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DETERIORATION IN QUALITY OF BEETS DUE TO NITRATES
By WM. P. HEADDEN

We have, herctofore, considered only extreme instances of the
occurrence of nitrates in some of our Colorado soils, namely, in
Bulletins 155, 160 and 178.  The statements of these Bulletins were
scarcely believable by persons who may not themselves have seen the
fucts, and the number of persons who have seen them is, even now,
comparatively small.  The difficulty in believing the facts set forth
m these bulletins lay partly, in the newness of the measure in which
the nitrates occur, partly in the general doubt of the sufficiency of
the agency to which their formation was attributed, but still more
largeiy to the fixedness of conviction that these things, if they were
possible, would certainly have been observed before. especially as
students of soil chemistry have been diligent in their investigations
of ludred subjects. if not of ths.

The conditions under which the investigations. pertaining to
the presence and formation of nitrates in the soil. have already been
made are openly or tacitly assumied to have been so general that the
conclusions arrived at are accepted as of universal application and
the occurrence of large territories to which the established conclu-
sions are only partially applicable is deemed by many very improb-
able. T was keenly alive to this incredulity on the part of scientific
men who, because of their persistent efforts to find out the facts, hold
tenaciously to such views as their observations have led them to
accept as embracing the whole case.  The views of men who have
done the work and made their records for our benefit are most surely
worthy of consideration and respect, which we most willingly accord
them, but there may be other conditions and other facts than those
on which they based their deductions, and their conclusions may not
be of such universal application as we, for no other reason than be-
cause of our confidence in the cumulative authority of the dicty of
various investigators, believe. 1 have no sympathy whatever with
captious objections to honest results obtained by worthy men or
caviling at established facts in order to give the caviller the air of
an investigator by belittling and trving to make the results of others
appear to be of no import.

In presenting the following facts which many, perhaps. will
consider as even more groundless and more contradictory to gen-
eral experience than the statements of the bulletins referred to. i, e..
155, 100 and 178, 1 accept fully all of the statements of results oh-
tained by others as the result of experimient or of facts establishe
by research under the conditions obtaining in those cases.

The task which I have set myself, to study the effects of nitrates
upon the quality of our sugar beets, is a more difficult one than anv
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which I have, beretofore, attempted. The subject itself, the quality
of sugar beets, is not so definitely fixed as to remove it from serious
discussion.  We have no definite quality which is fixed. The best
that we can do will be to adopt a standard for comparison and abide
by it throughout. The factors influencing these qualities and the
manner and extent to which they modify one another are so good
as wholly unknown.

"The German and French chemists have studied the composition
of the beet, the questions pertaining to its culture and nutrition, the
effect of fertilizers, etc., upon its sugar content and factory qualities,
till they know with a high degree of accuracy what these effects are
under their conditions, but their results cannot be safely accepted as
necessarily holding under our Colorado conditions. If, however, we
ceek information on these subjects we are compelled to avail our-
selves of German or at least of foreign data. So far as I am aware
no serious study of the chemical composition of the sugar beet,
beyond the determination of its sugar and ash content, the ordinary
fodder analysis of the root and leaves and the determination and
composition of the ashes had been undertaken in this country till
within the past two years.

The composition of the sugar beet, in the sense just stated, i. e.,
its percentage of sugar, its composition as indicated by the ordinary
fodder analysis and the composition of the ash, was studied by this
Station for several years to determine these data for the beet as it
grows under our Colorado conditions, including as great a variety of
soils as was at that time feasible.

Among the factors which distinguish our problems, from those
of Germany for instance, is the presence of large amounts of soluble
salts in the soil.  Such definite data as I have been able to find indi-
cate that the water-soluble in ordinary arable soils varies from a few
thousandths to approximately four-tenths of one percent, while our
soils often carry from one to one and one-half or even two percent.
The top two inches of such soils frequently carry much higher per-
centages, from two to eight percent or even more of water-soluble.
Such conditions render our questions involved ones, making it diffi-
cult to determine the actual effect of any single factor. We con-
stantly hear seepage and alkalization put forth as the actual causes
of many of our troubles. Further, unexpected results, either good
or bad, are attributed to clunatic influences when no other cause
seems evident.

In regard to seepage existing in many places, and that in ex-
tended areas, no one acquainted with the facts would attempt to
deny. The presence of alkalis in such areas is frequent; the quan-
tity of these salts often being very large. These conditions are evi-
dent to the average man and are both undesirable and harmful in
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some measure, but both of these are used to designate, in most cases,
extreme conditions in respect to the amount of water and alkali pres-
ent. ‘They are further used without any definite or even approxi-
mate idea of the amount of either water or alkali which may be in-
jurious.  When crops fail in such areas, the water and the alkali are
easily seen conditions to which the public has persistently attributed
the failure and many other mishaps which have overtaken their
crops without any question as to the actual effects of these condi-
tions, or any regard to the possibility of there being other causes
which they cannot see with their own eyes.

