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A study was made to determine whether the nutritive value of alfaL 
hay is increased by sulfur fertilization on sulfur defIcient soli. 
Three plots of alfalfa hay were grown in western Linn County, Oregon, on 
land previously determined to be deficient in sulfur. One plot was 
treated with sulfur and ypsum, another with sulfur, czypsum, and boron, 
arid the third plot was not fertilized. Three lots of crrade Romney ewe 
lambs, each lot containing fifteen lambs, were used in the experiment. 
The first lot was fed alfalfa hay grown on soil fertilized with sulfur 
and. gypsum, the second lot was fed alfalfa hay grown on unfertilized 
soil, and the thIrd 1t was fed alfalfa hay rown on soil fertilized 
with sulfur, gypsum, and boron. Three cuttings of hay from each ilot 
were used in the experiment. The lambs were fed twice daily in order to 
place as much hay as possible before them. The refused hay was weiched 
back arid used as heddiru. Besides the alfalfa iay the lambs had access 
only to salt and water. Phenothiazine was mixed with the salt to reduce 
the effects of internal parasites. The feeding period lasted 23]. days. 

Results show that the sulfur and boron fertilized plot produced the 
highest yields of alfalfa hay followed by the sulfur and check plots. 
Analyses of the crude protein contents follow a similar pattern as do 
the yields. The lambs fed the sulfur fertilized alfalfa hay made the 
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was signifIcantly greater, at the 5 percent level, when compared with the 
rate of aln made by the control group. Differences between gains made 
by the sulfur and sulfur and boron groups were not slnificant. There 
was no significant difference between the average fleece weights of the 
three groups. 
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SuLFUR FE1TILIZATION O1 LEGIThIES Ii' RELATION 
TO ANIMAL NUTRITION 

CriAPTEH I 

INTRODUCTION 

Sulfur has long been recognized as an essential 

nutrient for plants and animals. Knowledge of the form in 

which sulfur is assimilated by animals is, however, of 

relatively recent orin. 

Plant and animal nutrition in relation to sulfur is 

of snecial interest in Oregon because a rrreat area of 

Ore-eon soil is deficient in sulfur and sulfur compounds. 

The need and value of sulfur as a fertilizer was 

established by the Orecon Agricultural Experiment Station 

when Powers (25, p. 35) found that sulfur increased crop 

yields in Eastern Oreon exreriments beginnin in 1912. 

Results similar to those of Powers were found by ReImer 

(28, p. 38-39) who demonstrated that sulfur fertilization 

of sulfur defIcient soil in Southern Orecon not only in- 

creased yields but also increased the sulfur, protein, and 

nitrogen content of alfalfa. Powers (24, p 372) found 

that the cholroohvll content of alfalfa was increased by 

sulfur fertIlization. illler (17, . 101) states that 

alfalfa removes much more sulfur from the soil than do 

cereals and clover. Tarter (39, p. 22-24) was one of the 



first to realize the Importance of gypsum as a fertIlIzer 

In relation to Its sulfur content. Sulfur applications to 

sulfur deficient soIls Increased the protein content of 

barley 1.33 to 4.30 percent and the barley was said to be 

immune to attacks of grain weevil (44, t. 71-72). 

Boron is another important fertilizer in alfalfa 

production in Oregon. Powers (23, p. 36-37) reports that 

boron applications to boron deficient soil prevents yellow 

top In alfalfa and yields are strikingly Increased. 

The value of sulfur as a fertilizer for plants has 

been determined. The influence of sulfur fertilization of 

plants in relation to animal nutrition needs to be de- 

termined. The purpose of this study is to determine the 

effects of sulfur fertilization of alfalfa when fed to 

sheep. 

Funds for the experiment were provided by a Rrant of 

money from the Texas Gulf Sulfur Company, J-Iouston, Texas. 

The experiment was conducted through the cooperation of 

the Department of Animal Husbandry, the Department of 

Soils, and the Department of Agricultural Chemistry, Ore,on 

State College. Professor O. M. Nelson and Dr. Vi. L. Powers 

were instrumental In planning and conducting the experiment. 

Chemical analysis of the alfalfa ay was done under the 

supervision of Dr. J. R. Haag, 
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CHAPTER II 

REVIEW OF LITERATURE 

umerous experiments have been conducted to determine 

whether a feed contains a high or low quality protein. 

Well cured alfalfa hay is generally accepted as containing 

protein of high quality according to Morrison (19, p 341- 

342) yet it has been definitely shown that alfalfa hay is 

low in the sulfur containing amino acid cystine. The rat, 

possessing a simple stomach more nearly free from the 

interference of bacterial action in the rumori or caecum of 

other species, has been used to obtain results more clearly 

interpreted in terms of dietary requirements of the varIous 

amino acids. Haag (10, p. 369) reports that additions of 

small amounts of cystine improves the nutritive value of 

rations for rats in which the protein is supplied by 

alfalfa leaves. Results similar to those of Haa were ob- 

tamed by Kellerrnari (12, p. 437) and Smuts (35, p. 158). 

