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trichloracetic acid as the leaching agent is presented. 
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N1TTRITIONÌLLY IIORTAiT SULFUR .AD NITROGFU FRACTIONS 

IN ALRALFA AS INFLUENCED BY SULFUR FERTILIZATION 

INTRODUCTIOI 

Sulfur has been 3ovrn since ancient times.. However, imowledge 

of its occurrence in plant and animal tissues is of recent origin. 

A study of its functions in plant and animal life has furnished an 

interesting chapter of modern biological science. That sulfur is 

an essential plant nutrient has been knovm to plant physiologists 

for many years. The functions of sulfur-containing amino acids 

and their derivatives in animal biology have been the subject of 

intensive investigations in recent years. 

The role of sulfur in plant and animal nutrition is a subject 

of particular interest because Oregon is amone the ew sections of 

the world in which naturally occurring sulfur deficiencies in soils 

are kiiov'm to exist.. Since the growth of alfalfa frequently shows 

a marked response to sulfur fertilization, and since alfalfa proteins 

have been shown to be deficient in. cystine, alfalfa furnishes an 

unusually appropriate material for investigation. The purpose of 

this study was to obtain more detailed information on the influence 

of sulfur fertilization on some of the nutritionally significant 

sulfur and nitrogen fractions occurring in the alfalfa plant. 

RISTORI C..4L 

Forms of sulfur and sulfur compounds present in plant materials. 

Sulfur is now imovm to exist in plant and animal materials in much 

larger quantities than those reported in Wolff's 'TAschen-Analysen" 
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(71). At that time methods of ashing were such that considerable 

sulfur was lost during the ignition period.. Because of the sniall 

inounts found by faulty methods, the importance of sulfur was under- 

estimated. In L889 le Chatelier (37) working with plant material 

found that the sulfur losses in ashing were from twelve to sixty 

times greater than those of phosphorus. In 1899 Berthelot (9) 

reported similar observations, 

The importance of sulfur in biological processes early led to 

studies which had as their object the determination of the kinds of 

sulfur compounds found in plant and animal tissues 

Sulfur in plant material can be divided into two groups--the 

protein and the non-protein fractions. The non-protein sulfur occurs 

chiefly as sulfur-containing lipids, glutathione, taurine, free 

amino acids, inorganic sulfur (12) and volatile organic glucosides. 

Peterson (52) stated that plants also frequently contained volatile 

forms of sulfur such as allyl-iso-thiocyanate. Sulfides such as 

allyl sulfide, vinyl sulfide, inercaptan and others have been obtained 

from onions and garlic. Alfalfa has been demonstrated to be 

practically free from these volatile sulfur compounds. Peterson (52) 

determined the volatile sulfur by drying the sample and drawing air 

through the combustion chamber of a combustion furnace with copper 

as an oxidant. He found that a sample of green alfalfa yielded only 

two percent of its total sulfur in volatile form. 

Sulfur is found in all plant and animal proteins that have been 

studied except the protamines. The protamines occur in spermatozoa 
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of fish and have not been found in plants. Sulfur exists in proteins 

in the form of amino acids. It is taken into the plant in the form 

of sulfates and is reduced by a method which is not understood to the 

state illustrated by the -S-S- and -S-H linkages. These linkages 

represent the cystine and cysteine molecules respectively. Sulfur 

also exists in the aiiino acid methionine and in the more recently 

discovered sulfur-containing amino acid, djenkolic acid, which has 

been found in the djenkol bean (31). 

For some time cystine has been thought to be the most prevalent 

sulfur-containing group in most proteins, but recently it has been 

shown that inethionine is present in considerable amounts in many 

proteins. Cystine was discovered by WolJaston (72) in 1810 but was 

not isolated until 1899 by Morner (12). Methionine was probably 

first suspected by Johnson in 1911 (34) when he stated that other 

sulfur linkages than that illustrated bycystine might occur in 

proteins. Then in 1922 hueller (43) discovered the sulfur-bearing 

amino acid l-methionine in casein. 

Zahnd and Clarke (76) reported that some proteins, casein, 

cottonseed globulin, zein and edestin yielded amounts of labile sulfur 

in ;00d agreement with their cystine content. However, aernstein 

in 1932 (4) found that the total sulfur in almost all proteins is 

considerably greater than the sulfur content of the cystine fraction. 

Hess and Sullivan (4) reported that 36 percent of the sulfur of a 

group of proteins is cystine sulfur, while Folin and Looney reported 

53 percent and Baernatein reported 46 percent. Baernstein (4) stated 



that toa1 sulfur could be accounted for by cystine and xnethionine.. 

The relation of sulfur to plant nutrition.. The essential 

nature of sulfur as a plant nutrient has been known for many years. 

Sulfur is an essential plant food which is needed in fairly large 

quantities. It is stored in the plait seed so that 1b is possible 

for a plant to germinate and live for some time without an ecernal 

source, but since sulfur enters into the composition of proteins it 

ultimately must be furnished as a food. A deficiency of sulfur 

results in a retardation of cell division and fruiting is inhibited. 

It is necessary for the development of the legume tubercies (56). 

Legumes have a relatively high sulfur content and therefore need 

more than other plants. 

Sulfur as a plant nutrient has been the object of a large amount 

of work. The early significance of sulfur as a soil amendment was 

not revealed because many of the common fertilizers contained sul- 

fates which were incidentally added to the soil when nitrogen, 

phosphorus and potassium were added. Any beneficial effect was 

attributed to the nitrogen, phosphorus, and potassium and the sig- 

nificance of the sulfur was overlooked. As early as 1909 (14) the 

use of sulfur for potato diseases in Germany resulted in an increased 

yield of potatoes.. Following these early findings a vast amount of 

information has been amassed and the literature is so extensive that 

no attempt will be made to review it completely in this paper. On 

page 5 are presented some fertilizer studies and results that are of 

particular interest to this study. It will be noticed that most of 
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Table showing response of pients to sulfur fertilization 

Ref. Author Plant Fertil Protein Growth Place 
No. -izer Increase or Yield 

+ or- Increase 
p or - 

28 Hart .p p 

2 Aitken grasses nutritive value did not change 
59 Reinecke lucerne S,PO4 

Reinecke lucerne S S. Africa 
53 Pitz red clover S t 
14 Charcrin potatoes S + Gerniany 
58 Reimer alfalfa Ca304,S - S. Oregon 
13 Bruce alfalfa S. Oregon 
42 Miller 
50 Olson alfalfa P 4 Wash. 
i Adams clover S 

alfalfa 
47 Reilar legumes S p Wash. 
46 Nellar legumes S, CaSO4 4- Wash. 
45 Nellar legumes S, CaSO4 + Wash. 
17 Dook lucerne S or -p N. Zea. 

comp. sometimes 
67 St. John legumes gyp., S # large Wash. 
44 Nolte lucerne S - Germany 
41 Matinoers lucerne S 4. foreign 
25 C-ehring alfalfa S 4. Germany 
16 Degeully beets S Pl00% 
39 Maizenes beets S + 

potatoes + 
57 Reimer alfalfa S + Oregon 
33 Janicaud S + 
19 Eaton sweet corn S 4. 

