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IB'l!llOOOCTIOI 

Alfalfa hal 10111 been recoplse4 a. ail out.taa41nc hq plant 1. 

term. of both 11eld aDd feeding value. It i. high in d1C •• tlble protein. 

minera.l., and vi taminl. Because of it. long l1f. it oe,n be economlcal17 

produced. It 1s of e%ce~tlonal Talue in aalntalning loil terti11t7 b7 

helping to control erosion, b;y l~roTing the ph7elcal condition of the 1011, 

and by accumulating large amount. of nltrogen. 

The great i8l)ortance of alfalfa grovine in the Uni tea State. 1. 

atteated by It. ra~ld and continued expansion. It ie one of the moat 

iarportant forage crope and 18 grown on a gre'ater aoreage than &.n1 other 

orop in the intermountain area. 

fro. 1899 to 1919 the seventeen Itat.1 weet of Minneaota grew fro. 

81 to 97 ~ercent of the alfalfa in the United State.. In 1921 thele atat •• 

grev 64 percent and in 1949, onl1 44 percent (8). It i8 said that if the 

acreage planted to legumea were to be increased to the extent advlaable 

for loll conservation and a balRDced agricultural econo~. the annual need 

for alfalfa ••• d would increa •• to more than 100 m111ion pounds (5). 

About one-third of Utah's crop land and 38 percent of ita irrigated 

land are planted- to alfalfa. Livestock production 1s 11mited by the amount 

of forage that can be 'Produced. (10). An increase in the producti OIL of 

alfalfa would materially lncreB •• the uu.ber of li ••• tock that could be ted. 

Perhapa more important il the qualit, of the h.,. Modern health practice. 

are concerned not only with the curative as~ect of dia.ase, but allo with 

their pre •• ntlon. !he, are primarily concerned with those conditionl which 

contribut. to the tulle.t realisation of the inherited potentialities of 



the crop for growth. development and reel.tence to dlaea ••• 

Investigations of the relation.hip between 8011 and. nutrition have the 

important function. of shoving how a greater quantit7 of better food can be 

proTided for an increasing -papulation. During mOlt of man'. agrarian 

existence he haabeen able to grow hie food on the beat loil •• With rapidly 

increasing po~ulation. that d~ 1. paesing and he must learn to use 1011a 

of & lower fertility level. Jor thie realon baltc lnfor,aation ebout the 

effect ot 80il characteristic. on the nutri tional qUA11 t7 o.'t tood Ihonld be 

obtained now in order that suoh problem. oan be solved intellrgently when 

they ari... Of all t~e sciences 8n4 arts one of the greatest i. adequate 

feeding of animal, aD4 man. 

This study 18 an attemut to determine the effect of variou. fertilizers 

applied to different 80i1, on the yield of alf~lfa and on interrelation.hip' 

with thiamine. riboflavin. and niacin content. These three Titamina of the 

B-comnlex eerie8al'near to be of unusual and fundpenta1 importance al the,. 

are a~parp.ntly ind1apensible to all forms of life. 

• 

2. 











table 9. Treat.ent Means and Ana17al. ot Variance of Thiamine, ~lbotlavin, and Niacin Content of HaDler 
jltalta Produce! on r-rt11ize4 and Unfertilised Plots at ea.t1. Dale, Bmer.r Oount7. Utah, 1949. 

__ ~ _____________________ ~_~ _ Val~ •• in Jll,1111,raa per hundred gram a17'1;)!l_8i~ ______ ~ _____ _ 

frea\ment 129 lbe 258 lb. 516 lbl 516 lb, 516 lb. 12-15 516 lb. Control. L.S.D. 
per acre (1) tap (2) tap tap tap plu8 tap plu8 ton. tip no ter- (;~) 

... , 
• .... 

thiamin. 
11boflaTin 
.Iacin 

CuS~ 12-15 chioken plus tl1izer 
chicken manure trace added 
manure element. 

