
CROP RESPONSE TO SULFUR AND THE SULFUR SUPPLYING 
POWER OF SEVERAL SOUTHERN OREGON SOILS 

by 

oirr ALFRED YUNCEN 

A THESIS 

submitted to 

OREGON STATE COLLEGE 

in partit fulfillment of 
the reQuiremeflts for the 

degree of 

MASTER OF SCIENCE 

June ).99 



APPROVED: 

In Charge of ajor 

Head, Department of Soils 

Chairthn-o..$e}oojr,Úduate Committee 

Dean of 

Dato thesis Is presented May l, l99 
Typed by Eloise Allison 



ACKKN OLEDGNT 

I wish to express my thanks and apprecla- 

tion to Dr. Moyle E. Harward for the help and 

assistance he has so generously given in my 

graduabe study and in the preparation of this 

thes is. 

I also wish to express iny appreciation to 

Dr. H. E. Cheney for help he ha given in my 

graduate program. 



TABLE OF CONTENTS 

Page 

INTROD1CTI0N . , , i 

LITERATTJREREVIEW ..... ........... Ii. 

1-Ji st or i C a i . . . . . . . . . . . . . . . . . 14 

Yield response to sul.fur . . . . . . . . . . 

Effect of sulfur on the chemical 
content of crops . . . . . . . . . . . . . 7 

Studies of the sulfur metabolism 
of p lent s . . . . . . . . . . . . . . . 8 

Forms of sulfur in the soil . . . . . . . . 9 

Leaching and adsorption of sulfur by soils lO 
Sulfur in precipitation and 

in the atmosphere . . . . Li 

Sulfur oxidation in the soil . . e . 13 
Other uses of sulfur applied to the soil . . 15 

EXPERIMENTALNETHODS ............. 17 

Selection of sites for field experiments 17 

Experiments on cereal grains . . 17 

Experiments on pasture crops . . . 18 

Experiments on hay crops . . . . . 19 
Experiments on truck crops . . . . . . 20 
Methods of soil analysis . . . . . 21 
iIethods of plant analysis . . . . . 21 
Pot triai on alfalfa with soils and 

sulfur rate variables . . 22 
Statistical analysis of data . . . . . 214 

DESCRIPTION AND CHARACTERIZATION OF SOILS 25 

Soils of Jackson County . . . . . . . 25 
Soils of Josephine County . . . . . . 26 
Soils used in the field trials . . . . 26 
Soils used in pot trial with alfalfa . 28 

Climax cisy adobe . . . . . . . 28 
Columbia fine sand loam . . 30 
Kerbyclayloam. . . .. 30 
Medford fine sandy loam . 31 
sa m s lo am . . . . 31 

RESULTS AND DISCUSSION . . . . . . . 33 

Field trials with sulfur . . 33 



TABLE OF CONTENTS (Continued) 

Results obtained in experiment 
Results obtained in experiment 
Results obtained from the pot 
SOj-S content of the five soils 

Sulfur content of the alfalfa 
Yield of sulfur curves . . 

Page 

23. ..... 37 
22..... 147 

experiment . 149 

a a 60 

a e 63 
e e e e 70 

SUMMARY AND CONCLUSIONS e e s i s s a . e i 77 

B IBLIOGRAPHY . . . . . . . . 81 

APPENDIX e i e s a e s i s i C 5 5 i S S 86 



LIST OF TABLES 

Table Par,e 

1. Soil teat data for fertilizer trials 
conducted on cooperating farms, o-8 
inch dep t h . . . . . . . . . . . . . . . . 27 

2 Soil test data, soils used in a pot 
trial with sulfur rates on alfalfa 
o-8 Inch depth . . . . . . . . . . . . . . 29 

3 Sumiiry of sulfur responses with field 
experitnents conducted in the years 
195ti to l98 . . . . . . . . . . . . . . . 

Ij. Cropping and sulfur fertilization history 
of field trial sites . . . . . . . . . . 38 

Yield of alfalfa as affected by sulfur 
fertilization, exp. 2L, Kerby loam, 
means of three replications . . . . . . . Ll 

6 Effect of sulfur on the yieLd, sulfur 
content, nitrogen content and the S:N 
ratio of second cutting alfalfa rown 
on a Kerby loam soil, exp. 21, means 
of three replications . . . . . . . . . . ILi. 

7 Yield of alfalfa as sffected by sulfur 
fertilization, exp. 22, Kerby loam 
soil, means of three replications . . . . 148 

8 Yield of alfalfa, in grams per pot, as 

influenced by S treatments and soils, 
total of 

1- 
cuttinfs, means of four 

replications . . . . . . . . . . . . . . . 50 

9 SOu-S content, ppi, of 5 soils before and 
after an incubation period of 22 days 
and after the removal of I cuttings 
of alfalfa, means of tuo replications. . . El 

10 Sulfur content, per cent, of alfalfa grown 
in pot trial, as influenced by treat- 
inents and soils, means of two replica- 
tions, first cutting . . . . . . . . . . . 6I. 



LIST OF TAELES (Continued) 

Table Page 

11 Sulfur content, per cent, of alfalfa grown 
in pot trial, as influenced L; treat- 
ments and soils, moans of two replica- 
tions, second cutting . . . . . . . . . 6L. 

12 Sulfur content, per cent, cf alfalfa grown 
in pot trial, as influenced bî treat- 
ments and soils, means of two repLica- 
tians, third cutting . . . . . . . . . . . 6S 

13 Sulfur content, per cent, of alfalfa grown 
in pot trial, as influenced by treat- 
ments and oil, meens of two replica- 
tions, fourth cutting . . . . . . . . . 

1i. Sulfur taken up by five soils, mgms per 
pot, second cutting, means of two 
replications . . . . . . . . . . . . . . 71 



LIST OF FIGURES 

FIure Par'e 

i Alfalfa response to S, exp. 20, 
8 weeks after the application 
of s u If ur . . . . . . . a . 36 

2 Alfalfa response to applied S, 
exp. 21, Mey 31, 1955 * . . . . . . . 1.40 

3 Yield of alfalfa as Influenced by 
S treatment for five soils by 
cut t i ng a . . . . . . . . . . . . . . . E i 

Second crop alfalfa, pot trial, 
Julyt, 1956....... . . . . . . 53 

5 S content of alfalfa, in per cent, 
as influenced by cuttings and by 
S treatments on five soils . . . . . . 66 

6 Sulfur taken up by alfalfa, grams 
per pot, and the sulfur "a" values 
of the soils as influenced by the 
sulfur treatment, second cutting . . . 72 



CROP RESPONSE TO SULFUR AND THE SULFUR SUPPLYING 
POER OF SEVERAL SOUTHER OREGON SOILS 

INTRODUCTION 

The fact that sulfur Is a 1im1tin factor in the 

production of lefurnes on certain soiLs in Southern Oregon 

hs been known since 1912. Reimer and Tarter (14, p. 6) 

observed sizeabLo alfalfa yield increases in 1912 end 

1913 fo11oinp the application of gypsum and super- 

phosphate to the soiLs. They further observed that the 

growth of alfalfa, red clover, Canadian field peas, and 

vetch made more vigorous roith under the spray and 

drip area of orchard trees that had been sprayed with 

liie-sulfur. Subsequent experiments confirmed their 

observations on the suLfur responses shown by leçume 

crops in the area. 

Until very recentLi, many of the fertilizers used 

on the farm contained certain amounts of sulfur. In the 

year ending June 30, l9Lb, more than three-fourths of the 

tonnage of all the fertilizers consumed in the United 

States contained more SO3 than the sum of the tonnages 

of T, 20S' 
and 1(20 (31). However, the current trend 

in fertilizer manufacture and usare is toward high analy- 

sis, concentrated fertilizers, many of which contain 

little or no sulfur. It becomes important that we 

obtain a more complete understanding of the sulfur status 
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of the soils and of the sulfur requirements of crops 

grown in the area. 

The soils of the southern Oregon area are generally 

quite low in native sulfur, and the amount of sulfur 

obtained from precipitation is probably of smalL conse- 

cuence. No centers of heavy industry are located in 

Southern Oregon, and there are no large consumers of coal 

or crude oil that might release large qusntities of SO2 

into the atmosphere. The burning of wood wastes by forest 

product industries would seem to have an effect only 

within a limited area. 

As one means of obtaining information on the general 

soil fertility status of the crop].and in Southern Oregon, 

an alfaLfa survey was conducted in 1953. Soil and alf- 

alfa samples were taken from a total of 103 randomly 

selected sites in Jackson and Josephine Counties at the 

time of the first hay cutting in the spring. Chemical 

analyses were made of both soil and alfalfa samples. The 

sulfur content of the alfalfa hay in the samples ranged 

from 0.16 to o.8L. per cent with approximately one-fourth 

of the samples containing O.2S per cent sulfur or less. 

A soil fertility research project on field crops in 

the Southern Oregon area was initiated in l93. One of 

its objectives was to determine the need for sulfur in 

the soils of the area and to determine the sulfur 
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supplying power of the soils. Since l93, 2L field 

experimente have been conducted on a variety of crops in 

the two counties, and one pot trial was conducted with 

sulfir as a variable in which yield data were taken along' 

with soiL and plant samples for laboratory analysis. 

This thesis reports the results of these investigations. 



LITERATURE REVIEW 

Historical: 

14 

Sulfur has been recognized as an essential element 

in the growth of plants for many years. As early as 

1768, Reverend Meyer, Canton of Berne, used gypsum as a 

fertilizer in Switzerland. It as used in France and 

Germany in the Last part of the 18th century. Gypsum 

was being used in England and the United States shortly 

afterwards (10). Benjamin Franklin wrote "this Land has 

been plastered" with gypsum in a meadow aLong a well- 

traveled road where many travelers saw the yieLd response. 

Gypsum was one of the first fertilizer materials 

promoted for a number of years in the Eastern United 

States. Superphosphate then became available, and it 

partly replaced gypsum as a source of sulfur. Elemental. 

sulfur came into use somewhat later. A number of ferti- 

lizer materials now contain suLfur in various amounts 

and combinations (L9, p. 672-67e). 

Hart and Peterson (20, p. 3-14) in 1911, showed that 

the ash analysis method formerly used resulted in a Loss 

of much sulfur bj volatization, and consequently, plants 

needed more suLfur than ws previously thought. Their 

work showed that Legumes and crucifers were especially 

heavy users of suLfur. They found that cereal crops 
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removed about two-thirds as much sulfur as they did phos- 

phorus from the soil, while alfalfa removed more sulfur 

than it did phosphorus. They concluded that the avere e 

Wisconsin soils that had been cropped 50 to 60 years had 

lost about 140 per cent of their original sulfur content 

as compared to virgin soiL. They calculated that the 

amount of sulfur lost by Leaching exceeded that brought 

in the atmosphere and by precipitation. 

Yield response to sulfur: 

The work of Reimer and Tartar (141, p. 6) beginning 

in 1912 in Jackson County, first showed the need for 

sulfur as a fertilizer in Oregon. Superphosphate and 

gypsum applied at several rates increased the yields of 

alfalfa on a Medford fine sandy Loam soil by 17 to 39 per 

cent. The responses were attributed to phosphate at 

first, but the results of field experiments in 1913 con- 

firmed the sulfur response on aLfaLfa. Experiments con- 

ducted from 19114 to 1918 usIng elementaL sulfur, gypsum, 

ferrous sulfate, and superphosphate resulted in alfalfa 

and red clover yields being increased 50 to 100 per cent 

over plots not receiving sulfur. 

Yield responses to sulfur were measured by Powers 

(140, p. Li-16) on alfalfa in Central Oregon as early as 

1.912. A number of field experiments were conducted from 



1913 to 1921 in Desciutes County ori several medium sandy 

loam soils. Rates of elemental sulfur up to 100 lbs. per 

acre were used along with several other carriers of 

sulfur on alfalfa. Yield increases of 10 to 60 per cent 

were obtained with alfalfa growin on many of the soils. 

The yields of clover, potatoes, and cereal grains were 

also increased by the use of sulfur, although the non- 

legumes generally responded to a lesser degree than the 

Legume s. 