60 Reynolds corn,cotton S - Texas 
oats, cowpeas 

26 Glynne wheat S p Aust. 
10 Bertrand S France 



lhe results show that sulfur fertilization gave positive results on 

growth studies and some also show an increase in protein content. 

I-b is interesting to note that most of these reports come from a 

very limited number of sections of the country. Olson and St. John 

(50) reported that sulfur fertilizers in field experiments increased 

the protein content of plants as much as 30 percent. These authors 

have also written an extensive review on the subject of sulfur as 

a soil amendment. 

Shodd (66), Woodman and Evans (75), (74), and Miller (42) have 

made studies or, the effect of sulfur fertilization upon the sulfur 

content of alfalfa. Shedd in 1917 determined the total sulfur by 

the sodium peroxide fusion method and the sulfate sulfur by extracting 

ten grains of alfalfa with water. The following is a summary of his 

results: 

Effect of sulfur fertilizer treatment on the total, sulfate, 
and organic sulfur 

Fertilizer Percent Percent Percent 
Treatment Total Sulfur Sulfate Sulfur Organic Sulfur 

Average Average Average 

Control plot .367 .164 .203 

100 lbs. gypsum .445 .234 .211 

200 lbs. gypsum .461 . 271 .190 

Joodman and Evans (74) in 1933 reported the total sulfur and 

sulfate sulfur in feeding stuffs. They determined the total sulfur 

by the sodium peroxide fusion method in a Hodsman bomb and they 
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extracted the sulfate sulfur with 25 percent (by volume) hydrochloric 

acid. They obtained the following results for lucerne: 

Total, sulfate, and organic sulfur contents of lucerne at 
different stages of maturity 

Cutting Protein Total Sulfate Organic 
Date Content Sulfur Sulfur Sulfur 

Percent Percent Percent Percent 

April 34.9 .49 .15 .34 

May 5 33.4 .54 .19 .35 

13 31.7 .63 .21 .42 

19 30.5 .54 .17 .37 

28 23.1 .63 .20 .43 

22.7 .66 .l6 .50 

7-17 20.4 .43 .20 .23 

28 16.1 .59 .11 .48 

July 11 17.3 .40 .17 .23 

Later in 1934 they (75) studied the composition and feeding 

value of lucerne and obtained the following results: 
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Total, sulfate, and organic sulfur contents of lucerne 
at different stages 

Stage Total Sulfate Organic 
Sulfur Sulfur Sulfur 
Percent Percent Percent 

Pre-budding .72 .16 .56 

Budding .58 .11 .47 

Flower .55 .05 .50 

Relation of sulfur to animal nutrition. Sulfur enters into 

the nutrition of animals as it does into the nutrition of plants 

because it forms an essential part of the molecule of proteins, 

hormones, vitamins, and glutathione. In contrast to plants, animals 

must obtain their sulfur in the form of certain organic combinations 

before it can be metabolized by the animal. Osborne and IVlendel (51) 

demonstrated that cystine improved the growth of rats receiving 

rations in which the protein was largely furnished by certain grains. 

Attempts (15) to replace cystine by elemental and sulfate sulfur have 

not met with suecess. Attempts to replace cystine with other closely 

related organic compounds, except some metabolites of cystine, failed 

until some time after the discovery of methionine, The exact mechanism 

by which methionine and cystine can replace each other and to what 

extent they do so is still a question but recent work has thrown 

considerable light on the subject.* 

*Since the above statement was made an article has been published by 
Womack, M.,, Kremmer, K. S. and Rose, W. C. J. l3iol. Chem. 121, 403-410 
(1937) showing that methionine and not cystine is the indispensible 
amino acid. 



In 1932 Jackson and Block (32) studied the metabolism of 

cystine and methionine and found that animals responded as well in 

growth with the addition of niethionine to a "cystine deficient 

rationtt as they did to one in which cystine was added to the same 

ration. Of course this does not prove that methionine entirely 

replaces cystin.e; in fact, Jackson and Block were careful to 

avoid such a statement because undoubtedly both methionine and 

cystine were present in the low protein basal ration.. A possible 

short sununary of their interpretation might be that either or both 

cystino and methionine are indispensable to a limited degree and 

that either or both can be used to supplement the other above that 

limited level. Rose (62) in 1936 using a ration in which purified 

amino acids were the only source of proteins reported that meth- 

ionine and not cystine is an indispensible component of the food. 

"Diets entirely devoid of cystine, except for the traces which may 

be furnished by the vitamin supplements supported rapid growth, 

provided methionine was present. However, when cystine is furnished 

in place of methionine the animals failed to grow". Beach and 

White (7) reported similar results. 

Most plant and animal proteins are low in cystine, while 

animal appendages--horn, wool, hair, hoofs, and nails--are very 

high in cystine. These facts combined with the fact that cystine 

must be supplied to the animal preformed presents a unique problem 

in the production of hair and wool. It is a problem on which has 

been spent a great deal of time and effort and on which there is 
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a great deal of conflicting evidence.. Scoz (65) reported that 

albino rats fed diets deficient in cystine produced less hair 

growbh and a lower percentage of cystine in the haire Barritt, 

King, and Pickard (6) reported that they found no difference in 

sulfur content of rabbit fur when they were fed cystine rich and 

poor diets. Lihtbody and Lewis (38) found that the cystine and 

sulfur content of hair of the young albino rat varied with that 

in the diet and with the age of the rats; also that the body 

requirement todk precedence over hair production.. Beadles, Brenan, 

and itchell (e) reported that there was an increase in hair growth 

on rats fed liberally with a cystine diet. 

Because of its economic as well as its scientific interest 

much work has been done on the relation of cystine to wool 

production. Barritt (5) has shown that all of the organic sulfur 

of wool is accounted for as cystine.. Many workers have been 

interested in whether or not the average pasturage has an adequate 

cystine content to give a maximum yield of wool. This subject 

has been a controversai one and many of the results are in conflict. 

King and his colleagues (36) made an attempt to influence the 

sulfur content of rabbit's wool by doses of cystine and of wool 

hydrolysates. They found that there was no greater variation in 

yield from various diets than there was from seasonal variation. 

