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INTRODUCTION

Alfalfa has long been recognised as gn outstanding hay plant in
terms of both yield and feeding value, It is high in dlgootiblé protein,
minerals, and vitamins. Because of ite long life it cen be economically
produced. It is of exceptional value in maintaining soil fertility by
helping to control erosion, by improving the physical condition of the soil,
and by accumulating large amounﬁ of nitrogen.

The great importance of alfalfa growing in the United States is
attested by its rapid and continued expansion. It ie one of the most
important forage crops and is grown on a greater acreage than any other
_orop in the intermountain area.

From 1899 to 1919 the seventeen states west of Minnesota grew from
87 to 97 percent of the alfalfa in the United State;. In 1927 these states
grew 64 percent and in 1949, only LY percent (8). It is said that if the
acreage planted to‘lagumes vere to be increased to the extent advisable
for soll conservation and a balanced agricultural economy, the annual need
for alfalfa seed would increase to more than 100 million pounds (5).

About one~-third of Utah's crop land and 38 percent of its irrigated
land are planted to alfslfa. Livestock production is limited by the amount
of forage that can be produced (10). An increase in the producti on of
glfalfa would materially increase the number of livestock that could be fed.
Perhaps more important is the quality of the hay. Modern health practices
are concerned not only with the curative aspect of disease, but also with
their prevention. They are primarily concerned with those conditions which

contridbute to the fplleat realigation of the inherited potentialities of



the crop for growth, development and resistance to disease.

Investigations of the relationship between soil end nutrition have the
important functions of showing how a greater guantity of better food can be
provided for an increaéing vopulation. During most of man's agrarian
existence he has been able to grow his food on the best soils. With rapidly
increasing population, that day ie paseing and he must learn to use soils
of a ;ower fertility level, ¥For this reason basic information asbout the
effect of soil characteristics on the nutritional guality of food should be
obtained now in order that such problems cen be solved intelligently when
they arise. Of all the sciences and arts on; of the greatest is adequate
feeding of animals and man.

This study 1s an attempt to determine the effect of various fertilizers
applied to different soils on the‘yield of alfnlfa and on interrelationships
with thiamine, riboflavin, and n{ggin content. These three vitamins of the
B-comnlex series aﬁnoar to be of unusuasl and fundamental importance as they

are apparently indlspensible to all forms of life.




REVIEW OF LITERATURE

Yortilisers

In reviewing the phosphate fertiliger research on alfslfa, only
vork in the western states, where the soil and climatic conditions are
similar to that of Utah, will be considered.

An experiment conducted at the Arizona Station (16) on the Univer-
sity Yarm near Tucson suggested that fertilization with phosphate mater-
ially increased the nutritional value of the hay by increasing production
and phosphorus content.

Pittman (21) of the Utah Station has shown that there is a direct
~ corrslation between fielda resulting from the application of manure or
super phosphate and the phosphorus content of the hay; theféroater the
yielde, the larger the percentage of phosphorus contained in the hay.
From rather extensive cooperative field experiment trisls with farmers
scattered all over the state of Utah, Pittman and Burnham (22) using
ammonium sulfate, treble lupér phosphate and potassium chloride as
sources of nitrogen, pﬁosphorns and potassium have shown that alfalfa
failed to respond to potassium and nitrogen while it responded to super-
phosphate, This result was to be expected as alfslfa is a legume, and
has the ability to obtuig its nitrogen supply from the air. Apparently
most Utah soils are well supplied with available potassium.

Results by Toevs et al. (31) from the Idaho Experiment Station showed
that while 300 pounds of treble super phosphate to the acre applied to
alfalfa gave the greatest ylelds, the most economical returns were obtained

from applications of 75 and 125 pounds.



A rather recent study by Kinkle (14) at the New Mexico Station

shows the effects of different rates and frequencies of epplication and

'
different sources of phosphate on the yield of alfslfa. They show that less
concentrated grades of superphosphate such as 16 to 20 percent have no
advantage over more concentrated foras when apvlied on a phosphorus equiva-
leﬁt basie, They recommend application of superphosphate each year in
the svring before active growth starts,
Vitamins

There 1s basic evidence of the effect of wariation in mineral supply
of the soil on the concentration of minerals in plants (18).

The work of Sheldon et al. (25) showe considerable differences in amino
acids in lespedeza grown on five different types of Missouri soile. In
another study they have shown that the levels of these amino acids in alfalfa
were increased by treatment of the soil with manganese, boron, or a mixture
of cobalt, cobper and zinc.

Hauge (13) studied the effect of sulfur fertilization on amino acids .
and reported an increase in the methionine and cystine content.

In the case of thiamine, Schultz and coworkers (23) have shown that
different samvles of any one cereal can vary widely in the vitamin. He
showed variation from 412 to 7.3 microgram per gram in samples of wheat.

The work of Andrews (1) shows that both variety and environment influenced
thiamine content. Kelley et al. (15) studied thiamine content of seven
varieties of beans grown in two areas differing in soil type. They found
variety differences but no differences were found due to locality.

Harris (12) reported that soil treatment with ammonium sulfate, com-

vlete mineral fertiliszer or stable manure produced no significant effects



on the thiamine content of wheat. Passmore and Sundararjan (19) grew wheat
with and without applications of potassium nitrate, super phosphate and'
mapure, and combinations of these without obtaining significant differences
in thiamine, Whiteside and Jackson (32) renorted that environment influences
the thiamine content of Canadian hard red spring wheat. Hemner and coworkers
(11) have analysed a number of varieties and selections of wheat grown in
many parts of the United States. They found that the locations at which the wheat
was grown produced differences among the varieties observed. Pfutser (23)
described limited Qtudies where nitrogen fertilization of barley grown in
pots apneared to result in a higher content of thiamine, Hauge {(13) found
sulphur fertilization had no apparent effect upon thiamine and riboflavin

in 8lfsalfa.