Many other investipators have reported increased 

yields when sulfur was applied to the soil. McKibben 

(30g 106-109) reported yield increases in pot trials 

with soils from Maryland, washington and Oregon. He 

grew soybeans, tomatoes, tobacco, grains and potatoes. 

Tolman and Stoker (1) increased the iei.d of sugar beet 

seed in Western Oregon from a check yield of 1,23 to 

l,78 lbs. pér acre with the application of 9L. lbs. of 

suLfur per acre. They noticed that the sulfur treated 

plots withstood dry soil conditions better, had greener 

leaves, set nore seed, and resisted a Leaf spot fungus 

that caused a breakdown of leaves. t4ost of the sulfur 

responses were found in plots that also received nitrogen. 

Plots receiving nitrogen without added sulfur yielded no 

more than the unfertilized checks, indicating a strong 

interaction between sulfur and nitrogen existed. The 
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seed quality, as indicated by germination tests, test 

weight per bushel, and percentage cleenout, as not 

affected SIEnificantly by sulfur treatment. 

The yields of bur clover In the Ojal Valley of 

California were Increased 300 to L00 per cent by suLfur 

fertiLizers (9). Crops of barley and pasture grass 

benefited during the succeeding two years following an 

application of sulfur to clover. 

f.fect of sulfur on the cherrilcal content of crops: 

The addition of sulfur to the soil, in addition to 

basic slag, rock phosphate, and phosphoric acid, in- 

creased the sulfur content and the nitrogen content of 

red clover grown in Florida (6) as compared to clover 

grown on plots not receiving sulfur application. 
White clover grown on seven Southeastern soils with- 

out added sulfur had total sulfur contents ranging from 

0.08 to 0.1)4. per cent (2). Ari application cf )7 lbs. of 

sulfur per acre resulted in sulfur contents of from 0.20 

to 0.31 per cent. The S: ratios in the clover, without 

added sulfur ranged from 1:20 to 1:30, whiLe the S:N 

ratios with I7 Its. of sulfur per acre ranged from 1:10 

to 1:17. The contents of cystine and irnthtonine, two 

sulfur-containing amino acids, were lower where no sulfur 

was added. 



Fond1g and Weir (3) fed alfa].fa ay grown on soil. 

deficient in sulfur to 1sbs in a feeding tri1. The 

u1fur content of the hay from check riots was O.12 per 

cent, while thsu1fur content of the hay crown on 

plots fertilIzed with nul.fur was O.27! per cent. Pther 
consistent, but riot always SIF!nificarit, trends indicated 

that niiia1 performance s improved by the application 

of sulfur fertil.Izer to alfaLfa as compared to ay 

grown on soils deficient in sulfur. Methionine added to 

the ration containing the low sulfur hay did not improve 

the feed value of the hay. A Low sulfur intake of the 

lambs resulted in lower levels of inorganic sulfate In 

the blood serurn. of the lambs as compared to lambs fed 

the hay with the higher sulfur content. 

Bentlj et al. (3) fed legumes grown on a sulfur 

deficient rre wooded soil to rabbits. The rates of gain 

of the rabbits were slower than those of the rabbits 

beinç fed legumes that were urown on plots that had been 

fertilized with sulfur. The feed efficiency was greater 

with the rabbits eating legumes rrown on sulfur treated 

p lots. 

Studies of the sulfur metabolIsm of plants: 

A deficiency of sulfur studied in relation to the 

metabolism of tomatoes, was found to result ifl stems of 



small diameter, woody stems, yellowing of 1eves, arid a 

poorly developed cambium layer (36, p. 7t4). Sulfur 

deficient plants ere hiher in nitrates and erbohydrates, 

but the reduction of nitrates and the oxidation of sugars 

were slowed. Plants deficient in sulfur were also low 

in suLfhydryl sulfur. 

Wood (5t4) asstmied that the sulfate ion reduces to 

the sulfhydryl form and combines with ammonia and a 

carbon source, probably glycoltic breakdown products, 

to form sulfur-containing amino acids. 

Tisdale et al. (SO) found a considerable difference 

between two alfalfa strains in their ability to synthe- 

size methionine and cystine, particularly at low sulfur 

levels in the prowth medium. 

Needham and Hauge (3g) found that the vitamin E 

content of alfalfa grown ori a sulfur deficient soll was 

lower than where there was an adequate supply of sulfur 

in the soil. 

Forms of sulfur in the soil: 

The forms of sulfur in 39 Minnesota soils were 

studied 'by Evans and post (lL, p. 133-135). The soiLs 

in the study included podzoLs, chernozerns, and black 

prairie groups. The water soluble sulfur contents of 

the soils were found to be variable. In only seven of 



2L. soils was organic sulfur less than 30 per cent of the 

total, and in prairie types, it accounted for more than 

GO per cent of the total sulfur. The organic matter of 

Minnesota soils acted as a reservoir of sulfur. Ton- 

sulfate sulfur, which included insolutle compounds and 

sulfur adsorbed and held by clay particles, made up more 

than 70 per cent of the total sulfur in the subsoils of 

the black prairie type of soil. 

Leaching and adsorption of sulfur by soils: 

The responses to applications of suLfur applied to 

tobecco, cotton, corn and soybeans growing on two soil 
types were studied in North Carolina (25). Sulfur defi- 

ciencies were observed early in the season on cotton and 

tobacco growing on Durhan coarse sandy Loam. The defi- 

ciericy symptoms on tobacco disappeared as the season pro- 

crossed, apparently because the roots were absorbing sul- 

fur from the subsoil that had been leached down from the 

surface soiL. No response to sulfur was noted with corn, 

cotton, and soybeans growing on Marlboro fine sandy 

loam soil even though only one ppm of SO14- was found 

in the 0-6 inch layer. The Durham soil had an accumula- 

tion of from 23L. to 28L ppm of SO)-S in the 18 to 30 

inch depth as a result of leaching from the surface soil 

layer. 
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Ensminger (13) found i1faLfa arid serioe did not 

respond to sulfur in some ALabama soils because of an 

accumulation of subsoil sulfur. On light-textured sur- 

face soiLs, much of the suLfate leached to the heavier 

clay ubsoils. The addftion of superphosphate fertilizer 
reduced the adsorption of the sulfate in the surface soil. 

Lime also reduced sulfate retention. Kamprath, elscn, 
and Fitts (26) found that 1:1 type clays adsorbed more 

sulfate than the 2:1 type clay minerals. Increasing the 

phospate concentration of the soil reduced the amount of 

sulfate adsorbed. Their data indicated that less sulfate 
was adsorbed in the preserce of the phosphate ion, par- 

ticularly if phosphate had been recenti applied as 

fertilizer. 

Sulfur in precipitation and in the atmosphere: 

In addition to sulfur applied to the soil as ferti- 
tizera, manures, crop restdues, and fungicides, appre- 

dable amounts of sulfur reach the soil in precipitation 
in sorne areas. Leland (28) reported I8.67 lbs. of sulfur 
per acre per year was brought down in precipitation at 

Ithaca, New York, as nasured over an 18 year period. 

He concluded that the possibilities of a sulfur deficiency 
for most crops grown there was slight. The amount of 

sulfur in the precipitation at il locations in Indiana 
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raried from 20 to 127 lbs. per acre per year ïth an 

avere of sbcut 27 lbs., when the figure of 127 lbs. for 

the Industrial area aroune Gary as omitted (5, p. 28). 

This compared to a rarie of Lbs. to 100 lbs. of suLfur 

per acre per year in Minnesota. Hiby (2L) measured 

from 3 to 10 Lbs. of sulfur per acre per year In pre- 

cipitation in Western Üre:on. Most invstigators have 

found that local conditions such as kind of crop, length 

of the growing season, the level of soiL fertility, ex- 

tent of leaching, and the sulfur reserves in the soil, 

riake it difficult to predict a sufficiency or deficiency 

of sulfur from that brought down in precipitation. 

Fried (IS) found that atmospheric sulfur in the 

form of sulfur dioxide could be absorbed directly by 

plant leaves and converted to organic form. Alfalfa 

growing in nutrient solution wss able to absorb sulfur 

dioxide through its leaves when it was growinp in an 

atmosphere containing 0.1 ppm SO2. Cotton p1ats were 

found to use SO2 from the atmosphere in an amount roughly 

proportional to the size of the plant or in relation to 

its leaf surface (37). Although the sulfur dioxide of 

the atmosphere was inadequate as the sole source of 

sulfur, it contributed over 5f) per cent of the sulfur 

found in sulfur-deficient cotton plants as determined 

with radioactive sulfur. 
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Sulfur oxidation in the soiL: 

Several tïpes of bacteria perform important fune- 

tions in the oxidation of elemental sulfur and thiosuLfate 

in the soil (ti6). The most important, Thiobadillus 

thiooxidans, can tolerate acidity as great as pH 2.2. 

'Moses and oLson (3t) found that the maximum sulfur oxida- 

tiori occurred at a soil moisture tension of only 30 to 

60 cm. of water in four soils, They concluded that lack 

of aeration limited the oxidation of sulfur at soil 
moisture tensions of less than 30 cm. They also con- 

eluded that sulfur oxidation can occur quite rapidly in 

irrirated soils or in dryLand soils during the wet season. 

Thirty-one surface soils of Kentucky were incubated 

at room temperatures for varying. periods of time (L, 

p. 97-103). SuLfur was added to the soils at 2O ppm, 

and CaGO3 was added at L000 ppm at the start of the in- 

cubation periods. After 30 days of incuLation, the 

sulfur oxidized in the unlimed soils ranged from 8.6 to 

36 per cent of that applied and from 20.8 to El.6 per 

cent of that applied after 120 days. Lime had no effect 

on the rates of sulfur oxidation. The investigator 

concluded that enough sulfur was oxidized in 30 days to 

supply most crop needs. Conrad (8, p. L7) found that 

elemeitaL sulfur was as effective as gypsum as a source 

of sulfur in California except when the former was 
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applied to the soil surface in the coldest months or in 

seasons of limited rainfall. Lo rates of elemental 

sulfur applied ith an 6-30-O fertiLizer mixturo in 

greenhouse pots apparently increased the phosphate 

availability, but the oxidation of the sulfur as too 

slow under field conditions in Alberta, Canada o affect 

the avaiLability of phosphorus (32). 

Tisdale and 1ertramson (L9) found that the oxida- 

tion of sulfur resulted in an increase in the avaiLabLe 

mananese of the soiL. The yieLd and oil content of 

soybeans and the amount of manganese absorbed by the 

plants were increased by the application of elemental 

sulfur to the soil. They postulated that sulfur may 

have a direct reducing action on Mn02 in the soil exclu- 

sive of the acidity produced by the oxidation of sulfur. 

Carey and Earbur (17) found a correlation between man- 

ganese deficiency and suLfur content of certain Indiana 

soils. 1:hey found that elemental sulfur took part in 

oxidation-reduction reactions, increased the suLfate 

content of the soil, and caused a lowering of the soil 

pH. Soil treatments that included sulfur gave the 

hihest yields of soybeans with the mananese content 

of the soybeans being higher on plots treated with 

sulfur. Treatments causing a lowering of soiL pH bene- 

fited the crop in relation to the pH change. The 



benefits were greater ith tretmets that included 

suLfur oxidation than where sulfuric acid as added to 

1ouer the soil pH an equivalent amount. Vavra and 

Frederick (2) also studied the oxidation of elemental 

sulfur and sodium thiosulfate treatments applied to the 

soil and found that sulfur oxidation caused an increase 

in the availa1le manganese and lowered the soil pH. Lime- 

stone added to the soil caused a decrease in the release 
of available manganese, but the amount of sulfate re- 
leased as not decreased. 

Other uses of sulfur aìpLied to the soil: 

Sulfur has several other important functions in 

agriculture besides its use as an essential eLement for 
plant growth. It has long been, and promises to con- 

tinue as, an important fungicide in the deciduous fruit 

industry (20). It has been used in Florida to control 

brown rot of potatoes, Pseudomonas solanocearum (12). 

