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BULLETIN No. 302 SEPTEMBER, 1922

THE NEEDS OF THE SOILS OF BRAZOS AND JEFFERSON
COUNTIES FOR SULPHUR

BY

S. LoMANITZ*

While sulphur has already at the early period of chemical investiga-
tions in agriculture been found to be an element essential to plant life,
it was not until comparatively recent years that the possibility of this
fact having a bearing upon agricultural practice has been given serious
consideration.

Figure 1.—Experiment with corn on soils}18911—18999.

In 1897 Halstead (1) reported that in his experiments on some
New Jersey soils, he found that peas planted on plats receiving sulphur
developed one-tenth as many root tubercles as the plants on the plats
not treated. In the years following, workers in agricultural chemistry
in various countries took up the study of sulphur in its relation to
soils and crops. This work was given an additional impetus by the
reports of a number of investigators that the amount of sulphur in the
ash of plants,—the method then prevalent for the determination of this
element,—usually represents only a fraction, quite often an insig-
nificant fraction, of the total sulphur the plant originally contained.

*A thesis submitted to the Faculty of the Agricultural and Mechanical Cellege
of Texas in partial fulfilment of the requirements for the degree of Master of
Science in Agriculture.
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Berthelot (2), Bogdanov (3), Fraps (4), Beistle (5), Fraps and With-
ers (6), Hart and Peterson (7), have all drawn attention to the great
loss of sulphur occurring during the burning of the plants to an ash.

In this work with sulphur, the results reported by different investi-
gators are not always in agreement. Favorable effects of sulphur appli-
cations are reported by Boullanger (8) in the case of carrots, beans,
celery, lettuce, potatoes, and onions. Bernhard (9) also reported bene-
fit to potatoes and mangolds from the application of sulphur at the
rate of about 350 pounds to the acre. Tottingham (10) found sulphur
beneficial to rape and radishes. Magnien (11) noted the same results
with turnips and beets.

In the case of fruits, Lierke (12) reported beneficial results from
fertilizing materials containing sulphates as compared with those not
having that ingredient. Vermorel (13), also Chauzit (14), found sul-
phur favorable to grapes, especially if applied in connection with
manure.

Increased yields of alfalfa fertilized with :ulphur were reported by
Reimer (15). Similar results were reported by Brown (16) in Oregon;
although landplaster, he adds, gave larger increases. Experimenting
in southern Oregon during 1915-1918, Reimer and Tartar (1%) found
that the alfalfa and ‘clover crops can be increased 50 to 1,000 per cent.
by the use of fertilizers containing sulphur.

Shedd (18) found tobacco and soy beans in pot experiments to have
benefiited from sulphur applications at the rate of 240 pounds per
acre. Duley (19) reports sulphur beneficial to red clover on sand and
silt loam. Ames and Boltz (20) also report increased yield of clover
due to sulphur.

Effects of sulphur applications altogether contrary to those men-
tioned are reported by other workers. Gianetto (21) reports that sul-
phur applied to potatoes at the rate of 400 pounds per acre resulted in
a net loss. Voelker (22) could find no influence of sulphur as a fer-
tilizer with mustard, rape, or clover. Bosinelli’s (23) field and pot
experiments with sulphur on oats, vetch, mustard, corn, beans, and
rape were not favorable to sulphur applications. Unfavorable results

with sulphur on oats are reported by Pfeffer and Planck (24). Hart =

and Tottingham (25), while finding §u]pha‘c05 beneficial to Leguminosae

and Crumferae report elementary aulphur generally harmful. Experi-
ments on oats roported by Pfeiffer and Simmermacher (26) are also un-
favorable to sulphur. The Wisconsin Station (27) reports that while -

elementary sulphur on oats is sometimes beneficial, it quite often exer-
cises a poisonous effect. According to the Ohio Station (28), “addi-

tions of sulphur and sulphates have not increased the yields of corn,

oats, wheat, soy beans, potatoes and clover.” The Mississippi Sta-j

tion (29), experlmenhno with flowers of sulphur on cotton, found that
the sulphur had a depressing effect when used by itself.

Shedd (18), who, as already mentioned, found tobacco and soy beans
to be benefited by cu]phur reported that on the same soil clover, alfalfa,
and cabbage showed no henefit. Pfeiffer (30), experimenting mth quI-
phur on barley, reports that an application of 357 pounds of sulphur
per acre in connection with barnyard manure decreased the yield of
grain and straw. Fellers (31) reports that sulphur applied at the rate

oo
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of more than 100 pounds per acre did not increase the yield of dry
matter or seed; large amounts of sulphur proving injurious. At the
Cowra (New South W ales) Experiment Station farm (32), sulphur
applied to wheat showed a net financial loss, and when added with
superphosphate, seemed to nullify the otherwise beneficial effects of the
latter. Van Rossem (35) experimented on rice with sulphuric acid in
amounts equivalent to 88, 176, and 238 pounds of ammonium sulphate,
and reported no evident influence upon the yield.

And so we find on the one hand Shedd, Vogel (34), and others, advo-
cating the inclusion of sulphur fertilization as a regular farm practice,
while on the other hand we find Pfeiffer and Simmermacher (26),
Bosinelli (23), Stewart (35), McCool (36), and Soderbaum (37) as-
serting just as definitely that the general use of sulphur as a fertilizer
is not to be recommended.

This lack of agreement in the results of experiments with sulphur
on crops is not confined to the matter of yield only. While Halstead,
as previously cited, reported a decrease in the number of the root
nodules on the plants grown on plats receiving sulphur, Pitz (38), in
his experiments, records that sulphur did not affect development or
number of nodules. Duley (19) even found that sulphur increased
nodule production on clover. Fellers (31) also reports sulphur to have
stimulated nodule formation. That size as well as number of nodules
was increaséd with the application. of sulphur fertilizers, is reported
also by Reimer and Tartar (17).