_____ ___ _ ___-------- (J) 

0·35 
1.11 
2.40 

0.41 
1.27 
2.42 

Seoond. Crop 
0.36 0.37 
l.18 1.20 
2.12 2.27 

O.~2 
1.05 
2·51 

0.la.1 
1.21 
2.14 

0.)9 
1.08 
2.24 

o.ko 
1.20 
2.41 .1325 

: ~ 
~:J 

Third Orop 
Thiamine 0.59 0.41 0.46 o.u9 0.50 0.45 O.~2 0.50 .0116 
libotlavin 1.08 0.92 0.99 1.07 1.13 0.96 1.08 1.33 .1375 
Jllaciu 2.16 _ 2._Q9 _?35_ 2.39 2.06 .?2~ _2.55 _____ ?£~ __ .162J 

----- --- --- - - - - ----------- - "..--

Source. of Variation (5) 
reat •• nt Replreatloil -Irror----~otal' - r .. --C. v. ( 1) ~T.::-~.~_.'~ L. 

4. t. (6) 1.____ ___ ~J ___ ~~21 11 _____ ., ~ ... 1 ___ _ __ _ ____ _ 

• .. ... 

'rhi_in 2.7f ---- -lf~I5~- ----'2.1~--- --- 12.00 
B1 bOnan.A 22.89 29 .61 16.98 11.60 
WiaciB 89026·. 6.13 8.21 4.44 

~ iN Thiulne 10.26 ... • 0.33 2.37 10.10 
: g ~ lliboflaT1n 24.77* 1.27 8.14 8.90 

11acin 108.9j·. 18.92 12.24 4.92 

rlr Fertilizers apl,11e4 eprinc 1947 
(2) Treble super ~hosphat.; '205 4~: CaD, 21.~ and lome trace eleaent.: 
(J) Borax, 48.4 lb.; Coc12 24.2 lb •• 0uS04 ~8.4 lb •• MnS04 98.6 lb. per acre. 
(4) Least 8ignificant alan difference at 0.05 prabab111t7 level. 
(5) Values raised to 10' 
(6) Decre. of freedom S 
(7) Coefficient of variation • ~ x 100 
• Statistically 8ignificant at 0.05 probab111t7 leTel 
•• Stat18tic8l~ significant at 0.01 prebability level 

• 

t\) 
ro 
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In the third crop, however, no slgn1fic~Jlt differences were foun~. The 

values varied trom 1.01 to 1.14 milligram ~er hundred gram. 

Duohesne County 

There were significRnt differences found in the second crop. The values 

ranged from 1.03 to 1.34 milligram per hundred gram. Exoept alfalfa from 

plots treated with 400 nounds of treble suner phosphate and 100 pounds ot 

copner sulfate alone, all others contained significantly le88 riboflAvin than 

the alfalfa from untreated plota. 

,San Juan Count, 

In the first crop i at Dove Creek, no eignific8,nt differences were found. 

The values ranged from 0.68 to 0.73 milligram pAr hundred gram. 

In the first crop at ~~ont1cel1o, no signific,J:I..nt dlfferences were found. 

The values ranged from 0.92 to 1.19 milligram per hundred gram •• 

Uintah Count, 

In the first crop at Randlett there were highly significant differences 

found with values ranging from 0074 to 1.09 milligram ner hundred grams. 

AlfRlfa from all ~lot8 except those treated with 200 and 400 ~ound. of super 

phos~hate contained significantly higher rlboflp.-vin thean alfalfa from un

treated plote. 

At Vernal, slgnific~nt differences were found with values ranging from 

1.03 to 1.34 ml111,rams uer huncred gram.. Alfalfa from plots treated with 

400 pounds of treble 8uo.~phoBphat. plua trace elements, 100 pounds of 

copper 8ulfate alone and 400 pounds of treble 8Uper phosnhate contained sicn1-

ficantlY less ribofla?1n than alfalfa from untreated plots. 

Utah County 

In the second crop highly significant differences were found with values 

ranging from 0.87 to 1.20 milligrams per hundred grams. Alfalfa from ell 



the nlota contained significpntly lesl riboflavin than the,t froll untreated 

plots. 