Rimington, Bekker, and Kellermarm in 1931 (ei) assumed that average 

pasturage had .01 percent of cystine and calculated that the sheep 

could not eat sufficient pasturage to supply cystine for wool 
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production. Evans in 1932 (20) stated that pasturage contained .1 

percent of cystine end that the average pasturage did yield 

sufficient cystine for wool production.. Fraser and Fraser-Roberts 

in 1933 (23) studied the hypothesis that the addition of cystine to 

the sheep's diet increased wool production. They found no significant 

difference between the experimental and control groups. 

Marstens in 1935 (40) reported "that neither the argument for 

or against an adequate supply of cystine from pasture is convincing". 

He used an average of Pollard and Chibnall's (54) figures which is 

approximately .55 percent of cystine for the average pasture protein 

and concluded that a sheep could not get sufficient cystine from 

any-thing but exceptionally rich pasturage.. Marstens criticized 

Fraser and Fraser-Robert's work by saying that their ration did 

not contain sufficient energy and did contain too much protein 

in the basal ration. He used a basal ration which he fed at 1000 

grains per day which gave each sheep 65 grams of protein per day. 

Using Pollard and Chibnall's figure of .55 percent, a sheep 

should have about 120 grams of protein per day to get sufficient 

cystine for a five pound fleece.. Good sheep produce more wool 

than this. Using the basal ration described he added one gram 

cystine per day and obtained a 14 percent increase in production. 

hen one gram of cystine was injected subcutaneously each day 

for ten days he obtained a 34 percent increase in wool production. 

1Vhen one gram of sulfur was added to the ration no increase was 

found as was also the case when one gram of methionine was injected 
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per day. 

Cystine and other su1fur-bearin compounds in alfalfa. One 

great difficulty in the interpretation of the above results lies 

in the fact that available methods for the determination of cystine 

and rnethionine in plant materials are inadequate. When the existing 

methods are used on purified proteins concordent results are 

obtained as was pointed out on page 3. On the contrary, when 

the whole plant has been used very confusing results have been 

obtained. Of the conion methods, the Sullivan method (68) and 

the Polin and Marenzi (21) method are colorimetric, while Okudats 

method (49) involves an oxidation-reduction reaction.. The latter 

two methods are not entirely specific for cystine while Sullivan's 

method is phenomenal in its specificity. Hydrolysis of plant 

materials results in humin formation which greatly inhibits or 

completely masks a colorinietric determination. Various attempts 

to eliminate hinin formation have aided to some extent, but 

quite often cystine has been lost in the effort. Some workers 

have come to the conclusion that cystine does not exist as such 

in plant materials but later workers do not agree that this is the 

case. Work done by Evans (20) has led him to believe that some 

precurser of cystine is present in grass which can be converted 

into cystine in the animal body. Sullivan (69) has reported 

that the proportion of the sulfur present as cystine in phaseolin 

may be almost negligible. Pollard and Chibnall (54) believe 

that the above authors do not have sufficient evidence to justify 
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the above interpretation. 

Pollard and Chibnall (54) have done some of the most recent 

work on several typical grasses and other pasture plant proteins. 

After extracting the proteins from the plants they used Prunty's 

modification of the Sullivan colorimetric method and found that 

all of the grass proteins contained cystine in amounts varying from 

.30 to .95 percent. They reported that lucerne leaf protein is 

particularly rich in cystine having 1.2 percent.. This would repre- 

sent about .2 percent of the total dry matter They also used the 

new indirect gravimetric method of Vickery and White (70) and 

obtained values that were much higher.. They interpreted this to 

mean that the Vickery and White method must include the sulfur of 

an un]mowm amino acid, 

Despite the work of Pollard and Chihnall the majority of the 

evidence points toward a low cystine content in alfalfa Evans 

(20) claimed .1 percent, Henrici (30) reported .07 to .076 percent, 

Prunty (55) .07.. Rossouw and Wilkin-Jorden (63) using a modifica- 

tion of Vickery and White's method by separating the cystine by 

precipitating it as a cuprous mercaptide found .08 percent of 

cystine. 

In connection with the above low cystine analysis it is of 

interest to add at this point the following report on feeding 

experiments. The low cystine content of alfalfa as determined 

by the majority of the above authors is in accord with the 

feeding experiments of Haag (27) and of Kelleranann (35). 
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Haag (27) found that the addition of as low as .05 percent of 1- 

cystine to a ration in which alfalfa was the sole source of protein 

caused a significant increase in the utilization of the protein. 

The above observation prompted Kellernìann (36) to make a similar 

study and his observations were the saiie. He stated tfyoung rats 

fed upon a ration with lucerne meal as the only source of protein 

suffered from a deficiency which was inimediately removed by the 

addition to the ration of .1 percent of 1-cystine. During a period 

of 6-8 weeks the cystine-fed rats gained an average of 26.5 grns 

more than their control rats in a paired feeding study1'. lize and 

teff proteins also supplemented alfalfa proteins. Incubation for 

two days at 37°C with, the "ruminul juice" of a sheep or auto- 

claving for one hour at 120°C had no effect upon the growth- 

promoting value of the alfalfa. This last statement is interesting 

because it is in contrast to results obtained from soybean 

proteins. Hayward, Steenbock, and Bohstedt (29) found that raw 

soybean was fairly low in biological value while both heating the 

bean and adding 1-cystine doubled the biological value. That 

cystine supplemented the protein of the raw bean suggests that 

cystine or its equivalent may exist in the raw protein in a 

form which is not available to the animal. Heating appeared to 

cause the cystine fraction to become available to the animal. 

The above explanation apparently is not applicable to alfalfa 

in light of the work done by Kellermann. 

Blumenthal and Clarke (11) reported on what appeared to be 
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some unrecognized fornis of sulfur in protein. They made a comparison 

of the quantitative results of the oxidation of the sulfur of 

proteins with different reagents as a means of differentiating 

between the various forms of sulfur in proteins. The method was 

based on the observations that the sulfur of methionine, unlike that 

of cystine, is resistant to oxidation to sulfate by fuming nitric 

acid and to the fact that the sulfur of the. thiolimidazole, unlike 

that of cystine and methionine, is oxidizable to sulfate with 

bromine. They concluded that xuethionine is present in all proteins 

which they examined except keratin. They found that a number of 

proteins contained at least two sulfur-containing constituents in 

addition to methionine and cystine. 

Du Vigneaud (18) reviewed the work of Van Veen and Hijman on 

djenkolic acid, d112(ScH2cEIffi2co2li)2, from the djenkol bean. He 

said that the isolation of djenkolic acid is of particular interest 

because it may possibly be responsible for a portion of the non- 

cystine, non-methionine sulfur in certain proteins, particularly 

those of other leguminous plants". 

As can be seen from the above discussions there is still 

considerable confusion as to methods for the determination of 

cystine and methionine, particularly as applied to whole plant 

material. Du Vigneaud stated (la) that "Additional modification 

of the current titration and colorimetric methods for the 

determination of -S-H and -S-S- compounds continue to appear. 

