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INTRODUCTION

The study of sulfur in soils has been neglected in
recent vears except in arid regions., The possibility of
a sulfur deficienecy, however, ls becoming of increasing
interest in Tennessee due to the use of larger amounts of
high analysis fertilizers and triple superphosphate, which
do not contain any significant amount of sulfur. Increas-
ingly higher yields require larger amounts of sulfur,
There may not be enough sulfate in the soil or supplied by
rain for such heavy wylelding crops rich in albuminoid as
alfalfa, either for the production of greatest yield or
highest feeding wvalue (13)1. For such crops perhaps a sul-
fate should be included in the soil amendments. MacIntire
(36), in 1917, stated that a continued loss of sulfates,
in amounts approximating those which he had measured, would
effect a speedy depletion of the soll organic sulfur
content, Tests with cotton, conducted by Williamson,
Bertram, and Richardson (56), showed that sulfur became
defliclent in many soils in Alabama when triple superphos-
phate, sodium nitrate, and muriate of potash were used as

gsources of phosphorus, nitrogen, and potasslum, regspectively.

1Numbers in parentheses refer to references in the
bibliography, page 45.
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Results with cotton on three soil types in two widely sepa~
rated parts of Florida indicated that sulfur was deficient
and that sulfur nutrition merited greater consideration
(23). Fried (21) obtained incresses in yield of alfalfa
from sulfur fertilization in greenhouses in Indiana, Shedd
(48) found soils of Kentucky much poorer in sulfur than
phosphorus and was inclined to place sulfur in the same
class with phosphorus, nitrogen, and potassium as one of
the chief limiting factors in crop production,

In view of the demonstrated sulfur deficiency in
certain southeastern states and the lysimeter and rainfall
studies made in and near Knoxville indleating possible
sulfur deficiencles, it was thought advisable to make a
study of the sulfur status of Tennessee solls, The
purposes of this study were: (1) to determine the sulfur
content of representative Tennessee soils, (2) to correlate
the total sulfur content with the organic matter content,
and (3) to predict the possibility of a sulfur shortage in

some areas of the state.



LITERATURE REVIEW

The available form of sulfur for plants iz the sul-
fate ion (29,57). The sulfate ion is absorbed by plants
and stimilated into complex organic compounds, These ore
ganic compounds inelude proteins (chiefly albuminoids),
cystine (an amino acid), glutathione (a tripeptide
contalining cysteine), methionine, vitamin B1 or thiamine,
biotin, jenkoliec aeid;‘and the glucoside, sinigrin (12,21,
44,52,57). In addition to being important as a nutrient
element itself, sulfur may influence the avallabllity of
phosphorus, potassium, and caleium (31,40), EKevorkov (30)
found that gypsum was effective in increasing the ylelds
of clover and alfalfa, primarily by serving as a source of
sulfur for the plants, although he suggested ﬁhat an indirect
effect was an ineresse in the supply of avallable potassium,
However, MacIntire et al, (34) reported that sulfates were
found not to increase the supply of potassium to growing‘
plants where a favorable reactlon had been produced by
liming. ZErdman (17) stgted that sulfur additions increased
potassium in drainage water. HNeKibbin (40) reported that
caleium and phosphorus, as & result of sulfur addition,
became less avallable and potassium and sulfur more so.
Neller (41), on the other hand, found no significant increase

i{n the amount of caleium, potassium, phosphorus, magnesium,
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or iron in plants as a result of sulfur fertilization, but
atd find sn increase in yield., Fraps (20) observed an in-
erease in phosphorus uptake but no inerease in nitrogen or
potassium with sulfur addition, He also found that sulfur
additions increased the availability of phosphorus, iron,
manganese, end boron, The latter three elements are
expected to become more avallable with an inerease in acldliy.
Another effect of sulfur additions may be a higher nitrogen

content of plants, Kelly and Midgley (29) stated that an
abundance of sulfur favored nitrification in the soll and

| root development in legumes,

l In several specific reglons of the United States
definite responses to sulfur fertilization have been found.
Among the sulfur deficlent areas are western Washington
and Oregon, northern Idaho, Montana, Iowa, Arkansas, and a
belt through the northern half of Minnesota (4,11,12,14,16,

; é2,45)§ Ranges in sulfur content of soils are given as
300 to 760 pounds per acre for Oregon, 719 to 938 pounds
per acre for Iowa, and 412 to 800 pounds per acre for Ohlo

(6,11,42,45), The average for Kansas 1s 540 pounds per
aepe and for Wisconsin 400 pounds per acre (24,51)4

Fried (21) found that yields were higher in all cases

| with sulfur fertilization., Volk, Tidmore, and Weadows (56)

found that the sulfur concentration in the tissues of plants

not fertilized with sulfur varied between 0,089 and 0,34

Baainn o anien U o Rl e Bt M RGN e
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percent, The addition of sulfur increased the concentration
in corn 120 percent, turnips 470 percent, and wetch 1000
percent, Peterson (44) stated that when large quantities
of sulfetes were added to the soll there were corresponding
increases of sulfates in the plant tissue, Rape, radishes,
end clover grown in greenhouses on soils low in sulfur but
high in nitrogen, potassium, and phosphorus contained no
sulfates, and 90 percent of the total sulfur was unoxidized
(probably protein.sulfur) when no sulfates were added.