Different results are similarly reported with respect to the nitrogen
and sulphur content of plants receiving sulphur. Shedd (18) states
that “there seems to be no consistent relation between the percentages
of sulphur and protein (nitrogen X 6.25) in soy beans.” Reimer and
Tartar (17) found that alfalfa hay fertilized with sulphur, contained
more sulphur and more protein than the hay of the check plots.
Pfeiffer (30) reports that the reverse took place with barley, sulphur
decreasing the nitrogen content of the plant.

The amount of sulphur removed by crops is given by Hart and
Peterson (7) to be about two-thirds, expressed as SO2, that of phos-
phoric acid (P20%), in the case of cereals. With legumes the two
substances are removed in about equal quantities. Some Cruciferae
crops, such as cabbage and turnips, may remove two to three times as
much sulphur trioxide as phosphoric acid. Daikahara (39), from re-
sults with pot crops, concludes that soils with even less than 0.02 per
cent. sulphur have a sufficient supply to meet the requirements of the
barley plant for that element.

Vityn (40) states that the sulphar carried down by atmospheric pre-
cipitation is more than sufficient for the requirements even of high
yields of grain and straw. Stewart (35) is also of the opinion that the
sulphur supply of the =oil is automatically replenished from the at-
mosphere. Hart and Peterson (7), referrmor to conditions near Madi-
son, Wisconsin, point out, that while the gain of sulphur from precipita- .
tion is nearly 20 pounds per acre a year, the loss from drainage amounts
to 50 pounds for the same period. Lyon and Bizzel (41) found that
sulphur was removed in drainage three to six times as much as in crops.

The form in which sulphur is present in plants is chiefly organic,
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according to Stutzer (42). He based his conclusion on the results of
his examination of rye, oats, cocoanut cake, cottonseed meal, hay, and
other plant material. Sulphates are reported (43) to be found in oats,
crimson clover, cowpea vines, and cottonseed meal. Sulphates were
not found in green millet, timothy hay, corn silage, or peanuts.

According to Dint (44), sulphur is oxidized in the soil completely
to sulphuric acid within the first two months. Demolon (45) reports
that when sulphur is mixed with garden soil and kept moist at 20° C.,
sulphuric acid, combined as calcium sulphate, was formed. Shedd (18)
found that 60-80 per cent. of the sulphur applied oxidized to sulphuric
acid within four months. Oxidation proceeded more rapidly in fertile
than in poor soil. The organic sulphur of horse manure, he reports,
oxidizes slowly. Peter (46) reports that sulphur added at the rate of
500 parts to the million of soil was nearly all converted into sulphates
within a month.

Microorganisms, according to Demolon (45), intervene in the oxida-
tion of sulphur in the soil, as he found the sulphur in unsterilized soils
to oxidize more rapidly than in sterilized soil. Heinze (47) states that
the action of sulphur in the soil is not entirely biological, and that the
process is not well understood. Kappen and Quensell (48) assert that
bacteria aid in the transformation, and that soils differ in bacterial
capacity to effect the changes. Peter (46) reports that little difference
was noted in the “sulphofying” power of several soils tested. MecIntire
and his co-workers (49) effected a non-biological oxidation of sulphur
in moist contact with relatively pure quartz.

This oxidation of elementary sulphur in the soil to sulphuric acid,
is reported by Ames and Boltz (20) to have increased the solubility of
insoluble phosphorus compounds. Lipman and his co-workers (50)
conclude from their experiments, that available phosphoric acid may
be produced out of rock phosphate, by utilizing compost heaps in which
sulphofication was active. Peter (46) also is of the opinion that this
may be a practical means of producing acid phosphate on the farm.
Ellet and Harris (51), experimenting with Virginia soils, conclude
that the formation of available phosphoric acid by sulphofication is too
slow to meet the needs of practical farming. Lipman et al. (52) re-
port that inoculated sulphur is more effective in rendering phosphate
rock available.

The power of making phosphorus compounds more available is con-
sidered by Tottingham and Hart (53) as probably a way in which
sulphur exerts a fertilizing effect. Miege (54) calls attention to the
theory that sulphur, by utilizing soil oxygen, releases nitrogen for
nitrogen-fixing bacteria. Nicolas (55) reports that sulphur also favors
the utilization of carbon dioxide by plants.

Tt is obvious that the oxidation of sulphur will introduce an acid
ingredient in the soil, the resulting acidity of which will vary with the

nature of the soil in question. Duley (19) reports a slight increase in

acidity when sulphur was applied to a sand and to a silt loam soil.

Ames and Boltz (20) also report increased acidity due to sulphur in

case of pot experiments. From Demolon’s (45) experiments, it appears
that the sulphuric acid combines with lime to form calcium sulphate.
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According to Lyon and Bizzel (56), the presence of lime in the soil
will cause a greater loss of sulphur in the drainage water.

A soil rich in organic matter, Ames and Boltz (20) state, will con-
tain more sulphur than a poorer soil, and the surface soil contains a
larger amount of that element than the subsoil.

The conflicting opinions regarding the use of sulphur in farming,
should lead at least to one definite conclusion, namely: that especially
with this substance, it is not safe to rely upon conclusions drawn from
experiments made in other places. Results obtained with sulphur ap-
plied to a crop on a certain soil may not at all be applicable to an-
other soil even with the same crop. A number of factors may be the
cause of the different results obtained by the investigators cited. Some
of these factors are likely to be: differences in the sulphur content of
the soils; the greater or lesser capacity of the soil to neutralize the
acidity produced by the sulphur; the effect of this acidity upon the
biological activities in the soil; the effect upon the physical nature of
the soil; all of which is of course subject to great variations.

EXPERIMENTAL WORK

In what follows is presented a study of the sulphur-needs of the
soils of Brazos county and the soils of Jefferson county.