In the third croll. no sign! flcRnt differences' were found. The values 

ranged from 0.99 to 1.24 mil11grRmB per hundred grams. 

Emery Count1 

There were no significant differences found in the first crop and the 

value. r&nged from 1.05 to 1.?1 milligrams ~er hundred grams. 

In the third crorl , signif1c:-:nt differences were found and the nlues 

re".nged from 0 .. 92 to 1.13 mtlligrams per hundred grams. Alfalfa from a.ll the 

nIota contained signif1c~ntly le8s riboflavin than that from untreated plot •• 

Niacin 

Cache County 

There were highly significP,nt difference. in the second crop vi th 

values ranging from 2.21 to 2.70 milligrams per hundred grams. Alfalfa from 

plota treated with 400 pounds of treble super ~hosphate oontained significantly 

higher amounts of niacin than alfalfa from untreated ~lots. 

In the third crop highly signiflc~}nt differences were ~18o found. The 

T~lue. ranged from ?41 to 2.69 m111igr~,ms per hundred grams. Alfa,lf'a from 

l>lote tre8t~d vi th 200 l>ounde of treble 8urer rhosnha,te and 400 pounds of 

treble 8u~er nhosnhp.te contained s1gn1f1c~utly less niacin than alfRlfa from 

untreated nlots. 

Duohesne Count1 

In the second crop eignlficp.!.nt differences were found vi th values 

ranging from 2.15 to, 2.47 milligrams per hundred grams. Alfalfa from all the pl~ 

exceot those treated with 400 pounds of treble super'phosphate contained 

significantly higher niacin than alf31fa from untreated plots. 
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San Juan Coun ty 

In the first crop ~t Dove Creek, 11gnificant differences were found. The 

velue. ranged from 2.39 to 2.95 milligram per hundred gram. Alfalfa froID all 

plots except one. treated with 400 pounds of treble lup.r ~ho8phat. plul cattle 

manure oontained slgnifieant~ higher niacin then the untreated alfalfa. 

There were no significant difference. found in the first crop at Monticello. 

The values ranged from 2.21 to 2.46 milligr~mB per hundred grams. 

Uintah County 

No 81gniflc~t dlfferenoea were found in the first oron. Th~ v~es rIDged 

from 2.34 to 2.08 milligrame per hun~red gram. ~t RBndletto 

At Vernal, highly Btgn1f1e~~t differences were found. The values ranged 

from 2.13 to 2.74 milligram. per hundred grarol. Alfalfa from all th plots ex

oept those treated with 200 pounds of treble super phosphate contained a1gnlfi-

cant~ less niacin that that from untr~ated plots. 

Utah Count7 

In the second crop, no .ignificant difference, were found. The value. 

ranged from 2.23 to 2.49 milligrams ~er hun~red grams. 

In the third crop the differencea were approaohin& 81gn1flc~ce. The value. 
, 

ranged from 2.23 to .2.49 milligrams per hundred gram.. Alfalfa from all plots 

except those treated with 400 pounde of treble super ~hosphate plus cattle 

manure and the .ame level of pholphate plus oo~per sulfate and 200 pounds of 

treble superphosphate alone contained significantly more niacin than alfalfa 

crown on untreated 8011. 

he ry GOUD t1' 

In the second orOn highly lignlficant differences were found. 'fhe value. 

ranged fro. 2.12 to 2051 milligrams per hundred grams. All alfalfa sample. 

except those from plota treated with 129 pounds of treble sUner phos~hate and 

258 noundl of treble suner ~hoB~hate and 516 pounds of treble 8Uper phosphate 



plul chicken manure con\ained significantly lei' niacin than samples from 

untrP-Ated plots. 

In the third crop highly significant differences were found. Th~ values 

ranged from 2.06 to 2.5~ mjlligrams per hundr~d grams. Alfalfa from nIota 

tr~ated with 516 ~ounds of treble super uhosnhate plus copuer sulfate and the 

same level of ~ho~hate plus trace elements coutained 8igniflcantl~ more niacin 

than untreated 8lfalfa. 