The questions of seepage and alkali appeal to all as serious
questions, especially at first.  Our soils are alkaline and so much
was said about this fact, especially in the more remote past, that we
all came to believe that the alkalis were much worse than we now
believe them to be. Our Colorado people read of the alkali ques-
tions of California and applied all of the statements relative to the
California conditions to the facts in Colorado, which was not justi-
fied. T may illustrate this by the treatment given a certain piece of
land, the composition of which has been studied in considerable
detail. The piece of land is rather strongly alkaline. In California
they have found that the application of land plaster, ground gypsum
in quantities proportioned to the amount of sodic carbonate, black
alkali, present ameliorates the conditions. These parties applied
land plaster in liberal quantity, perhaps as much as five tons per acre,
whereas, the facts were that this land contained no sodic carbonate
but was already so rich in gypsum that the mineral had crystallized
out in little aggregates and veinlets, carrving many tons of it in each
acre-foot of soil.  Much has been said about alkali, and we are apt
to apply all of the recorded evils attributed to it in accounting for
troubles, the causes of which we do not more definitely know.

I began the study of this subject sixteen vears or more ago, and
have analyzed alkalis from very many sections of this state, likewise
ground and seepage waters and also drain waters, and have further
made persistent efforts to establish the amount of alkah in the soil
and irrigating waters which would do damage to crops. The limits
found have been so wide that I abide by the statement made ten
years ago that our alkalt questions resolve themselves into questions
of drainage. Our alkali salts consisting essentially of sulfates of
soda, magnesia and lime, with the chlorid and carbonate of sodium
as subordinate constituents, are so mild in their action. that but little,
if any, serious damage is caused by them in the quantities present,
eveil to young plants.

EXPERIMENTS WITH BEETS ON ALKALI SOILS.

As our nitrates appear in many places at or near to the margins

of alkalized areas, and further, because the poor quality of many
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beets is attributed to the presence of either water or alkali, or as is
generally the case, to both, it will be advisable to inquire mnto the
question of what effect these factors have upon the quality of the
sugar beet. By quality we here understand the sugar content and
purity because these are the factors usually considered, especially on
a commiercial basis. 1 grew beets on a piece of seeped and alkalized
land for four consecutive years, using beets grown on what we were
pleased to call good land for standards of comparison. This soil,
sampled to a depth of ten inches, yielded from 3890 to 25500 parts
of water-soluble material per million. In determining the water-
soluble in these samples they were treated with water so long as the
filtrate showed the presence of sulfuric acid. We were quite well
aware of the fact that further treatment with water would still take
a portion into solution but some point had to be taken at which to
stop and we chose the point given, 1. e., when the filtrate ceased to
vield with baric chlorid a precipitate for sulfuric acid. This was
already an extreme extent to which to carry the washing because of
the presence of considerable quantities of calcic sulfate, gypsum, m
the soil. \We did not attempt to study the distribution except in the
first and second two-inch portions of the soil.  In the top two inches
we found a maximum of 39300, and a minimum of 2890 parts per
million; the land represented by the former sample became heavily
encrusted with alkali both in summer and winter under favorable
conditions of the weather. Sometimes these incrustations became
as much as one-half inch thick. The salts dissolved out of the soil
wers essentially sulfates of calcium, magnesium, sodium and potas-
stum. The relative quantities of these salts differed considerably
without showing any definite order of distribution. The predom-
inant salts in the aqueous extracts of the soil were the calcic and
magnesic sulfates. The sodic sulfate varied from none in the sec-
ond two inches of some sections up to twenty-seven percent of the
water-soluble of the top two inches from other sections. The
effloresced alkali consisted chiefly of sodic and magnesic sulfate,
these salts forming eighty percent of the effloresced mass.

THE HIGHT OF THE WATER PLANE.