A considerable number of soils of Brazos county were analyzed for
their content of sulphur. Pot experiments were carried on with soils
of the county representing the principal soil type; a few soils from
other counties were included in the pot experiments. Various additions
of fertilizing materials, including sulphur by itself or in combination,
were made to the soils in the pots and the effects on the crops planted
were noted. The crops consisted mainly of corn and sorghum, but
alfalfa and some cotton were also planted. The crops were analyzed
for their content in sulphur. On some crops nitrogen determinations
were also made to see if any relation existed between the nitrogen and
the sulphur content of the plant. The acidity of some of the soils in
the pots was determined after the crops were harvested, and this acidity
was compared with that of the original soil and with checks to which
no sulphur was added.

In the case of Jefferson county, the sulphur content of various soils
was determined, but no pot experiments were made.

Analytical Method for Sulphur in Soils and Plants. The determina-
tion of sulphur in the soils as well as in the plants was made according
to the following method:

Five grams of the sample were treated with 20 c.c. concentrated nitric
acid; after frothing subsided and the mixture partly evaporated, 20
c.c. of a 5 per cent. solution of calcium nitrate were added and the
whole evaporated to dryness and ignited to an ash. This was treated
with hydrochloric acid, heated, filtered, and the sulphates precipitated
in the filtrate by means of barium chloride in the usual way. The
calcium nitrate solution was made by dissolving calcium carbonate in
nitric acid, the calcium ecarbonate having been previously washed to
free it from any sulphates with which it might have been contaminated.
Blanks were run on the reagents and allowance made when needed.

Details of Pot FEzperiments. Into an 8-inch galvanized iron pot,
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provided with tubes for soil ventilation, were added, first, enough
washed gravel to bring up the weight of pot and gravel to 24 kilograms;
and then five kilograms of the soil, which had previously been pounded
up with a wooden mallet until it would pass a 3-millimeter sieve. The
trash and rocks remaining on the sieve were not used. The additions
to the soil were, in the case of ammonium nitrate and potassium chloride,
in the form of a solution of the salt; with the other additions, the solid
substance was used. The additions, as well as cistern and condensed
water, were tested for their content in sulphur. Some lots of chem-
icals and the cistern water had to be rejected and condensed water
which was found satisfactory was used for watering the pots.

The abbreviations used for designating the various additions made to
the pots, and to which reference is made in the tables, are as follows:
CaS = calcium sulphate, 2 grams; KD = potassium sulphate, 1 gram;

Figure 2 —Experiment with corn on soils 1956—18910.

S = flowers of sulphur, 1 gram; K, when not in an addition contain-
ing D, is meant for potdssmm chlorlde, 1 gram; N = ammonium
mtrate 1 gram.

Tn the case of small seeds like alfalfa and sorghum, the same weight,
1 gram, was added to each pot. With larger seeds like corn and cot-
ton, the same number of seeds, five, and weighing the same weight
within 0.1 gram, was used. Three times a week the pots were weighed
and the 10ss of water replaced to half the water- holdum capamty of
the soil.

The pot experiments extended over two seasons of two crops each,
with a different set of soils for each season.

Season 7920. In this season the soils with the following laboratory
numbers were used: 5954, 5956, 5957, 5966, 8839, 9038, 17442, and
17445.  Soils Nos. 5954, 5957, 5966, and 9038 were planted to alfalfa;
the other soils were planted to corn and sorghum. - Seil No. 17442 was
also planted to cotton.



NEEDs oF Brazos AND JEFFERSON COUNTY SOILS FOR SULPHUR. 11

The alfalfa was planted on the 6th of April and the first cut made
September the 8th; a second cut was made November the 2nd. In case
of s0il 5966, a cut was made also on June the Yth. The corn was planted
April the 6th and harvested June the 10th. The pots were then stirred
up thoroughly, new additions made of ammonium nitrate and potassium
chloride, and sorghum planted on June the 12th. This was Larvested
September the 7th. The cotton was planted April the 14th and har-
vested November the 2nd. The green crops were put in paper sacks,
dried at a low heat, and weighed. The analyses were made on the air-
dry sample.

Season 1921. The soils used this season were all from Brazos county,
with the following laboratory numbers: 1956, 18910, 18911, 18999,
and 19000. Corn gvas planted April the 4th and harvested May the
31st. The sorghum crop was planted the 13th of June, but no stand
was secured with this nor with a subsequent planting, and a new plant-
ing was made the 9th of July. This crop was harvested September the
5th.  Otherwise the procedure was the same as with the crops of the
previous season.,

SOILS USED IN THE POT EXPERIMENTS

Description

No. 5954—Depth 6”-18”, clay, black, from the farm of J. H. Sand-
idge, 9 miles northeast of McKinney, Collin county, Texas.

No. 5956—Depth 6”-18", clay, brown, probably Crawford Silty Clay
(according to Dr. G. S. Fraps), from the farm of F. G. Hollekamp,
Comfort, Kendall county, Texas.

No. 5957—Depth 07-9”, black sandy loam and clay; “black land,” 18
miles west of Comanche, Comanche county, Texas.

No. 5966—Depth 07-10”, black clay; “black land,” Williamson
county, Texas.

No. 8839—Depth 12”7-24”, vellowish gray, 2 miles northeast of Eagle
Lake, Colorado county, Texas.

No. 9038—Depth 0”-7”, chocolate sandy loam from Geo. D. Davis, 13
miles northeast of Brownwood, Brown county, Texas.

No. 17442—Depth 0”-6”, reddish brown, clay loam, from S. P.
Mayes, Paint Rock, Concho county, Texas.

No. 17445—Depth 77-18”, dark brown loamy clay, from H. S. Els.
nore, Eden, Concho county, Texas.

No. 1956—Lufkin Fine Sandy Loam, sand from the farm of E. J.
Kyle, between College Station and Bryan, Brazos county, Texas.

No. 18910—Depth 07-7”, Lufkin Fine Sandy Loam, gray sandy
loam, from the farm of €. M. Evans, between College Station and
Bryan, Brazos county, Texas.