Beadles and associates (2, p. 627) report that cystine is 

essontlal for body growth and production of hair. The 

addition of cystine to a low protein diet (low as to be a 

limiting factor in growth and deficient in cystine) has 

resulted in increased body growth and hair growth in rats. 

Zurit7 (47, p. 46) by clipping his own hair found that his 

hair grew back faster if he took a small amount of cystine 
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containing horn hydrate daily. In work with pigs Peterson 

and associates (21, p. 349) report that cystine used as 

0.3 percent of the ration had a significant effect on 

growth response ifl a ration in which raw soybeans provided 

the only source of protein. Raw soybeans, according to 

L'Iitchell and Smuts (18, p. 280) are deficient in cystine. 

The cystine content of wool protein varies but 

analyses by Remington and Bekker (29, p. 637-688) and 

Rossouw and Bosnian (34, p. 240) indicate that wool protein 

contains between 12 and 13 percent cystine. In contrast to 

the cystine content of wool protein, vegetable proteins 

rarely contain much over i percent cystine. According to 

Pollard (22, p. 334-335) analysis of pasture leaf proteins 

show a wide variance, 0.3 to 0.95 percent cystine, and 

alfalfa leaf protein contained 1.2 percent cystine. It 

was formerly believed that the total sulfur in wool was 

in the form of cystine as shown by Martson (16, p. 13-14) 

and Remington (30, p. 46) even some years after the dis- 

covery of a new sulfur containing amino acid, methionine, 

by Mue11e in 1923 (20, p. 168). More recent wool analyses 

indicate that a small percenta.e of the sulfur in wool is 

in the forro of methionine (41, p. 175). 

Sorne experiments in which cystine has been added to 

a low protein diet or to a diet low in cystine give evi- 

dence of beneficial effects on wool crowth and body growth 
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of sheeD while other experiments indicate no response. 

Martson (15, p. 130) reports that cy8tine added to a low 

protein dllet increased wool rowth 14 percent and that 

cystine Inlected subcutaneously each day for a period of 

ten days Increased wool growth 34 percent. The subcu- 

taneous injections, accord1n to Martson, avoided de- 

struction of the cystine br bacteria in the ruinen. Smuts 

(36, p. 186) reports that the bioloica1 value of alfalfa 
was Increased 10 percent by the addition of cist1ne when 

fed to rowint sheep. Mature sheep do not benefit by 

additions of cystine and King (14, p. 938) concludes that 

cystne is definately not a liiiting factor in wool rowth. 

Smuts (37, p. 403-405) states that for mature sheep, wool 

production is not impaIred when alfalfa Is used as the 

only source of protein. The biological value of alfalfa 
was not increased when cystine was added to alfalfa hay 

fed to mature sheep according to Smuts (36, p. 186. Du 

Toit and associates (7, p. 236) whIle testing the effects 

of different forms of sulfur when added to rations adequate 

in protein but limited in arnount fed found no increase n 

body growth or wool growth of sheep. Barrett and as3oci- 

ates (1, p. 1064) conclude that the addition of cystine to 

a normal diet had little effect on wool growth of adult 

rabbits and further state that seasonal variation in wool 

production is as great as variation In diets. 



Ruminants have the ability to uti1ze certain simple 

forms of nitrogen in forming their body proteins. Some 

amino acids riot present in the food proteins are synthe- 

sized by the micro-organisms in the rumen and are thus 

made available to the animal (19, p. 81). Investigators 

have demonstrated that in rats methionine and not cystine 

is the dietary essential su1fux containing amino acid. 

Rose (32, p. lxxxv) found that on a diet entirely devoid 

of cystine, except for traces which may have been n the 

vitamin supplements, supported rapid Trowth if methionine 

was present while additions of cystine failed to stimulate 

growth. Womack and Rose (45, p 377-.379) point out that 

cystine, added to a diet low ifl cystine or in 

and inethionine, improves the quality of the food as .t 

spares the conversion of methionine and therefore cystine 

is capable of stimulating growth only when methionine is 

present in suboptimal amounts. Rose and Wood (33, p. 388- 

389) have shown that young rats fed diets of hihly puri- 

fled amino acids in place of proteins were able to synthe- 

size the required amount of cystine for growth purposes 

provided methionine was rresent. Tarver and Schmidt 

(40, p, 79) and Rose and Wood (33, p. 389) report that 

only the sulfur of methionine is utilized in the synthesis 

of cystine. 

Whether or not sheep have the ability to synthesize 

cystine has been a subI ect of much controversy. Several 
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factors make the problem difficult. Disputes over cystirie 

synthesis and cystine requirements of sheep have been 

largely based on the supposed differences between the 

cystine content of feed and that of the fleece (36, p. 181). 

The cirst1nemethjonine content of nasture is ot deflnately 

known accordim', to King (14, p. 938) and Martson 

(15, p. 113). Little is known about the actual range 

sheep's diet. Pamre vegetation is hi-h1y variable and lack 

of nutritional Information is intensified by the numbers 

of 1ant species to be found. Sheep are hih1y selective 

in their diet and consume largely leaves and tender stems 

and reject the more fibrous parts of the plant. As a 

result a better quality of forage nialces up the diet than 

chemical analysis indicates (4, p. 170, 180). Kellerruann 

(12, p. 437) points out that ruminants may obtain enough 

cystine due to the large capacIty of their stomachs. 