The hight of the water plane was determined daily during the
second year of the experiment and weekly during the third year.
There were four wells sunk in the strip of land which had a length
of six hundred feet. To avoid too many details and extended ex-
planation I will give the depth of the water plane below the surface
for the months of May, June, July and August in one group, and
for September, October and November in a second group. The
depth of the water plane in Well A in 1897 was from 1.2 to 2.3 feet
for the first period and from 2.4 to 3.3 feet for the second period;
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in 1&8 it was from 0.9 to 3.6 feet for the first and from 3.4 to 4.4
for the second period. In Well B in 1897 the depths were from 2.3
to 3.6 for the first and from 3.6 to 4.2 feet for the second period; in
1208 from 2.2 to 4.9 for the first and from 4.3 to 5.4 feet for the
second period. In Well C in 1897 the depths were from 2.3 to 3.5
for the first and from 3.3 to 3.6 feet for the second period; in 1898
they were 1.4 to 4.3 for the first and from 3.5 to 4.7 feet for the
second period. In Well D in 1897 the depths were from 2.5 to 3.6
feet for the first and from 3.6 to 4.0 feet for the second period; in
18098 they were from 2.2 to 5.8 feet for the first and from 5.4 to
6.0 feet for the second period. It will be noticed that the water
plane at the end of the season of 1898 was materially lower than at
any other period given but that it did not at any time fall to quite
five feet below the surface during the first period, i. e., in May, June,
July and August, except in Well D in 1898 and this was only for a
very short period as our records show. I think that I am perfectly
safe in assuming that the concensus of opinion would be that it is
objectionable to have the water plane four feet or less below the
surface though in the practice of sub-irrigation the water is brought
to within 2.5 feet of the surface. In this ground it was only excep-
tionally as low as or lower than four feet. These exceptions were
due to a shortage of water for irrigation and a very scanty rainfall.
This land was not drained and though there were drains in some
adjoining lands they were not ethcient either in cutting off seepage
water from flowing into or in taking the water out of this land.
The average depth of the water below the surface for the two sea-
sons mentioned would range from two and a half to three and a
hali feet. The surface of the ground at Well D was 3.3 feet higher
than at Well A, The field had a fall of this amount, 3.3 feet in six
hundred feet.

The ground water did not pass freely into the gravel below this
land because of a stratuin of clay Iving on top of the gravel. Con-
siderable attention was given to the composition of this ground
water. Its content of dissolved salts varied greatly from time to
time as its varying nearness to the surface and the richness of the
soil in alkali would lead us to expect. The quantity of these salts
found varied from two thousand to eight and. under conditions of
continued high water, to over ten thousand parts per million. The
salts held in solution were calcic, magnesic and sodic sulfate with
sonie sodic chlorid and carbonate and almost always some potash.
The nitric nitrogen was determined in a large number of samples of
this ground water and was found to range from one to fourteen
parts per million, mostly irom two to five parts per million.

The physical condition of this soil at the beginning of our
experiments was bad and while it was greatly improved by cultiva-
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tion and the treatment that it received, its tilth was never good. The
yield of beets ranged from eight to fifteen tons per acre.

We had in this land the tollowmv conditions: First, the p1es—
ence of a large amount of the o1d1n’11\ so-called alkali: second,
water-plane which varied, but which was always near the bmhce
third, the ground water was rich in the alkali salts, varying from
two t‘lousand to ten thousand parts per million; fourth, the ph) sical
condition of this soil was never such as one might designate as good.

This was the worst piece of land at my dl\pO\al at the tune it
was chosen for the purposes of our experiments. The results were
in regard to yield, from eight to fifteen tons per acre as aheadv
statul which compared favorab]v with vields obtained from better
lands. The beets grown on this land were compared with others of
the same varieties and supposedly from the same lot of seed grown
on land free from all of these objections. In this way we eliminated
the questions of climatic conditions, strains of seed, etc. The plots
ran lengthwise of the piece of ground and were divided into three
sections for the purposes of sampling the beets. The final samples
for the first season were taken October 13 and gave as averages for
the three sections, Kleinwanzlebener 11.76. Vilmorin 10.94, Lion
Brand 12.76, Imperial 13.65 percent sugar. Samples gathered from
the farm plots on the same date gave: Kleinwanzlehener 12.32 and
Vilmorin 13.02 percent sugar. In 1398 the beets grown on this
bad ground gave, Kleinwanzlebener 15.2, Vilimorin 15.4, Lion
Brand 14.82, Imperial 14.35, while the Kleinwanzlebener grown
on one of the horticultural plots gave 15.7 and the Vilimorin 13.9
percent sugar in the beet. In 1899 only two varieties were grown
on the land in question, i. e., Kleinwanzlebener and Zehringen, these
varieties showing the presence of 15.77 and 15.86 percent sugar in

the beet. They were harvested 10 November. The coefficients of
purity were 84.0 and 84.2 respectively.

The conclusion at which we arrived, as the result of our ob-
servations of four crops grown on this land, was that neither the al-
kali per se nor the combined conditions obtaining in this land were
sufficienitly adverse to produce any decidedly prejudicial effect upon
the composition of the beet. 1t may be stated that the supply of pot-
ash in this soil, as indicated by the ordinary agricultural analysis, 1s
very abundant, 1.18 percent average of twelve analyses, and that a
determination of the total potash showed 2.295 percent. The
amount of phosphoric acid present was moderate or low, ranging in
the twelve analvses made from 0.054 to 0.138 with an average of
0.095 percent. The nitrogen in the twelve samples referred to
ranged very close to 0.10 percent, the average being 0.1020 percent.
The nitrates in this soil and ground water were determined in a
number of samples. The surface soil was found to be at least well
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supplied with this form of nitrogen as the nitric nitrogen ranged
from 7.0 to 36.0 parts per million in the top two inches of soil, while
in the second two inches it ranged from a trace to two parts per
million.  The ground water from Well A showed as the result of
fifty-six determinations that the nitric nitrogen varied from 0.4 to
3.0 parts per million. These samples were taken from March 23 to
May 21.  The amount of nitrates in the water of a well in an adjoin-
ing piece of land was very much larger and varied much more with
the rise and fall of the ground water.