No. 18911—Depth 7”7-19”, clay. gray, subsoil to No. 18910.

No. 18999—Surface soil, grayish-black clay, Lufkin Fine Sandy
Loam, from the experimental grounds of the Department of Forticul-
ture, of the Agricultural and Mechanical College of Texas, College Sta-
tion, Texas.

No. 19000—Subsoil to No. 18999.

The chemical composition of these soils is given in Table 1.
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Table 1. Comparison of the soils used in the pot experiments.
Parts per million
Parts per hundred
Active
Lab. Total : Acid-
No. phos- | Nitro- | Total i Mag- | Sulphur| Phos- ity
phoric gen potash Lime nesia Ti- phoric | Potash
acid oxide acid
5954 0.075 0.160: 0.415 24 .86 1 L R e SOL L 0
5956 0.012 0.091 2.00 0.95 0,605 i s 19 694 0
5957 0.030 0.129 0.84 1.06 0,83 .. s 30 587 0
5966 0.020 0.175 0.7 12.65 Q. 58] it 31 176 0
8839 0.040! 0.045 0.145 0.23 (1P 7 (PR G L 5 45 230
9038 0.055 0.073 0.325 0.98 RS, 48 285 0
17442 0.077 18 700t I e iy B CRR S PO Rt TR Be g e 3 60 337 0
17445 0.116 DRI % S I S R ke fo s e s [ el 29 314 0
1956 0.037 0.033 1.34 0.33 0.06 0.05| = 75 106 0
18910 0.032 0.054 LT e e Sl SNSRI T 0.04 18 117 230
18911 0.010 0.047 i brs o b sl (R R 0.04 10 50 0
18999 0.038 0.096 8 o oma, ool s 2 s 0.08 17 95 460
19000 0.033 0.078 Q8O- AloT bl L G 0.05 9 110 1100
Table 2. Comparison of yield of pots with various treatment.
Season 1920—Crop Alfalfa.
Yield in grams. Average| Gain
Pot Total | per pot | or loss
No. Addition 1st 2nd 3rd per pot per with
cut cut cut addition| sulphur
Soil No. 5966
1 I L 3.9 1:7 0.4
2 D 10.3 11.8 7.0
3 CaS. 7.0 9.9 4.0
4 CaS 3.7 6.9 2.5
5 KD.. 9.2 12.5 9.6
6 KD.. 11.9 13.4 5.5
7 2 0 o IR A S U S 61 10.6 5.7
8 RDOsS: L ohdsn e bt 8.9 13.7 8.7
Soil No. 5954
S B [ 6 TN PLEs o o i Sl ok 3.6 1 a1 el 4.
P IV L 3 IO A XN e B N 2.9 ] e, 4.
3 B S AR o St St 5.9 e 9.
4 (8] e W R R b o el 250 5] ik
5 15 b P s s e W A U T 6.5 o 7 4 T SR 10.
6 1 s B S R 5.4 Ty (SRS 8.
d B CRS i 6 T ey e L 8.4 s I A 12.
8 159 0] B IR B Sttt S 7.5 0] e s AR 10.
Soil No. 5957
Recth O 0 s R e 4.9 3. i
v S 0 BRSO VT LRI 02 5 ki 4.
3 T BE e AR AP R R L S S 3.5 2. 5,
4 BT o o L A o e S 6.9 17 8.
5 17 b LR SR R e B E 748 3. 10.
6 ! PRI R R A e 8.9 2. 11
4 HDCHE. oot s o don' 5.2 1 6.
8 e P e e e e 6.0 : I s
1 8.0 &.0F o IRRE I R
2 7.9 L | s S 12.4 § b2 A BTG
3 6.9 A R L b o) I SR S R
4 5.5 S B R e 8.7 9.2 —3.0
5 (B | L e LY - ARl ciopt et
6 6.9 3.3 s 10.2 ] e o
7 6.5 DAL SRS o S S eSS AR
8 9.3 ALOFL e 13.1 10.9 +1.2
1 20 B Ol N R 73 L | RIS SRR YIRS .
2 1500 e e mn o e 15.0 ) iy . R
3 R0 i aih o L I SR
4 0 0] DRI o Wl 18.0 17:5 —0.5

el e
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Table 2—Continued. Comparison of yields.
Crops—Corn and Sorghum.
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Table 2—Continued. Comparison of yields.

Crops—Corn and Sorghum.

7 5 Average | Gain
Pot iy Yield in grams Total | per pot | or loss
No. Addition ———————————— | per pot per with
Corn (Sorghum addition | sulphur
Soil No. 18911
1 25.2 4.9 30.1
2 4.5 3.5 8.0
3 6.2 115 177,
4 27.6 29.2 56.8
5 T 9.5 17:2
6 6.2 4.8 11.0
7 6.7 3.9 10.6
8 34.7 4.6 21.0
9 36.2 42.0 78.2
10 37.7 32.0 69.7
11 40.0 45.0 85.0
1 10.3 5.5 15.8 1381
5 10.2 B f 15.9 15.9 +0.
3 12.3 8.0 20.3 2058, 11 e
4 12.0 8.0 20.0 20.0f —0.3
o 16.1 93 Al o R Tl S
6 171.8 8.0 25.6 290k 5 L o
7 14.5 8.0 22.5 22.5 —2.5
8 49.2 31.5 80.7 807l
9 49.3 2.0 (o 0 IR IS
10 48.2 30.6 78.8 80.3 —0.4
¥ 115 5.5 17.0
2 15 8.7 17.2
3 12.8 6.4 19.2
4 18.6 5 26.1
5 17.3 37 29.0
6 20.0 9.4 29.4
% 16.5 8.5 25.0
8 15.0 9.5 24.5
9 16.5 10.2 26.7
10 49.4 36.5 85.9
11 54.0] 37.0 91.0]
12 48.3 38.5 86.8
(a) Crop died shortly after coming up .