Andrews et al. (1) in their studies of five varieties grown at four
different places found that the values for riboflavin were almost the same,
showing no environment differences. There were also no marked differences
in varieties. Similarly in a study of soft and hard wheat no significant
differences were found. These were in agreement with Commer and Straub (6),
who also noted no significent d{ffefencea in riboflavin content of soft and
hard wheat.

Bondi and Mayer (U4) found thst plants grown in Palestine during the
sumaer months contained more riboflavin then similar plants grown during
the rainy winter secason. Tepley et al. (26) studied the nismcin content of
wvheat of differing varieties and sources. They reported variations in
both cases. In recent studies Frey and Watson {(7) made chemical studies
on thiamine, riboflavin, niacin and nantothenic acid in different varieties
and strains of oats. They showed variastion in the niacin content from h.ﬁ

microgram per gram of oats in Hurbon variety to 11.7 in C.I. 5298, while



thiamine content ranged from 5.37 microgrems per gram in Mido to 9.69 in
C.I. 5298, -Riboflavin content in ocats ranged from 1.05 microgram per gram
to 1.89 in Worthy.

These and other studies on vitamin as reviewed by Maynard (17) have
given inconcluaivg results. Ferhaps a different approach to the problem

is needed.



PLAX OF WORK

In 1947 and 1918 arens were established on farms in Cache, Duchesne,
Emery, San Juan, Uintah and Utah Counties of Utah.

Each area was divided into plots of 18! X 75! except in Duchesne County
where they were 15' X 90!, There were four replications of treated and
untreated plots arranged as randomized blocks, In Utah and Cache Countiles
larger plots wers established for feeding the hay to farm animals.

The fertilizers were added to the soil in the spring of 1947 or 1948
and the soil in the plots was seeded with certified Ranger alfalfa seed
at that time,

Soil Analysis end Fertility Requirements

Use of chemical analyeis of soils and plants for determining the
fertilizer needs of soil dates back to 1840 with the publication of Leibig's
epoch-meking book "Organic Chemistry in Ite Application of Agriculture and
Physiology" (19). It is only recently, however, that much progress has been
made. The following determinations were made on samples from each farm:
calcium carbonate, svalilsble phosphorus, total soluble salte, organic matter
and pH. The results are shown in table 1. The methods followed were from
the soil laboratory manual by Thorne (30).

Alfialfa 18 a crop that has a high mineral requirement. A good crop
‘removes cslcium equivalent to 400 pounds pure limestone per acre annually
from the soil. It freguently contains 2 percent potassium on the dry basis,
large amounts of phosphorus, magnesium, and sulphur and also appreciable
quantities of trace elements (3).

Practically all Utah soils contain ample to excessive amounts of

calcium and most are well supplied with potassium. The soils analysed were



‘ ¢
rather low in available phosphorus. With this in mind the treatments in

this project were made to include treble superphosphate alone, superphosphate
and manure, end combinations of boron, cobalt, manganese, copper and zine in
smal? quantities, The role of these elsments in successful alfalfa production
has been established by the work of others (3) (27). o

Chemical Studies on Thiamine, Riboflavin and Niscin

Vitamins are potent organic substances whigh occur in minute guanti-
ties in natural foodstuffs. No attempt will be made to describe their im-
portance as it is well established.
Thiamine
| Thiamine was determined by the thiochrome method as suggested by the
Associetion of Vitamin Chemists (2). Thiamine on oxidation under sultable
conditions gives the yellow~-blue fluorescent pigment thiochrome, vhidh
fluoresces in vlitra-violet light. A Coleman photoflucorometer, model 12, was
used. The contedt of vitamin was calculated dy comparing fluorsscence of
samples with a standard U.$.P. thiamine.

Ribvoflavin and Niacin

Rivoflavin and niacin were determined by micrebiological assay using

Lactobacillus casei and Lactobacillus arabinosis 17-5. The growth of the

organisms was measured turbidemetrically at 650 millimicrons on a Junior
Colsman spectrophotometer ss suggested by the Association of Vitamin Chemists
(2). The contents of the vitamins were estimated by comparing the values
of the samples with a standard curve at different levels using standard
U.8.P. riboflavin and niacin, respectively.

The methods nsed for the statistical analysis of the data are descridbed
by Snedecor (26). Te data were analysed only with respect to variations

in treatment ané replication. ¥No attempt was made to analyse the data with
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resped;'ﬁf to various locations.

The least signifiosnt differences betveen treatment means were oaloulatod.
The coefficlents of variation were also calculated. In some cases, particularly
for the year 1949, uhnr; i1t was not possidle to collect $he yleld date the
approximate values were calculated and no attempt was madeto analyse the data .
statistically.

Tield in Relation to Fertilizer Treatments

The yield data are presented in tables 2,3 and B, The sources of varia-
tion are discussed bdelow. |
Treatments

There were highly @ignifioant differences in yield from the different
treatments. The higheni yields were obtained in the irrigated farms and the
iouout on non-i;rigated‘farml. This shows the importance of proper moisture
. for the succeseful production of alfalfa, The ylelds varlisd with the type
and the amount of fertilizerg added. In general, the higheet ylelds were ob—'
tained from the plots treated with tredle super phosphate plus cattle or
chicken manure. The untreated plots invariably gave the lowest yield,
Cache County

For 1949 the best ylelds, 3.63 and 2.66 tons per acre, were cbtained on
plots treated with 40O vounds of treble super phosphate plus trace elements
and 400 pounds of treble super phosphate ﬁluu copper sulfate, respectively,
The lowest yield, 1.29 tons per acre, was obtained on the untreated plots.
All plots except these treated with copper sulfate alone gave significantly
higher yields than ;ho untreated. In addition to the effect of phosphorus
there vas a significant effect of trace elements on yiold;