When oxidized to sulfuriec acid, sulfur becomes a
good mineral solvent, Application of gypsum in arid arecas
results in improved structure and nutrient solubility (7)s
Ames and Boltz (6) suggested that sulfur additlons resulted
in increased water-gsoluble potassium content due to salt
formation, MacIntire (35) reported that liming increased
the outgo of sulfates as a result of stimulation of sulfo=-
ficetion and of oxidation of additions of elemental sulfur
and of pyrite., He further stated that rainfall in humid
reglons effected substantially complete removal of ordinary
additions of fertilizer sulfates within one year.

Volk and Bell (55), in Florida, found the order of
appearance of the varlous fons in lysimeters to indicate
that caleium nitrate dominated the soll solution and
retarded the movement of sulfates unti; nitrate nitrogen,

due either to leaching or plant utilizatlon, had passed




ts crest of concentration, They also found that the
leaching of potash was apparently retarded as an indirect
effect of the reduction of the solubllity of sulfates by
the caleium nitrate., These investigators used a standard
treatment consisting of 201 pounds of ammonium nitrate,
215 pounds of potassium nitrate, 248 pounds of monocaleium
phosphate, and 748 pounds of hydrated calcium sulfate,
They confirmed certain findings of WacIntire (35) when they
found that the use of lime caused a marked increase in.the
loss of sulfates by leaching,

In order to determine whether enough sulfur is
present in the soll to maintain high vields of Tennessee
crops it is necessary to present a balance sheet showing
the sources as well as the ways of loss (table I and table
I1)., Sources include rainfall, snowfall, and smoke; manures
and crop residues, and fertilizers, Losses are incurred
through erosion, leaching, and crop removal. Sulfur from
rainfall end snowfall is added in varying amounts, depending
on, in addition to the annual total precipitation, the
proximity to large industrial areas, Alway (3) reported a
range of from 120 pounds of sulfur per acre per year at the
edge of St., Paul, lMinnesota to & pounds of sulfur per acre
per vear in northern Minnesota, Other figufes listed for

rainfall sulfur content in pounds per acre per year are 25



TABLE I

DATA ON SULFUR ADDITIONS TO THE SOIL

Source

Pounds Per Acre

Plant and Animal Residue
(Organic Matter)
(57)

Rainfall and Snowfall
(5,37)
Fertilizers 500§ 204 Super
200# (NWHg)pS0,
200# KpS804
(21)
Minerals
80p in Alr
(2)
Total Sulfur ?ea?rves in Soil
21

10-20

40
36

1-30

720




TABLE I1I

DATA ON SULFUR LOSSES FROM THE SOIL

Source Pounds Per Acre
Crop Removal 8«50
{21)
Leachin S30=50
(10,32
Erogsion 1=10

(32)




to 100 (Fried in Indiana), 30 (Lvon and Bizzell in Wew
York), and 15 (Erdmen in Iowa) (21,10,15). In Alabama,
Volk, Tidmore, and Meadows (56) gave rural figures as 7
to 16 pounds per acre per year at Kinston and Belle Mina,
respectively, and the Birmingham figure as 76 pounds per
acre per year. In Tennessee, MaecIntire and Young (37)
gave values (1923) of 52 pounds per aere per vear at the
University of Temnessee farmm at the edge of Knoxville, 95
pounds per acre per year at the heart of Knoxville, and 19
pounds per aere per year seven miles from Knoxville (8-
yoar averages). All of these fipures suggest a bountiful
supply of sulfur from rainfall near large cities but small
amounts in many rural areas. |

Alway (2) reported the sulfur dioxide absorbed by
lead peroxide-coated fabric as from 100 pounds per acre per
vear in Minneapolils to less than 5 pounds per scre per year
near the Mississippi River headwaters. He stated, however,
that only about 22 percent of this amount was absorbed by
soils and used this factor to calculate the amount of sulfur
added to the soil by the sulfur dioxide present in the alr,
Pounds per acre per vear were reported as 30 for the
University Farm, 1.6 for rural Page and Crow Wing, end 1.1
for Bemidji in northern Minnesota, KXelly and Midgley (29)
gave ranges of 32,7 to 109, 25 to 250, and 60 to 375 for

pounds of sulfur trioxide absorbed by plents in Vermont,
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Minnesota, and Indiana, respectively.