Summer applications of 80o lbs. of elemental sulfur per 

acre lowers the pH of the soil enough to be toxic to 

the pathoen. The application of limestone in the fall 

raises the soil pH to a high enough level for the satis- 
factory growth of potatoes. single applications of sul- 
fur control the disease for three to four years. Soil 

rot of sweet potatoes, Actinomyces ipomoea, has been 

controlled in Louisiana by the application of OO to 
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800 lbs. of sulfur per acre. The soll pH can be lowered 

enough to Ii11 the pathogen, and control has been ob- 

tamed for periods of from four to six years (39, . 6-lo). 

The reclamation of alkali soila in arid sections of 

the West .ha been materially assisted by the use of sul- 

fur (23). Rates of suLfur from 1,000 to 1i,000 lbs. per 

acre have been effective in lowering the soiL pii and 

have caused sodium salts to be leached from the soil. 

A Malheur clap loam soil of very high alkalinity was 

improved enough by sulfur treatment and Leaching that 

satisfactory crops of sweet clover, alfalfa, and cereal 

grains were grown. 
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EXPERIMENTAL METHODS 

Eelection of sites for field experiments: 

Sulfur was used s a fertilizer variable in 2L. 

field experiments during .. the five crop seasons fron 

19fI through 19S8 on 21 farms in Jackson and Josephine 

Counties. The experimental sites were selected in 

several ways. Soil. test resu1ts on sarnples submitted 

to the Soils Pestin Laboratory bì' farners were used to 

locate sites that might be expected to respond to appli- 

cations of certain fertilizer elements. The results of 

the alfalfa survey conducted in 19S were used to locate 

areas and specific sites where low levels of sulfur and 

other fertility elements were suspected. Personal obser- 

vations of crops çrowing in the area were of value in 

locsting problem sites upon which to condtet experiments. 

The probable good cooperatIon of the farmer upon whose 

land the experiment was to he conducted was also s 

consideration in the location of experimental sites. 

Experiments on cereal grains: 

Five fertilizer trials were conducted on cereal 

grains in l9, three in and one each in 1956 and 

19S7. Sulfur was a variable at O and 60 lbs. per acre 

in the l95i and 195 seasons, at 0, 10, and 60 lbs. per 



acre in 1956, and at O and 30 lbs. in L97. Elemental 

sulfur used as the scurce of sulfur in 19L. and L9, 

while gypsum was used in l96 and 1957. Each sulfur 

treatment as a part of a seriez of from 10 to 16 treat- 

iients applied to the experimental areas in randomized 

block experiments ith four replications. The plot size 

used as 7 feet wide by LO feet long. The fertilizers 

were broadcast end mixed into the soil during seedbed 

preparation in aI.l but two of the trials in which cases 

the fertilizers were applied after the grain had emerged. 

A plot combine was used to harvest a strip I4 inches i:?! 

38 feet throuïh each plot for the determination of 

yield and test weights per bushel of the grain. Two of 

the 10 smalL grain experiments were on irrig atad land. 

Experiments on pasture crops: 

Three pasture fertiLizer trials were conducted in 

195L. in Jackson County and one in Josephine County in 

19. Sulfur treatments of O and 60 lbs. per acre were 

part of a series of lL. fertilizer treatments involving 

T, P, K, S, and B plus minor elements, and in one case, 

a comparison of pypsum vs elerrental sulfur. The plot 

sizes were 7 feet by 30 feet In l951i. and 6 feet by 2 feet 

in 195S. The fertilizers wore broadcast on established 

pastures in replicated, randcmized block experiments. 
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Fall application of fertiLizer as made in one trial 
while spring applications were made in the other three. 

At each harvest, a plot mower was used to cut a strïp 

39 inches wide through the plots for the cjield sample. 

The forse was weighed, and a subsample of aproxiiately 

500 grams was taken from each plot for moisture determina- 

tion and chemical analysis. 

Experiments on hay crop.s: 

Fertilizers were applied to three aLfaLfa trials in 

the l9L. season, two in i9, and one in 1956. The plot 

sizes were 7 feet by 30 feet or 7 feet by LO feet. Sul- 

fur variabLes, as elemental sulfur at O and 60 lbs. per 

acre, were applied as a part of a series of lB to 20 

treatments. Each treatment was reLicated three times 

in randomized block designs. The harvest samples were 

obtained by mowing a 39 inch strip through the plots, 

weighing the green forage, and then taking a subsample 

of approximately 500 grams from each plot for moisture 

determination and chemica]. analysis. An unrepLicated 

exploratory trial was pLaced on one farm in L955 using 

sulfur at O and 60 lbs. per acre as both gypsum and 

elemental suLfur. 

Four harvests ere made with the alfalfa on a 

Kerby loam soil in l95, three were made in 1956, and 
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three were made in l97. Harvest data on the other 

trials was taken only for one season except for one 

trial in which sulfur was applied at 0, 20, and 10 lbs. 

per acre on an annual basis for three years. 

One trial was conducted on oats and vetch for hay 

in l95 with sulfur as a variable at O and 60 Lbs. per 

acre as part of a series of 18 treatments. The ferti- 

lizers were broadcast in the fall prior to the seeding 

of the crop. The plots were 7 feet by 30 feet. Harvest- 

ing was done with a 39 inch mower that cut a strip through 

the plots after which the forage was weighed and sub- 

sampLed for moisture determination and chemical analjsis. 

Experiments on truck crops: 

Sulfur in the form of gypsum was applied at O and 

o lbs. per acre to sweet corn and to tomatoes in l98. 
The fertilizer treatments were cplied in bands four 

inches deep and five inches from one side of the tomato 

and sweet corn rows. The tomato plots consisted of a 

singLe row of 10 plants with rows spaced 6 feet apart, 

while the sweet corn plots consisted of Lt rows by 2$ 

feet. The tomatoes were harvested seven times, weighed, 

counted, and graded into market classes. The sweet corn 

was harvested once, and each ear was measured for length 

and circumference, and was graded into a market class, 
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Methods of soil ana1jsis: 

Soil smiples were obtained from the O-8 inch, 8-16 

inch, and lE-2t inch depths of each replication of the 

experiments prior to the application of any fertilizers. 

The surface soil samples were analyzed by the O.S.C. 

Soils i'esting Laboratory. The pH of the soil as meas- 

ured with the rla electrode on a 1:1 paste. The Lime 

requirement was determined with the buffered solution 

arid glass electrode method of Woodruff (s). Phosphorus 

as determined iith the sodiun bicarbonate method of 

Olsen et al (38, p. 1-17). Potassium, calcium, and 

msFnesium wore determined by the flaTle photometer method 

(1, p. llij. The method of Hatcher and lilcox (22) 

was used to determine the boron content of the soils. 

Organic matter was nasured by the chromic acid titra- 
tion method of Walkley and Black (S3). The cation ex- 

chang,e capacities of several of the soils were determined 

by the ammoniuii acetate method of Schollenberger and 

Simon (LiJ). 

Methods of pLant analysts: 

The total sulfur contents of the second cuttings of 

alfalfa grown on the Kerby loam soil in 1955-56-57 were 

1Appreciation is expressed to Pr. L. A. Alban, under 
whose direction the soil analyses were performed. 
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analyzed using Mg(NO3)2 oxidation and the gravinietric 

determination of sulfur sa barium sulfate (i, p. lUi-lIS). 

Tots]. nitrogen of the elfalfa was determrmd by Kjeldhl 

anal?'sis (1, p. 12). 

Pot trial o alfalfa uïth soils and sulfur ratc variables: 

Five apricultura fly i ' portant soils, Climax clay 

adobe, Columbia fine sandy loam, Kerby clay loam, Medford 

fine sandy learn, and Sama loam were used to grow alfalfa 

in pots wIth sulfur rat as the variable. Esch of the 

soils had been used es a site for a field experiment 

either in I95t. or 1955. Seven pounds of screened soil, 

oven-dry bai, were placed in number 10 cans that iod 

been coated with cicar lscqucr to prevent corrosion. 

The oil were analyzed by the sanie methods used on the 

soils from the field experiments. Sulfur in the forni 

of C.P. calcium sulfate was mixed with the soil at the 

rates of O, l, 30, 60, eid 120 lbs. of S per acre,2 

prior to seeding the alfalfa. Elemental sulfur at O lbs. 

per acre was used as one treatment. The treatments were 

replicated four times. Fxtra csis were used sa borders 

around the treated soils. Twelve seeds of Lahontan 

alfalfa, a variety recouimended for Southern Oregon 

2Empirïcal factor of 2,000,000 lbs. of soil ecuivalent 
to one acre, 6 inch depth. 
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conditions, er'e pL&ced In each can Novemtier 5, 195g and 

covered w1th one fourth inch of soil. Fertilizers in the 

form of K}T2PO1, KC1, and FffO to equal 200 lbs. of P2Oc 

per acre, 200 Us. of K20 per acre, and lbs. of E por 

acre were added in nutrient solution November 7, and the 

cans were placed in an unheated greenhouse. cter, 

which had been passed through a Barnstead demineralizer, 

ws added to the sol Is in the cans so that the minimum 

soil moisture tension was 0.1 atmosphere.3 Water was 

added as necessary, end the cans were weighed on a sotu- 

tion balance at weekly intervals to assure that the 

correct amounts of water were being added. The number 

of alfalfa plants in each can was reduced to 5 on 

February lO, L96, when the alfalfa was approximately 

ti inches tall. The greenhouse was heated startirw on 

ebruary 16, and the cans were pLoced outside on March 

12 where they remained until the termination of t 

exper Iment. 

Four cuttinçs of alfalfe were harvested with her- 

vest dates being May 30, July Li., August 7, and October 6, 

l96. The sampLes were oven-dried at 6° C. for 2L hours 

and ground in a Wiley milL to pass a LOO mesh screen. 

3Appreciation is expressed to Dr. D. D. Evans, under 
whose direction the moisture tensions were determined, 
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Because of the large number of samples involved, only 

samples from replications two and four of the 0, l, 
30, 60, and 120 lbs. per acre S treatments were analyzed 

for total sulfur a barium sulfate by the ravimotric 

method (1, p. 11)4-115). 

The method of Chesnin and Yien (7) was used to 

eati'nate the sulfate-sulfur in the 5 soils used in the 

pot triol. before and after an incubation period of 22 

days at 350 C. atimetes were msde of the sulfate- 

sulfur in the soil.s of renl.ications two and four at the 

conclusion of the trial. 

data: 

Statistical analyses of data were made with the 

assistance of the OreC'on State College Statistical 
Service 

Apprecïation is expressed to Pr. . G. Petersen, under 
iThose direction the statistical analyses of data were 
performed. 



2S 

DESCRIPTIOT A'TP CHARACTERIZATION OF SOILS 

Soils of Jackson Counts: 

The soils of Jackson County 1,ere classified and 
mapped in 1911 into t.3 distinct soil types by the Bureau 

of Soils (1i8, p. 30-35). An area of 5LJ square miles 

was classified. 

The parent materials of the soiLs include granite, 

greenstones, slate, limestone, sandstone, lava, basalt, 

and conglomerate. Several agriculturally important 

soils originated from alluvial fans, and they have tex- 

tures ranging from fine sandy barns to clay adobe. A 

considerable acreage of soiL on the main valley floor 

between edford and Ashland is of the heavy clay adobe 

texture. It represents the Grumusol rreat soil froup5 

which is best typified in the United States by the 

Houston black clay and in India by the J3lack Cotton soils. 

The soils of the heaviest texture are well adapted 

to the production of pears, although some general farm- 

ini' is conducted ori them. Farming operations of both 

general and specialized types including forages, grains, 

seed crops, and truck crops are carried on with the 

5P1.acement in the great soils groups was done by personal 
comnunication with Mr. Charles R. Buzzard, SoiL Seien- 
tist, oi1. Conservation Service, Grants Pass, Oregon. 
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other soil types in Jackson Countr. Approximately one- 

hlf of the agricultural land is now being irrigated. 

With an average rainfall of 18 inches at Nedford, supple- 

mental irriietion is necessary for maximum crop produc- 

tion. 