In 1950 the best yields, 2.94% and 2,80 tons per acre, were obtained oa

plots treated with 400 pounds of treble super phosphate plus cattle manure

Bpl e
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and 400 pounds of treble super vhoepvhate nlus copper sulfate. The lowest
yield, 1.06 tons per acre, was obtained én the untreated plots. Ho treat-
ment in addition to YOO pounds of treble super phoaphate resulted in signifi-
cant differences.
Duchesne County

In 1949 the best yields, 9.26 and 8.89 tons per acre, were obtained on
plots treated with 40O pounds of treble super phoaphte plus cajtle manure and
cattle mapure alone, The lowest yleld, 7.55 tons per scre, was obtained on the
untreated plots,

In 1950 the best yields, 4.35 and 4,24 tons per acre, were obtained on
plots treated with MO0 pounds of treble super phosphate plus trace elements
and 400 pounds of treble super phosphate and cattle manure. The lowest yleld
3.50 tons per acre, was obbtained on the untreated plots. FPlots treated with
400 pounds of super phosphate vlus cattle manure and the same level of vaosphorus
plus trace elements showed significant differences as compared to untreated
ones, but yields on these plots were not signific=ntly better than on thoce
treated with phosphate alone.
Uintah County

In 1949,0n the Nielson farm, there were no significant differences in yield.

In 1950 also there were n; significant differences found, except for
phosphates. The highest yield was obtained on plots treated with 400 pounds
of treble sumer phosphate plus trace elements while the lowest was obtaineﬁ
on the untreated ones.
Utah County

For 1949 the best ylelds, 3.95 and 3.7l tons per acre, were obtained on
the plots treated with HOO pounds of super phosphate plus trace elements and

:ToT) pounds of treble sﬁner phosphate plus 100 vounds of copper sulfate. The



Table 1, Chemical Analysis of Soll Samples Taken from Different Test Areas in Utah.

Name ‘Location County Depth pH of Total Organic CaCo Available Available
' (nearest in soil soluble salts matter (1ino; POy, X
town) inches paste 4 % £  ppm ppm
1. Evans Lehi Utah 0-b 7.9 0,053 2.8 b.2 4 -
0-6 7.9 0.081 1.2 4.8 2 -
12-18 8.0 0.0%2 - 16.0 - -
12-18 8,2 0.070 - 12.0 - -
2. Nielson Vernal Uintah 0-8 8.0 0.070 2.1 8.0 i 85
0-8 8.2 0.027 1.6 8.0 2 7%
18-24 8.0 0.035 - 7.0 - -
18-24 8.2 0.033 - 38.0 - -
3. Taylor Randlett Uintah 0-8 8.1 0.024 1.2 16.0 4 55
0-8 8.0 0.027 0.8 18.0 1 60
, 18-24 8.2 0.020 0.4 17.0 0.6 50
4, Carhart Monticello San Juan 0-8 7.3 0.020 1.2 1.0 10 70
0-8 7.6 0.020 1.2 1.0 13 o 110
12—18 7.6 0.020 - 1.0 - haad
2“-32 709 0.031" 102 2.0 - -
5. Lymah Monticello San Juan 0-8 7.9 0.041 2.9 12.0 1 110
0-8 7.8 0.041 3.8 4.0 2 120
0-8 7.8 0.041 3.6 14.0 1 100
0-8 7.7 0.028 3.7 19.0 1 140
18-24 1.8 0.030 - 6.0 - -
6. Wilson Logan Cache 0-8 8.0 0.045 4.0 18,0 2 320
12-24 8.5 0.0bl 3.0 54.0 1 185
30-36 8.1 0,076 1.3 h2,0- 0.5 180
7. Abbott Duchesne Duchesne 0-8 =~ 1.8 0.075 1.b 10.0 0 135
8. Tuttle Castle Emery 0-6 7.; 0.110 2.3 22.0 2 60
Dals -6 7. 0.097 2,0 22,0 2 ™
O-b 1.8 0.110 1.9 21.0 2 81
0-6 1.9 0.110 2.8 23.0 41 118
0-6 7.9 0.08h 1.7 20.0 3 88
0-6 8.0 0.110 1.8 30.0 2 61

1T




Table 2.

Yield of Ranger Alfalfs ?roduced on Fertilized and Unfertilized Plots on different farms. 1949.

Name Location a b ¢ d e f - & h
200 1bs 400 1bs 400 lbs 100 lbs 400 1bvs g-10 tons LOO 1bs Control, no
' tsp (1) tsp tep plus CuSOy tsp plus  cattle tsp plus fertilizer

100 lbs 8-10 tons manure trace added

Cusoy cattle elements
_ manure (2)
(Treatments per acre - applied spring, 19U48)
Values in tons per acre on air dry basis

1. Wilson Cache : L.S.D.

(unirrigated) ,
2nd crop 1.13 1.18 1.h2 0.99 1.28 1.06 1.94 0.62 .16
3rd crop  0.99 1.03 1.24 0.86 1.12 0.93 1.69 0.60 .056
Total 2.12 2.21 2.66 1.85 2.40 1.99 3.63 1.29 .18

2. Abbott Duchesne

(irrigeted)

‘ 1st crop(3) 3.05 3.21 3.27 2,60 342 3.28 3.1k 2.79 -
2nd crop 2.65 2.79 2.84 2.26 2.97 2.85 2.73 2.42 32
3rd crop(3) 2.56 2.70 2.75 2.19 2.87 2.76 2.64 2.3 -
Total 8.26 8.70 8.86 7.05 ©9.26 8.89 8,51 7.55 -

3. Nielson Uintah .

(irrigated) 1st crop(3) 2.40 2.b6 2.u2 2,28 2.61 2.39 2.36 2.46 -
2nd crop 2.08 2.13 2.09 1.97 2.26 2.07 2.0k 2.13 26
Ird crop{3) 2.02 2.06 2.03 1.91 2.19 2,01 1.98 2.06 -
Totel 6.50 6.65 6.5 6.16 7.06 6.u7 6.38 6.65 -