EFFECT OF SULPHUR ON YIELDS OF CROPS

The weight of the crops, on the air-dry basis, of the different soils
with the corresponding additions are given in Table 2.

On examining Table 2, one sees that of the soils planted to alfalfa,
soil No. 5966, which produced the largest crop, showed a Joss with
calcium sulphate, both as compared with no addition, and when the
addition consisting of calcium sulphate and potassium phosphate is
compared with the one containing potassium phosphate only. The
other soils of the set in alfalfa produced in general poor yields. Soil
No. 5954 showed an increase with the calcium sulphate as compared
with the checks, while soil No. 5957 which showed a small gain with
calcium sulphate as against no addition, showed a loss about four times
as large as this gain, when the addition of calcium sulphate and potas-
sium phosphate is compared with the addition of potassium phosphate
alone. Soil No. 9038 showed a decrease with calcium sulphate over
no addition. The addition consisting of potassium phosphate and cal-
cium sulphate, showed an intrease over the check, but this increase was
only about one-third of the decrease in the first case. :

Considering the alfalfa crop as a whole, the addition of calcium
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- sulphate as compared with the respective checks produced a gain of

10.6 grams as against a loss of 14.9 grams or a net loss of 4.3 grams.

8011 No. 1744:,& planted to corn and sorghum, showed two decreases
with sulphur or calcmm sulphate, totaling 1.4 grams, to one increase
of 2.4 grams. This soil was planted also to cotton; sulphur applica-
tion resulted in a slight loss with this crop.

All the other soils were planted to corn and sorghum.

Soil No. 17445 and soil No. 19000 show a slight increase with sul-
phur or calcium sulphate.
~ Soil No. 5956 produced a good-sized crop. The addition of calcium
sulphate shows a decrease as compared with the check.
- Soil 8839 shows a slight increase with the addition containing cal-
cium sulphate as compared with the check, but the yield was very poor
in either case, and only the addition containing the three standard in-
gredients, nitrogen, potash, and phosphoric acid, produced a good crop.
- Soils Nos. 1956, 18910, 18911, and 18999, all showed a loss in three

- cases and a gain in one case w1th sulphur as compared with the corre-
- sponding checks. The losses with soils Nos. 1956 and 18999 as well

- as the gains were very small. The losses in case of soils Nos. 18910
and 18911 were rather heavy, amounting with the first soil to a loss of
40.9 grams and a gain of 1. 0 gram, and with the second soil, to a loss

~of 42 1 grams as dUalnSt an increase of 10.1 grams.

Soil No. 19000 shows an increase with sulphur over the correspond-
ing additions without sulphur, but the differences were small.
The results of these pot experiments lead to the conclusion that none

' of the soils tested can be said to have sulphur as a limiting factor in
~ erop production ; sulphur is not in this case a soil d@ﬁcienov in the

sense in which this term is used in discussions of soil fertlhty The
~ effect of the applications of sulphur upon the yield in the pot experi-

ments, considered as a whole, was anything but favorable to sulphur.
- The gain with sulphur as oompared with parallel applications without

sulphur amounted to a total of 25.6 grams, while the loss reached the
~ figure of 93.2 grams, the ratio of loss to gain being a little over 3.5.
- These figures refer to elementary sulphur. With caleium sulphate ap-
: phcatlons there were ‘losses totaling 25.5 grams and gains totaling
- 13.7 grams.
- Considering the pot experiments with the soils of Brazos county only,
:  the ratio of losses to gain with sulphur is even greater still. The gains

 total 22.6 grams and the losses total 91.8 grams, a ratio of 4 to 1. “The
Yf heavy losses with sulphur on soils Nos. 18910 and 18911, are obviously

~due to the fact that these soils are inclined to a condition of acidity,
: which was aggravated by the sulphur added.
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Table 3. Sulphur, expressed as SO3, removed by the crops.
Laboratory Nos. Per Cent SO3
Pot No. and Addition Total SO3
Ist 2nd 3rd 1st 2nd 3rd removed
cut cut cut cut cut cut grams
Season 1920—Crop, alfalfa.
Soil No. 5966
........ R0BL s St S el
1.27 0.78 0.58 0.2634
1.22 0.98 0.97 0.2213
........ 1.19 1520l i
0.98 0.78 0.42 0.2280
0.88 0.55 0.67 0.2153
1.15 0.90 0.50 0.1941
1.00 0.82 0.57 0.2509
E8595) .l ol e e e M (115§, FENERIrip rEae iRt S R L -
b e S o O O A R e S - e, SEEEIR SR .
3 0.1 7y Pl B e N T DT L cal e e e ST
ERBOBL. .. . w ey, D s S Q.78 i e Sl
EBSHN. .. L) 0 PR e iy [ S R Ty o SO A
BOOOE.. .. o s FER e R e PRl e B N L e
TROOY - . o e FE=KIICBS i 2y s es o vis By, e RO I e s
8602} & Xkl o, o L2 e O e d BPTIELET NS |
Soil No. 5957
3508 ) PRS- WA O s S BT D i b e T i R e T e s e
T v P AL et § el AR | Vg (B U BB s e
Ly ) O RS B R e o e ek e oy 3 (7 TR RN B
1 v DA i dnClaS ety W K e Lk (1170 proriraiemet) ity EENERNS e I r e
b ] R R B—BD. .00 e, e TICRGREN S T e CaEae
SUVRM .. L B==I0). o o s e hie s s e SRk MRS
BT, o b 8—KDCaS.,....v.00uihivsin o T LI S SRR SRS,
Soil No. 9038
Fm 0 Dk e N i T e e 0.93 0. 0.0970
2—O0.. 0.96 (i 0.0961
3—CaS 117 0. 0.1050
4—CaS 1.56 0. 0.1106
5—KD.. 0.84 1 0.0913
6—KD.. 0.85 0. 0.0745
Soil No. 17442—crop, cotton.
187431, ... ). oA Leeill). cx rniin s L L SRR G B, 0.1170
o IR 200 0 PRRr L b S e A ) R | O e 0.1200
5 PR SN e TS R L BT ok e 0.1836
L S s R e s BB AL e i v 2 T 0.1764
Table 3—Continued. Sulphur removed by the crops.
Season 1920—Crops corn and sorghum.
Laboratory Nos. Per cent SO3 Total SO3
Pot No. and Addition removed
Corn [Sorghum Corn |Sorghum grams
........ B8 v
........ 0.291. ..., .
0.37 0.35 0.1951
0.48 0.37 0.1858
........ (i 3 § ORI
........ - | R .

coooo000000
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Table 3—Continued. Sulphur removed by the crops.