Remington and Fekker (29, p. 687-688) basing their opinion 

on the fact that the cystine content of pasture herbage 

is 0.01 percent of the dry matter, conclude that a sheep, 

to produce 6 pounds of clean wool eontaininp 0.78 of a 

pound of cystine, could not possibly obtain enough cystine 

in the diet. The amount of cystlne necessary to supplement 

the pasture must be synthesized from inorganic sulfates. 

Woodman and Evans (46, p. 1001) report the cystine content 

of pasture grasses as 0.1 percent of the dry matter and 
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state that tIs Is an ample amount for the production of a 

12 pound fleece containIng 6 pounds of clean wool. Simi- 

lar conclusions were made by Pollard (22, p. 334-335). 

Frazer and Roberts (9, p. 473) suggest the oosslhility of 

cystine synthesis in the wool follicle. 

Different forms of Inorganic sulfur have been fed to 

determine If any beneficial effects occurred. Steyn 

(38, p. 491) reports that sulfur can be administered to 

sheep, at the rate of 5 grams up to 6 times weekly over 

prolonged periods, with strikIng beneficial effects on 

their weight and wool yields. There was no detremental 

effect on the quality of wool and the cystine content of 

the wool protein was not increased. was 

however, that other factors such as favorable changes from 

pasture of varying quality to a ood daily diet may have 

influenced the increased rrajns and rate of wool growth 

rather than the addition of sulfur to the diet. Results 

obtained by Kellermann (13, p. 206) Du Toit and associates 

(6, p. 187-l88) and Vurtue (42, p. 605-606) dIsagree with 

Steyn and state that elementary sulfur is of no value in 

stimulating body growth or wool rowth. 

Elementary sulfur has proven to be of some value in 

preventing death losses from overeatIng disease of feeder 

lambs. It is recomiended that two thirds of an ounce be 

fed daily to each lamb (8, p 485). Sulfur has proven to 



be effective in preventIng coccidiosls of 1abs if fed in 

amounts not over 1.5 percent of the total daily ration 

(3, p. 345). 

Although alfalfa is low in cystine when fed to rats 

it i.s dangerous to reason that the same must apply to other 

species. It cannot be Inferred that alfalfa Is low in 

cystine for sheep and cattle in view of the anatomical and 

physIo1oica1 differences in their digestive systems from 

those of other species (12, o. 437). Darlow and associates 

(5, p. 22) conclude that results Indicate that a normal 

well balanced ration wIll allow sheep to produce wool 

which is normal both in quantity and quality. Johnson and 

associates (11, p. 101) determined the amount of sulfur 

containin amino acids in ruinen bacterIa of sheep. Their 

fIndinis indicate that rumen bacterial protein is rich in 

both cystine and rnethionine. The methionlne content was 

considerably greater when the sheep were on rreen feed. 

This may have some hearing on the results obtained by 

Richards (31, p. 18-19) who found that pasture supplemented 

grain better than did long alfalfa hay when fed to grow1n 

sheep. Richards also states that alfalfa hay when fed 

alone will not fatten lambs but will promote c7rowth. 

The value of lime and phosphorus fertilIzation In 

relation to sheep feeding was demonstrated by Webb and 

associates (43, p. 410). Fields treated with lIme and 
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phosphorus produced pastures on which sheep made better 

gains per acre t an on untreated fle1ds. 

More recent reports further emphasize the importance 

of sulfur fertilization on Oregon soil. Applications of 

s1fur, in addItion to deep drainage and plenty of Irri- 

gation water, is the best known sIngle treatment In re- 

c1aimng black alkali soil. Investigations at Vale, 

OreEon show that applic.tions of 1500 pounds of sulfur and 

10 tons of barnyard manure have produced a good stand of 

alfalfa for several years (26, p. 2). Reports over a 

period of years show that about 80 percent of the alfalfa 

land in Oreon will respond to sulfur applications in 

amounts needed to meet plant requirements, with an in- 

crease in yields of about a ton an acre per year. 

(27, p. io). 
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CI1APTER III 

(PERIMENTAL IR3CEDt1RE 

Forty ftve head of ewe lambs were used in this ex- 

periment. The lambs were purchased In Curry County, Orerzon 

and were predorn.nately of Romney breeding. As uniform a 

group of lambs as possIble was selected and it was thought 

that lambs from this section of the state would he rela- 

tively free from internal parasites. IIovever, three lambs 

died from internal parasites shortly after the experiment 

becan. The lambs had teen shorn about two months before 

being placed on the experiment. Individual weihts were 

taken arid then the laribs were divided into three groups of 

fifteen each. The total weight of each group was aproxi- 

mately the same. The three croups were placed in adjoining 

lots, aptroximately 20 by 27 feet, located under a shed 

with the operiincr facing so as to provide maxirium protection 

from the weather. 