Other sources of sulfur include mahure and erop
residues and commercial fertilizers, Plant and animal
residues contain 0,1 to 0.5 percent sulfur (57). Sulfates
may also be brought back to the surface horizons through
plant roots, ‘After absorption by the roots, they are as-
similated by the plants and are left in the crop residues,
An annual application of four tons of manure per acre supplies
approximately 15 pounds of sulfur (50), Five hundred pounds
of 20 percent superphosphate adds 40 pounds of sulfur, 200
pounds of ammonium sulfate 50 pounds, and 200 pounds of
potassium sulfate 36 pounds (21)., Mineralization is re-
sponsible for the conversion of small amounts of sulfur to
the soluble sulfate form each year (29), Fried (21) gives
the total sulfur reserve in Indians solls as 720 pounds per
acre.

Crop removal of sulfur varies from 8,4 to 45,9
pounds per acre per year, depending upon the individual crop
grovn (21), Leaching losses vary from 30 to 50 pounds per
acre per vear (table II), Stewart estimated a similar loss
as from 20 to 803 pounds of sulfur per acre annually in
I1linois (50)., The loss by leaching in Arkansas was
estimated at 6 pounds per acre per year, MacIntire, Willis,

and Holding (36) found 13 to 64 pounds of sulfur in drainage
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water from lysimeters receliving various amounts of caleium
and magnesium fertilizers. Lyon and Bizzell (10), in
lysimeter studies showed that, when the sulfur in crops
wes added to that in the drainage water, the sulfur losses
from thc plented and unplanted soils did not differ greatly.
They found that when they allowed for the sulfur added in
manure (15,5 pounds per acre per year), the net annual loss
of sulfur, where rotation of crops was practiced and manure
used, varied from 16 to 28.4 pounds per acre per year,

Shedd showed that virgln soils in Kentucky generally had a
higher content of sulfur than cropped soils (table III),
Erosion, which removes large quantities of organic matter
rich in sulfur from the topsoil, takes an average of 6 pounds
per acre per year, according to Lipman and Conybeare (32).
Most of the sulfur in soils comes from the organic
matter (29)., Sulfur oxidizes more rapldly in soils receliv-
ing green manure or stable manure than in untreated soils
poor in organic matter, according to Waksman (57). Increased
microbiological activity and sulfofication result, Sulfur
reserves in humid regilon soils occur chiefly as organic
presidues from which sulfates are generated (49), Organic
matter, by the action of heterotrophic bacterla, fungl, or
actinomyces, is first converted into a sulfur-bearing
frection (57). This sulfur-bearing fraction is elther

assimilated by mlcroorganisms or decomposed by autotrophiec
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bacteria to elemental sulfur, which is further oxidized to
sulfurlc acid,

Untlil recent years sulfur in rain and a2ir was given
most attention as a source of replenishing our sulfur
resources, but now organlic matter and fertilizers are more -
often considered, In 1923 Erdman (16) stated that, due to
annual leaching of high amounts of sulfate, a permanent
farming program must add sulfur in some form, He suggested
that additions may be accomplished by using manure, gypsun,
or acid phosphate., Swanson and Miller (51) mentioned that
the supply of sulfur was closely related to the supply of
organic¢ matter, They further stated that the addition of
organic matter to a certain point increased sulfofication
and that the loss of sulfur because of cultivation approxi-
mately paralleled that of the organic matter loss, In 1922
Bpdman (15) -coneluded that under actual farm conditions the
sulfur in annual rainfall was not sufficient to overbalance
the loss by drainage and crop removal,

Starkey (49) concluded that much of the sulfur in
soils was in organic compounds from which the sulfur was
released by mieroblologlcal attack, He further stated that

the persistence of sulfur in soils of humid areas was due

primarily to the presence of organic compounds of sulfur,
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Ames and Boltz (5), in Ohio, found that the sulfur content

was assoclated with the amount of organice matbter in the soil,

Acecording to Hart and Peterson (24), the original
Wolff ash analysis methods for determining plant sulfur, ’
first thought adequete, were found to be low due to
volatilization during ignition: In table IV, alfalfa hay,
by the old method, contained 04170 percent sulfur, but by
the newer Osborme peroxide method it contained 0,287 percent
sulfur, An even wider wvariastion, from 0,054 percent go
0,341 percent, was shown for soybeans.