26 
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DISCUSSION 

In almost all cases alfalfa responded to phosphate fertilizer. However, 

T8.riations were found due to natural fertility of the 8011. Phosphorus !tpplied 

i in combination with manure gave the beat yields except in Cache County for the 

Tear 1949 and in Duchesne Oounty for 1950, where the best yields were obtained 

from the ~lotB treated with 400 noundl of treble super phosph~te plus trace 

elements. Previous results obtained (10) for the year 1949 show that in Emer,y 

County at Oastle Dale plots treated with the 400-pound phos~~ate treatment 

gave the beat yields. In addition to this, chemical analysis of the ~. 

sho'"ed, higher amount.· of i t race elements aa compared wi th hays grown on the 
! 

I 

plot. given other treatm~nt8 (11). 
I 

I 

If the comparison i* made between plots treated with~ebl. super phosphate 

and treble sU'per uhosphate plus ooppf!r sulfate. eign1fi cp.nt differences were 

found due to the presence of co~per lullate on~ Bt two locations in Cache and 

Utah Counties, and only for the year 1949. No such differences were found for 

the year 1950 ~h.re. Of all the test areas, the Tuttle farm in EmerT CountT 

.hoyed the best response to fertilizer treatments for the year 1949 and 1950. 

Next to this, came the Wilson farm 1n Cache Count7 and on the Abbott farm in 

Duchesne County. 

Three levels of ~hos~~orus were used and at least for the two years a 

residual ~tfect of the fertilizer was observed. This phase of work 11 Btill 

under study and further results will show the length of time for Vlich the re-

s1dual effect 11 obtained. 

Co~per sulfate applied alone had no value as a fertilizer. 

Irrigation always f~vored good growth of Alfalfa. This shows the importance 
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of proper moisture for sucoessful production of Alfalfa. 

The vitamin contents were usually eIther statistioally aI&nIf1cant at 

the 0.05 or 0.01 probability level with respect to treatment. The effect of 

any one particulAr fertili.er treatment was not consistent from crop to crop, 

oount7 to count, or looation to location in the .~e countT. In rare caees 

differences in replications had statistioal significance even at 0.05 proba

bilIty level. 

These relults show that dIfferent 80ils and different fertilizer treat

ment. mod1f7 the thiamine, ribo~lavln and niacin content of RaDger alfalfa 

hq. It ls very difficult to find aDY correlation bet".,een arlT treatment e.nd 

the concentration of a particul~r vitamin. Thl. points to the extremely com

plicated mechanism of 8011 and pl.ttnt relationships in biosynthesis of b1o

orga~i compound •• 



StJW.1AF.Y 

. (1) An ex;;e~:iment ""'as carried. out at seven 10cat1 f"){lS j.n UtE!b. to 

det€rm~.ne the effect of fertilizers on the ripId and corltent of thiqm~ net 

riroflevin Plr..d r..ia,cin of ftlf.slfa. The fj tId ey.t)"~rlrnent was a l"i..i:2.omized 

sulit plot design, Lith four reulicnti~ns. 
(2) 5011 sFiff,'t"·les were tpJ<.en for chemi c:al Ftnalysi s. The soils .... ,·ere- found 

to be low in aV8.ila't,le phosphorus, lov in orgflnic rrutt er,· medium in soluble 

sal t $ !lnd pH. 

(3) Due to the difference in the fertility level ~!ld irrig~ti.on practi.ces 

between ir..di vidual farms it is Ii-Ot P0f,S j Lle to make sp~clfic recomr:Fndat ir)n~ 

in regard to fertiI ~ zer requlrem~":n ts. GenerAlly sneaki n[; where soi Is are loW' 

in avail!lhle phospJ10rus ceavy infreouent anp11c·ations mflY be 'Orefereble. 

(4) Phosphorus wes the ~JrimaTY fertjlizer element needed for i!lcreAsed 

production •. 
. '. • 

(5) TrAce elements signific~·ntly increrHied the yield above phosphP..te 

'trea.tment a.lone only in Cache County in 191.:.9. 1.0. 1950 trRce elements exerted 

no eigniflcpnt effects on yield. 