4, Evans Utah il

(irrigated) ) .
1st crop(3) 1.18 1.12 1.37 0.73 1.46 1.13 1.31 0.63 -
2nd crop(3) 1.02 0.97 1.19 0.63 1.26 0.98 1.1k 0.55 -
3rd crop  0.99 0.94 1.15 0.61 1.22 0.95 1.10 0.53 .39
Total 3.19 3.03 3.71 1.97 ® 3.9 3.06 3,55 1.71 -

(1) tsp - treble super phosphate; P505, 12%; Ca0, 21.8% and some trace elements

(2) Borax, 50 lbs. cobaltous chloride, ‘35 1lbs. manganese sulfate, 100 lbs; and zinc sulfate, 35 1bs. per acre.
3) Approximate yleld data were calculsted.
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Table 3. Yield of Ranger Alfalfa Produced on Fertilized and Unfertilized Plots on Different Farms, 1950.

Name Location a b c d e 3 & h
200 1bs 400 lbs 40O 1be 100 1bs 400 1bs 8~-10 tons LOO 1bs Control,
tsp nlus CuSOu tsp nplus  cattle tsp vplus no fertilizer
100 1bs 8-10 tons manure trace addead
CuSOh cattle elements
, manure (2)
(Trestments per acre - apnlied apring, 19ug)
7 Values in tons per acre on air dry basis
1. Wilson QC=ache ’ L.3.D
(unirrigated) »
lst cron 0.7h 0.75 1.03 0.36 1.11 0.54 1.00 0.4z 0.32
2nd crop 1.10 1.21 1.20 0.73 1.20 0.84 1.17 0.62 ¢.21
3rd crop 0.36 0.52 0.57 €.00 0.63 0.15 CJB7 0.00 €.20
Total 2.20 2.48 2.80 1.09 2.94 1.53 2.64 1.06 0w60
2. Abbott Duchesns
(Lrrigated)
1lst crop 2.91 3.09 2.81 2. 17 3.26 2.68 3.51 2.65 0,62
3rd crop  0.90 0.96 0.91 0.82 0.98 1.00 0.84 0,85 C.l2
Total 3.81 4,05 3.72 3,59 b, ok 3.68 h.35 3,50 o5 Tl
3. Neilson Uintah :
(irrigated) 1st crop  1.19 1.30 1.19 - 1.05 1.47 1.1k 1.50 1.09 0.b1
4, Evans Utah
(irrigated)
lst crop 1.71 1.56 1.7k 0.93 1.61 1.51 1.59 1.22 0.52
2nd erop 2.26 2.h4g 2.21 1.88 2.17 2.23 2.40 1.96 0.55
3rd crop  0.93 1.13 0.94 0.87 1.08 1.12 1.13 0.62 0.21
Total 4.90 5.17 4.89 7.68 L4.86 k.86 5.12 3.80 091
(1) tsp = treble super phosphatej P50¢, U>€; CaO 21.8% and some trace elements.
(2) Borax, 50 1lbs; cobaltous chloride, 35 1bs; manganese sulfate, 100 1bs; and sinc sulfate, 35 1bs. per acre. -
‘ L%

53?33?7 <9301 TUALTINDICDY 3ivis HYLQ



. Mable 4, Yield of Ranger Alfilfa Produced on Pertilized and Unfertilized FPlots on Tuttle Farm, Emery County, Utah.

B

Name Location e b ] 4 ° 4 € h
129 1bs 258 1lbs 516 1bs 516 1lbs 516 1bs 12-15 16 1bs Control, no
tap (1) tsp tep tsp plus t2p plus  ¢ong sp plue fertilizer
100 1bs 12-15 chicken trace added
°“5°h tons manure elements
chicken (2)
manare
(Troatmgnts per acre - applied spring, 1947)
Values in tons per acre on air dry basis
Tuttle Emery year 1949 L.8.D.
(irrigated)
1st crop 1.1} 1.72 2.5 2.53% 3.19 2.84 2.58 0.50 0.39
2nd crop 1.85 2.25 2.54 2.62 2.92  2.57 2.8 1.18  0.07
Total 2.96 3.97 L.99 5.15 6.10 5.41 5.39 1.68 0.57
year 1950
1st orop 1.01 1.h49 2.L3 2.30 3.21 2.63 2.2 0.68 0.37
2nd erop  0.98 1,42 1.9% 2.06 2.3 2.29 2.05 0.77 0.23
Total 1.99 2.91 4,37 k.36 5.55 k.92 L 47 1.45 .54

(1) tep = treble super phosphete, available Py
(2) Borax, 48.4 1bs; cobaltous chloride, 2l.2 1Bs.; copper sulfate; 48.4 1be; manganese sulfate, 98.6 1bs.

, 12%, Ca0, 21.8% and trace elements.

Ht



lowest yield, 1.71 tons per acre was obtained on the untreated plots. The
primary effect was due to phosphorus.

In 1950 significant differences were obtained. All the ylelds except
;he ones from plots treated with 100 pounds of copper sulfate were signifi-
cantly higher than ylelds from untrsated plots. No treatment effect in
addition to phosphorus showsd significant differences.
ineryrﬂounty

In Emery County the trestments applied were ilightly different. OChicken
manure was used instead of cattle manure and the levels of treble super -
phosphate used were somewhat varied,

In 1959 the best yield, 6.10 and 5.11 tons per acre were obtaiﬁod on
plots treated with Siﬁ pounds of treble super phosphate anc chicien manure,
and chicken manmure alone, respsctively. The lowest }1@1&. 1.68 tons per
acre was odtained on the untreated ones, All the treated plots showed signifi-
cant differences as compared to untreated. Chicken manure increased the yleld
significantly above phosphorus alone.