The alfalfa hay used in the experiment was grown in 

Western Linn County, Oregon, on land previousl'i deterrn.ned 

to be deficient sulfur. One plot was fertilized with 

sulfir and gypsum, another with sulfur and gypsum, plus 

boron, and the third plot was not fertilized Fertil- 
ization of the t-ree plots was under supervision of the 

Department of Soils and harvesting was done by the 
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Department of Animal Husbandry, Oreon State College. 

Three cuttings were made from each plot and due to limited 

storage facilities the fIrst and second cutt.ngs became 

mixed. The third cutting of sulfur and boron hai, was 

stored separately, however, and it was known when this 

cutting was fed. 

The lambs were placed on the hay one week before the 

start of the experiment to get them accustomed to eatIng 

the ha7. The hay mangers were filled twice daily so as to 

place as much hay as possible before the lambs. The hay 

was weighed back daily or every other day depondIn on the 

amount refused. The refused hay was used as bedding. 

Records were kept on the amount of hay weIghed In and the 

amomnt refused. 

The lbs were not wormed but phenothiazine was mixed 

with the salt and kept before the sheer at all times. 

Besides the hay the lambs had access only to salt and 

water. The lambs in each group were weirhed indIvidually, 

at dIfferent times during the feeding period of 231 days, 

and records were kept of the individual veirhts. The 

fleece of each lamb was inspected thoroughly on January the 

29th and the lambs were watched closely for any signs of 

malnutrition. The lambs were shorn at the close of the 

experiment and individual fleece weL'hts recorded. Results 

of the experiment are based on the feeding of alfalfa hay 
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to 13 sheep in the sulfur lot, 15 sheep in the sulfur and 

boron lot, and 14 sheep in the control 1t. 

The sulfur and sulfur and boron fertilized plots 

each received applications of gypsum (calc!'im sulfate) and 

so an additional mineral was added to the two fertilized 

plots. However, the two fertilized plots will be treated 

as the sulfur and sulfur and boron plots respectively. 

Chemical analysis of the alfalfa hay was made by the 

Department of Agricultural Chemistry, Oregon State Co11ece. 
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CHAPTER IV 

RULTS 

The yields of the three cuttings of the experimental 

plots (Table 1) show that the applicatIon of sulfur and 

boron ircreased yields per acre over the unfertilized plot 

more than did the aprilcation of sulfur alone. Analysis 

of the crude protein content of the t}:ree cuttings follow 

a similar pattern as do the yields (Table 2). The sulfur 

and boron plot, particularly the third cutting, contained 

a greater percentage of alfalfa plants than did the sulfur 

fertilized and unfertilized plots. 

TABLE i 

YIELDS OF ALFALFA HAY ON NEVBERG SAi'TDY LOAM, WESTERN 
LINN coUNTY, OREGON 

Treatment Gypsum-lOO 
in pounds Check Gpsum-lOO Sulfur-. BO 
per acre 

Sulfur- BO Boron - 50 
Acres per 5.80 2.67 5.0O 

lot 
Yield in Yield in Yield in 

Cutt±ng tons/lot tons/lot tons/lot 
First 4.230 3.714 8.926 
Second 2.125 2.863 5.165 
Third 0.965 0.920 1.647 

Total 7.2O 7.497 15.738 

Ave. per 1.26 2.80 5.24 
acre 
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TABLE 2 

ANALYSIS OF SULFUR, SULFUR AND BORON, AND UNFERTILIZED 
PLOTS OF ALFAIA HAY 

Description Crude 
Protein 

Total 
Sulfur 

Inorganic 
Sulfur 

Orpanic 
Sulfur 

First cutting (check) 10.77 0.117 0.003 0.114 

First cutting (sulfur) 11.25 0.234 0.125 0.109 

First cutting (sulfur 13.20 0.245 0.122 0.123 
and boron) 

Second cutting (check) 10.30 0.092 0.004 0.08 

Second cutting (sulfur) 10.45 0.187 0.092 0.095 

Second cuttin (sulfur 11.00 0.162 0.064 0.098 
and boron) 

Third cutting (check) 14.39 0.112 0.003 0.109 

Third cutting (sulfur) 16.98 0.178 0.026 0.152 

Third cutting (sulfur 17.88 0.174 0.029 0.145 
and boron) 

Based on averae total gains (Table 3) and avera"e 

daily gains (Table 4) per head for the feed1n oeriod of 

231 days, the lambs receiving the sulfur fertilized alfalfa 

hay showed the greatest response followed by the sulfur 

and boron and control lots. Analysis of variance (Table 5) 

shows that the differences in gains made between the lambs 

in the three lots are not signIficant. However, when corn- 

pansons are nade between the lambs receivin either sulfur 

or sulfur and boron fertilized alfalfa hay with the 1am 
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receiving unfertilized alfalfa hay the differences In 

ta1ns are significant at the 5 percent level. The differ- 

ences between gains made by the sulfur and sulfur and 

boron lots are not significant. Thus the alfalfa hay 

fertIlized either with sulfur or sulfur and boron produced 

equally good results when fed to lambs and the unfertIlIzed 

alfalfa hay produced signIfIcantly poorer results than the 

fertilized hays. For a period covering 182 days (Table 6) 

differences in gains were significant at the 5 percent 

level between the three lots, between the two lots receiv- 

ing fertilized hay and the control lot, but not between 

the two lots receiving fertilized hag. Differences between 

average total gains per head (Table 7) show that the sulfur 

and sulfur and boron groups consistently had made more 

total gains than the control roup. The rates of gain 

made by the sulfur, sulfur and boron, and control groups 

fluctuated throughout the feeding period (Charts i and 2). 