A new interest in sulfur, created about 1210, in part
because plants were found to contain considerably more then
originally thought, led to additional soil sulfur tests.
Shedd (48), in Kentucky, compared the average number of
pounds per acre of sulfur and phosphorus in virgin and
cultivated soils of the geologlc areas of Kentucky (table
I11), He found the sulfur in virgin soils to range from
213 to 1080 pounds per acre and in cultivated soils from
160 to 560 pounds per acre, This again suggests that most
of the sulfur is contained in the organlc matler of the soil.
Shedd reported that the loss of sulfur due to cultivation
ranged from § to 56 percent of the total amount present.
Swanson snd Miller (51) alno stated that the greater part
of sulfur in most solls occurred in complex organic come-

pounds., They further stated thet if the relative soil
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TABLE IV

COMPARISON OF OLD ASH METHOD
POR SULFUR IN PLANT ANALYSIS
WITH NEW METHOD (24)

e e e e e Rt e

Crop %s (¥ew) %5 (014)
Alfalfa Hay « 287 « 170
Red Clover « 164 « 089
Barley « 153 024
Rapo TOPB - 968 <453

Soybeans « 541 »034
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supply of sulfur was not larger than that of some other
essentlal elements, notably phosphorus, sulfur might
become a limiting factor in crop production., These workers
gave a comparison of the percentage of sulfur in two pairs
of soll samples from Russell and Greenwood counties of
Kansas (table V), coneluding that, whether or not sulfur
was a limiting element in production of crops on Kansas
solls, 1t was apparent that the supply of this essential
element was closely related to the supply of organic matter,

Oné of the most complete analyses of the sulfur
problem was made in Illinois, where, in the 1920'31 the
sulfur content was reported along with the nitrogen, phos-
phorus, and potassium content of representative samples in
county soil survey bulletins of the University of Illinoils
Agricultural Experiment Station, The Peoria County
Bulletin (1921) (26) gives the cycle of transformation of
gsulfur in nature, commonly known as the "sulfur cycle",
Sulfur thus becomes largely self-renewing, in splte of
considerable loss by leaching. The main idea here, however,
as well as in practically every sulfur survey in the litera-
ture, is that, under eircumstances where the natural stock
of sulfur is not so high end where the amount returned

through reinfall is small, sulfur soon becomes a limiting

element in crop production.
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TABLE V

PERCENT SULFUR IN TWO PAIRS OF SOIL SAMPLES
FROM RUSSELL AND GREENWOOD COUNTIES
OF KaNSAS (51)

. S0il Number ‘ %3
Virgin Cropped Virgin Cropped % Loss
1031 1032 0,044 0,027 38

1037 1036 0,062 0,086 41
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The sulfur content of representative Tllinoils soils
is given in Illinois Soil Report #20 (1921) (27) (table VI).
Four main groups are included, viz. the upland prairie
soils, upland timber solls, terrace solls, and swemp and
bottom-land soila, The total sulfur and the total nitrogen
content are closely correlateds Flgures for sulfur and
nitrogen content of Platt County soills again show the close
relationshlip between the amount of sulfur and the amount of
nitrogen (table VII) (25).

In 1936 the Illinols annual report stated that an
investigation of the sulfur content of soills in relation to
organic matter content indicated the strong probability that
the portion of sulfur which was retained against leaching
was combined largely with the soll organiec matter (28).
Pigure 1 shows in graphic form the organic ecarbon and the
sulfur content of the upland surface solils of twenty-elght
gounties widely distributed throughout Illinois, The
sulfur/earbon ratio is shown to be about 1/50 in soils
egontaining up to sbout 40,000 pounds of organiec carbon in
2,000,000 pounds of soil end to become wider in certaln
solls which are richer in organic matter, This correlation
implies that sulfur, as well as carbon, is chiefly combined
with the organic matter of the soll,

Baton (14) showed the phosphorus, sulfur, and

organic matter contents of soils in graphie form for
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Alabamg, Maryland, Oklashoma, the Central States, and
Chicago (figure 2). Here again was shown a tendency for
the total eulfur content to follow closely the total
organic matter content of the soll,

In recent yvears even mbfe precise investigations of
the relationship of sulfur to organic matter content of the
801l have been made br Evans and Rost (18) of Minnesota
(1945) end Madanov (38) of Russia (1946). Evans and Rost,
in view of so many variations in the literature figures on
sulfate sulfur and atmospheric sulfur, made an analysis of
the total organic matter, humus sulfur, sulfate sulfur,
and total sulfur of typleal chernozems, black prairie, and
podzol soils of Minnesobta., DBy analyzing representative
figures (table VIII), these authors concluded that the
nitrogen to orgenic sulfur ratios of chernozems and black
prairie soils varied only within narrow limits, but that
this ratio in podzols had a wider range, A direct relation-
ship between the carbon and nitrogen and organic sullfur
content of Minnesota soils was shown, However, Hvaens and
Rost (18) reported that their data were not in general
agreement with Vinokurov, possibly due to different methods
of leaching. Vinokurov (54) claimed that the amounts of
organic sulfur were insignificant, Figures showed the
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greatest amount for Russian solls as 23 parts per
million for a solonetz, but, even in Minnesota, according
to Evans and Rost, for podzols with low organiec sulfur,
this was 20 percent of the total sulfur,