In 1950, the best yield, 5.55 and 4.92 tone per acre was obtained on
the plots treated with 516 pounds of treble super phosphate and chicken
manure and chicken manure alone. The lowest yleld was 1.U5 tons per acre
on the untreated ones. All yields from treated plots showed eignificant dif-

ferences, as compared to those from untveated omes. Chicken manure alone gave .y

i

significantly greater incresses in yleld than phosphate alone or in combin-

ation with any treatment except chicken manure.

Thiamine, Riboflavin and Niaoin in Relation to Fertilizer Treatment

The anelytical data of thiamine, riboflavin and niscin are presented in
tables § and 9, The sources of variation are discussed below.

In most cases highly significant differences were obtained due to '
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Table 5. Reproducibility of Analyticesl Values for Thiamine in Alfalfa
by Fluorometric Method

Values in milligram per hundred grams

Samnle No. Series 1 Seriss 2 Average of Deviation Percent
replications from the deviation
fean

250B c.hg 0.52 ~ .50 0.02 b0
2758 0.48 n.4g 0.18 0.0 0.0
300B 0.38 0.37 0.37 . 0.0 0.0
3338 0.37 0.l2 0.39 0.03 7.8
382B o2 - 0,35 0.38 0.03; 7.9
Lohp 0.34 0.39 0.36 0.03 8.3
4778 0.36 0.38 0.37 0.01 2.7
4928 0.45 0.47 0.46 0.01 2.18
500B 0.ug8 0.43 0.U5 0.02 b4
508B 0.58 048 . 0.53 Q.oh 1.5

Average percent deviation from the mean U,38



Table 6. Revroducibility of Analytical Values for Riboflavin in Alfalfa
by Mierobiological Assay Method

Values in milligram per hundred grams

Semple No. Series 1 Series ? Average of Deviation FPercent
replications from the deviation
mean
250B 1.00 1.10 1.05 0.05 u.70
27158 1.12 1.23 1.17 0.06 5.10
3008 0.86 1.02 0.9L 0.08 8.50
3318 1.29 1.3 1.30 0.01 0.40
3828 1.31 1,24 1.27 0.03 2.40
L2uB 0.98 1.10 0.0L 0.06 580
LT7B 1.05 1.08 1.06 0.02 1.90
4928 1.33 1.42 1.37 0.05 3,60
500B 1.07 1.19 . 1.13 0.06 5.30
5088 1.11 1.0 1.07 0.03 2,80

Average percent deviation from the mean 4,10



Table 7. Reproducibility of Analytical Value for Niacin 1% Alfalfa
by Microbiological Assay Method

"Values in milligram ver hundred grams

Semple We, Series 1 Series 2 Average of Deviation Percent
replications from the

R nean
2058 2,08 2.3 2.19 0.11 5,30
2758 2.33 2.61 2,47 0,14 6.00
3008 2.24 2.26 2.25 0.01 0.1k
3338 2.20 2.17 2,18 0402 0.88
2828 | 2.30 2.30 2.33 0.03 1.27
Lokp 2.37 2.31 2.3 0.03 1.26
4778 2.26 2,14 2.20 0.06 2.76
4928 2.62 2.ug 2.55 0.08 3.0k
500B 2.38 2.h1 2.39 0.01 0.l2
508B 2.40 2,69 " 2.54 0.1k 5.8l

Average percent deviation from the mean 2.76
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different treatments. The results are given in more detail below:
Thiamine
Cache County

In the second orop the amount of thiamine varied from 0.32 to 0,40
pilligrem per hundred gram. Alfalfa from plots treated with 400 pounds of
treble super phosphate plus trace elements contained significantly less
thiamine than that frém untreated plots.

In the third'crap no significant differences were found.

Duchesne County

In the second crop significant d}rrorenceu were found with values rang-
ing from 0.32 to 0,49 milligram per hundred gram. All the alf=lfa axcept
that from soil treated with 200 pounds of treble super phosphate and 8 to
10 tons of manure contained significéntly lese thiamine than alfalfa from
untreated plots.

San Juan County

At Dove Creek, the values ranged from 0.40 to 0.48 milligram per hundred
éran. The differences were approaching significance,

At Monticello, significent differences were found. The values ranged
from 0.37 to 0.50 milligram per hundred gram. All plots except alfalfa from
those treated with Y00 pounds of treble super vhosphate alone and 100 nounds
of copper sulfate slone contained significantly less thiamine than that from
untreated ploti. |
Uintah County _

There were significant differences found in the first crop at Rendlett
with values ranging from 0.38 to 0.51 milligram per hundred gram. Alfalfa

from plots treated with 40O vounds of treble super phosphate plus 100 pounds
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of copper sulfate and U400 pounds of treble suver phosphate plus trace

elqunts contained significantly less thiamine then that from untreated plots.
‘in the second crop at Vernal, there were no significant differences

eccording to different treatments.

Utah County

There were significant differences found in the second crop. The values
ranged from 0.29 to 0.49 milligram ver hundred gram. Alfalfs from plots
treated with 40O pounds of treble suver nhosphate plus trace elements, 8-10
tons of cattle manure and 400 pounds of treble suner phosphate plus 100 pounds
of coprer sulfate contained significantl; less thiam ne while that from plots
treated with 400 pounds of treble super vhosphate nlus & ~ 10 tons of cattle
menure snd 400 pounds of treble super nhosphate alone contained significantly
more than that from untreated plots.

In the third cron, no significant differences were found.

B me ry County

There were no significant differences in the second cron. The values
ranged from 0.36 to 0.42 milligram ver hundred gram.