From October 9 to November 20, a period of 42 days, the 

sulfur and boron group made exceptionally good zains. It 

was during this period that these lambs received the nial or 

portion of their third cuttin' hay. The following period, 

Jovember 20 to January 9, there was a marked decrease in 

weight by the lambs in the sulfur and boron 'roup. 
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TABLE 3 

AVERAUE GAINS PER iIE2D BY PERIODS OF SULFUR, STJLFTSR AND 
BORON, AND CONTROL GROUPS 

Days 
Group 42 42 50 20 28 31 18 Total 

Sulfur 9.23 1.77 2.15 4.23 3.00 6.92 2.93 30.23 

Sulfur and 4.47 12.20 -2.07 1.13 2.47 5.90 4.40 28.40 
boron 

Control 4.71 2.57 2.43 3.07 1.43 7.14 2.86 24.21 

TABLE 4 

AVEiÀGE DAILY GAINS P HEAD BY PERIODS OF SULFUR, SULFUR 
AND BORON, AND CONTROL GROUPS 

Days 
Group 42 42 50 20 28 31 18 Ave. 

Sulfur .2197 .0421 .0430 .2115 .1071 .2232 .1622 .1308 

Sulfur & .1064 .2905-.0414 .0565 .0882 .1871 .2444 .1229 
boron 

Control .1121 .0612 .0486 .1535 .0511 .2303 .1589 .1049 
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TABLE 5 

AJALYS IS 0F VAR IA.L'ICE 

Variation Sums of 
Degrees 

Mean 
Due to Squares of Square F Remarks 

Freedom 

Between Groups 260.02 2 130.01 2.33 Not Sig. 

Between 23.34 1 23.34 0.42 ot Sig. 
Fertilizers 

Control vs. 
Fertilizers 236.68 1 236,68 4.25 SIg. at 

5 
Within Groups 2172.26 39 55.70 Level 

Total 2432.28 41 

TABLE 6 

ANALYSIS 0F VARIANCE 

Decrrees 
Variation Sums of of Mean F Remarks 
Due to Squares Freedom Square 

Between Groups 266.57 2 13328 3.23 Sig. 5% 
Level 

Between 33.23 1 33.23 0.81 i'Ïot SIR. 
FertIlizers 

Control vs. 
Fertilizers 

Within Groups 

Total 

233.33 1 

1607.83 39 

1874.40 41 

233.33 5.66 Sig. 5% 
Level 

41.23 

. 
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TABLE 7 

AVEMGE TOTAL GAINS PEh HEAD BY PEFIODS O' SULFUR, SULFUR 
AND BORON, AND COnTROL GROTJPS 

Days 
Group 42 84 134 154 182 213 231 

Sulfur 9,23 11.00 13.15 17.38 20.38 27.30 30.23 

Sulfur and 
Boron 4.47 16.67 14.60 15.73 18.20 24.00 28.40 

Control 4.71 7.28 9.71 12.78 14.21 21.35 24.21 

The lambs in the sulfur lot were fed somewhat more 

liberally than were the lambs In the sulfur and boron and 

control lots (Table 8). One reason for this was the fact 

there were only 13 lambs In the sulfur lot corn'ared with 

15 for the sulfur and boron 1t and 14 for the control 

lot. Since the mangers were of the same size for all 

three of the lots, the lambs in the sulfur 1t receIved 

more hay per head. In addition to this there was, of 

course, the human error as the hay was not weighed when 

it was fed. The lambs In the sulfur lot received approxi- 

mately 1/3 pound more hay per head daily than did the 

other two lots. The daily hay consumption per head was 

correspondingly greater for the lambs in the sulfur lot. 

The three groups of lambs refused a high percentage of 

their hay. The sulfur lot refused the most followed by 
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t-te control and sulfur and boron lots. The sulfur and 

boron and sulfur lots consumed about the same amount of 

hay per 100 pounds gain. The control lot consumed con- 

siderably more hay per loo pounds gain than either the 

sulfur or sulfur and boron lots. 

The averac!e fleece wehts, taken when the sheep 

were shorn at the close of the experinient, were 7.3 pounds 

for the sulfur lot, 6.7 pounds for the control lot, and 

7.6 pounds for the sulfur and boron lot (Table 9). Analy- 

sis of variance shows that there is no significant differ- 

ence between the average fleece weights of the three lots. 