(6) Copner sulfate alone did not have a~v value as a fertilizer. In 

one c~se significantly higher yields were obtaired with cou~er sulfate and 

p:uper nbosphat~ than wi th super pl-J.osnhette alonE:'. 

(7) In the chemical uh3.se cf thi~ work, 352 different sa.mpl~s of Be.nger 

alfalfa grown on fertilized ruld unfertilized plots in Cache, Duchesne, imer,y, 

San Juan, Uintah and Utah counties in the year a949 were analyzed for thiamine, 

riboflavin and niacin. 

(8). In gen~ral. etati e"tica.lly slgnifiC0ILt. differences 'Were found in 

the content of the thr~e vit~~~n8 in Ranger alfrlfa of the tame cro~ 1~ the 
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same location due to fertilizer treatments. 

(9) The effect of any one fertilizer treatment was not consistent from 

crop to oron, county to county, or location to location in the same county. 

(10) The lovest average concentration of thiamine. 0.29 milligram per 

hundred grams vas found in Utah Oounty whjle the highest 0.59 mllligraa per 

hundred gram wae found in the third crop of Bmer,y County. 

(11) The lowest average ooncentration of riboflavin, 0.68 milligram per 

hundred gram waS found in the first crop of Se,n Juan County. The second crop 

at Vernal. Uintah County,8howed the highest value of 1.34 milligrams per 

hund red grams. 

(12) The lowest average concentration ot. niacin, 2.06 mil1igr~. per 

hundred grams was found on the Tuttle farm, in XmeT,f County and the highest 

average concentration of 2.95 was found in 'San Juan County. 

(13) Out of eleven different crops ~nalysed for thiamine, riboflavin and 

niacin significa.nt differences were found in seven". In add1 tion to ferti Ii zer 

treatment, ~hysiologicel development of the plant, sampling technique, tech

nique. of analysi8 And climatio f~ctor8may have contributed to the variations 

obs-erved. 



»IlJLIOGlU.PHY 

1. Andrews, J. 8., B. M. lord and D. K. Terry. The riboflavin content 
ot oereal ,rains and bread and itl distribution in product. ot wheat 
milline. Cereal ah... 19:55 1942. 

2. Aa'lociation of V~ tamin Chemi.ts. Method. of Vi tamln ASlq. Inter
acience Publiahetl, Inc., X.v Tor.k 1941. 

3. lear, r. :I. and uthur Wallace. Alfalfa. 1 t. mineral requ1 rement. and 
ohemical oomposition. Aer. Ixp. Sta. Bull. 748. 1950. 

31 

4. Bondi.~. and H. Harar. The riboflavin conte~t of poultr7 feeding ,tuffa. 
J. Acr1~ Sc1. 36:6.1946. 

5. Carl.on, J. W., It al. Growina alfalfa for ••• 4 in Utah. Utah Agr. Bxp. 
Sta. eir. 125 1950. 

6. Comer, R. To and G. J. Straub. The thiamine and riboflavin content ot 
wheat ap4 Dorn. Cereal ah ••• 18:611 1941. 

7. JTe1, I. J. and G. I. Watlon. Chemical Itudl •• on oatl, I Thiamine, ribo
flavin and pantothenic aci4. Acron. Jour. 421434 1950. 

8. Graber, L. r. ~ centur,v ot alfalfa cultur. in America. Agrono Jour. 42: 
525 1950. 

9. Greenwood, D. A. , ». W. Pittman et a1. The interrelationehlp between 
composition ot the loll An4 plante and the nutrition of animal. and man. 
Utah Agr. Ix}) •• 'ta. Pro.,. 213. Logan, Utah 

10. Greenwood, D. A. and D. W. Pittman. Fertili.ere atfect oomposition aa 
w.11 al 71e14 at alf~lfa. farm Home Sol. Utah Aer. ixp. StaG 11 (1): 
12 1950. 