Hédanov (38), in 1046, made a similar study of
Russian soils, THis aim was to study the protein part of
humus as to 1ta“aaturaticn by sulfur, Samples of chernozem
and ahasﬁnut soils were chosen and analyzed for total
nitrogen,; and orgenic and mineral forms of sulfur, It
was shown (table IX) that the a:ntént of organic sulfur
in the Ay Aqyy; and B horizons 6loaely paralleled the content
of total nitrcgeﬁ end, consequently, was compounded with
Ehe proteins of ﬁhe soil, Mad#ncv di ffered from Vinokurov
but came nearer té agreement with Evans and Rost, who
gave the organic sulfur minimum in chernozems and black
prairie soils as 64 percent of the total sulfur (table X).
He stated that in chernozems rich in hummus, the organic
sulfur constituted 70 to 20 percent of the total amount
of sulfur, and that in solils poor in humus nearly equal
amounts of organic and mineral sulfur made ﬁp the soil's

total content of sulfur.
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HATERIALS AND METHODS

In this study samples of representative soil types
from the ma jor physiographic reglons of Tennessee were
chosen, Sach sample represented a composite of several
subw-samples taken from the identified area, Table XI
glves certain information about the 2¢ Tennessee surface
soll samples studied.

A rapid and accurate method was desired for the de-
termination of sulfur Eonbent of soills, The first step was
a8 oomplate oxidation of the sulfur contained in the organie
matter of the soil, Two wet digestion procedures were tried,
the nitric aclid-perchloric acid method of Evans and 3t. John
(19) and the hydrogen peroxide method, originally used by W,
0. Robinson (46) in the determinatlion of the total organic
matter content of soils, A modification of the former me-
thod for testing for sulfur in feeds was found to be time-
consuming, Difficulties with this method ineluded: (1) a
minimum of three days required to run one series of samples,
{2) the necesslty of using care in handling the hot perchloric
acid, (3) excessively large amounts of sodiuwm hydroxide re-
quired for neutralization, (4) discrepant results in sulfur
content due to interference by iron and aluminum, even after
thelr elimination by precipitation with ammonium hydroxide,
{5) the formation of gels which were difficult to filter,

even using a 10-cm. Buchner funnel with suction, and
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(8) inconsistant results in the percentage of sulfur, As
a result, thils method was diaear&ed;

W, 0. Robinson (46) fbund the hydrogen peroxide
digestion suitable for gquantitative work in organic matter
determinations, This method, he stated, offered an advan-
tage in rapidity of orgenic matter determination over the
combustion method when a large number of analyses were
be madey Evans and Rost (18) used hydrogen peroxide for
the determination of orgenie sulfur, after removing the
inorganic fraction by extractlon with hydroehloric acid,
In the opinion of these wrliters; the sulfur fraction of
the organie matter was the easlest to oxldize., IHadanov
(38), in 1946, determined organic sulfur by oxidation
with hydrogen peroxide,

The nitric acid~hydrochloric acld digestion of
Marsden and Pollard (39) required many evaporetions to
dryness and the use of two reagents, According to Shaw
and MacIntire (47), there was still no assurance that
eompletg oxidation of native aulfdr materials was effected
by this method,

The hydrogan peroxide method seemed most satisfru-
tory for the purposes desired,s Advantages ineluded the
use of only one reagent, since organic and inorganic
sulfur were being determined together, and a minimum time

of an hour required for complete oxidation,
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Three titrimetric methods subsequent to hydrogen

peroxiée oxidation were glven considerable time and study
due to their ease of performance and rapldity as compared
to grevimetric procedures. The THQ (tetrahydroxyquinone)
indicator method, suggested by W, H. Betz and Company (21)
gave a difficultly reproducible end point and was there-
fore discarded after several veriations in procedure were
tried, '

The Marsden and Pollard benzidene hydrodhlorida
procedure (39) provides for the oxidation of benzidenec
sulfate by potassium permahganate, It was rejected due
to the time-consuming factor, the necessity of the use of
several reagents conbalning minute amounts of sulfur, and
the inconsistant results. Thomson (53) reported it as
least acourate of all sulfur methods,

The Belcher and Goelbert method, with slight
modifications, was tried as a relatively rapid titrimetriec
oxidation-reduction procedure, After precipitation of
barium sulfate; tenth-normel potassium dichromate is added
to precipitate barium chromate, The barium chromate pre-
cipitate 1s dissolved in acid and titrated with ferrous
ammonium sulfate, Discrepant results were obtalned due
o the inclusion of iron in the barium chromate precipitate.

This caused an indistinet end point, The procedure was
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eliminated because of its lengthiness end the difficulty
of duplication of results,

The quickest and mosﬁ aocuraﬁe method proved to be
the standard gravimetric procedure in which the sulfur is
precipitated as barium sulfate, ignited in a muffle fur-
' nace, and wighed (8)e

A combination of the hydrogen peroxide digestion
and the gravimetric barium chloride precipitation methods
was found to have the following four major advantages over
any others considered for a large number of samples:

(1) speed, (2) simplieity, (3) use of a limited number
of reagents, and (4) reasonable accuracy.