The fleeces of all the lambs were normal and showed no 

evidence of breaks. 

TABI 8 

DAILY HAY CONSUMPTION AND REFUSAL DATA PER LAMB AND HAY 
CONSUMED PEH 100 LbS. GAIN BY LAMBS IN SULFUR, 

SULFUR AND BORON, AJ.D CONTROL GROUPS 

Percent Per 
Group Fed Consumed Refused Refused loo LPS. 

G ai n 

Sulfur 4.09 2.79 1.30 31.5 2,135.1 

Sulfur and 3.73 2.67 1.06 28.4 2,173.7 
Boron 

Control 3.7B 2.64 1.14 30.2 2,516.5 
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TABLE 9 

FLEEICE WEIGHTS OF LAMBS IN THE SULFUR, SULFUR AND BORON, 
A.D COtihOL GkOUPS* 

Sulfur Sulfur & Boron Control 
Lamb Fleece Lamb Fleece Lamb Fleece 

No. Wt. No. Wt. No. Wt. 
4 7.8 1 7.8 2 6.0 
5 7.7 6 9.5 3 5.8 
7 10.8 9 6.0 14 6.5 

18 7.7 11 8.3 17 5.1 
20 6.1 12 7.5 27 9.5 
21 7.1 13 7.0 28 5.5 
22 5.5 16 5.0 29 8.2 
23 7.2 19 8.0 35 
26 5.1 30 7.0 36 7.0 

6.4 31 10.4 39 5.6 
37 8.6 34 7.2 43 6.7 
41 7.6 38 6.8 45 4.1 
44 7.8 40 8.5 47 9.1 

49 7.0 48 8.3 
50 7.3 

Thota1 95.4 113.3 94.2 
Average 7.3 7.6 6.7 

*Based on approximately a 9fr month rowth. 
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CHAPTER V 

DISCUSS ION 

The increased yields and increased crude protein con- 

tent of the alfalfa hay, as a result of sulfur and sulfur 

and boron fertilization on soil deficient in these miner- 

als, were in acreement with previous investicrattons re- 

viewed in the literature. 

The daily gains made by the three experimental roups 

of sheep were in agreement with Morrison (19, p. 898) who 

states that on hay alone, lambs will gaIn from 0.03 to 

O.l'7 pound per head daily and will row rather than fatten. 

There were no lambs in any of the groups that had put on 

much flesh.. At times, however, the daily gains approached 

normal gains for fattening lambs. 

It is extremely doubtful if the lambs fed the sulfur 

fertilIzed hay would have surpassed the daily gains made 

by the sulfur and boron lot had the third cuttings of hay 

been fed to all three groups throughout the feeding period. 

The third cutting of sulfur and boron hay may have been 

the cause of the lower gains, over the total feedIng 

period, made by this lot compared with the lambs in the 

sulfur lot. Then the sulfur and boron lambs were cut off 

their third cutting hay there was undoubtedly a sharp 

decrease in the palatability and nutritive value of the hay. 
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As a result the lambs were set back n their daily ains 

and lt took a considerable length of time for them to 

recover. The question of whether tiis setback was offset 

by the inçreased gains made by feed1nc the third cutting 

hay remains unanswered. If the third cutting of sulfur 

and boron hay had been fed towards the end of the feeding 

period these lambs might have made the best gains of the 

three groups. The hay from the three experimental plots 

was not of exceptionally ood quality, with the exception 

of the third cutting from the sulfur and boron plot. The 

percentages of weeds and grass were high and in sorne bales 

it was difficult to locate very many alfalfa plants. The 

above facts were borne out by the high percentages of hay 

refused by the lambs in all three lots. Fdchards 

(31, p. 11) repDrts an averae of 17.7 percent of alfalfa 

hay refused by lambs on trial at the Oregon Agricultural 

Experiment Station compared with 31.5, 28.4, and 30.2 

percent by the sulfur, sulfur and boron, and control lots. 

Fluctuations in the daily ga1s could at least 

partially be attributed to the varying quality of the hay. 

Some loads hauled in would contaIn bales that were heavier 

and contained more alfalfa in them than others. As a 

result the daily gains of the lambs could iave varied 

depending on the quality of th hay being fed. Internal 

parasites could have affected the gains since three lambs 



26 

died of t'ia cause. The main reason the lambs were not 

wormed was because it was thought they did not have ex- 

cessive numbers of internal parasites. Furthermore, lambs 

on dry feed offer little chance for reinfestation. 

There was undoubtedly some error made in estimating 

the net intake of hay. Lambs will nibble at anything, 

even if they have previously refused it, if it is placed 

in a different position. As a result some of the bedding 

was consumed. This error, however, was impossible to 

eliminate under existing conditions of the experIment and 

should be fairly constant for the three lots. 