The changes suggested have usually resulted from efforts to 
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avoid interference of foreign substances in complex materials and 

to obtain greater specificity in the methods, other than that of 

Sullivan, the specificity of which is considered as phenomenal't. 

In view of the questionable results obtained and the difficulties 

encountered with the present cystine methods it was decided to study 

the organic sulfur relationship that is presented by the experimental 

samples, realizing, of course, that the organic sulfur fraction did 

not necessarily represent the cystine and niethionine fraction but 

only an approximation of it. However, it probably represents the 

maximum combined compounds of nutritional significance. No niethionine 

values for alfalfa have been found by the author. 

The method of determining the organically combined sulfur will 

be discussed later in this paper. 

PROBLEM 

The widespread occurrence of sulfur deficient soils in the 

Pacific Northwest, the marked response of alfalfa to sulfur 

fertilization, and the reported cystine deficiency in alfalfa 

proteins furnish the background of a very interesting and timely 

problem. 

It is the purpose of this investigation to study the effect of 

sulfur fertilization upon the relationship òf the organically 

combined sulfur to the nitrogen fractions and to interpret, if 

possible, the reputed cystine deficiency in the alfalfa protein in 

view of the above relationship. Included in this investigation 
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is a study of methods for the determination of the total and 

inorganic sulfur fractions. 

The samples and the data on plot treatment and hay yield that 

were used were made available through the courtesy of Mr. H. A. 

Schoth, Agrononiist, Bureau of Forage Crops and Diseases, United 

States Department of Agriculture. 

First, second, and third cutting samples of alfalfa were 

obtained from a series of plots variously treated with respect to 

sulfur fertilization and were used in this investigation. The 

fertilizer treatments are described in Table I of the appendix. 

EJERIMENTAL RESULTS D DISCUSSION 

Total nitrogen. Total nitrogen was determined by the ordinary 

Kjeldahl method as outlined in Official Methods (48). Examination 

of Table III in the appendix shows that there is a significant 

increase in protein content of the alfalfa from the treated 

plots over that of the check plots in the second and third 

cuttings but no difference between the sulfur and gypsum treat- 

ments. 

"True protein" nitrogen. "True protein" was determined by 

boiling a sample of alfalfa in distilled water and precipitating 

the proteins with Cu(OH)2 as outlined in Official Methods (48) 

for albuminoid nitrogen. Sulfur fertilizer applications 

apparently did not affect the distribution of nitrogen as measured 

by the ratio of "true protein" to crude protein. The results are 
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shown in Table III of the appendix. 

Total sulfur. The determination of total sulfur in plant 

material includes some method of oxidizing the organically combined 

sulfur to sulfate and then precipitating the sulfate sulfur in the 

ordinary manner, For the oxidation in the determination of total 

sulfur, consideration was given to three methods, namely, the 

Official Methods' (48) sodium peroxide-sodium carbonate fusion 

method, the Official Methods' magnesium nitrate ashing method and 

an adaptation of the Benedict-Denis procedure patterned after the 

work of Frear (24). 

A large sample of finely ground alfalfa was used as a standard 

sample with which it was possible to compare the results of the 

various methods. The total sulfur was determined on the standard 

sample by the above methods with the following results: 

Total sulfur values using different oxidation procedures 

Benedict- Na202- 
Denis Na2003 
Percent Percent Percent 

Sulfur Sulfur Sulfur 

.195 .205 .170 

.196 .199 .170 

.213 .196 .171 

.211 .173 

In view of the above results and in. view of the simplicity 

of the Benediet-Denis procedure this method as outlined below 

was chosen for this study. As will be pointed out later it now 
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appears from this work, as well as that of Franke and Painter (22) 

and Rutenber and Andrews (64) that the Benedict-Denis modification 

may have certain limitations. 

The Benedict-Denis method was used as follows: 

One gram of finely ground plant material was put into a three 

inch evaporating dish and 20 cc of Benedict-Denis reagent (25 grams 

Cu(NO3)2, 25 grams NaC1 and 10 grams NE4NO3 plus water to make 

100 cc) was added. after thoroughly wetting the sample by stirring, 

the solution was evaporated to dryness on a steam bath. The dish 

was then gently heated with a gas flame until ignition of the sample 

took place. iThen ignition was once started the flame was removed 

and used only to finish the oxidation. The crucible was then 

ignited in a muffle furnace at about 650°C for ten minutes, 

cooled and the sample taken up in a small quantity of HC1 and 

100 cc water. The solution was filtered, made neutral with NH4OH 

and then one cc of concentrated P101 was added and BaSO4 precipitated 

in the usual manner. 

The BaSO4 was filtered from the copper solutions on fine, 

9 ein, ashless paper and each paper was washed ten times th hot 

water. Some difficulty was encountered by the fact that it was 

very hard to remove the last traces of copper salts from the filter 

paper. At times there was a fine dot of copper oxide on the final 

ash. .Ên attempt was made to remove this by washing the paper three 

times with a one percent ROl solution, but a very small amount of 

Ba504 appeared to go into solution when this was done. The following 
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series of determinations was made to demonstrate the influence of 

the washing procedure: 

Effect of washing barium sulfate precipitate by 

different procedures 

Sample Oxidation Washed Percent 

Lethod Sulfur 

1387 Perchioric 8 times with 1120 .184 
ti ft it .181 

8 times with 1% I-iCi .158 
it ti .170 

t' 10 times with 1120 .i80 
.180 

10 times with 1% 11Cl .162 
ii 

" 20 times with.1% 11Cl .144 

" Benedict-Denis 8 times with 1120 .209 
n n n .199 
ft 8 times with 1 HOi .168 
n ti .165 

Although Frear obtained very good results with the Benedict- 

Denis method and our preliminary determinations on the standard 

samples were very satisfactory both as to duplication of results 

with the Benedict-Denis method and also with the Na202 fusion, 

later on we encountered some difficulty in duplication of results. 

Franke and Painter (22) have shomn that the Benedict-Denis method 

gave very poor results with some types of materials and very low 

results with other materials. They recovered only 37 to 80 percent 

of the sulfur from a given sample of methionine. Later Rutenber 

and Jndrews (64) made a study of the recovery of sulfur from 

methionine. They recovered about 80 percent of the theoretical 

value from methionine and 100 percent from cystine. The addition 

of 11.5 milli-equivalents of Na2003 to the Benedict-Denis solution 
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resulted in a 95 percenb recovery of the sulfur froiri niethionine and 

loo percent from cystine. The addition of 11Cl caused a marked drop 

:in recovery. They also found that at Urnes the SC2 from the burner 

gas contaminated their deterniinations. c have reason to believe 

that the sulfur content of our gas, which was usually very low, did 

fluctuate. 