The offieial A, 0. As C, Kjeldahl method (18) was
used in the determination of total nitrogen content of
the 24 soll samples tested., The wet oxidation method
eited in U, 8. D. A4 Cireular #757 (43) was used for the
organic matter determination,



RESULTS AND DISCUSSION

Table XII gives the amount of barium sulfate
precipitated from each of the 2¢ samples in ecach of the
several determinatlons; also, the average values are glven,
together with the average percentage of sulfur for each
sample, Blanks were used to account for any sulfur in
the hydrogen peroxide:; The range in sulfur content of
the 24 samples is 0,007 to 0,030 percent, The average
value 18 0,015 percent.s The very low value of 04007 per-
cent sulfur for the Decetur soil may be due to incomplete
oxidation of the sulfur in the organic matter due to a
high soil manganese content, The range in percent sulfur
for mineral soils of the United States is given sz 0,008
to 0,20 by Lyon and Buckman (33).

Table XIII gives the percent sulfur, percent
nitrogen, percent organic matter by the Kjeldahl (NX20)
method, and the percent organic matter by the wet oxidation
method. The range in nitrogen content for mineral solls
of the United States is 0,02 percent to 0450 percent (33)
compared to the range for the 24 Tennessee samples of
0,043 percent to 0,186 percent: The average for these 24
samples is 0,086 percent. Waksman glves a nitrogen value
of 0,048 percent for Colbert clay (O to 30 emi), a soil
typical of this reglon of the United States, ILyon and



TABLE XII

SULFUR CONUTENT OF 24
TENNESSEE SURFACE SOIL SAMPLES

mlligrm of BaS0g4
Sample Determination Number

Humber 1 B SN My D Bemm Amsen SR T

BaB 4.9 Bed 545 Bsd 4015
Buk T 649 848 6,0 T4l 648 Tl HO19
4.7 6,1 45 4.1 4,8 ,013
406 51‘5 5.5 5.1 5'2 '0}.4
2.5 2*1 2.4 2.9 2‘5 0007
4.0 4*8 2;'7 2&? 9.1 9.5 9.8 5&8 0016
4,7 6B.4 5.6 Bul 5¢4 4015
Bs8 64,0 7,6 TeB TS Til 643 647 018
Q,06%%F 2,8 3.8 BB 447 4,6 247 Bu7 010
37 B0 385 Ba7 4,0 4011
BaB 48 648 346 448 55 5,7 Byl LOl4
3.7 540 4.4 D4 4,1 4011
742 —— 6.9 6.0 69'7 *018
B8 6.7 63 43 6,0 016
T4 4.3 6,7 3B:3 446 5.2 7«6 Bas6 OL1B
742 44l 748 540 651 Byd 6,8 6,0 ,016
D8 48 9,3 BuE 6.0 7.6 B2 Hal 020
14,6%% 3,7 5.1 5.2 4.7 013
Te? 8u9 19  T40 95 54O 5«8 4016
Sed B,7 4,0 2,86 3,6 5.9 $08% 3,8 LO11
643 Gyt 343 Bs8 4.7 448 5,8 4.7 01
1244 1148 943 1049 6,7 1,0 10,1 1l.1 4080
Bal 8.7 4,0 B4l 4,0 L0111
Bsd 247 641 BB 4.5 4012

sgg « HALLL Bas04 X 401373

#*Value not included in average



TABLE XIII

CONTENT OF SULFUR, HITBOQEN, AND ORGANIC

MATTER IN 24 TENNESSER

SURFACE B0IL SAMPLES

B0 My

Soil BO oM ote (Wet
~ Number Soil Series %8 N (¥X20) Oxidation)

4 Paden +015 +058 12 12
i Dewey +019 +096 1.9 1.9
- £ Fullerton +0158 043 1.0 1.2
18 Decatur «007 .082 1.6 18
‘88 Loring «015 .067 1.3 1,2
40 Oblon 1018 « 145 249 2,6
49 Hemphis «010 «070 1.4 1.5
51 Loring +011 +098 2:0 17
55 Grenada «014 « 100 2.0 244
56 Grenada +011 «067 1.3 1.0
60 Hagerstown 018 087 1.3 142
. 62 Hartsells +016 +060 1.2 147
83 Hartsells 018 L0758 15 246
64 Hartsells 0186 +089 1.8 243
66 Cumberland +020 +082 1.6 1.6
67 Tyler +013 «126 248 2,9
68 Elk «016 +119 2ed 1.9
T4 Baxter 011 .043 0.9 0.7
78 Hercer 013 «081 1.6 1.6
80 Godwin «030 « 186 367 Oe'7
82 Bodine «011 +059 142 147
85 Dickson +012 «O62 1.2 1.8
Ave, +015 +086 347 1.8