Although the differences between gains of the lambs 

receivinp fertIlized hay over the lambs fed unfertilized 

hay were significant at the .5 percent level, it is diffi- 

cult to determine what actually caused the increased gains 

of the lambs fed alfalfa hay which had been fertilized 

with sulfur or sulfur and boron compared with the lambs 

fed alfalfa hay from the unfertilized plot. Sulfur and 

sulfur and boron fertilization either Improved the nutri- 

ent value of the alfalfa or Increased the percentage of 

alfalfa plants in the hay. Analysis or the crude protein 

content and observation of the hay used in the experiment 

seem to indicate that the increased gains made by the 

lambs fed the fertilized hay may have been a result of 

both of the above factors. More emphasis, however, should 
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be placed on the increased percentat,e of alfalfa plants. 

If this is the case then, to produce significant 

results which would be similar to those obtaIned from this 

experiment, lt would be necessary to feed the lambs hay 

similar to that used in this experiment. The ha would 

have to have the same nutritive value, or proportionately 

so. Primarily, the different plots of hay would have to 

contain the same percentage of alfalfa plants. It must 

be emphasized that feeding hay from a non sulfured plot, 

including a mixture of grass, weeds, and alfalfa, compared 

wIth feeding hay from a sulfured plot, containin more 

alfalfa, does not necessarily indicate that the nutritive 

value of the alfalfa has been increased. 

If lt is assumed, however, that ti'e lambs consumed 

mainly the alfalfa plants regardless of what other foreign 

plants were in the hay, as the percent of hay refused might 

seem to indicate, then one might be inclined to attribute 

increased growth response to increased nutritive value of 

the alfalta. In order to make such an assumption it would 

be necessary to assume also that the three experimental 

plots contained the sanie percentage of alfalfa plants. 

This would be a rare coincidence. Because it was impossi- 

ble to determine exactly when the lambs were changed from 

one cuttln, of hay to another it was not possible to 

evaluate the feedim value or the different cuttings 01 
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hay, either within each group or between groups. Due to 

the amount of hay stored on the platforms in each lot, the 

pounds of hay consumed were not determined for each period 

the lambs were weighed. To do this would have involved 

weihin back approximately one half ton of hay by indi- 

vidual baies for each lot every time the sheep were 

weighed. 

SUGGESTIONS FOR ANOTHER TRIAL 

Difficulty in interperting the results obtained in 

this experIment sugcrest that a somewhat different procedure 

should be used If the trial is repeated. 

The first thing to consider is the quality of the 

alfalfa hay. That It should be grown on soil determined 

to be deficient tri sulfur is understood.. The difficulty 

in obtaining a pure stand would perhaps be reduced by 

eliminating the first cutting and attempting to weed out 

foreicn plants as much as possible in all cuttinrs. This 

would result In a considerable amount of labor but since 

the prime requisite is to secur' pure alfalfa hay it would 

be worth the extra effort. Yields should not be considered 

since it is already established that sulfur fertilization 

on sulfur defIcient soIls increases yields. When the hay 

is cut parts of the plots containing an excessive amount 

of forei,rn plants should be eliminated, especially if the 
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rest of the field contains relatively more alfalfa. 

Before the hay is baled a sorting analysis should be 

marie to deterrnne the percentages of alfalfa and foreign 

plants in the experimental plots. Whether or not these 

differences are significant should be determined by sta- 

tistical analysis. After baling the hay, each cutting 

should be either marked or stored so as to permit feeding 

in a definite order. Preferably, the first cuttincr should 

be used first followed by the second and third cuttings. 

If enough of each cuttin are available they should be fed 

for equal periods. This would aid in determining the 

feeding value of each cuttinr' both within a plot and 

between plots. Chemical analysis of the hay should be 

maue as was done in tiis experiment and in addition, sta- 

tistical analysis should be made of the results to de- 

termIne if they are significant. 

Since almost identical values, in relation to sig- 

nificance, were obtained at the 182-day perIod and the 

231-day period it is suggested that the feeding period be 

shortened to six months instead of the longer period. As 

the results were barely sicnificant using fifteen lambs in 

each lot, a similar number or even more lambs should be 

used. The lambs should be purchased unshorn and should be 

shorn at the time tey are placed on the experiment. The 

grouPs should be fed as much hay as they will consume and 

if the hay is of good quality the three r'roips will eat 
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approximately the same amounts. Weights should be taken 

every two weeks and at each weighing the amount of hay fed 

during the period following the preceding weighing should 

be determined. If straw could be used as beddinc nstead 

of the refused alfalfa hay the lambs may not consume it to 

the extent they would the alfalfa. 

Feedin, the lambs according to the procedure outlined 

abovc would greatly aid in analyzing the results obtained. 

Differences in the nutritive value of the different plots 

of hay and different cuttings of 1ay withIn each plot 

would be more eaSIly interterted. 
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CHAPTER VI 

STThMARY AND CONCLUSIOiS 

Forty flve head of ewe lambs, purchased in Curry 

County, Oreoti were divided into three groupe of fifteen 

lambs each. One group was fed alfalfa hay grown on land 

fertilized with sulfur, the second :-roup was fed alfalfa 

hay grown on land fertilized with sulfur and boron, and 

the third croup was fed alfalfa hay grown on unfertilized 

land. The land had previously been deterniined to be de- 

ficient in sulfur. 