Season 1920—Crops corn and sorghum.

Laboratory Nos. Per cent SO3 Total SO3
—_—_— Pot No. and Addition —_— —| removed
Corn [Sorghum Corn [Sorghum| grams

Soil No. 17445

........ 1B e s e R i A W b e o e T Q31 B R
........ BAR DOy 105 5 i w7, §ae i i o ko B s e T [y B ) e T
........ 3o I T R Do T e S e R R et [l R (17 &) BRI, !
........ FROHO | BSOS s e e e e R S 0320 e
18092 T R T B A A e S e P S 25 0.32 0.0795
18093 AROA8 G EaS o il AR A e 0.24 0.32 0.0782
18094 RO M T i St o ol e e S S 22 0.27 0.0830
Season 1921
Soil No. 1956
* 19138 YISO T o Tt B N R R LS e R e e 0.33 0.25 0.0571
EOIB0: | wli Ll PR B e e v TR N B W R L (13 5 Y SRR BN, IR TR T
30840 | oo vt R R I PR S s e R {101 gk gt ERGL AP >
........ i Y| 1 o TR e SR et b R A R i 0 pel ) 080k s T
........ s g I (e e R s o S S (= Tt 048152 T
........ P [ P e A i P A SO S S 0. BBk Ny
........ FOTRLEly E=BEINSG o 1 i TG A it o el T st Q4. i S
........ 7RG | BREICINS s o i LS i i 6 T i ] el g it o) R
........ § TR L S 1 2R O L SRS s LI N SR {3 56 5| BETaiig
........ T TR N T TR S e L R L ] e S (1% 74 ie T
........ T30 BB 2 Do ol S R Gl G R e et O A2 TR
........ O34 Ll BB PN - ol B C Oy s e e st e 0 et s e OEZANL 8
........ YUSADNBBBICPINIS | S s i foe oo v v iors, s ool S s b e s (07| B e R

11—KPN .
12—KPNS.

Soil No. 18911
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EFFECT OF ADDITIONS ON AMOUNT OF SULPHUR IN THE CROPS.

The percentage of sulphur, expressed as sulphur trioxide, in the
crops of the different pots with their respective additions, is given in
Table 8. Where all the cuts or crops of the same pot were analyzed
for sulphur, the total sulphur trioxide removed is also given.

The alfalfa grown on soil No. 5966 shows no consistent increase in
sulphur content with applications of calcium sulphate as compared
with the checks. No difference is noted in sulphur content of the crop
grown on soil No. 5954 between the pots receiving calcium sulphate and
those not supplied with that ingredient. The crop of soil No. 5957
shows a greater content of sulphur in the plants of the pot receiving
potassium phosphate and calcium sulphate as against the plants of the
pots receiving potassium phosphate only. With the same soil, no ap-
preciable difference is noticeable when the sulphur content of the plants
of the pots with no addition is compared with those receiving calcium
sulphate. The alfalfa of soil No. 9038 shows a greater percentage of
sulphur in the plants of the pots receiving calcium sulphate as com-
pared with the plants of the checks.

The cotton grown on soil No. 17442 shows an increase in sulphur
content with the addition of sulphur. :

The corn and sorghum of soils Nos. 17442, 5956, and 17445 showed
no appreciable difference in sulphur content as between the pots re-
ceiving additions of calcium sulphate or sulphur and the pots not re-
ceiving these additions. The other soils show a tendency for an in-
creased percentage of sulphur in the plants with the addition of this
element.

With the soils of Brazos county, the analyses for sulphur content were
made mostly on the sorghum crop, although a few samples of corn were
also analyzed. There is usually a greater percentage of sulphur in
these crops when supplied with that element than in the checks. This
holds true of all the soils of the county used in the pot experiments.

Table 4. Comparison of sulphur and nitrogen content of crops.

Season 1921—Crop, sorghum.

Sulphur
Laboratory Pot No. and Addition. trioxide Nitrogen
Number per cent per cent
Seil No. 1956

19759 0.89
19757 0.84
19753 2.04
19752 1.09
19751 2.09
19749 1.76
19755 1.43
19746 1.2%
19754 1.25
19756 1.14
19340 0.42 1.83
19341 0.24 1.1%
19342 0.59 1.46
19767 0.31 0.75
19772 0.51 1.03
19774 0.41 0.65
19769 0.52 0.65
19343 0.22 0.60
19344 0.41 0.94
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Table 4. Comparison of sulphur and nitrogen content of crops.

Season 1921—Crop, sorghum.