In the third crop significont differences were found. The values ranged
from 0.42 tg 0.59 milligram per hundred gram. Alfalfa from plote treated with
516 pounds of %reble super nhosphate plus trace elements contained significantly.
less fhiamine while althlfa from plots treated with 129 pounds of treble super
phosphate alone contained significantly more than alfalfa from untreated nlots.
Riboflavin
Cache County

In the esecond crop there were significant differences found. The values
raﬁged from 0,89 to 1.28 milligram ner hundred gram. Alfalfa from plots

treated with 400 pounds of treble super phosphate plus trace elements con-

tained significantly less riboflavin than hay from untreated plots.
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Table 8, Treatment Means and Analysis of Variance of Thiamine, Ritc¢flavin, ~n? ¥ias Content of Ronger Alfelfa TPoluced on Fertiliced ~nd Unfertilized Plots in Different

Counties of Utah, 1949,

Cache Du~hesne Uintsh tah
Petersboro Duchesne Dove creek E Monticello Randlett Vernal Lehi
Second Crop Third Cron Secoad lrop Firat Crop irst Crop First Crov Seccnd  Crop Sscand Cron Third Crop
By B, Hiacin B; By F¥iacin By B, lisein By By Tiacinm 2 By B, Niacin B, B, ' M¥iscein By B, Macin By B, Xiacin B; B, Niacin
Treatments/acre (1) Treatmant Means (veluss in mi kiram ser hundred grem dry basis )
200 1bs tsp ; \ 5
(2) 0.36 .07 .o c,bzo,0u r.56 o.kg 1,1 zi3r L2 0,70 0.9 0.3 1.04 2,38 o8 0.74 2,55 0.39 V.14 .73 0.38 1.09 2,52 0,47 1.1- 2,28
400 1bs tsp ~,Tp 1,07 2,70 .30 1,1b 2,89 .10 1,70 st oz oo ge o o7fBO0.U5 1,01 2.35 0,51 0.7k 2,56 b1 1.0 .26 W9 0,96 2.5¢ C.L3 1.22 2M9

400 1bs tso vlus

100 1bvs CuS(J\u (.38 1,02 j_f)'O O.ho 1007 ;f.l’.l Q.Zi‘u'. JR ,.“.lol f,.‘LAS oL71 ;*.7’4 0°37 1,08 2.21 0.39 1.39 ‘?’}h OouC 1.17 ;'3055 o.79 1.01 §°39 0.342 1.15 2'}_1
100 1bs CuSOy °.3% 1,03 2.7 C.37 1,01 L6 0.kr l.h mL3E CLif .70 LTIEMO0.50  1.17 2030 G4 1,19 2,57 C.M1 1.26 2,33 0,36 1.0§ 2.36 (U6 1.09 2.0
400 1bs tsp vlus - 1 $; ‘ . -

8.10 tons cattle ‘ . :

manure 0.k0 1,07 ~,2g o,b7 1,07 o8 ok3 1.1F by oo 73 cLasfMc.b2 6,99 2,46 6.50 1.08 2,50 . L1 1.16 .29 oLl 0,67 2.2 0.45 1.2h 2.uy
8-10 tons {

cattle manure 0.1 1,78 oz og.bs 1,10 o.M1 o M7 1.0 ouf o hzoog o, 1{E0.39 1,19 2,29 0.6 0,96 2.Mb oy 1,03 Mo 0,23 1002 F.77 CLML 1,15 2,30
400 1bs tsp vlus ] , \
trace elements(2 0.22 ~,2¢ -~,07 ~UWU 1,08 ke o w0 0,37 LY A8 T8 0.0 1,05 2.31C.38 1.06 2.53 C. 1.22 .17 o.3o1.05 2033 o,kg 1,1 plLe
Control, no ferti-~ ‘ y

lizer added 0.37 1.15 2500 M3 0,08 T.65 CLM5 1.t (L 1p e 71 0,19 048 0.92 ©.27 0.7 0.78 .68 O.431.34 2,78 0,38 1.20 2.22 0,42 0.99 2.23
C.v. (4) . £.29 1 .73 758 17,12 E.%6 7,58 £,0% G, L W0 .70 15,30 b5 JEE.85  11.30 4.4 8.75 9.76  1C.80 9.03 9.0¢ .64 7.0k 7.71 £.%5 13,00 .35 5.02
L.S.D. (5) 03U 17R€ 10T L1256 .0Ln8 L1568 L1776 18908 0568 .0%8 .13ub L1566 .133%7 ,QL37 .1184

»EANEE SQUARE (s2) ()
Sources of i
Variation (7) 4
fahd * * o L. 2. = 8 » » e » -
Treatment T 5.03 62,2 76,1872.83 5.9 50,75 .38 3.3 46.2C .82 1.20 156, TR 11,31 32.36 23.9110.76 101.73 13.01 0.68 .73 18,1 16,03 35.02 37.70 1.93 £3.67 35.50%P

Replicatlon »3. 0,13 5,75 56.09%7.36 2.8 6.98 1050 0.56 8.10 1,90 16.0 21,2500.26 U4.3° 2.52 0.47 21.99 23.71 ¢.71 5.6 £.07 7.53 1%.06 1.90 1.14 1.60 10.27

Erroe 21 0.5% 1k.h o 17.9h 3.17 2.7 .9 0.77 1013 1M.62 1.15 11.MP16.530M3 50 1MLWM 12.511856 8.3 L..95 1.75 11.35 8.23 (.80 L.h]  03.87 3,60 16.70 14,34
Total 31

(1):Fertilizers apnlied spring, l9h8. - P dStatistically significant at . .o% rotabilty level.

(2)' Treble suner mrosphate; IpO5, B&h; Cad, 21.8% and some trece elem-ats 5?!# . J** s'etistically highly significant at 0.0l orobability level

(3) Borax, 50 1bs; cobsltous c%ioriﬂs, 35 1ve; manganese sulfate, 100 1vs zince su'fate 8.n. = a;oroaching significant

lbs per =cre,
(L) Codfficient of variation - % x 100.