The total sulfur values of the samples increased markedly with 

increasing amounts of both gypsum and elemental sulfur fertilizer 

treatments. 

Total sulfur values are given in Table IV of the appendix. 

Inorganic sulfur.. Inorganic sulfur has been determined by a 

number of workers by widely varying empirical methods. The criteria 

of a good method may be listed as follows: (1) ood duplication 

of results, (2) recovery of added CaSO4 from a sample of plant 

material, (3) freedom from oxidation of organic sulfur compounds 

and (4) freedom from mechanical difficulties of filtering. The 

four following methods were considered to determine the method 

which would most nearly fulfill the above requirements: 

Method I, Shedd (66). Five gram samples plus 250 cc E20 in a 

400 cc beaker were placed on the steam bath for eight hours and 

left to set over night. The following morning the samples filtered 

easily. One cc of l-1 11Cl was added to the solution and returned 

to the steam bath for eight hours and left to set over night. This 

step was taken to precipitate some of the dissolved organic material. 

The following mornin there was considerable precipitate which 
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filtered rapidly and easily. The precipitate was washed and the 

filtrate made up to 500 cc. Three hundred cc aliquots were taken, 

heated to boiling, and 15 cc of 10 percent BaCi2 and 5 cc of con- 

centrated 1101 were added. The precipitate was digested for one 

and one half hours and left to set over night. The following day 

considerable precipitate of a floceulent nature was evident. The 

precipitate was filtered, on a weighed Gooch crucible, but filtration 

was exceedingly slow. 

Ivethod II, H. G. Miller (42). A five gram sample plus 250 

cc 1120 in a 400 cc beaker was placed on a steam bath for six hours 

with occasional stirring, then one cc of l-1 11Cl was added and this 

was left on the steam bath for two hours longer and then left to set 

over night. The following morning the mother liquor was v9ry clear 

and light in color, but filtration through a fluted filter was 

exceedingly slow, about thirty hours being required for the filtration. 

The filtrate was made up to 500 cc, 300 cc aliquots were taken and 

BaSO4 was precipitated as before. The following morning the solution 

was clear and filtered rapidly through a weighed Gooch crucible. 

It was ignited at dull redness for thirty minutes, cooled, and 

weighed. 

Method III, Ames and Boltz (3). A five gram sample plus 

300 cc of one percent 11Cl in a 400 cc beaker was placed on a steam 

bath for eight hours and then left to set over night. The following 

morning the mother liquor was clear and the solution filtered very 

rapidly. The filtrate was made up to 500 cc and handled as 
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previously stated. The morning following the precipitation of BaSO4 

the solution was clear end was filtered on a weiphed Gooch as before. 

hethod IV, Woodman and Evans, (74). Five grain samples plus 

200 cc of 25 percent ECl (Woodman and Evans called this 25 percent 

ECl but it was one part concentrated 11Cl to three parts 1120 which 

gives about nine to ten percent 11cl) in a 400 cc beaker were put on 

the steam bath for eight hours and left to set overnight. The 

following morning the solutions filtered rapidly and both the original 

solution and the filtrates were very clear, although some hydrolysis 

had taken place. The filtrate was made up to 500 cc and handled 

as previously. After BaSO4 precipitation the solution remained 

fairly clear and filtered fairly rapidly. 

The values obtained for the same sample of alfalfa were as 

follows: 

Percent of inorganic sulfur obtained by different methods 
of extraction 

Sample hethod I Method II 1ethod II I ethod IV 
Sulfur Sulfur Sulfur Sulfur 
Percent Percent Percent Percent 

1387 .052 .048 .053 .008 

1387 .048 .042 .048 .030 

Unsatisfactory duplicate determinations were thought to be due 

largely to mechanical difficulties. The method of Aines and Boltz 

(ethod ITT ) appeared to be the most promising as far as mechanical 

difficulties were concerned. 
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In an effort to eliminate the mechanical difficulties encountered 

in the above methods a series of determinations was run in which 

different concentrations of trichioracetic acid, a well-lmown protein 

precipitant, were used to leach the sulfate sulfur and precipitate 

the colloidal organic material. 

This series was compared with a set in which one percent 11Cl was 

used. With the precipitant, CC13COOH, present it was thought 

unnecessary to allow the samples to set over night so they were 

removed and filtered following six hours on the steam bath. The 

one percent 11Cl set filtered rapidly, but when BaCl2 was added and 

allowed to set over night the solution filtered very slowly. Aside 

from the six hours on the steam bath the samples in this series 

were treated the same as the other series. The one percent CC13COOH 

set was removed from the steam bath at the end of six hours and 

filtered. Filtration was slow, but the filtrate was very clear 

and much lighter in color than any liquids previously obtained 

which would indicate less organic matter. Following the addition 

of BaCl2 and setting over night, the BaSO4 filtered very rapidly 

through a Gooch. 

The two percent CC13COOH set was removed from the steam bath 

at the end of six hours and filtered. They filtered very rapidly 

and very clear. But the filtrate was left to set over night and a 

precipitate was formed which was very difficult to remove by 

filtration. âai attempt to refuter without pressure required two 

days. This filtrate was allowed to stand and no precipitate formed. 
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Precipitation of 13a504 did not precipitate any colloidal material and 

filtration on a Gooch was very rapid. It was thought that the above 

difficulty would be overcome by going back to the step of leaving the 

solution to set over night before the first filtration. 

The results obtained from the above series were as follows: 

Percent of inorganic sulfur using different extractants 

Sample i % 11Cl 1 % CC13COOI-i 2 % CC13COOH 
Sulfur Sulfur Sulfur 
Percent Percent Percent 

1387 .051 .037 .052 

1387 .055 .045 .048 

The next step was to add a series in which higher concentrations 

of CC13COOH were used as the extractants. This series included two, 

three, and five percent CC13COOH. This series was allowed to set 

over night. The two percent group filtered very clear and very 

rapidly. BaCi2 gave a slight flocculent precipitation hut filtration 

through a Gooch was rapid. The three percent CCi3C00H set did not 

filter quite as clear or as rapidly as did the two percent while 

with five percent the first filtration was rapid but the second 

s low. 

The results obtained were as follows: 
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Percent of inorganic sulfur using different concentrations 
of CC13COOH as extractant 

Sample 2 % CC13000H 3 % CC13COOR 5 % CClC00ff 
Sulfur Sulfur Sulfur 
Percent Percent Percent 

1387 .055 .054 .054 

1387 .051 .050 .050 

From the foregoing results the choice of methods appeared to 

rest between one percent HC1 and two percent CC13COOH. In the 

latter runs one percent I-ICi did not work as well as it did in the 

original trials so it was decided to use two percent CC13COOII. 

