially deficient in sulfur. Production has probably
been maintaine¢d on many of these soils by incidental additions of
sulfur in fertilizers and rainwater and, to some extent, by direct uptake
of atmospheric sulfur by soils and plants. .

This study showed that at locations removed from industry in -
Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North
Carolina, South Carolina, and Texas, the annual contributions of
sulfur from rainwater arc small. Undoubtedly, runoff and leaching
cause losses of sulfur that sometimes equal or exceed the amounts
added from the atmosphere.

Limited measurements indicated higher concentrations of sulfur in
the atmosphere in Virginia than in Alabama.

The results of this study emphasize the importance of soil-manage-
ment practices that include additions of sulfur in fertilizer or other
amendments in the nine Southern States mentioned in the preceding
paragraph. A planned program of sulfur applications should replace
dependence on incidental additions.

SUMMARY

During the investigations covered by this publication, rainwater
was collected at 109 locations in the Southern United States and was
analyzed for sulfur during the 3-year period, 1953--55.

Rainwater collected in Virginia, Kentucky, and Tennessee was
found to contain more sulfur than did that from the other States
included in the investigations—Alabama, Arkansas, Florida, Georgia,
Louisiana, Mississippi, North Carolina, South Carolina, and Texas.
In those nine States, u few locations had high sulfur-aceretion values
beeause of their proximity to industrial establishments.

In the rural arcas of the nine States just named, average acerctions
of sulfur in rainwater were 5.8, 4.1, and 6.3 pounds per acre in 1953,
1954, and 1955, respectively, (Sce table 2.) The gencral average
for the 3 years was 5.4 pounds per acre,

The principal source of sulfur in atmosphere and rainwater,
especially in the winter months, is probably the discharge of combus-
tion gases from burning coal and wood. Seasonal variations in the
sulfur content of rainwater are small.

Sulfur in rainwater makes only a minor contribution to the sulfur
requived by crops in the nine cooperating Southern States other
than Virginis, Kentucky, and Tennessee.

In this study, sullur in the atmosphere was measured at 8 locations
in Alabama and at 19 locations in Virginia. As in rainwater, sulfur
in the atmospherc was generally found to be higher at the Virginia
locations.
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