(5) Lesst significsnt mean 3difference ot Ge05 wrobahility level .
(6) 411} values raised to 107 |
(7) Degree of freedom




Table 9. Treatment Means and Analysis of Variance of Thiamine, Riboflavin, and Niacin Content of Ranger
Alfalfa Produced on Fertilized and Unfertilized Plots at Castle Dale, Emery County, Utah, 1949,

Values in milligram per hundred gram dry basis

Treatment - 129 1bs 258 1bs 516 lbs 516 1bs 516 lbs 12-15 516 1bs Oontrols L.S.D.
per acre (1) tep (2) tep tep tsp plus tsp plus tons tep no fer- (h)
Cus0y, 12-1% chicken plus tilizer
chicken manure trace added
manure elements
— (3)
Second Crop
- Thiamine 0.35 0.41 0.36 0.37 0,42 0.1  0.39 0,40
g Ribdoflavin 1.11 1.27 1.18 1.20 1.05 1.21 1.08 1.20
1. Nfacin 2.40 2.h2 2.12 2.271 2.51 2.14 2,24 2.47 .1325
s4 Third Orop
He Thiamine 0.59 0.147 0.46 o.49 - 0.50 0.u45 0.42 0.50 0716
Ridoflavin 1.08 0.92  0.99 1.07 1.13 0.96 1.08 1.33 1375
Nlacin 2.16 2.09 2.35 2.39 2.06 ~§£2h 2.55 2.21 .1627
_ Sources of Variation (5) _
Treatment Neplication Brror Total AR
4.£.(6) 1 ?} 21 11 : o e o
Thiamin 2. 17 .85 2.19 12.00
Riboflavin 22.89 29.61 16.98 A 11.60
E Niacin 89 .26+ 6.73 8.21 LR
g 8C Thiemine 10.26**  0.33 2.37 10.10
% 0 — Riboflavin ok, 77+ 1.27 g, 4 .90
Flacin 108.92+* 18.92 12.24 k.92

(1) Fertilizers aprlied epring 1947

(2) Treble super phosvhate; P05 U2%: Ca0, 21.8% and some trace elements:

(3) Borax, 48.4 1bs; Cocl, 24.2”1bs. CuSO) 48.4 1bs. MnSOy 98.6 lbs per acre.

(4) Least significant mgan difference at 0.05 probadbility level. .
(5) Values raised to 10

(6) Degree of freedom

(7) Coefficient of variation » § x 100

8 Statistically significant at‘g.05 probability level

** Statistically significant at 0.0l prebability level

A4
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in the third crop, however, no significant differences were found. The
values varied from 1.01 toll.lh milligram per hundred granm.
Duchesne County

There were significant differences found in the second crop. The values
ranged from 1,03 to 1.3 milligram per hundred gram. Except alfalfs from
plots treated with L0OO pounds of treble super phosphate and 100 pounds of
copper sulfate alone, all others contained significantly less riboflavim than
the alfslfa from untreated plots.
. 8an Juan County

In the first crop at Dove Creek, no significent differences were found.
The values ranged from 0.68 to 0.73 milligram per hunired gram.

In the first crop at Monticello, no significent differences were found.
The values ranged from 0.92 to 1.19 milligram per hundred grams.
Uintah County

In the first orop at Randlett there were highly significant differences
found with values ranging from O.74 to 1.09 milligram ver hundred grams.
Alfalfs from all plots except those treated with 200 and Y00 nounds of super
phosphate contained significantly higher riboflavin thean alfslfa from un-
treated plots.

At Vernal, significent differences were found with values ranging from
1.03 to 1.34% milligrams ver huncred grams. Alfalfs from plots treated with
400 pounds of treble suner phosphate plus trace elements, 100 pounds of
copper sulfate alqne and 400 pounds of treble super phosphate contdined signi-
flcantly less riboflavin 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. Alfslfa from ell
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the nlots contained significently less riboflavin than thet from untreated
plots.

In the third crop, no significant differences were found. The values
ranged from 0.99 to 1.2t milligrams per hundred grams.

Emery County

There were no significant differences found in the first crop and the
values rznged from 1.05 to 1.27 milligrams ver hundred grams.

In the third cron, signific=nt differences were found and the walues
ranged from 0.92 to 1.13 milligrams per hundred grams. Alfalfa from all the
plots contained éigniﬂicantly less riboflavin than that from untreated plots.
Fecin
Cache GCounty

There vere highly eignificent differences in the second crop with
values ranging from 2.27 to 2.70 milligraems per hundred grams. Alfalfa from
plots treated with 400 pounds of treble super vhosphate contained significantly
highar amounts of niacin than alfalfa from untreated vplots.

In the third crop highly significrnt differences were also found. The
values ranged from 2.41 to 2.69 milligrems per hundred grams. Alfalfa from
plots treat-d with 200 pounds of treble surer nhoschate and 400 pounds of
treble super nhosnhate contained signific=ntly less niacin than alfalfa from
untreated nlots.

Duchesne County

In the second crop significant differences were found with values
ranging from 2.1% toze.h7 milligrams ﬁer hundred grams. Alfalfa from all the plots
exceot those treated with 400 pounds of treble super phosphate contained

eignificantly higher niacin than alfalfa from untreated plots.
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San Juan County

In the first crop 2t Dove (Creek, significant differences were found. The
velues ranged from 2.39 to 2.95 milligram per hundred gram. Alfalfa from all
plots except onee treated with YOO pounds of treble super phosphate plus cattle
manure contalned esignificantly higher niacin then the untreated alfalfa.

There were no significant differences found in the first crop at Monticello.'
The values ranged from 2.21 to 2.46 milligrems per hundred grams.

Uintah County

No significant differences were found in the first cror. The vamnes rsnged
from 2.34 to 2.68 milligrams per hundred grams at Rendlett.

At Vernal, highly significant differences were found. The values ranged
from 2.13 to 2,74 milligianl per hundred grams, Alfzlfs from all th plots ex-
cept those treated with 200 pounds of treble super phosphate contained signifi-
cantly less niacin that ﬁhat from untreated plots.

Utah County

In the second crop, no significant differences were found. The values
ranged from 2.23 to 2.&9 militigrams per hundred grams.