However, it could be seen by the fact that duplication of the method 

and duplication of the results were so difficult to obtain that an 

entirely satisfactory method had not been found but that most of the 

difficulties had been eliminated. 

Since two percent trichioracetic acid appeared to present 

the fewest difficulties the following method was finally adopted: 

A three gram sample was weighed, put into a 250 cc beaker, 

150 cc of two percent CC13COOH were added, placed on a steam bath 

for eight hours and then left to set over night. The following 

morning the solution was filtered through a fluted filter paper 

(Falten filter). The residue was washed with distilled water 

until the filtrate was made up to a total of 300 cc. The filtrate 

was heated to boiling, one cc concentrated HC1 and 10 cc of 10 

percent BaCi2 were added dropwise and the solution was left to 

set over night. The BaSO4 was filtered with a Gooch crucible or 



27 

with fine paper. 

Blank determinations were run and the blank was found to be 

.0016 percent sulfur in the one percent CC13COOH solution. Cor- 

rections were made for the above determinations and the subsequent 

analysis by subtracting this from the percent of sulfur. 

To determine whether or not BaSO4 precipitates quantitatively 

in the presence of CC13COOH, four 0.1000 gram samples of Ca$04.2H20 

were weighed. Two samples were dissolved in .5 percent HC1 which is 

equivalent to the precipitation medium for the one percent HC1 

extracting solution and two were dissolved in one percent CC13COOH 

which is equivalent to the precipitation medium for the two percent 

CC13COOH extracting medium. These four samples were treated as 

before and the BaSO4 was filtered and weighed. The results were 

as follows: 

Recovery of added CaSO4 from extractants 

11Cl CC13COOH 

Grams .1000 .1000 

added .1000 .1000 

Grams .1029 .1032 
recovered .1030 .1032 

Percent 103 103 
recovery 

To further check on the recovery of CaSO4 from CC13COOH in 

the presence of 3.0000 grams of alfalfa the following series of 

determinations was run with the procedure the saine as before: 



Recovery of added Ca804. 21120 

Number Alfalfa CaSO4. 2H20 Weight of 
Grams Added CaSO4. 2H20 

Grams Grams 

35 3.00 .0092 

36 3.00 .0095 

37 3.00 .0150 .0249 

38 3.00 .0150 .0252 

39 .0150 .0161 

40 .0150 .0159 

The average weight of CaSO4 of numbers 37 and 38 = .0250 

The average weight of CaSO4 of numbers 35 and 36 = .0093 

Difference .0157 

The average weight of CaSO4 of numbers 39 and 40 = .0160 

This equals 98.3 percent recovery. 

The fact that the check plot sulfate sulfur values were so 

low indicates that there was no oxidation of organic sulfur to 

sulfates. 

While the above method proved to work very satisfactorily for 

the test sample of alfalfa, H 1387, on which all of the preliminary 

work was done, when the same procedure was used on certain exper- 

imental samples more difficulties were encountered. There wa a 

tendency for the amount of flocculent precipitate which interfered 

with filtration of the BaSO4 to increase as the amount of sulfate 

ion present in the sample increased. Thus samples from check plots 

gave very little difficulty while those from plots which had 
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high sulfur treatments gave a large quantity of flocculent precipitate. 

It was thought that possibly some material was soluble in the 

two percent CC13COOH solution and was precipitated in the filtrate 

upon dilution of the filtrate to a one percent solution by the wash 

water. An experiment was run in which the diluted solution was 

made back up to two percent with CC13COOH before precipitation of 

BaSO4, but the results were the saine as before. Some of the 

precipitate seemed to be carbohydrate in nature and since carbohydrate 

colloids are positively charged it was thought that a large negative 

organic ion might keep it from precipitating, but using barium 

acetate as a precipitating agent in place of BaCi2 did not keep 

the precipitate from forming. 

It appeared that the amount of organic material which was 

precipitated when BaSO4 precipitated was influenced by the amount 

of sulfate ions that were present in the original hay because as 

the quantity of BaSO4 increased the amount of flocculent precipitate 

increased. In order to clear this point to some extent an 

experiment was run by adding a small quantity of H2SO4 to the 

filtrate of a sample which had given difficulty in filtering. 

The added 1i2804 caused a second precipitation of BaSO4 but 

this time there was no flocculent precipitate. 

It was found more rapid to use filter paper in place of 

Gooch crucibles. A perforated porcelain cone and a small platinum 

filter cone placed in a 2: inch funnel sealed around the top 

of the porcelain cone with paraffin gave the most rapid results. 
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The above filter was used with a small amount of suction. 

The inorganic sulfur values are given in Table IV of the 

appendix. 

Organic sulfur. The difference between the total and in- 

organic sulfur fractions is considered to represent the organic 

sulfur fraction. Since volatile sulfides have been shown to be 

absent in alfalfa and since no other sulfur-bearing organic coin- 

pounds have been shown to be present in alfalfa the organic sulfur 

probably represents the protein sulfur. It can. be seen from 

the tables cited above that the total sulfur and the inorganic 

sulfur contents of the experimental samples vary markedly over a 

wide range. But the organic sulfur values as shown in Table V 

of the appendix are strikingly uniform throughout the whole series 

of experimental samples. 

The sulfur fertilization apparently produced a slight increase 

in the organic sulfur as is shown by the difference between the 

averages of the treated and check plots. The first cutting set 

shows the same trend as the second and third cuttings but is 

generally somewhat lower. 

Organic sulfur/total nitrogen ratio. A factor or ratio was 

obtained by dividing the percent organic sulfur by the percent 

total nitrogen. As in the case of the organic sulfur values the 

ratio is also strikingly uniform. Whe analyses by Woodman and 

Evans shown on pages 7 and 8 of this paper do not show a uniform 

ratio but one varying from .138 to .061. 
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The sulfur fertilizer treatments did not invoke an increased 

organic sulfur/total nitrogen ratio, therefore the sulfur treatments 

caused only an increase in percent sulfur and no increase in 

organic sulfur compounds except protein. 

The organic sulfur/total nitrogen ratios are shown in Table V 

of the appendix. 

GENERAL DISCUSSION 

Treatment of sulfur-deficient soils with both gypsum and ele- 

mental sulfur caused a marked increase in alfalfa yields in the 

first and second cuttings but the third cutting did not show any 

marked increase over the control. The percent of crude protein in 

the alfalfa samples was greater in the treated plots than in the 

untreated plots, but the proportion of crude protein present as 

"true protein" did not change materially. 