11. Hamner,][. 0 •• c. :So ·Lyon a,nd C. I. Banner. Ittaot ot mineral nutrition 
on the .aoorbic and acid oontent of the plant. Bot. Gas. 103:589 1942. 

12. Barri., L. J. Hot. on the thiamine ~otency of wheat aa influenced b7 
.011 treatment.. Jour. Air. Scl. 24:410 1934. 

13. Haug., I. M., at ale Chemical compoaition and Autritive value ot plant. 
in relation to aultur fertilit7 ot loil. Ind. Aer. Ixp. Sta. 62n4 
Ann iapt. 1948-49. 

14. Hinkle, D •. A. U •• ot pholphat. fertilizer on alfalfa. I. Kexo Agr. Bxp. 
Sta. Bull. 289 1942. 

15. Ie11ey, I., I. I. ntetrlch. and t. Porter. Thiamine oontent of eight 
Yarletlel of bean. grown in two locations in Miohigan. lood Bee. 5:253 
1940. t 

'. 



16. }(cGeorce, W. T. and J. J. ireazeale. rertilization of alfalfa 011 

alkaline caloarloul 80111. Ariz. !gr. Ixp. Sta. Bull. 154 1936. 

17. Maynard. L. A., and X. C. le.aoD. 
oontent of 'P1fl,nta grown for food. 

Some o~use8 in variation in the 
Nutrl. Abat. and Rev. 13:155 1943. 

18. Mrak, ,. M., and G. J. Stewart (idlte4) Advance. in Jbod Researoh. 
1:291 Academic Pre.s .. Inc. )Taw York 1948. 

19. Moulton, I. K. Liebig and After Liebie - a Oentury of Progrell in 
.&iricul tural Ohelti stZ7. Am. Asloe • .A4v. lSol. Washington. D. C'. 
19420 

20. Palamore. R and A. B. Sundavarrajan. Ind. J. Med Rea. 29:90 1941 
(Nutrl. Ab •• aal Rev. 13:155 1943). 

21. P1ttlt8ll, D.,W." Iffect of manure and pho8phate fertilizer on the y1eld 
and composition of alfalfa hay. Utah Agr. Exp. Sta. Bull 0 247 1934. 

22. Pi ttman. D. W., and C. Burnham. ObservA.tions on the uae of oommercial 
fert11izer. on the arid 80ila of Utah. Utah !gr. Exp. Sta. Bull. 233. 
1932. 

23· Pttutser et ale i:Biochem. 2 298: 137 
1943. 

1938 (Nutr. Aba. and Rev. 13:155 

24. Shults, A. S., L. Atkin and C. N. Fr,y. A primary 8tU~ of the vitamin 
»1 content of American cereals. Cereal chem. 18:106 1941. 

25. Sheldon, L. V. et al. Diversity of amino acid in legumes acoording to 
80i1 fertility. Science lOS: 426 1948. 

32 

26. S n edecor, G. W. Statistical Methods. Iowa State College Press, Ames, 
Iowa. 194b. 

27. Stiles, W. Trace Elements in Plants and Animal. The Macmillan Oompany 
Hew York, N. Y. 1948. 

28. Tepley. L. J .• F. M. Strog, Rnd C. A. Elvehjem. The distribution of 
njcot1nie Reid in fooda. J. of Nutrition 23:411 1942. 

29. Thorne, D. W. Rnd H. P. Peterson. Irrigated Soils, Their !'ertilit7 and 
Management. The Blak1ston Company, Philadel~hia 19490 

30. Thorne, D. W. 
College. Logan 

Laboratory Manual for Soil Analysis. 
1949. 

Utah State Agr. 

31. Toeves, J. L. and G. O. ~aker. Progress renort of pho.~hate and other 
fertilizer investigations at the Aberdeen Branoh Exp. Sta. t UniT. ot 
Idaho. Idaho !gr. 3xp. Sta. Bull. 230 1939. 

32. 'Whiteside, A. D. O. and S. H. Jackson. The thiamine content of Canadian 
hard red spring wheat var1ette.. Cereal chem. 20: 542 1943. 