In the third crop the differences were approaching significance. The values
ranged from 2,73 to 2.49 milligrams per hundred grams. Alfalfa from all plots
except those treated with 400 pounds of treble super phosphate plus cattle
manure and the same level of phosphate plus copper sulfate and 200 pounds of
tredle superphosphate alone contained significantly more niacin than alfalfa
groén on untreated soil.

Emery County

In the second croo highly significant differences were found. The values
ranged from 2.12 to 2.51 milligrame per hundred grams. All alfalfa samples
except those from plots treated with 129 pounds of treble éuner phosphate and

258 pounds of treble super vhosvhate and 516 pounds of treble super phosphate
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plus chicken manure contained significantly less niacin than samples from
untreated plots,

In the third crop highly significant differences were found. The values
raﬁged from 2.06 to €.5% milligrams per hundred grams. Alfzlfa from nlots
treated with 516 pounds of treble super vhosphate plus copner sulfate and the
same level of phosphate plus trace elements coutained significantly more niacin

than untreated alfslfs,
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DISCUSSION

In almost sll cases alfalfa responded to phosphate fertllizer. However,
verlations were found dne to natural fertility of the socil. Phosphorus spplied
in combination with manu}e gave the best ylelds except in Cache County for the
year 1949 and in Duchesne County for 1950, where the best yields were obtained
from the plots treated with Y00 nounds of treble super phosphate plus trace
elements. Previous results obtained (10) for the year 1948 show that in Emery
County at Castle Dale vlots treated with the U40O-pound vhosvhate treatment
gave the begt yields, In addition to this, chemical analysias of the hays
shoved higher amountn‘ofitraco elements as compared with hays grown on the
plots given other treatm%nt? (11). |

If the comparison i; made between plots treated with treble super phosphate
and treble super vhosphate plus copper sulfate, signific=nt differences were
found due to the presence o} copper sulfate only at twoe iocationu in Cache and
Utah Counties, znd only for the year 1949. No such differences were found for
the year 1950 anywhere. Of all the test areas, the Tuttle farm in Emery County
showed the best response to fertilizer treatments for the year 1949 and 1950,
Next to this, came the Wilson farm in Cache County and on the Abbott farm in
Duchesne County. | |

Three levels of phosnhorus were used and at least for the two years a
residual effect of the fertiliger was observed. This phase of work is still
under study and further results will show the length of time for which the re.
sidual effect is obtained,

Copner sulfate apnlied zlone hed no value as a fertilizer.

Irrigation always favored good growth of alfalfa. This shows the importance
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of proper moisture for successful production of alfalfa.

The vitamin contents were usually either statisticaily significant at
the 0.05 or 0.01 probability level w}th respect to treatment. The effect of
any one particular fertilizer treatment was not consistent from crop to crop,
county to county or location to locatlon in the same gounty. In rare cases
differences in replications had statistical significance even at 0.05 proba-
bility levsl,

These results show that different soils and different fertilizer treat-
ments modify the thiamine, ribo&lavin and niacin content of Rapger alfalfa
hay. It is very difficult to find any correlation hetveen any trestment and
the concentration of a particular vitamin. This points to the extremely com~
rlicated mechanism of soil and pleant relationships in blosynthesis of bio-

orgaqu compounds.

‘14?4§?£?£i



SUMMAEY

(1) An exneri&ent was carried out at seven locatinrs in Uteh to
determine the effect of fertilizers on the yield and content of thiam‘ne,
ritoflevin ard nlacin of alfelfa., The {1¢ld experiment was a rsadomized
split plot design, iith four revlications.

(2) Soil samrles were tzken for chemical analysis. The soils were found
to be low in availatle phosphorus, low in orgenlc matter, medium in solubtle
salts and pH.

(3) Due to the difference in the fertility level and irrigation practices
between individual farma it is not possitle to'make specific recomrendationg
in regard to fertilizer requlrementis. Generally sveaking where solils are low
in available phospnérus heavy infreouent anplications may be prefersble,

(4) Phosphorus was the vrimary fertilizer element needed for increased
praduc@iongA | . |

(%) Trace elements slgnific~ntly incrensed the yield above phosphate
treatment alone only in Caché County in 19%9, 1Ia 1950 trace elements exerted
no significent effects on yield,

(&) Copver sulfat; alone did not have any value as a fertilizer. In
one czse significantly higher yields were obtaired with cowper sulfate and
super vhosphate than with super phosnhate alone. |

(7) In the chemical vhase cf this work, 352 different samples of Ranger
alfalfa grown on fertilized and unfertilized plots in Cache, Duchesne, Emery,
San Juan, Uintah aﬁd Utah counties in the year 1949 were analyzed for thiamine,
ritoflavin and niacin. |

(8) 1In general, statistically significaut differences were found in

the content of the three vitamins in Ranger alfrlfa of the same crop in the
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same location due to fertilizer treamtments.
(9) The effect of any one fertilizer treatment was not consistent from
erop to cron, county to county, or i;cation to location'in the same county.

(10) The lowest average coﬁcentration of thiamine, 0.29 milligram per
hundred grams was found in Utah County while the highest 0.59 milligram per
hundred grem was found in the third crop of Emery County.

- (11) The lowest average concentration of riboflavin, 0,68 milligram per
hundred gram was found in the first crop of Ssn Juan County. The second crop
at Vernal, Uintah County,showed the highest value of 1.34 milligrams per
hundred grams. ‘

(12) The lowest Average concentration of niacin, 2.06 milligrams per
hundred grams was found on the Tuttle farm, in Emery County and the highest
averasge concentration of 2.95 was found in San Juan County.

(13) Out of eleven different crops analysed for thiamine, riboflavin and
niacin eignificant differences were found in seven. In addition to fertilizer
treatment, vhysiologicel development of the plant, sampling technique, tech-
niques of analysis and climatic factore may have contributed to the variations

observed.
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