The I3enedict-Denis method for the oxidation of the organic 

sulfur to sulfate sulfur was studied and a comparison was made 

between it and the sodium perqxide fusion method and the magnesium 

nitrate oxidation. The Benedict-Denis method was much more rapid 

as a routine method than the sodium peroxide method and seemed to 

give better results than the magnesium nitrate oxidation. When 

the Benedict-Denis method was being studied quite satisfactory 

duplication of results was obtained. 

A new method was used for the determination of the inorganic 

sulfur of the alfalfa samples. No standard method had been used 

previously, each worker using his own and a different method. 
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Attenipts to repeat other methods gave considerable difficulty both as 

to correct analyses and mechanical manipulation, especially in the 

various filtrations. The new method involved the use of two percent 

trichioracetic acid which is a well known protein precipitant. With 

the majority of the samples this method was very satisfactory. With 

sonic samples difficulty in filtering was encountered. Very satis- 

factory duplication of results was obtained. 

The inorganic sulfur content of the alfalfa samples varied 

greatly, being lowest in the check plots and increasing directly 

with the amount of fertilizer applied to the plots. In the first 

four plot treatments the addition of the fertilizer did not result 

in an increase in the sulfate sulfur, but apparently went to increase 

plant and protein growth. From the fifth plot on there was a marked 

increase in inorganic sulfur in the plant. These results are 

shown in Table IV of the appendix. 

The fraction of the total sulfur which was not sulfate sulfur 

was considered as the organically combined sulfur. It has been 

shown previously that alfalfa has no volatile organic sulfides, 

therefore the sulfur should be present as sulfur-containing amino 

acids. 

The only sflfur-containing amino acids which have been isolated 

are cystine, cysteine, niethionine and djenkolic acid. The latter 

compound has been isolated only recently and little is known of 

its occurrence. Using .15 percent as the average organic sulfur 

value that was obtained in this experiment and calculating the 

cystine and methionine that was equivalent to .15 percent sulfur 
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gave .56 percent as the total combined cystine and methionine. This 

value is much higher than most of the values reported in the historical 

part of this paper. 

Since feeding experinìens have shown that the addition of .05 to 

.10 percent of cystine alone to a ration in which alfalf& was the 

sole protein supplement enhanced the biological value of alfalfa 

proteins, then it must be concluded that either the organic sulfur 

does not represent the total combined cystine and niethionine or 

these aiiiino acids are tied up in the alfalfa in such a manner that 

they are iot available to the animal. If the above is not the case 

then the .15 percent of sulfur must be accounted for by some 

unknown amino acid which has no nutritional significance or by some 

other organic compound. 

$I.JIVMARY JhD CONCLUSIONS 

1. A. study of the nitrogen and sulfur fractions of 97 samples of 

alfalfa hay is reported. 

2. Alfalfa grown on a somewhat sulfur deficient soil responded to 

sulfur fertilization in alfalfa yield and crude protein 

content. The inorganic, total, and organic sulfur content 

was also increased. 

3. No evidence was obtained. which indicated that sulfur fertiliz- 

ation exerted any significant influence on the proportion of 

the total nitrogen occurring as "true protein". 
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4.. Total sulfur was determined by a modification of the Benedict- 

Denis method. A short discussion is given concerning some of 

the limitations of this method. 

5. A new method for the extraction of the inorganic sulfur from 

the plant material involving the use of dilute trichloracetic 

acid was developed. 

6. The organic sulfur values obtained show a strikingly constant 

relationship to the total nitrogen values. 

7. The percent organic sulfur was increased by the fertilizer 

treatments. 

8. If the average value for organic sulfur is used to calculate the 

maximum possible content of cystine and methionine, a value 

of some .56 percent is obtained. This value is higher than 

those obtained by most authors who have determined cystine 

directly. Also it is a value that is higher than might be 

expected in view of some nutrition studies using alfalfa 

protein supplemented with cystine. 
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TABLE I 

PLOT TREATMENTS ABD ALFALFA BAY YIELDS 

Plot Treatment Yield 
No. Pounds per acre Pounds per 1/20 acre 

1st cutting 2nd cutting 3rd cutting 

i Check 123 47 19 

E 50 lbs. gypsum 188 86 18 

3 Equivalent in sulfur 187 91 18 

4 75 lbs. gypsum 245 102. 19 

5 Equivalent in sulfur 224 105 28 

6 100 lbs. gypsum 243 116 20 

7 Equivalent in sulfur 181 108 30 
8 Check 25 130 38 
9 125 lbs. gypsum 226 lOO 32 

10 Equivalent in sulfur 246 110 31 

11 150 lbs. gypsum 256 111 31 

12 Equivalent in sulfur 280 140 25 

13 175 lbs. gypsum .265 133 26 

14 Equivalent in sulfur 258 159 35 

15 Check 243 120 31 

16 200 lbs. gypsum 259 151 36 

17 Equivalent in sulfur 279 144 25 

18 225 lbs. gypsum 283 148 30 

19 Equivalent in sulfur 264 117 30 

20 250 lbs.. gypsum 296 135 23 
21 Equivalent in sulfur 266 124 25 

22 Check 215 107 20 

23 275 lbs. gypsum 275 118 19 

24 Equivalent in sulfur 262 138 21 

25 300 lbs. gypsum 246 109 19 

26 Equivalent in sulfur 250 108 19 

27 325 lbs. gypsum 245 100 16 
28 Equivalent in sulfur 208 100 12 
29h Check 162 48 8 

29S 200 lbs. (IH4)2SO4 168 98 24 
30 278 lbs. K2SO4 195 102 15 

31 540 lbs. superphosphate 207 105 31 
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TABLE II 

MOISTURE CONTENTS OF AIR-DRIED SAMPLES OF ALFALFA 

Plot ist 2nd 3rd 
No. Cutting Cutting Cutting 

i 8.29 9.30 
2 6.97 8.03 9.64 
3 6.90 7.48 9.35 
4 6.96 7.66 7.70 
5 7.08 7.26 7.56 
6 6.94 7.22 8.59 
7 7.91 7.84 8.05 
8 7.01 7.68 8.91 
9 6.93 8.06 8.81 

10 7.79 6.99 9.28 
11 7.14 7.07 8.79 
12 6.49 7.97 8.71 
13 7.36 7.49 8.56 
14 8.98 7.67 8.61 
15 6.95 7.61 8.91 
16 6.44 7.43 8.38 
17 7.22 7.76 8.50 
18 6.61 7.13 7.69 
19 7.47 7.28 8.50 
20 7.22 7.93 8.06 
21 6.43 7.96 9.13 
22 6.41 7.40 7.90 
23 7.06 8.00 8.14 
24 7.86 7.73 7.49 
25 6.80 7.61 8.42 
26 7.26 7.92 8.77 
27 8.31 7.84 8.24 
28 6.88 8.95 7.85 
29N 7.03 7.49 6.98 
298 8.04 7.57 8.90 
30 6.31 7.65 8.52 
31 8.52 7.71 7.57 
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TABLE III 