Soils of Josephine County: 

The soils of Josephine County were classified and 

mapped in 1919 by the Bureau of Soils into 20 soil types 

(27, p. 39-369). Several soil types are common to both 

Jackson and Jcsepìline Counties, but none of the clay 

adobe types are found in Josephine County.. General farm- 

inf predominates with many small farming units being 

operated. The area west of Grants Pass alon the Iogue 

River is a specialized crop area where hops, bulbs, arid 

seed crops are extensively crown. 

Soils used in the field trials: 

The 2L field experients conducted in the two 

counties represented 7 soïl series and LII. soil types. 

Table 1 presents the experiment number and the cooper- 

ator's name, the soil type, and the soit test data for 

each of the soils used in the experinents. 

Most of the soils were slightly acid, and approxi- 

mately one-third of the soils were Low in available 



Table I. Soil test data for fertilizer trials conducted on cooperating', farms, 
o-8 inch depth. 

Exp.No. and co- Lime req. P, Cations, m.e./LOO gms. 13, OrganIc 
operstors name Soil Type pH tons/acre ppm K Ca Mg ppm matter % 

le Straus Same loam 6.2 L 21.0 0.316 lO.L.8 0.77 1.O6 
2. McDonough Sites sandy loam l U4.II. 0.236 5.00 2.02 1.16 
,. Rapp Medford gr. c. I. 6.1 1 12.6 O.I21 11.65 6.1 L.O 
14. England Kerby cl. loam .7 2 1.0 O.IOS 7.2L 11.ti2 1.12 
s. Loosley Kerby cl. loam 2 I.O O.09S 6.13. 0.89 
6. Nichols Climax cl. adobe 6.3 lit.7 O.72 32.82 15.80 0.67 
7. Konschott Sams loam 6.0 1 20.3 0.)46 13.05 12.71,t. 0.88 
8. Thompson Columbia f.s.1. 5.9 2 6.3 0.218 .97 1!.13 1.01 
9. Childreth Medford cl. loam 6.6 0 L.O 0.231 2J...00 11.32 2.14.0 

10. Abbott Sams loam 6.1i o S2.1 1.379 U.29 Lj.16 0.67 
il. Nelson Medford cl. adobe 6.2 1 3.9 0.3214 11.85 O.9 )4.88 

12. Heffernari Nedford loam 6.1 1 9.0 0,326 10.37 5.90 1.89 
13. Cook Meyer s.c.1. 7.2 0 16.7 0.570 12.15 13.60 3.17 
1)4. Scouten Columbia loam 5.7 2 16.14. 0.314.5 14li. 3.71 0.39 
l. Hamlin Medford cl. adobo 6.7 0 L.2 0.3214. 16.23 1d.72 1.60 
16. Hanley Medford f.s.l. 5.9 1. 3. 0.136 10.37 14.9)4. 1.1I. 

17. Smith Kerby r. loam 5.9 1fr 3.6 0.1SL 5.L8 0.63 3.87 
18. Duggan Sarna loam 6.1 1 17.6 0.t14. 13.29 13.13 1.214. 

19. Niedermneyer Medford loam 5.7 1 9.2 0.218 11.814. 6.20 0.70 
20. Scouten Columbia 1.s.1. 6.2 1. lIt.0 0.210 9.1 b.314. 0.73 
21. Sauer Kerby loam 6.2 lj- 14.0 0.180 L.86 16.)4 O.3 
22. Sauer Kerby Loam 6.3 1 3.3 0.121 I.00 10.93 1.18 
23. Station I4edford loam 6.1 1 8.7 0.369 12.08 2.14.7 

214., StatIon redford loam 6.1 1 7.5 o.390 12.08 2.07 



phosphorts, accordinr to present standards. One-fourth 

of the soils were low in potassium, and 7 of the soils 

had more magnesium than calcium, on a mUll-equivalent 
basis. The relatively hlh rnaínesium contents of the 

7 soils is probably related to parent material, which was 

composed of mixed rock, includin serpentine. The boron 

contents of the soils ranged over a fairly wide scale, 
The organic matter content of three of the soils was 

determine d. 

Soils used in the pot trial with alfalfa: 

Climax clay adobe 

This is a residual soil consisting of from one to 

six feet of black clay with a pronounced adobe structure. 

It was formed from the weathering of lava. It Is an 

agriculturaLLy important soil even though much of it is 

non-irrigated, and it has poor internal drainare. Ït is 

classed in the Grurnusol great soil group. 

The soil of this type used In the pot trial was 

from the site of experiment 6 where a yield response to 

applied sulfur was obtained in l9. The soil test data 

for the soil is shown tri Table 2. 



Table 2. Soil, test data, 5 soils used in a pot trial with sulfur rates on alfalfa, 

0-8 inch depth 

Lime rea., P, Cations, m.e./l00 pm. B C..C., 0.1., Moist.,%, 

Soil pli Tons/Acre ppm K Ca Mg ppm m.e./l0O pm. .1 atmos 

Climax 6.3 tI.7 0.75 32.8 15.8 0.67 61.23 1.59 59.17 

Columbia 6.2 1 lI..O 0.2]. 9.6 t.1 0.73 17.51 1.95 I2.I6 

Kerby 6.0 2 3.i. o.12 10.5 6.6 0.93 20.91 4.L3 36.90 

Nedford 6.3 1 29.3 o.SIt 9.5 1.5 1.53 13.98 ¿.5L 30.96 

Sama 6.). 1 25.9 0.71 12.2 L.7 0.7t 22.68 3.20 3L.97 

N 
'o 
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Columbia fine sandy loam 

This soil has a depth of 6 feet or more, and it is 

a micaceous, friable, fine sandy loam, typically brown 

in color. No definite subsoil development has taken 

place since it is a recent alluvial soil. It is one of 

the most important soils in the specialized agricultural 

area west of Grants Pass. 

The soil of this type used in the pot trial was 

obtained from the site of field experiment 20 where a 

marked response of alfalfa to sulfur was observed within 

three weeks after 60 lbs. of elemental S per acre had 

been broadcast on the plots. The soil test data for 

the soil is shown in Table 2. 

Kerby clay loam 

This soil typo is a yellowish-brown clay loam of 

moderately compact structure to a depth of 12 to 15 

inches underlain by a more compact clap subsoil. The 

parent material was of mixed rock, including serpentine. 

The soil bakes when dry and it is difficult to till. 

It is probably an intergrade between a reddish-brown 

latosol and a prairie soil. 

The soil sample for the pot trial was obtined from 

the site of field experiment ). where a sizeable response 
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idas obtained with N, F, and K on wheat in 195L. An 

early season sulfur response was noted, but it dis- 

appeared as the crop approached maturity. 

Medford fine sandy loam 

This is a light brown to medium brown alluvial 

soil formed by the deposition of weathered granitic 

materials by intermittent streams tributary to Jackson 

Creek. Both the surface soil and tile slightly coarser 

subsoil contain an appreciable quantity of coarse parti- 

cies of granitic material. It is one of the moat im- 

portant soils in Jackson County. It is probably an 

interrrade between an alluvial and a prairie soil. 
"xperiment 1. was conducted in l9Ij. near the loca- 

tien where the soil was obtained for the pot trial. No 

response to S was fourd at that time, but a thin stand 

of alfalfa coupled with a very dry season on unirrirated 

land probably restricted full expression of a growth 

response. Table 2 shows the soil test data for the soil. 

Sama loam 

This soil type consists of from 2 to G feet of dark, 

grayish-brown loam underlain by a dark brown, heavy loam 

or light clay Loam. It is of alluvial origin, mostly 

from sandstone and {reenstones, with some basalt. It is 
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usually well-drained, and it is classed as an alluvial 

intergrade to tne prairie great soils group. 

The )ams soli for te pot trial was from the site 

of field experiîient 7 where barley showed an early 

season response to S in l95. Table 2 shows the soil 

test data for this soll. 
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RESULTS AND DISCUSSION 

Field triels with sulfur: 

Field responses to applied sulfur, in terms of in- 

creased yields, were nreat enough in L. of 2h experiments 

to be significant at the per cent level. Several other 

experiments gave strong indications of 'ield increases 

with sulfur application. Table 3 presents a summary of' 

the results obtained over 5 seasons by crops, years, 

yield responses, and whether or not the crop was grown 

on irrigated or non-irrigated land. 

Early season responses to applied S were noted in 

experi'ents L4, 5, 7, and 9 of the cereal grains and in 

experiment il, which was a pasture mixture composed of 

perennial ryegrass and Ladino clover. It was reported 

by Kamprath, Nelson and Fitta (2I), that early season 

responses to S were apparent on sorne soils in North 

Carolina with cotton, tobacco, and corn as the indicator 

crops. They found very little available S in the O-6 

inch soil layer, but rather Large amounts at creater 

depths. As the roots of the plants extended downward, 

more s was absorbed with the result that the crops over- 

came the earlier deficiency. It is postulated that a 

similar phenomena may have occurred in the experiments 

reported here. 



Table 3. Summary of sulfur responses with field experiments conducted in the 
years l9 to l98 

Yield 
xp. No. and Crop Year No S S Applied Response at P O.O Irrigated 

Cereal Crops T3u.JAcre 

i. parley l9;14 tO.l 37.0 not sig. no 
2. Oats l95t It.2 )6.9 not sig. no 
3. Wheat l9L. O.7 not sig. yea 
i-1-. Wheat lgSIi. S9.3 61i-.3 not sig.; early season 

response noted no 
!:;. Oats l9. 79)4 90.0 not sie:.; early season 

response noted yes 
6. larley l99 31i.O 14.0 sig.; visible in field no 
7. Barley l95 38.3 not sir,; early season 

response visible no 
8. Wheat 3.95 10.6 12.8 not sig. rio 
9. Barley 1956 81.0 82.0 not sig.; possible early 

response no 
lo. Barley l97 39.9 LO.14. riot sig. no 

Pasture Crops Tons/Acre 

li. Clover-grass 1914. 2.320 2.780 not sig.; early response no 
12. Clover-grass l9L. t.Lj2I. L.233 not sig. yes 
13 Clover-grass l9t 3.522 3J..78 not sig. yes 
114.. Clover-grass 1955 2.726 2.610 not sig. yes 



Table 3. Summary of sulfur responses with field experi'ents conducted in the 
years l95L. to 1958 (Continued) 

Yield 
Exp. c. and Crop Year No S S Applied Response at F = 0.05 Irriated 

Hay Crops 

15. Oats and 'latch 
16. Alfalfa 
17. Alfalfa 
18. Alfalfa 1. Alfalfa 
20. Alfalfa 
21. Alfalfa 

22. Alfalfa 

Truck Crops 

23. Tomatoes 
(Tons/Acre) 

2t.. Sweet Corn 
(Doz./Acre) 

TonsjAcre 

l95 2.5)4. 2.Ii99 not sis, no 
l95L. 1.965 1.951 not sig. no 
l95I 1.803 1.890 not sig. no 
195I 2.170 2.253 not sig. no 
1956 1.173 1.068 not sig. no 
1955 1.700 2.)480 not replicated; response 

indicated no 
1955 ' I.317 6.68L. sip. yes 
1956 3.311 5.099 sip. yes 
1957 I.232 .5Lj9 not sie. yes 
1956 3.812 5.22t. sig. yes 
1957 L.695 5.850 sig. yes 
1958 3.393 I.583 sie. yes 

1958 16.078 16.633 not sir.; resp. indicated yes 

1958 1521 1568 not Sj{J . yes 
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The greatest yield increases from applied sulfur 

were obtained with alfalfa as shown in experiments 20, 

21, and 22. Figure 1. shows the response to applied S 

obtained on alfalfa in experiment 20 on a Coìwnbia fine 

sandy 1oar soil, Since experiments 21 and 22 were each 

continued for tbree years, they are discussed in greater 

detail later. 

Figure 1. ALfalfe response to S, exp. 20, 6 weeks 
after the application of sulfur; left - 

60 lbs. of elemental S per acre; center 
- 4 lbs. of B per acre; right - 60 lbs. 
of per acre as gypsum; foreground - 
check plot. 

There appeared to Le no definite pattern between 

the field response to sulfur and the chemical analyses 

cf the soil as shown in Table 1. The yield increases to 

S shown in Teble 3 occurred on soils that ranged from a 

lipht-textured Columbia fine sandy loam to a very heavy 
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Otirnax c1y ìdobe. 