The purpose of the experiment was to determine if 

sulfur applications to sulfur deficient soil increased the 

nutritive value of alfalfa hay when fed to sheep. 

Results are based on the feeding of alfalfa ha to 

13 sheep in the sulfur roup, 15 sheep in the sulfur and 

boron group, and 14 sheep in the control group. The 

experiment covered a feeding period of 231 daTs. 

Results show that the group fed the sulfur fertilized 

alfalfa hay made the more rapid gains followed by the 

sulfur and boron and control grouts. Differences in crains 

made by lambs rece1vinr hay either from sulfur or sulfur 

and boron fertilized soil over gains made by the lambs fed 

the hay from the unfertilIzed soli were significant at the 

5 percent level. Differences in gains made by lambs 



32 

receIving the sulfur or sulfur and boron hays wore not 

siinifIcant. The above results aptly both to the 182-day 

and 231-day feeding period. Daily gains herein reported 

were what would be expected when only alfalfa hay is fed. 

The lambs in the sulfur and sulfur and boron groups 

consumed about the same amounts of hay per 100 pounds gain. 

The lambs in the control group consumed considerably more 

hay per 100 pounds gain than either the sulfur or sulfur 

and boron groups. 

There was no sI,c'nlflcant difference between the 

averace fleece weIghts of the three groups of lambs. The 

fleeces of all the lambs were normal In appearance. 

In conclusion the results of t'ris experiment indicate 

that fertI1izInr alfalfa ha:i with sulfur or sulfur and 

boron has a beneficIal effect on a crop of alfalfa hay 

grown on sulfur deficient soil when the hay is fed to 

sheep. Vlhether this beneficial effect is due to increased 

nutritive value of the alfalfa plants or to an increased 

percentage of alfalfa plants In the hay still needs to be 

determined. Whether the difference in the quality of the 

hays will be reflected in the capacity of these ewes to 

reproduce is yet to be determined. 
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APPENDIX TABLE i 

WEIGHT RECOFLDS OF LOT i (SULFUR) 

Lamb Days Total 
'jo. 

42 84 182 213 231 Gain 

4 62 79 79 78 84 88 94 94 32 
5 59 68 71 73 80 86 96 98 39 
7 58 73 79 86 94 9'? 107 111 53 
18 61 59 60 65 69 71 76 80 19 
20 59 68 71 71 75 78 86 91 32 
21 58 67 68 68 72 72 79 81 23 
22 53 64 66 70 75 79 80 81 28 
23 50 58 60 61 70 76 82 84 34 
26 57 64 64 62 64 63 70 73 16 
33 60 69 70 71 74 76 86 90 30 
37 62 72 71 77 78 84 95 98 36 
41 57 57 56 61 64 70 74 78 21 
44 72 90 96 96 95 93 98 102 30 
Total 768 888 911 939 994 1033 1123 1161 393 
Ave. 59.08 68.31 70.08 72.23 76.46 79.46 86.38 89.31 30.23 



APPENDD( TABLE 2 

WEIGHT RECOhDS OF LOT 2 (cOtThOL) 

Lamb Days Total 
42 84 182 213 231 

No. GaIn 

2 54 61 65 67 '70 70 78 8 28 

3 61 60 65 67 69 71 80 82 21 
14 57 66 '71 66 69 68 79 84 27 

17 58 66 68 74 79 79 89 94 36 
27 56 63 67 7 77 79 84 84 28 

28 53 59 62 59 64 69 78 7Y 26 

29 66 '74 74 74 76 75 84 86 20 

5 56 60 69 63 65 67 75 76 20 

36 65 65 68 71 74 76 82 84 19 

39 56 63 62 65 66 69 74 77 21 
43 64 64 65 68 72 77 82 88 24 

45 58 51 56 65 66 64 67 68 10 

47 67 75 77 80 85 88 97 97 30 
48 75 85 88 91 93 93 98 104 29 
Total 846 948 982 1025 1045 1145 1185 339 
Ave. 60.43 

_912 
6!14 67.71 70.14 73.21 74.64 81.79 84.54 24.21 



41 

APPENDD( TABLE 

WEIGH1I' RECORDS OF LOT 3 (SULFUR AND BORON) 

Lamb 
0 42 84 

Days 
134 154 1B2 213 231 

T 

1 60 67 79 77 80 86 90 30 
6 63 71 81 79 82 84 91 94 31 
9 53 59 75 73 76 77 85 90 37 

11 63 67 79 78 81 83 88 94 31 
12 65 65 81 74 72 80 85 90 25 
13 57 64 72 72 74 71 76 80 23 
16 57 56 64 66 61 64 69 74 17 
19 62 75 89 83 83 87 95 101 39 
30 67 70 86 78 79 85 93 98 31 
31 65 71 86 81 83 88 95 101 36 
34 53 58 69 70 68 70 74 78 25 
38 60 57 73 71 79 71 78 80 20 
40 63 66 70 73 73 79 86 92 29 
49 51 53 63 65 66 71 74 77 26 