#0 .M, =~ Organlec Hatter
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Buekman (33) give percent nitrogen values of 0,048 for
Cecil soils of North Carolina, 0,039 for Norfolk soils of
North Carolina, and 0,120 for Kentucky soils, The walues
obtained in this study compare favorably to these values
in the literature,

In table XIV the 24 Tennessee soll samples are
grouped according to geographic regions. The nitrogen-
to=-sulfur ratlio for the 24 soll samples studied and the
average nitrogen-to-sulfur ratio for each region of the
state are also given, The average nitrogen-to-sulfur ratio
for the state 1s 5,7, excluding the Decatur sample. The
nitrogen~to~sulfur ratios for East, Middle, and West
Tennessee soills are 5.4, 5.4, and 6,5, respectively.

(The Decatur sample was not inecluded in the calculation
of the East Tennessee nitrogen-to-sulfur ratio.) This

suggests a possible tendency for less sulfur in the or-

ganic matter of West Tennessee soils, but the difference
shown by this limited number of soil samples 1s probably

not significant,

The range in percent sulfur, comparatively narrow
for Tennessee, corresponds closely to the narrow range in
percent nitrogen; thus, the average low sulfur content of
Tennessee soils has a close relationship to the typical

low nitrogen content of solls of this section of the

United States. A tendency for the sulfur content to follow




TABLE XIV

PERCENT SULFUR, PERCENT NITROGEN, AND -
NITROGEN.TO-SULFUR RATIOS OF 24
TENNESSEE SURFACE S0IL SANPLES

37

Location

Bast Tennessee

Sample Number S0il Series 4 o /8
10 Dewey 019 +096 540
15 Pullerton «013 «048 S
7 Sequola 014 073 5.2
18 Decaturs +007 082 11,7
21 Emory «016 «100 6.2
66 Cumberland +0820 082 4.1
67 Tyler 013 +126 2 P4
Ave. . #0186 0087 546
Cumberland Platean
Sample Humber
62 Hartsells +016 +060 548
63 Hartsells +O18 075 540
64 Hartsells +016 +089 5.6
Ave, +Q016 078 4.8
East Tenn, Ave. +015 083 e
Highland Rim
Sample Number
74 Baxter 011 «0Q43 Ded
82 Bodine 1011 . 089 8 04
85 Dickson «018 062 5.2
Ave, «+H11 +0656 4.8
Outer Basin
Sample HNunmber
68 Blk «016 +«119 74
80 Godwin +030 + 186 6.2
Ave, +083 g 4 648

~gontinued




TABLE XIV

PERCENT SULFUR, PERCENT NITROGEN, AND

NITROGEN~TO-SULFUR RATIOS OF 2&
TENNESSEE SURFACE S0IL SAMPLES

Location Soil Series %3 ¥4 N/3
Inner Basin

Sample Number

60 Hagerstown «018 L0867 347

78 Hercer +013 081 6.2

Ave. 0186 074 5.0

Middle Tenn., Ave. «016 +088 Bed
West Tennessee
Semple Number

4 Paden +015 058 3.9

28 Loring «0156 .067r 4,5

49 Memphis «010 .070 7+ 0

51 Loring «011 098 8,9

53 Grenada 014 «100 % 3

56 Grenada 011 «O067 P

West Tenn, Ave, «013 036 G5

#Not included in averages
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the nitrogen content is shown in figure 3., In this graph

the peécent‘sulrur is plotted as a function of the percent
nitrogen. The regression coefficient and the correlation
coefficient wera calculated according to the method or
Snedecor (22), The 0,64 correlation coefficient is highly
significant, The formula for the reyreasion line is

v = 4088 x # JOOT3, Several apparent contradictions to
the above correlation-are excaptiona rathar than the
general rule,

In figure 3 the relative amounts of sulfur and nitro-
gen in the 24 Tennessee surface soll samples are given in
graphical form with tha.samples arranged according to increas-
ing nitrogen content. The percentage of sulfur, in general,
inereases with an inerease in the percentage of nitrogen
for Tennessee solls, just as for Illinois solls the
pércentage of sulfur was shown to inecrease with an increase
in the percentage of organic carbon (figure 3).