Sulphur
Laboratory Pot No. and Addition. trioxide Nitrogen
Number per cent per cent

Soil No. 18911
19771 0.55 0,68
19766 0.38 0.73
19760 1.37 1.84
19750 0.45 0.71
19768 0.58 0.67
19745 0.23 0.62
19346 0.45 0.80
19347 0.36 0.57

Soil No. 18999
19765 1 e £ A A T e PR S N RS i 0.78 0.79
19761 e P S B e L PSS T 1.75 0.81
19762 b <8 S e e e L S S L e 0.47 0.55
19748 e e T e e L e S e (AT T G 0.83 0.70
19348 et AR A e s e R e B 025 0.62
19349 p o P B A B Al M el M RO e SR 0.49 0.66
19350 ORI e b e S R i s Dl e 0.50 0.74

Soil No. 19000
19763 3 000 e ol L T o R e e e 0.81 0.94
19764 S e Ry TR SR i el g e S ST 1.58 0.87
19770 e N e N A O PR e O L S AR 0.70 LTl
19773 GO e L o e DOt B e e R L e S S 1.45 1.59
19747 e L A e B o S S e e R 0.48 0.7
19758 A A T R R e e T N et S A e A e 0.78 0.67
19351 1 e it et e S o L VT ot o iy i Ll s S s 0.26 0.59
19352 e N s R i IO S T e o e L 0.48 0.67
19353 LT b e PR e ST R e I e B e e e 0.51 0.61

RELATION BETWEEN SULPHUR AND NITROGEN CONTENT OF CROPS

A considerable number of samples of the sorghum grown in the pots
with the Brazos county soils were analyzed for nitrogen to see whether
any relation existed between the sulphur and nitrogen content-of the
plants. As previously cited, some investigators reported an increase in
the protein content of alfalfa when fertilized with sulphur. The fig-
ures for the respective percentages of nitrogen and sulphur in the
sorghum analyzed are given in Table 4.

There is no consistency noticeable between the figures in the table
representing nitrogen and the sulphur percentage, respectively, and
no defimite relation between the two constituents can be traced in this
case. This is in agreement with the conclusion of Shedd (16) with
respect to the sulphur and nitrogen percentages of the soy bean.

Table 5. Soil acidity as affected by additions of sulur.

ke el Acidity
s Acidity Acidity increase

Laboratory | Soil No. Pot No. and Addition after original with
No. cropping soil sulphur
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ACIDITY CAUSED BY SULPHUR

Soils Nos. 1956 and 18910 were analyzed for acidity after the last
.crops were removed. Table 5 shows the figures obtained, and also gives
the figures for the original soil. It will be seen that soil No. 1956,
which showed no acidity originally nor after cropping the pot with no
addition, reached a condition of acidity of 700 per million in the pots

to which sulphur was added. In other words, about 2500 pounds of
hmestone or 1400 pounds of quicklime would have to be added to the
soil per acre, in order to neutralize the acidity introduced by the addi-
tion of the sulphur. In referring to Table 2, one will notice that these
pots which showed this acidity with sulphur also gave somewhat smaller
yields, especially soil No. 18910. The plants in the pots marked 3-S
and 4-S of this soil died a few days after they came up, and a pre-
liminary test with litmus paper applied to the soils in the pots showed
the soils to be acid. This soil had an acidity figure of 230 to begin
with ; this was increased to 700 in the case of the pot receiving no addi-
tion, and to 1100 for the pots receiving sulphur, an increase of 400
due to sulphur. Pot 13-KPNS of this soil, which zlso shows an acidity
of 1100, had its yield heavily depressed as compared with the checks,
as can be noted from Table 2.

Table 6. Sulphur content, expressed as sulphur trioxide, of soils of Brazos County.

Laboratory Nos. SO3 Percent
B Soil Type B —
Surface | Subsoil Surface | Subsoil
1958 [ 58 s Lufkin Fine Sandy Loam (Sand)................... [ B L .
6953 6954 ‘Tabot Fine SERGY Lo .t ot o B e L die ki Bl 05 0.06
6955 6956 Lufkin Fine.Sandy Loam.......................00. 07 0.06
8329 8330 Lontkin Clavi looli. U o ot cnile s s s o mins e e o3 06 0.20
8331 8332 Ochlockonee Silt ToaM. - - ot s < 5 olaareis o 4 shesion 5 08 0.17

5 o R Sy Pladuer CIanl L Lo iy e e S B i
8335 8336 Crockett Fme Sandy Loam 5l s n, Tl ol il
8337 8338 Susquehanna Fine Sandy Loam. ...................
8339 8340 ‘Wilson Fine Sandy: Loam = S0 & oo i e s e
8341 8342 Norfolle'Fine Sand &0l ot S SOl 73 Sty
........ 8344 Lofkin) e Clay ooy i aai s Seaie 12 o 1 e Tty sl 55
8345 8346 CBTa o AL B T YA e B T bl e A
8347 8348 Nalola S - s b R B T et
8349 8350 Miller Find - Sandy lsoanmy, 5 ol mRa st o« oon skl
8351 8352 Tabor/Fine Santdy Eoam e il SSE B0y o Sralu
8353 8354 Ochlockonee Fine Sandy Loam.....................
8355 8356 LT R e R S s e i s A S
8357 8358 Ochlockonee GIay. . s s Slagiis Lol Dais s v wied s
8359 8360 Miller Bine Sandy L oam - s o s e
8361 8362 Wilson Clay Loam ! Ay
8363 8364 Norfolk Fine Sand.........
8365 8366 Bell Clay. o0 .50
8367 8368 Tabor Fine Sandy Loam
8369 8370 Miller Fine Sand. ...
8371 8372 Miller Clay
8373 8374 Bastrop Fine Sandy Loam. .. o
8375 8376 Crocket LAV ORI . e sfd i oo i og I s el v dhess B s iie
8377 8378 i+|' Tabor Fine Sandy Loam, .-. . & ooiiioior it s il e,
8379 8380 R Al gt A B 0 A, S
8381 8382 GrackatltCIay vion o L m B R T e E s e
8383 8384 Bagtrop Sand el 1 T A S o T o
8385 8386 GG e R T R A S S e
8387 8388 Lufkin Fme LR T S B S Nl o N S
Susauebanna Cilave L o n e Rl L i
8391 8392 Susquehanna Fine Sandy Loam. ...................
Susquehanna Gravelly Fme SARdY LoRm i o v,
8395 8396 Susquehanna Fine Sandy Loam. ...................
12420 12421 Ealkin Hine SANAY TR . . o2 h o oo e riviates araidaatn s v s o.n
12639 12640 el o A O SR A SRR et o I S S
12641 12642 Trinity Fine Sandy Loam. .. .../, .ot onsvnovron.
12643 12644 PN Ay Bt L o s L VR 2l
12645 12646 PledReReClng s oRar a7 i U s e g
12647 12648 NMilerFins Sandy Eoam. . . .0 Ll Eaei il e
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Table 6. Sulphur content, expressed as sulphur trioxide, of soils of’Brazos County.