The amount of S applied fertilizers in previous 

years izas of 'reat importince to succeedir: crops. The 

cropping and sulfur fertilizer histories are shown in 

Table ii.. Most of the trials where no yield responses 

to S were obtained had had some S applied within the 

previous one or two years. Experiments 6, 20, 21, and 

22, each of which responded to S, had little or no sulfur 

applied in the two or three years previous to the fer- 

tilizer experiment. 

While eulfur responses were obtained 'both with and 

without irriFation, the lack of irrition water may 

have masked some S responses. ¶Phe summer rainfall was 

very sparse during the years the experiments were con- 

ducted, and in non-irrigated pasture and alfalfa trials, 
the first crop was sometimes the only one of quantity 

from which yield data could be obtained. 

iesults obtained in experiment 21: 

The yield responses to sulfur obtained in expon- 

ment 21 on a Kerby loam soil were of particular inter- 
est. The soit test data indicated the surface soil was 

quito Low in phosphorus, potassi u n, calcium, and boron. 

Magnesium was in the hiFrh range, particularly in relation 
to calcium with a Ca/Mg ratio of 1:3.39 on a 



Table ti.. Cropping and sulfur fertilization history of field trial sites. 

Exp. Soil type Cropping history* S applied in fert. lbs./A*4 

1. Sams Loam barley; whest; o. c y. 36; 2L; 2Ì. 
2. Sites sandy 1. alfalfa; same; same 30; 0; 30; 0; 30 
:3. Mec3ford g.c.l. alfalfa; same; serie 0; 30; 0; 36 

. Kerby c.IL. pasture; sarie; same 0; 2Ì; 2I; 2L; 2L ;. Kerby c.l. pasture; sae; same 12; 2L; 2t.; 2L; 21. 6. Clinax c.a. fallow; tarley; barley none in recent years 
7. Sams loam fallow; barley; barley O; not known 8. Columbia f.s.l. alfalfa; same; same O; 0; not known 
9. Medford c.l. barley; alfalfa; savne 0; l; 12 

10. Sama loam barley; alfalfa; same 18; 2i. 
il. Medford c.a. pasture; same; same O; 12; 18 
12. Medford loam pasture; same; sanie t8; I8; I8; L8 
13. Meyer s.c,l. pasture; same; same 0; 2; 21. 
1)1. Columbia f.s.l. pasture; same; same L3; 20; 30; 20 
is. Medford c.a. . ' V.; corn; o. V. 0; 0; 2t; O 
16. Medford f.s.1. alfalfa; same, same 36, 36; 0; 36 
17. Kerby g.c.1. alfalfa; same; saine none in recent years 
18. Same learn alfalfa; corn; wheat 36; 2; 0; 0 19. Medford I. alfalfa; oats; barley L3; 36; 0; 18 
20. Columbia f,s1, alfalfa; same; same none in recent years 
21. Kerby 1. alfalfa; barley; wheat 0; 0; 18 22. Kerby 1. alfalfa; saine; barley 0; 0; 0; 18 23. Medford 1. alfalfa; same; same 2I.; 36; 0; 36 
2L. Medford 1. alfalfa; same; same 2; 36; 0; 36 
* Most recent previous crop listed first. 
** Most recent previous application Listed first. 
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milli-equiva].ent basis. The parent material of the Kerby 

soil series was composed of mixed rocks, including serpen- 

tine, a magnesium bearing mineral. The soil pH of 6.2 

was apparently being maintained at that fairly ren. sonahie 

level by the magnesium in the cation exchange complex of 

the soil. The soil was permeable and well-drained, and 

it had 5 to 6 feet of soil above a layer of gravel. 

Table Lt indicates that very little sulfur was appLied 

as fertilizer in recent years. 

Outstanding yield increases were obtained in 1955 

ori plots receiving an application of 60 lbs. of elemental 

s per acre in March of that year. Table 5 sLows the 

yield data fromthe trial as seasonal totals, while more 

detailed yields by cuttings are shown in the appendix 

(Table A-l). There was an indication of a response to 

elemental S at the time of the first cutting, while S 

applied as gypsum gave a slightly greater first cutting 
yield. Figure 2 shows the response to on May 31, 1955 

at the time of the first cutting. The 1e1ds of plots 

receiving elemental S and rypsum were essentially the 

same in succeeding cuttings. Conrad (8) reported that 

elemental S gave as great a yield response on alfalfa, 

bur clover, and vetch in California as gypsum except 

during the coldest montas or during a dry period. 
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Figure 2. 1.ftLfa response to applied S, expon- 
1!ent 21, May 31, 19%. No S at left; 
60 lbs. of S per acre applied March , 

19% at ritht. 

Several sulfur comparisons were possible as shown 

in Table 5. In each cese, t e addition of S. rreat1y 

increased the yields of alfalfa. Nutrient interactions 

with were not evident in 19%, since the addition of 

F, K, or B did not chanre the crop response to sulfur. 

Since the sulfur deficiency symptoms of the alfalfa, 

including a ye1Lowin of the leaves and a stunting of 

the plants, resembled a nitro'en deficiency in a non- 

legume plant, an examination was made of the alfalfa 
roots from plots receivinF S and compared with samples 

from plots receiving no S. The alfalfa on the S plots 

had more nodules on the roots than those not receiving 

S. Gaw and Soong (18) reported an increase in the dry 
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Table 5. Yield of alfalfa as affected by sulfur fer- 
tilization, exp. 21, Kerby loam, means of 
three replications. 

Fertilizer 
applied in 

treatment 
195, lhs./A. Yield of alfalfa hay, tons/A. 

- -K0 - S - B l955 1956 1957 

O O O O O 3.31 t.23 

o o 0 60 o 6.68 5.10 14.55 

O O O O I 14.32 3.13 14.03 

o o 0 60 I 6.19 14.141. 14.25 

0 120 120 0 0 5.314 3,36 14.59 

O 120 120 60 0 6.86 Lt..149 14.01. 

0 0 0 60 0 6.95 14.57 14.22 

(S as gypsuiii) 

LSD, (F=O.05) 1.05 0.90 - 

* 14 cuttings taken in 1955; 3 cuttings taken in 1.957 and 
1957. 

S was supplied as elemental suLfur except ts noted. 

weirht of garden peas and an increase in the number of 

nodules on the roots where sulfur had been applied to 

the soil. 

During the winter of 1955-56, the Illinois Piver 

flooded the alfalfa field with 14 to 5 feet of water on 

two occasions, and it es felt that much of the remain- 

ing sulfate may have been leached out. Such was not the 



case since sizeable responses were observed on ' plots 
In the spring of l96. Therefore, three harvests were 

made in l96, with the application of no additional S. 

The yield increases due to were apa in larFe, Indicating 

that much of the S was retained by this soil. 
There was ari indication from the yield data that 

where phosphate was applied In 1955 to the S plots, the 

decline in yield in 19S6 was iore rapid than where rio 

phosphate was used. Ensminper (13) found that the phos- 

phate ion caused the release of adsorbed sulfate In 

some Alabama soils, while Kamprath, Nelson, and Fitte 
(26) found that less sulfate was adsorbed in the presence 
of the phosphate ion in some North Carolina soils. Since 

the phosphate level in the sol]. of experiment 21 was low, 

little loss of sulfate might be expected due to the 
action of phosphate. 

Three more harvests were made during the l97 season, 

a{ain with no additional fertilizer being applied. The 

yields amonp treatments were closely grouped with no 

difference reat enough to be significant at the per 
cent level. There were fther indications, that the 

phosphate ion caused a more rapid depletion of S than 
where no phosphate was added to the treatment. Where 

phosphate was applied with S in l95, the yield of 

alfalfa in 19S7 was I.O1 tons per acre, but where no 



phosphate was applied with S in 19, the 19S7 yield ws 

t.5S tons per acre. The alfalfa in all, the plots dis- 

played S-deficiency symptoms in l97. The plants were 

stunted; they had yellow leaves, and the alfalfa was 

unable to conipete satisfactorily with weeds. 

There was a tendency for plots receiving no S to 

show decreasing yields from the first to the third cut- 

tings in 1955 and 1956. Plots receivin: S with or without 

P, K, or 13 maintained a more irniform level of production 

from the first through the Lhird cutting during the same 

period. 

Chemical analyses were made of alfalfa from the 

check plot, and from the S, PK, and PKS plots of the 

second cuttings for each of the three years of the trial. 

Table 6 shows the data from the analyses. The yields 

in 1955 and 1956 were increased by 60 lbs. of S per acre, 

applied in l95, with only an indication of a positive 
yield response with S in 1957. The sulfur content of 

the alfalfa was closely related to S treatment in 1955 

with the sarples from no S plots containing 0.23 per cent 

S, while those from S plots contained 0.35 per cent, and 

those from the FRS plots contained 0.33 per cent. In 

1956, the S content of the alfalfa grown in the check, 

PR, and FRS pLots were nearly identical, while the strait 

S plot had alfalfa with the greatest S content. These 



Table 6. Effect of sulfur ori the iie1d, sulfur content, nitropen content and the 
S:N ratio of second euttinp, alfalfa grown on a Kerby loam soil, exp. 21, 
means of three replications 

Fertilizers applied 
in l95, lbs./acre 19% 19S6 197 
N - - S Tons/A % S S:N Tons/A % S % N S:N Tons/A S N S:N 

O O O 0 0.97 0.23 2.77 1:11.8 0.91 0.25 2.60 1:1O.Ii. 1.25 0.20 2.I.2 1:11.9 

O O 0 60 l.7I. 0.35 3.20 l:9.L. 1.72 0.31 2.99 1:9.6 1.60 0.22 2.L.9 1:11.5 

0 120 120 0 1.51 0.23 2.72 1:12.0 1.12 0.214 2.63. 1:11.0 1.140 0.20 2.30 1:11.14 

0 120 120 60 1.89 0.33 3.114 1:9.6 1.149 0.26 2.72 1:10.6 1.26 0.18 2.39 1:13.0 

LSD, (P .05) 0.62 O.035c314 1:2.19 0.339 0.197 

Coeff. Var., % 15.1. 8.5 5.8 l0..2 12.9 9.6 3.6 9.]. 10.3 8.7 5.1 8.3 

. 



data supiDort the belief that P increased the depletion 

of applied In 197, the S contents of the alfalfa 

samples were nearLy equaL, with only the S treatment 

piving an indication of a sliEhtly higher S content in 

the alfalfa. 

It appears from the data that the S content of the 

alfalfa from plots well supplied with sulfur, varied 

from 0.31 to O.3 per cent. Morrison (33, p. llL) 

reports the average S content of a large number of 

alfalfa samples as being 0.32 per cent, approximately 

the same as the best samples analyzed from the plots of 

experiment 21. Rendig and Weir (Li3) retorted the total 

S content of aLfalfa grown on a very sulfur deficient 

soil in California as 0.125 per cent and as hip;h as 

O.27 per cent when the soil was fertilized with LOO Lbs. 

of g psuxn per acre. It would appear that the S contents 

of deficient plants and of plants adequately supplied 

with S aree fairly welL, in order of magnitude, with 

those reported in the literature. 

While an increase in the N content of the alfalfa 

was found as a resuLt of S applied in experiment 21, not 

all investigators have found an increase in the N con- 

tent of alfalfa fertilized with S. Tisdale et al. (50) 

found the highest N content at the lowest level of S. 
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Nightingale, Schermerhorn, and Robbins (36, p. 592) 

found that tomatoes grown in a S-deficient medium, con- 

tathed large amounts of nitrate-nitrogen with a slow 

rate of reduction to the amine form. 

The S:N ratios of the alfalfa grown on the soil in 

experiment 21 were all narrower than 1:15 (Table 6). The 

Z and PKS treatments in 195 had ':T ratios of l:9.L and 

1:9.6 respectively, as compared to 1:11.8 and 1:12.0 

found in the check and PK treatments. These data indi- 

cate that the alfalfa grown on plots treated with S 

resulted In a íreater proportional gain in S than in N 

content. t,00sli (29) retorted that a sulfur to nitroEen 

ratio, in livestock feeds, wider than 1:15 miht be 

assumed to be low in S for ruminants whiLe narrower ratios 

than 1:15 might indicate a surplus of S. Bardsley and 

Jordan (2) found S:N ratios averaging 1:214. with clover 

grown on sulfur deficient Southeastern soils and 1:17 on 

the same soils spp1ied with I7 lbs. of g per acre. The 

N contents of the clover averaged 2J.2 and 3.25 per cent 

respectively. 