CRUDE PROTEIN AND 'tTRUE" PROTEIN CONTENTS OF ALFALFA 

HAY SAMPLES 

Plot ist Cutting 2nd Cutting 3rd Cutting 
No. Crude True" Crude Crude 

Protein Protein Protein Protein 

percent percent percent percent 

i 11.28 80.8 15.32 13.88 
2 11.88 81.4 16.80 14.68 
3 11.87 81.4 16.60 14.61 
4 11.67 84.2 16.67 15.18 
5 12.27 81.7 16.79 16.02 
6 12.02 82.5 17.36 18.44 
7 12.41 81.6 17.28 18.87 
8 12.76 81.7 16.88 18.93 
9 12.12 83.5 17.27 18.80 

10 12.14 83.3 16.28 17.47 
11 12.27 82.8 17.60 18.73 
12 13.11 82.6 18.40 17.05 
13 12.51 82.6 17.13 18.40 
14 12.87 81.4 17.31 18.40 
15 12.42 82.2 15.50 15.46 
16 13.10 79.2 17.27 18.36 
17 12.54 82.6 17.82 18.02 
18 12.04 83.8 17.60 18.71 
19 12.17 84.9 17.05 18.10 
20 11.86 87.3 17.52 18.80 
21 12.43 83.6 16.52 18.74 
22 11.12 84.5 15.39 . 15.92 
23 12.10 84.3 17.25 18.49 
24 12.40 82.6 16.91 18.43 
25 12.93 78.7 17.52 18.52 
26 13.15 81.2 17.51 19.13 
27 12.79 80.9 17.25 17.52 
26 12.19 83.8 17.61 16.29 
29N 13.50 80.5 16.60 13.60 
298 12.86 84.9 17.09 15.25 
30 12.68 81.9 18.01 17.38 
31 13.37 80.2 17.69 17.79 

Averages 

Checks 11.90 82.0 15.94 15.56 
Gypsum 12.28 81.9 17.28 17.89 
Sulfur 12.46 82.8 17.17 17.59 
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TABLE IV 

TOTAB JTD INORGABIC SULFUR CONTENTS 0F ALFALFA 

SANPLES, 0ISTURE-FREE BASIS 

First Cutting 
Total Inorganic 
Sulfur Sulfur 

percent percent 

.080 .002 

.102 .002 

.079 .002 

.092 .005 

.097 .002 

.16 .026 

.150 .047 

.130 .004 

.159 .058 

.095 .002 

.162 .066 

.130 .001 

.175 .055 

.148 .033 

.087 .002 

.191 .083 

.181 .058 

.217 .112 

.192 .090 

.199 .103 

.135 .021 

.075 .001 

.183 .082 

.145 .041 

.197 .090 

.159 .043 

.238 .132 

.177 .071 

.106 .001 

.186 .082 

.152 .034 

.221 .107 

Second Cutting 
Total Inorganic 
Sulfur Sulfur 

percent percent 

.135 .001 

.160 .000 

.138 .000 

.148 .000 

.178 .012 

.204 .058 

.244 .086 

.176 .047 

.271 .125 

.197 .054 

.249 .095 

.225 .072 

.252 .107 

.251 .102 

.136 .001 

.297 .131 

.291 .139 

.297 .146 

.311 .168 

.295 .124 

.227 .079 

.119 .001 

.287 .128 

.298 .132 

.339 .175 

.329 .164 

.380 .218 

.343 .182 

.127 .001 

.302 .152 

.246 .088 

.345 .183 

iv 

. Third Cutting 
Total Inorganic 
Sulfur Sulfur 

percent percent 

.115 .000 

.103 .000 

.114 .000 

.122 .000 

.132 .000 

.236 .068 

.204 .058 

.256 .074 

.270 .087 

.161 .000 

.173 .01 

.138 .000 
219 .046 

.233 .068 

.138 .000 

.309 .117 

.285 .120 

.382 .216 

.322 .147 

.323 .147 

.173 .002 

.135 .000 

.271 .094 

.220 .058 

.266 .100 

.176 .041 

.260 .106 

.264 .111 

.106 .000 

.328 .170 

.221 .056 

.315 .140 
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TABLE V 

ORGANIC SULFUR CONTENTS ABE ORGANIC SULFUR/NITROGEN 

kAT lOS OF ALFALFA 

Plob First Cutting Second Cutting Third Cutting 
No. Organic Organic Organic Organic Organic Organic 

Sulfur s/N Sulfur S/N Sulfur S/N 

percent percent percent percent percent percent 

i .078 .0433 .134 .0547 .115 .0518 
2 .100 .0526 .160 .0595 .103 .0438 

3 .077 .0405 .138 .0519 .114 .0487 

4 .087 .0465 .148 .0554 .122 .0500 
5 .095 .0485 .166 .0617 .132 .0516 
6 .110 .0573 .146 .0535 .168 .0569 
7 .103 .0518 .158 .0572 .146 .0483 
8 .126 .0618 .129 .0477 .182 .0601 
9 .101 .0521 .146 .0529 .183 .0608 

10 .093 .0479 .143 .0550 .161 .0575 
11 .096 .0490 .154 .0545 .161 .0537 
12 .129 .0614 .153 .0520 .138 .0505 
13 .120 .0600 .145 .0529 .173 .0588 
14 .115 .0558 .149 .0538 .165 .0561 
15 .085 .0427 .135 .0544 .138 .0559 
16 .108 .0514 .166 .0601 .192 .0653 
17 .123 .0612 .152 .0533 .165 .0573 
18 .105 .0544 .151 .0535 .166 .0555 
19 .102 .0523 .143 .0524 .175 .0603 
20 .096 .0505 .171 .0611 .176 .0584 
21 .114 .0573 .148 .0560 .171 .0570 
22 .074 .0416 .118 .0480 .135 .0529 
23 .101 .0521 .159 .0577 .177 .0598 
24 .104 .0525 .166 .0612 .162 .0547 
25 .107 .0517 .164 .0586 .166 .0561 
26 .116 .0552 .165 .0590 .135 .0441 
27 .106 .0517 .162 .0587 .154 .0550 
28 .106 .0544 .161 .0571 .153 .0586 
29E .105 .0486 .126' .0474 .106 .0486 
29S .104 .0505 .150 .0549 .158 .0648 
30 .118 .0581 .158 .0548 .165 .0594 
31 .114 .0533 .162 .0572 .175 .0614 

Average s 
Average .104 .0521 .151 .0553 .154 .0554 
Check 

plots .094 .0476 .128 .0504 .135 .0538 
Treated 

plots .106 .0530 .155 .0561 .158 .0557 
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