Maximum variestion between percentage of organie
matter of individual samples determined by the Kjeldahl
{NX20) and wet oxidation methods was 0.6 with one exception
(table XIII), The exception was a sample from the Gumbar«
land Plateasu for whiech the difference was 1,1 {from 1.5
to 2,6), The three Cumberland Plateau samples of the .

same soll serles (Hartsells) showed organic matter
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percentages of 1,2, 1,5, and 1,8 by the Kjeldahl (NXagp)
method and 1.7, 2,6, and 2.3 by the wet oxidation method,
yet they showed almost identical total sulfur values of
04016, 0.015, and 0,016 percent respectively (table XIII).
The wlder-than-normal variation in organiec matter content
by the two different methods may be attributed to the fact
that Cumberland Plateau solls have a generally higher
amount of raw organic matter, Thus, the usual factor of
"twenty" required for the conversion of humus nitrogen
content to organic matter content is too small, Waksman
{(58) states that the nitrogen determination as a basis for
the determination of organic matter content of solls ine
volves not only the use of an arbitrary factor, which may
be considoraﬁly different for different humus formations,
but also assumes a constant relationship between the carbon
and nitrogen content of the humus, Concerning the wet
oxidation procedures, he states that they deserve consi-
deration since their results check well with those obtained
by dry combustion, even for soils very low in organic
matter,

No attempt will be made at this time to suggest
any specific area in Tennessee where a shortage of sulfur
actually exists. However; in view of the generally low
sulfur values for soils of the state and the benefits noted

by Volk and Tidmore (56) in cotton fertilization with
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gypsum in Alabama, it is suggested that fertilization
with sulfur in Tennessee deserves further study, particu-

larly in areas of limited industriasl development and limited

fuel consumption,



SUBMARY

A review of the literature pertailning to éoil
sulfur additions, losses, and effects on plant growth
was made, The foilowing coneclusions are drawn:

ls A low sulfur content is characteristic of the
highly lesched, low organic matter solls of the
southeast,

2s Crops prespond to sulfur fertilization in sulfur-
deficient areas,

3¢« The soll sulfur content and organic matter
content are closely correlated.

4. BSoll sulfur sdditions are higher near industrial
areas than in rural arcas,

The sulfur, nitrogem, and organic matter content
of 24 representative Tennessee surface soll samples was
determined, These data show: |

l. A comparatively low sulfur content for Tennessee
solls, ranging from 0,007 to 0,030 percent.

2y A close correlation between the amount of sulfur
and the amount of nitrogen in the soils of Tennessee,

3. The need for work on crop responses to sulfur

fertilization in thinly populated areas of Tennessee,
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APPENDIX




PROCEDURE FOR THE DETERMINATION
OF TOTAL S CONTENT OF SOIL:

1, Welgh out a S-gram sample of soil (ground to pass a
20-mesh sleve) into a BOO-ml, Erlenmeyver flask.

2, Add slowly 10 ml. of 307 HpOp (Merck) and plece on
hot plate. | |

3+ Dipest for approximately 15 minutes and then add
slowly 10 ml, more of 30% HpOy,

4, Again, after 15 minutes, add slowly 10 ml, of 30¥

HoOge

§.2~Digest for a minimum of one hour, uatil the super-
natant liquid is perfectly clear. ;

6+ Cool and filter through a 1l0-ecm, Buchner funnel,
using Whatman #42 filter paper, into a 500 or 1000-ml,
suction flask, "

7« Wash with distilled water until a volume of 200 ml,
is obtained, ; _ ;

8+ Transfer filtrate to a 400-ml. beaker.

9¢ Dilute to 300 ml, with distilled water,

104 Add 2 drops of methyl red indicator. i

11, Acldify with 0,1 H. HC1 to s point 0,5 ml, beyond
the methyl red coloy change {rom orange to red, ,

12, Heat on hot plate to belling.

%261 Precipitate BaSO4 by the addition of 10 ml, of 5%

L e §

14, Allow the solution to digest for 5 or 10 minutes on
the hot plates Al ! :

15, Cool the solution for 4 hours,

16, PMlter through a Gooch erucible with an asbestos mat.

17, Wash with distilled Hg0 until free of chlorides,
184 é;gnite erucible in a mffle to approximately 500°C
for hr.

19, Weligh on an analytical balence,

20¢ Calculate as %8 by the following formula:
ng. Bas0s X 0,01875 _ g

Precautions and supggestions:

1. A violent reaction with the evolution of heat shows
the presence of Mnlp or Crp0zs If less than 0,257 MnOg
18 present it can be destroyed by eveporation with a
small excess of oxalic acid before adding the Holp (1).
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2, Run a blenk and treat it just like a regular sample,
3¢ Caution must be used in adding the peroxide to
- prevent excessive frothing.

4, The samples must not be placed on the hot plate until
the reaction has subsided,

B+ Do not ellow the solution to evaporate to dryness
or near dryness, or incorrect results will be obtained.

6+« If coarse BaS0y4 crystals are not observed after the
four-hour cooling period it is sdvisable to allow ths
beaker to stend overnight.

7+« The complete procedure should require no more than

12 hours for 24 samples run simultaneously after sufficient
profiency is attained. ,

8+ The CGooch crucibles may be re-used for an indefinite
number of times once a good mat iz obtained, .