In 1956, the S:!T ratios were rather closely grouped 

except that the plots treated with S alone appeared to 

have the narrowest ratio. The 1957 S:N ratios were 

closely grouped except for the PKS treatment which 
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appeared to have a slìrthtly wider ratio than the other 

treatments. The r1.ative1y narrow :T ratios, when corn- 

pnred to the results of other investirators, suggest 

that the ratios obtained in other areas, do not neces- 

sarily apply under Southern Oreon conditions. 

The data in Table 6 which includes yields, S per 

cent, N per cent, and the S:N ratios indicate that the 

phosphate added in fertilIzer did have an effect on the 

disappearance of sulfur from the soil when both P and S 

were added to the soil in the same treatment, The general 

leveling out of yields, S and N percentages, and of the 

S:N ratios in l97 show that very little of the original 

60 lbs. of S per acre applied in l9 remained for the 

1957 crop. 

Results obtained in experiment 22: 

This experi'nent was designed to gain information on 

S rates applied annuelly. Three years of yield data wore 

obtained from the trial as shown in Table 7. The soil 

test data from Table i indicate the Kerby loaxn soil had 

a pH of 6.3, and that it was Low in P, K, and Ca, and 

high in i4g and medium in B. Irriation was by flooding. 

Significant yield responses to S were observed. 

Gypsum as the source of S, produced the most rapid yield 

response at the time of the first cutting in the first 



Table 7. yield of alfalfa as affected by sulfur forth- 
izatiori, exp. 22, Kerhy loam soil, means of 

three replications 

Fertilizers applied Yield of alfalfa hay, tons per acre, 
annually, lbs./acro1 total of three cuttings per year 

- - K2 S 1956 1957 1958 3-year ave. 

0 60 80 0 3.81 L1.69 3.39 3.97 

o 60 80 20 )4.22 5.20 14.52 

o 60 80 L.0 5.22 5.8I. Lt..58 5.22 

o &o 80 10 5.80 6,06 3.92 5.26 
(S as gypsum) 

LSD, (p = .05) 0.69 0.75 0.93 

Coef. VariabiLity8.8% 8.1% ]J.l% 

I s supplied as elemental sulfur except as noted 

year as shown in TabLe 7. Elemental S at L0 lbs. per 

acre was equally responsive after the first cutting in 

1956 and remained so until the termination of the trial 
in 1958. The L0 lb. S rate resulted in a somehat higher 

yield than the 20 lb. rate, but not si'nificantly so at 

the 5 per cent level of significance. 

On the basis of the data from the trial, 20 lbs. of 

S per year was not enough for maximum alfalfa yields. 

The 140 lb. S rate also may not have been enough for a 

maximum yield since the yield was still increasing at 

that rate. If the S content of the alfalfa approximated 
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the 0.31 to 0.3 per cent as shown by productive alfalfa 

in Table 6, lt would contain from 6.2 to 7.0 Lbs. of 

per tori. With a yield of 6 tons of alfalfa per acre, 

the S required could be as hi:b as L2 lbs. per acre per 

year. With alfalfa growing on a soil, known to be low 

in available S, LO Lbs. of S per year would not then be 

adequate, in view of a less than 100 per cent recovery 

of applied . 

Results obtained from the pot experiment: 

Yield data 

Table 8 shows a sunnary of yield data for the four 

cuttings of alfalfa bj soils and by treatments. More 

detaiLed yieLd data are shown in the appendix, Table Â-2. 

Fiíure 3 ahois the yields of alfalfa by soiLs and by 

treatments for each of the four cuttinrs. Sizeable yiotd 

increases were obtained with S treatments in each of the 

soiLs except the Kerby clay loam. Differences were not 

independent of soil type, since response maLnitudes and 

patterns varied among soils. The second cuttin of 

alfalfa was the highest yielding for al]. soils except 

the Kerby in which bue first crop had the hirhest yields. 

Figure )4. shows the alfalfa crowing in the pots in one 

complete replication for each of the five soils on 

July L, l96, at the time of the second cutting, Third 



Table 8. Yield of alfalfa, in grams per pot, as influ- 
enced by S treatments and soils, total of 
L cuttings, mean of )4 replications 

Treatment, pounds of S applied per acre 
Soll O 1 30 60 120 Soil Mean 

Climax 12.27 18.21 2L.I9 23.13 23.89 19.80 

CoLumbia 7.19 li.08 L.03 15.21, 1)4.Ì49 13.00 

Kerby 12.08 12.76 12.97 13.38 12.75 12.79 

Medford ]5J40 22.69 23.69 25.20 28.lL. 23.02 

Sama 8.90 18.2L. 22.98 22.81 22.95 19.18 

Treat. 
Mean 11.17 17.00 19.23 19.9I. 2O.tJ4 17.56 

LSD P=0.05 P=O.O1 

Treatments 0.771 1.026 
Soils 1.L92 2.092 
Treat. x Soils O,72t. 2.293 

cutting yields Nere,in generaL, rather low because the 
extremo heat of July and early August hastened maturity 
at the expense of total frowth. 

Alfalfa growin\ on the C1irax soil showed oily a 

slight yield increase from applied S in the first cutting 
as showr, In Figure 1. The alfaLfa growing in the check 

pots ws or a more yellow-green color than the alfalfa 
growing in pots treated with S. The second crop of 

alfalfa responded markedly up to the 30 lbs. of S per 
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C1iax soll 

Columbia soil 

Fipure 1j. Second crop alfalfa, pot trial, July 14., 1956. 
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Kerby soll 

r1edford soil. 

Figure . Second crop alfalfa, pot triaL, July 1,, 19S6. 
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Sains soil 

F1ure .. Second crop aI.ThLfa, pot trial, July 1, l?.6. 
(Continued) 

acre rate after which the yields leveled off at a rela- 

tively high le.vel. The. third cuttinp ie1ds of' ].fatfa 

aTain responded to the 30 lb. S rate that had been 

applied at the start of the experi'ient. The data surrpest 

that by the time of the fourth cutting, much of the S 

applied at the start of the experiment had been ied by 

the alfalfa, especially at the 1oier rates. In this 

cutting, yields continued to increase, at a decreasing 

rate, up to the 120 lbs. per acre rate of S. The possi- 

bility existed that a higher yield would have been 

reached with a rate of S eater than 120 lbs. per aQre. 



s deficiency syrnptom, in the form of stunted growth and 

ye11owin of the alfalfa Leaves, were apparent up to the 

GO lbs. S rate at the time of the fourth harvest, Con- 

aîdering the total yields shown in Table 8, and the mean 

square values shown in the appendix, Table A-3, sirnifi- 

cant yield increases at the i per cent level of sini 
ficance were found between the O and l lbs. of S rate 

¿nô between the 3 and 30 lb. S rates in the Climax soil. 

The fertilizer history of the field from which the soil 
was obtained showed no S was applied as fertilizer in 

recent years. 
The first ad srcond cuttings of alfalfa gave marked 

yield responses from the application of the iS lbs. rate 
of S to the Columbia soil. These two cuttings produced 
yield patterns that were very simiLar as shown in Figure 

3. Yields tended to level off near the 15 lbs. of S 

rate. Yields in the third cutting were influenced to a 

lesser dep:ree by S rates than any of the other cuttings. 

Hot weather hastened the maturity of the third cutting. 

Markedly increased yields up to the 30 lbs. rate of S 

were noted in the fourth cutting. S-deficiency symptoms 

were pronounced in the check pots in ail four cuttings, 
and in the fourth cutting, from pots receiving the 

equivalent of l lbs, of S. The general yield level of 
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the alfalfa crown on the Columbia soil was not high when 

compared to the Climax, edford, and Sam soiLs. Consider- 

ing the total yields for all cuttins as shown in Table 8, 

significant yield increases were found only between the 

O and 15 lb. rates of S. No S had been applied to the 

soil for several years prior to obtaining the soi]. sample 

for the pot trial. 

The only soil among the five not showing pronounced 

S responses yleidwise was the Kerby. It was the only soil 

on which the highest yield of alfalfa was obtained in the 

first cutting. As indicated in the fertilizer history 

for experiment t of Table Li., considerable amounts of 

were applied to the soil in several previous years. 

Since the soiL test data of rfable 2 indicated a low level 

of P, losses of S as a result of the phosphate ion caus- 

ing its re1ese probably wore small. The second cutting 

was nearly equal in quantity to the first with only a very 

slight indication of a yield increase due to the S appli- 

cation. The third and fourth cuttings of alfalfa were 

quite similar In their yield patterns except that the 

fourth cutting gave more of an indication of a yield 

response where 30 lbs. of per acre had been applied at 

the start of the experiment. Considering the total yields 

as shown in Table 8, the differences in yields of alfalfa 

among the sulfur rates were not significant at t4ie 5 per 



cent level. 
A large yield increase In the alfalfa harvested in 

the first citting on the Medfcrd soli was obtained c3n 

pots that hsd received 15 lt. of S per acre at the start 
of the experiment. The yields of I.falf with higher 

rates of S were slirhtl Lower than the yield obtained 

with i; Lbs. cf per cre as shoin in Figure 3. In te 
second cutting, approxirately 83 per cent nore alfalfa 

was produced in pots receiving the 1$ its. rte of S 

per acre than was produced in the check pots. The yields 

continued to increase at the 30, EO, and 120 lbs. of S 

per acre rates. The third cutting yield response as 

sharply upward to 1$ lbs. of S snd upard at lesser, 

but almost Unear r'te, to the 120 Lbs. of rate per 

acre. The lbs. rate of S failed to increase the fourth 

cuttin yield sirnificantly, hut the hither ratos resulted 

1n ,ield i'cr3ases. Retes of S hi'her than 120 lbs. per 

acre applied at the stìrt of the experiment mirht have 

resulted in even higher yields of alfalfa. Considerinç 

the total yields, each increment of added S increased the 

yield significantLy at the L per cent LeveL of simifi- 
cance. 

In the first cutting on the Sama soil, t}.e yields 

of alfalfa grown on pots that had received the 15 lbs. 

rate of S per acre yielded over 100 per cent more than 
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the yie1ds from the check pots, while higher rntes of S 

did not increase the yields f,rther. At the time of the 

second and third cuttings, aiftifa rrown on pots that had 

received 30 lbs. of per acre produced the reatest 

yields. The 15 lb. of S rate per acre had a very small 

effect at the fourth cutting; the 30 lb. rate of S re- 

suited ir) a moderate yield increase, h1le the 60 and 

120 lb. rates of S gave higher, but nearly equal yield 

increases. The total yields showed significant yield 

increases over the check treatment with LS lbs. of S per 

acre, end alfalfa grown on pots treated with 30 lbs. of 

S per acre yielded significantly more than the alfalfa 
grown on the 15 lbs. of S treatment at the i per cent 

level of significance. 
Considering the soil means in Table 8, the alfalfa 

grown on the Nedford soil produced the highest yields, 

followed by the alfalfa grown on the Climax and Sarns 

soils, which were very similar In total yields, while the 

Kerby and the Columbia soils produced the least alfalfa. 

Elemental S, applied t the rate of 30 lbs. per 

acre, resulted in yield increases In the four responsive 

soils, that were approximately equal to the 30 lbs. of S 

per acre rate supplied as gypsum. The yields from the 

elemental S reatment are shown in the appendix. The 

rate of S oxidation in each of the soils apparently was 
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rapid erouh to supply the plants with enough sulfate- 

sulfur to equal the gypsum treatment. 

content of the five soils: 

Table 9 presents data on the SO-S content of the 

soils. In order to relate the S0-S content of the soils 

used in the pot trial to their responses to applied S, 

arid to estimate the relative rates of S release among 

the soils, the 50li8 contents of the soils iere determined.. 