SO3 Percent
Soil Type e
Subsoil Surface | Subsoil
12650 NHUBRICIRY T ot tihe LB s s S 0.07 0.06
RO T NERAR TRIE LRI . 2, . i i aa s s he 0.07 0.08
12654 Bastrop Fine Sandy Loant . .. (i v ibilsih o ojaldinw 0.05 0.05
12656 Bsstrolp T S B e S R B 0.03 0.03
12658 BEHAGIET. 5. o o ki v m s ai wiaip b8 Fie S g cidles aioi 0.10 0.05
12660 Wilson Clay Loam 0.09 0.08
12662 abor Fine Sandy Loam 0.04 0.06
12664 Crockett Clay........... 0.10 0.10
12666 Crockett Fine Sandy Loa 0.07 0.05
' 12668 Crockett Loam: .. «...vo0. . 0.07 0.07
s f........ Crockett Clay Loam S TR e
12671 12672 Susquehanna Fine Sandy Loam. ................... 0.12 0.10
. 12673 12674 Lakicin PIne ! SantV L ORI, . . . S5 . ais oot ste sintees 0.09 0.07
12675 12676 | Ochlockonee Fine Sandy Loam..................... 0.09 0.07
... . 12678 LatkinCle v daarn Loty o aoh 1500 ot bal i (7 REE OB e 0.10
- 12679 | 12680 | Wilson Fine Sandy Loam.......................... 0.13 0.06
18910 | 18911 Salkin Fine'Sandy Loam.. ... ..o 3800 abnn onbrions 0.04 0.05
PNI8999 | 19000 | Lufkin Fine Sandy Loam............c.c.cviuuenen. 0.08 0.05
AYOEBERL R s e i s s S e A 0.12 0.12
i
i Table 7. Average sulphur content of the soil types of Brazos County.
. Average
B SO3 per cent
| No. Soil Type et dn i el sl
‘analysed Surface | Subsoil
| A bRl g TR T B kv e WSS 8 ol e W e o T 8 0.07 0.08
5 Tabor Fine Sandy Loam. .. ... S0 0.13
3 Susquehanna Fine Sandy Loam. 0.09 0.11
3 Crockett Clay Loam. ........... 0.14 0.17
3 Miller Fine Sandy Loam........... 0.14 0.16
3 Loy T R e e e e B e o) SV Sl e e e i 0.13 0.17
-
Table 8. Sulphur content of the soils of Jefferson County.
Lab. : S03
No. Soil Type per cent
890 Laks Charles Very Fine Sandy Loam, ... ., cih.iviresiiedediatvasih 0.10
2409 T AT S b ) e S A N S TG 0.12
2410 Fale CRaxies Clay: Sdbsoil.., .n 0L e livs sradtes nort bl s I ko s 0.10
4644 AChOS Vory Fone SRnaV EOBDY. .. . . .\« fovison s mmsons am s oiunsoshs s 0.10
7613 LU e ey T e T Y R TR S O NS N O Ve T el S B 0.15
10606 L e e e S e S R 0.10
10607 Nane Ehavion Clay sobeoll. ... . . Vol sl s s ot ol Ve A S 0.20
10608 FARS CHROWE SHE RIRY LBEIN & o v v 5308 o o aees dhn e Bt o b i 9 o0 0.09
10609 Lake Charles Sijlt Clay Loam, subsoil. . ...........c...cooo0iiiaian. 0.09
14844 RISESOMRRHEIRCE; SR o i Pk e b by S0 IR o ) ALk it ] 0.18
ATRERTE . I e e e R i I A 0.12

SULPHUR CONTENT OF THE SOILS

In Table 6 is given the percentage of sulphur, expressed as SO?, of
urface and subsoils of Brazos county. In Table 7 is shown the average
fulphur content of various soil types of the county. The average of all
he surface soils of the county analyzed is 0.12 per cent. as SO%, or 2400
ounds per acre. Figured to elemental sulphur, this amounts to 960
ounds per acre. This is a considerably larger figure than found by
shedd (57) in the large majority of Kentucky soils analyzed by him.
ind while he invariably found the phosphorus content of the soil to
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exceed that of sulphur, the reverse is true with the soils of Brazos
county used in the pot experiments, as can be seen {rom Table 1. The
average percentage of sulphur of the subsoils of Brazos county is the
same figure as for the surface soils, which shows these soils to be well
supplied with sulphur, the analysis bearing out the results of the pot
experiments.

Table 8 gives the sulphur content of some of the soils of Jefferson
county. The average for all the soils analyzed is 0.12 per cent., the
same as in the case of the Brazos county soils. These soils, too, may
therefore be considered as containing a good supply of sulphur.

SUMMARY AND CONCLUSIONS

1. Soils of Brazos county and of Jefferson county were analyzed
for their content in sulphur.

2. Pot experiments to test the effect of applications of sulphur on
corn, sorghum, alfalfa, and some cotton, were carried on for two years
with soils of Brazos county and of some other counties.

3. The analyses and the pot experiments, both, show that these soils
are not deficient in sulphur.

4. Sulphur exercised a harmful effect upon some of the soils of
Brazos county tested, reducing the yield and causing the plants in some
pots to die very young.

5. The acidity of some Brazos county soils was increased by the
addition of sulphur.

6. No relation was found hetween the percentage of nitrogen and
that of sulphur in the sorghum grown in the pots.

7. The plants showed a tendency to take up more sulphur with an
increased supply of this substance.

8. The soils of Brazos county tested, contain more sulphur than phos-
phoric acid.
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