The Climax, Columbia, and Medford soils contained nearly 

ecual amounts of SQÎ-S in their original state. The Sama 

contained Less and the Kerby contained more than the 

first three soils. Following a 22 day incubation period, 

the S011-S content of each soil increased with the Kerby 

soil showing the p7reatest increise on a ppm basis. After 

four cuttings cf alfalfa had been removed from the pots, 

there wore fej differences in the SO4-S contents cf the 

pots among the S treatments ithin the Climax, Columbia, 

and Medford soils. 
In the Sama soil, there wore slightly reater amounts 

of S0)4-S remaining in the 30, 60, and 120 lbs. of S per 

acre pots than in the check and l lbs. of S per acre pots. 

The fourth cutting yields of alfalfa were higher in the 

60 and 120 Iba. of S per acre than in the O and 1 lbs. 

S per sere rates, while the yield of alfalfa in th O 



Table 9. S0-S content, ppm, of soiLs before and after an incubation period 
of 22 days and after the removal of t. cuttings of alfalfa, means of 
two repLications. 

As olemen- 0riinal Incubated Pounds per acre of S appLied as gypsum tal. S 
Soil Soil Soil O I 30 60 120 30 

Climax 5 10 14 5 14 14 5 14 

Columbia 6 9 6 6 6 7 5 

Kerhy 8 13 7 9 9 9 10 7 

Medford 5 9 8 9 6 7 10 9 

Sama 3 6 14 14 7 6 7 6 
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lb. r9te of S treatment was of i Litermediate amount. 

The Kerby soil had tIe reatest amount of SO-S 
remaining after the removal of four cuttings of alfalf3. 
It as the one soil that did not respond yietthise to 

applied S. Li contrmst to the Kerby soil, the Medford 

soil did respond to S treatment very markedly, while at 

the same time, it also coritathed a relativeLy high amount 

of sulfate at the termination of' the experiment. 

Trie data of Table 9 would seem to indicate that the 

Son-S content of tFie incubated soils might be of some 

value in predicting crop reaponse to S. The Kerby soil 

with 13 ppm of SO-S did not respond at the time of the 

first cutting; the Climax with 10 ppm of SOj-S showed 

only a small response in the first cutting, while the 

Columbia soil with 9 ppm of SO1-S responded well as did 

the Nedford soil with 9 ppm. The Sains soil, witi only 

6 ppm of SOj-S, was the ni . ost responsive soil, yleidwise, 

to l lbs. of S per acre in the first cutting. Under the 

ccnditicns found in the experiment, soils with Less than 

10 ppm of e.O14_S, after an incubation period of 22 days, 

could be expected to respond to applied S i.ith an in- 
creased growth of alfalfa by the time of the first har- 
vest. 

The SO-S contents of the original soils also gave 

an indication of the yield responses obtained with 
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applied S. The Kerb soil again had the highest SOj-S 

content, while the Climax, Columbia, arid Nedford soils 
were closely irouped at a lower SOj-S content. The Sams 

soil had the lowst SOL-S content, and it was lso the 

most responsive soil to S treatment at the time of the 

first harveat. 

Sulfur content of the alfalfa: 

Alfalfa grown in each of the five soils showed an 

increase in S content as a result of S treatments applied 

to the soils. Tables 10, 11, 12, and 13 present the ana- 

lytical data by cuttings for the five soils and five S 

treatments. Fipure shows the graphic representation 

of the S contents of the alfalfa h soils and by cuttirs. 

Alfalfa grown on the Clinax soil increased in S con- 

tent from 0.28 per cent for the check treatment to O.1.3 

per cent at the 120 lbs. of S per acre rate in very 

nearly a linear fashion in the first cutting (Figure ). 

The E contents found ini the second cutting of alfalfa 
were lower than in the first, particularly at the O and 

l IJs. of S per acre rates. In tue third cutting, the 

S contents of alfalfa grown with the O and l lbs. of S 

rates were nearly equal, but increases were noted at the 

higher rates. Indications were that by the fourth cut- 

tinig, most of the S that was applied at the start of the 
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Table 10. Sulfur content, per cent, of alfalfa gro.rn in 

pot trial, as influenced by treatments and 
soils, means of two replications, first cutting 

Pounds S applied per acre soil 
Soil 0 15 30 60 120 Mean 

Clitnax 0.28 0.31 0.32 0.39 0.I 0.3S 

Columbia 0.23 0.28 0.12 0.38 0.i2 0.32 

Kerby 0.27 0.32 0.IS 0.37 0.37 

Medford 0,22 0.21k 0,33 0.ILL 0.lil 0.31 

0.23 0.26 0.30 0.32 0.6 0.29 

Treat. roean 0.2 0.28 0.32 0.E 0J0 0.32 

L5D, Treatments, (P =o.OS), 0.031f 

(P =0.01), 0.0t7 

Table Li. Sulfur content, per cent, of alfalfa grown in 
pot trial, a influenced by treatments and soils, 
means of two replications, second cutting 

Pounds S applied er acre Soil. 

Soil O 1 30 è0 120 Mean 

Climax o.t8 0.22 0.27 0.3L 0.39 0.28 

Columbia 0.20 0.22 0.30 0.33 0.14v 0.30 

Kerby 0.27 0.33 0.36 0.38 0.3 0.37 

Medford 0.21 0.2 0.33 0.35 0.It 0.33 

Srnis 0.2 0.21 0.26 0.32 0.L3 0.29 

Treat. mean 0.22 0.21k 0.30 O.3It 0.7 0.32 

LSD P =p.O P =p.01 
Soil 0.0li 0.029 
Treatment 0.023 0.031 
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Th1e 12. Sulfur content, per cent, of alfalfa gro%.rn ifl 

pot trial, as influenced by trest:nents and soils, 

means of to replications, third cutting 

Pounds of S applied per acre Soil 
Soil O l5 30 60 120 Mean 

Climax 0.25 0.2L 0.28 0.38 0.Il 0.31 

Columbia 0.21 0.27 0.35 0.35 0.38 0.31 

Keriy O.5 0.33 0.36 0.143 0.147 0.37 

Medford 0.26 0.31 0.32 0.36 0.38 0.32 

Sama 0.22 0.22 0.26 0.35 0.141 0.29 

Treat. Moan 0.214 0.31 0.37 0.141 0.32 

LSD P 0Q P =0.01 
Treatments O. 0.03t 
Soils - - 

Table 13. SuLfur content, per cent, of alfalfa rown in 

pot trial, as influenced by treatments and soils, 
means of to repLications, fourth cutting 

SoiL Pounds of S appLied per acre 
Soil. O 15 30 60 120 Mean 

Climax 0.22 0.17 0.19 0.25 0.26 0.22 

Columbia 0.20 0.20 0.23 0.29 0.27 0.214 

Kerby 0.22 0.28 0.28 0.39 0.147 0.33 

Medford 0.18 0.19 0.21 0,27 0.30 0.23 

3ms 0.18 0.20 0.18 0.28 0.29 0.23 

Treat, Mean 0.20 0.21 0.22 0.30 0.32 0.25 

L3D P =0.05 P =0.01 
SoIT 0.022 0.037 
Treatments 0.0314 0.0146 
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experiment In the O, 15, and 30 lbs. of S rates per 

acre had been used by the alfalfa, and that much of the 

S of the 60 and 120 lbs. rates had been taken up by the 

alfalfa. 

Alfalfa grown on the check treatment of the Columbia 

soil showed a remarkable uniformity in its S content 

through all four cuttings as shown in Figure 5. Severo 

S deficiency symptoms were also shown by the alfalfa 

growing In the check pots. Marked increases in the S 

contents of the alfalfa grown on the ] and 30 lbs. of S 

per acre treatments over that of the check treatments 

were found In the first three cuttings. At the fourth 

cutting, the data Indicated that much of the S of the 

30 lbs. cl' S per acre rate was used up and that a size- 

able fraction of the of the 60 and 120 lbs. of S per 

acre rates had been taken up also. 

The S content of the alfalfa grown on the Krby 

soil generally was higher than for the other soils, par- 

ticularly with the check treatments. The yields, as 

previously discussed, were low as compared with the 

Modford, Climax, and Sams soils. Each added Increment 

of S increased the S content of the alfalfa over the pre- 

ceding rate (Figure 5), except for the 120 lbs. of S 

per acre rate In the first cutting and the 30 lbs. of 

S per acre rate In the fourth cutting. It was only at 
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the last harvest that alfalfa growing in the check 

treatment showed sulfur deficiency symptoms. There was 

apparently a sizeable quantity of S left in the 120 lbs. 

of S per acre rate at the time of the fina). harvest as 

indicated by the content of the alfalfa of OJ7 per 

cent. 

On the Medford soil, 15 lbs. of S per acre applied 

at the start of the experiment, resulted in only small 

increases in the S content of the alfalfa in the first, 

second, and fourth cuttings. Sizeable increases in the 

S content of the alfalfa were obtained over that of the 

check treatment with the 30 lbs. of S treatment in the 

first three cuttings. The dcta indicates that most of 

the S of the first three rates was used up by the fourth 

cutting, with only moderate amounts of S Left in the 

soils of the 60 and 120 lbs. of S per acre treatments. 

Alfalfa grown on the Sms soil generally was quite 

low in S even when 15 and 30 lbs. of S per acre were 

applied (Figure ). In the fourth cutting, no increases 

in the S content of the alfalfa were noted except at the 

60 and 120 lb. rates of S. The Sms soil also contained 

the least amount of SOj-S as shown in Table 9. 

Tables 10, Il, 12, and 13 show the statistical 

analyses of the data. Least significant differences 

are shown for the soil means and for the treatment means. 
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The S content of the alfalfa by soils and cuttings 

for the five sulfur rates, and the S contents of the 

alfalfa by cuttinps and by S rates are sunarized in the 

appendix, Tables A-14 and A-s. 

it is of interest to note that the S content of the 

alfalfa grown in the second cutting of the pot trial 
with the 60 Ls. of S per acre rate averaged O.3L per 

cent for the five soils, The average S content of the 

alfalfa grown in experiment 2]. (Table 6) with 60 lbs. of 

S applied per acre also averaged 0.31s. per cent S in the 

second cutting in l95. 

Yield of sulfur curvos: 

The amount of sulfur taken up by the alfalfa tops 

was calculated from the second cutting data, and it is 

shown in Table 114. Alfalfa grown on the Kerby soil took 

up the most S from the check treatments, probably be- 

cause the Kerb soil. had the highest content of SO!.-S. 

Alfalfa grown on the Medford soil took up more S than 

the alfalfa grown on the S trented pots of the remaining 

soils. Alfalfa grown on the Climax and Sms soils took 

up approximately equal amounts of S from the soils. 
Except for the check treatment, as previously noted, 

alfalfa grown on the Kerby soil and alfalfa grown on 

the Coluiibia soiLs took up nearly equal amounts of S. 
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Table 14. Su]Iur taken up by alfalfa grown on five soils, 
!ngms per pot, second cutting, means of two 
replications 

Pounds S Soil 
Applied 
per acre Climax Columbia Kerb Medford Sams 

O 5.2 3.4 10.7 8.5 4.4 

15 15.5 10.7 12.5 17.9 14.0 

30 22.3 14.3 14.0 28.1 23.0 

60 26.8 15.0 16.0 34.4 25.0 

120 30.7 21.6 21.2 52.6 32.7 

Fried and Dean (16) have described a method of esti- 

mating the amount of a given nutrient in the soil that is 

available when a known amount of the nutrient is applied 

to the soil as fertilizer. They used labeled isotopes 

to calculate the uptake of nutrient from the applied 

fertilizer as a fraction of the nutrient content of the 

plant . The calculated "A" value or the amount of the 

available nutrient in the soil is used as a basis of 

evaluating factors affecting nutrient availability. 

A method of extrapolating the yield of nutrient 

curve to obtain a sulfur "ate valuo, without the use of 

labeled isotopes, was used with the second cutting data 

from the pot trial. The curves are shown in Figure 6 for 

each of the five soils. The actual uyields of sulfur' 
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were pLotted, and quadratic equations were fitted to the 

data from h1ch the extrapoltions were meide to the 

X-axes. The value for each of the soils was cal- 

cul.ated, nd multiple corr&tation coefficients were used 

to measure the oodness of fit of the quadratic function 

to the actu&i]. yieLd data. The multiple correlation 

coefficients for the curves range from 0.93 for the Kerby 

soil to 0.97 for the Climax soil, indicating that good 

fits were obtained in all five soils. The calculated 

sulfur "a" values were 12.21 lbs. of S per acre for the 

Climax soil, IC.70 lbs. of S for the Columbia soil, 
1014.21 lbs. of S for the Kerby soil, 214.141 lbs. of S 

for the Medford soit, and 11.142 lbs. of S per acre for 

the Sams soil. 
Steenbjerg (147, p. 101) has shown that, in many 

instances, "yield of nutrient curves" can be represented 

as a straiht line. In soils that have a large amount 

of the nutrient being studied, the ascendin g straight 
line tends to become curvilinear and eventually flattens 
out. Flattening out of the curves of ti Climax, Coluni- 

bia, and Sama soils were noted (Figure 6). 

Dean (11) pointed out that the extrapolation of P 

curves from a low-slope curve may lead to rather wide 

errors. The Kerby soil had a curve with a relatively 
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low slope, resulting In uifur value that could be 

too hi:h or too low by a consierab1e margin if Dean's 

observation applied In the case of the Kerhy soil. It 
appears that the values obtained for the five soils did 

give a reasoneblo etirnate of the suLfur in the soil that 

as as available a an equivalent amount of SO-S applied 

aa gypsum. The one soil that did not respond yleidwise 

was shown to have a much hither sulfur "a" value than 

the four soils that did respond to sulfur applications. 

it does not appear possible from these limited data to 

establish a crItical limit for the sulfur "a" value of 

the soiLs below which a response to applied S could be 

expected. Tue number of soils analyzed is too smalL, 

and the spread between the hip'hest "a" value of the 

responsive soiLs, 2,Il lbs. of S per acre, and the "a" 

value of the Kerby soil of lOt..21 lbs. of S per acre is 

too çreat to interpolate a critical sulfur value. 
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SUMMARY AND CONCLUSIONS 

Twenty-four fertilizer oxpriment i which u1fur 

as variable were conducted In the fieId of coopera- 

tthg farmers in Jacicson and Josephine Counties of South- 

em Oregon. Seven oi1 sertes and U soil. tytes ere 

represented in the fie.d trials. The crops included 

cereal grains, clover and grass pastures, alfalfa and 

oats and vetch for hay, fresh market tomatoes, and 

!narket sweet corn. roth irrigated anß non-irrigated 
sites were utilized in the experiments. 

ulfur rates of O and 60 lbs. of S per acre, as 

elemental sulfur, were used in combination with other 

fertilizers in moste of the trials. Hates of 0, 20, and 

I0 lbs. of per acre were used in two trials. Gypsum 

was nlso included as a source of in several experiments. 

Statistically sinificart yield increases at the 

per cent level of significance were obtained in four of 

the 21 field trials (including one experiment on barley 

ancJ three on alfalfa). Several other experrnents rave 

indications of S responses, including some early-season 

responses that were not apparent as the crops approached 

maturity. The responses were related to the type of 

crop (legumes were the most responsive), and to previous 

fertilizer history. esponses were obtained at locations 
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where S had not been applied in the past few years. 

In several trials in which comparisons were made, 

elemental S was as effectIve as ypsum in producirw 

yield responses to applied S, aithouh, in sortie instances, 

the response to supplied as gypsum appeared more quick- 

ly. It appears that many of the soils of outIrn Oregon 

have the ability to oxidize elemental ' rapidy enough 

for most field crops. 

The S content of alfalfa was increased by sulftr 

fertilization. It anpears, from a limited number of 

observations, that en S content in alfalfa, of less than 

0.28 per cent might indicate s deficiency of available 

sulfur in the soil. The application of S to alfalfa 

;rowin on a sulfur-deficient soil caused an Increase 

in the nitrogen content of the alfalfa. The S:N ratio 

of the alfalfa was narrowed by S fertilization to as low 

as l:9.t, well, under the upper limit of 1:15 thought by 

some Investigators to Indicate an undersupply of S In 

relatIon to N. 

There was some Indication from the yield data, from 

the S content, from the N content, and from the S:N ratio 

of the alfalfa that phoshate added as fertilizer accel- 

erated the loss of S by leaching. it ws found that 20 
Lbs. of S per acre applied annually to alfalfe. growing 
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on a S-deficient noii ws not enourth for maximum produc- 

tb-i, and that IO lbs. of S per cere per yesr may not 

have been sufficient for maximum yields of lfifa. In 

one experiment, 60 lbs. of S per cere continued to :ive 

yield responses on alfal.fa for two seasons when It was 

applied to a sulfur deficient soil. 

Four of five soils used in a pot trial responded to 

s application by the increased yields of alfalfa crown 

as the indicator crop. sulfur content of alfalfa grown 

on the five soils was increased by S fertilization, al- 

though there were differences among, the soils. The 

SO-S content of the soils, following an incubation 

period of 22 days, appeared to be of some significence 

in predicting the alfalfa response to S on soils under 

pot conditions. 

The uptake of suLfur by alfalfa was calculated for 

the second cutting of the five soils used in the pot 

trial, and the "yield of nntrient" curves were plotted. 

2adratic equations fitted to the yield data were found 

to fit the actual yield curves very closely, nd the 

"yield of S" curvos were extrapolated to the X-axes to 

obtain sulfur values for each of the soils. The 

spread between the "a" values obtained for the responsive 

soils and the non-responsive soiL was too rest to 



interpolate a criticl level of hfaT value, although the 

data did indicate a relationship. 

The data from the field rials and the pot ;rlal 

indicate that some of tLie agricuLtually important soiLs 

of Southern Oregon are Low in available sulfur, partic- 

ularly when no sulfur cias been applied in the fertilizer 

program in recent years. 
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APPENDIX 



TabLe -L. Effect of suLfur treatment on the yield of alfalfa hay grown on a 
Kerby loam solL, exp. no. 21. 

Ferti1iZ Treatment, 
applied in 19 only, Yield of alfalfa hay, tons per acre, by cuttings lbs./acre Seasonal 
N-P2O - K20 - S - B Year First Second Third Fourth Total 

o o o o o l95 1.50 1.18 1.06 0.7 
1956 0.97 1.214. 1.60 3.3]. 
L97 i.L8 1.38 1.37 L1..23 

o o o 60 0 L95 1.b7 1.7i. 1.90 1.18 6.69 
L96 1.614 1.72 1.73 5.09 
L957 1.56 1.60 1.39 14.55 

O O O O I 1955 1.141 1.20 1.10 0.61 14.32 
1956 0.814 1.08 1.20 3.12 
L957 1.52 1.36 1.15 14.03 

o o o 60 14 1955 1.61 1.714 1.88 0.96 6.19 
1956 1.14.7 1.142 1.52 14.141 
1957 1.148 1.1414 1.33 14.25 

O 120 120 0 0 1955 1.83 1.51 1.39 0.60 5.33 
1956 0.97 1.12 1.26 3.35 
1957 1.71 1.140 1.148 14.59 



Table A-l. Effect of sulfur treatment on the yield of alfalfa hey grown on a 
Kerby loam soil, exp. no. 21. (Continued) 

Fertilizer Treatment, 
applied in 195f only, Yield of alfalfa hay, tons per acre, by cuttings lbs ./acre Seasonal 
N *P205 - K20 - S - B Year First Second Third Fourth Total 

0 120 120 60 0 1955 1.80 1.89 2.13 l.0I 6.86 
1956 1.58 1.l9 l.L2 L.i9 
1957 1.32 1.26 l.L2 L.00 

o o o 60 0 1955 1.97 1.79 2.00 1.19 6.95 
(S as pypsuin) 1956 1.5l l.9 

1.51 1.37 1.35 

LSD, (F = .05), SeasonaL totals: 1955 - 1.05 T./A. 
1956 - 0.90 T./A. 
1957 - N.S. at the 5 

per cent level 

0) 
-3 



Table A-2. YIeld of alfalfa, rrams per pot, as sffected by sulfur treatment, 
mean of 14 replications. 

- 
s as element- 

Founds S per acre as gypsum al sulfur 
Soil Cutting O l 30 60 120 30 

Climax i .65 I.99 5.31 5.26 
2 3t7 6.8 8.06 7.83 7.9 7.53 
3 2.2 Ii..06 LI.9.. )4.6. L..6o t.78 
14 1.&3 2.31 3.75 5.3L. 6.02 3.10 

total 12.27 i.21 21.L9 23.13 23.89 20.66 

CoLumbia 1 ¿.22 Ii.It7 I.66 Ii.17 L.i2 
2 1.71 14.80 5.07 
3 1.87 2.06 2.3I. 2J7 2.14.6 2.O 

14. 
1.39 2.0)4 3.214. 3.31j. 3.37 2.65 

total 7.3.9 13.08 15.03 15.23. Ui.Ii9 15.17 

Kerby 1. U.146 t .21 14.70 IL.3!4. 14. 39 
3.68 3.83 3.83 3.93 3.75 

3 2.03 2.36 2.hO 2.37 2.26 2.19 
1.91 2.12 ¿.53 2.38 2.140 2.33 

total. 12.08 12.76 12.97 13.38 12.75 12.39 



Table A-2. Yield of alfalfa, grams per pot, as affected by sulfur treatment, 
mean of ) replications. (Continued) 

S as element- 
Pounds S per acre as gypsum al suLfur 

Soil. Cutting 0 1.5 30 60 120 30 

Medford 1. 5.92 8.39 7.8I 7.)iO 7.68 7.71 
2 t.l6 7.60 7.99 8.2]. 9.03 8.20 

3 2.76 3.96 I..l5 5.22 I.82 
2.56 2.7t. 3.71. 5.18 6.21. ti..SJ. 

total l5.I0 22.69 23.69 25.20 28.]J4. 2.2Ii 

Sama i 3.7L1. 7.5]. 7.92 7.30 7.8 7.63 
2 2.0) 6.Th 8.76 8.14 7.92 7.23 
3 1.85 2.2 3.99 3.75 3.6t 3.L0 
L. 1.29 ]..ti7 2.31 3.62 3.5L. 2.70 

total 8.92 l8.2L 22.98 22.81 22.95 20.96 



Table À-3. Analysis of variance mean square values, alfalfa pot tril, 
among soils and sulfur treatments, totals for 14 cuttings, 
mean of 14 replications 

Comparison Climax 
So il 

Columbia Kerby Medford Sams 

Among treatments 6.629* 0.9306 0.0868 S.6572* 

S vs check 70.7&32* 142.l6Gl* 0.6266 72.805* l3l.738144H 

S vs 30, 60, 
and 120 S ].6.1008** - - - 16.3%7** 

Significant at P = 0.0 

** Significant at P = 0.01 
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Table A-Lt. Sulfur content of alfalfa hay by soils and 

cuttings, per cent, means of 5 sulfur ratos 
and to replications 

Soils Series Average 

Cutting Clirriax Columbia Kerby Medford Sains 5 soils 

First 0.35 0.32 0.3L. 0.31 0.29 0.32 

Second 0.28 0.30 0.37 0.33 0.29 0.32 

Third 

Fourth 

0.31 

0.22 

0.31 

0.21j. 

0.37 

0.33 

0.32 

0.23 

0.29 0.32 

0.23 0.25 

Average 0.29 0.29 0.35 0.30 0.28 

Table A-5. Sulfur content of alfalfa hay by cuttings and 
S treatments, per cent, means of 5 soils and 
to replications 

Lbs. S applied Cutting Average, 
per acre First Second Third Fourth L cuttings 

0 0.25 0.22 0.2L 0.20 0.23 

15 0.28 0.2k. 0.28 0.21 0.25 

30 0.32 0.31 0.31 0.22 0.29 

60 0.36 0.3t. 0.37 0.30 0.3L. 

120 0.t0 0.37 0.Ii,l 0.32 o.t.o 

Average 0.32 0.32 0.32 0.25 