We formulated our conclusions as follows:

The effect of the alkali, present in our soil, upon the sugar
content of the beet is, of itself, not detrimental.

The presence of alkali increases the weight of the leaves very
slightly. and has no marked influence on the date of maturing.

The amount of dry matter is the same in beets grown in alkali
ground as in those grown in ground free from alkali.

The effect of the alkali upon the composition of the beet, as
shown by the ordinary fodder analysis is an increase in the per-
centages of the ash and the crude protein and a decrease in the per-
centage of nitrogen-free extract. The effects of the alkali are
greater upon the composition of the beet (the roots) than upon that
of the leaves.

The composition of the ash of the beets did not seem to be
affected by the different character of the soils experimented with,
either because there was so great an abundance of available. and to
the plant acceptable, mineral matter present that it was not aftected
bv the presence of a large quantity of other salts or the composition
of the ash of the sugar beet is very constant.

Again two years later we came to the same general conclusion,
1. e., that the alkali pcr se, in such quantities as it 1s present In any
portion of our plot. does not injuriously atfect the percentage of
sugar in the beets.

Several vears later while still pursuing the alkali question my
attention was directed to a piece of land that was planted to beets.
Concerning the condition of this land no one could entertain a doubt.
The stand of beets in the portion of the field that I visited was good.
the tops were large and the promise for a crop was good. The
ground between the rows was thickly incrusted with alkali and the
water plane was at this time, October 4. within eighteen inches of the
surface. The water used in irrigating this land wus seepage water
which carried 3711.4 p. p. m. A sample of this soil taken to a
depth of three inches showed the presence of 3.582 percent of matter
soluble in water or 143,000 pounds of water-soluble in each 4.000,-
000 pounds of such soil.  The alkali incrustation was not included
in this sample.  Calcic, magnesic and sodic sulfates constituted up-
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wards of eighty percent of this water-soluble. As in the preceding
land, potash, soluble in water, was present in quantities, calculated
as sulfate, equal to 2.409 percent of the thoroughly dried water-solu-
ble portion.

The analysis of the soil showed phosphoric acid equal to o.10
percent, potassic oxid 0.72 percent and nitrogen equal to 0.091 per-
cent of the air-dried soil.

The alkali incrustation varied from one to three-eights of an
inch in thickness and was well distributed over the patch. This
alkali consisted of sodic sulfate 54.860 percent, magnesic sulfate
25.684 percent and sodic chlorid 10.751 percent. together 91.3 per-
cent. I was fortunate enough to obtain from the factory that pur-
chased these beets the average yield together with the sugar content
on which the factory settled for the year in question: -the average
tonnage was nine tons per acre; the sugar in the beets was 15.9,
apparent purity 83.3; for the ensuing year the yield was ten tons
per acre and the sugar content 16.0 percent.

These results fully sustain the conclusions to which we had
come as the results of our experimentation on alkalized land, i. e.,
that our ordinary alkali per se 1s not injurious and that the question
of too high a water-plane is, under some conditions at least, of far
less importance than is generally supposed.

These cases are not the only, and are by no means the most
striking ones that might be cited to support the view that ordinary
alkali, essentially sulfates, do not necessarily cause either low ton-
nage of beets or low quality and that good results are quite often
obtained on land in which the water-plane is higher than we sup-
pose that it should be.

These cases have been cited and these statements made to show
that the generally entertained notion which attributes poor crops.
especially a failing in successive crops and a poor (uality of heets to
the action of the alkalis in the frst and to seepage in the second
place, may often be a mistaken one. There is some other factor
which has been left out of the reckoning.

I may n this connection again call attention to the fact that in
both of these soils there is not only an abundance of potash present
but that a significant quantity of it is soluble in water, further that
the ground water from my own experimental plot contained notice-
able quantities of phosphoric acid. I do not know mmuch about the
ratio of phosphorus to potassiuum to nitrogen wheih is advantageous
for the highest production of sugar or the part that soda may play
in the economy of the plant but we have in my own plot soil con-
taining essentially 0.10 (0.093) percent phosphoric acid 1.18 per-
cent of potash (K, O) soluble in acid, and 0.102 percent of nitrogen
producing good crops and good beets, the maximum sugar content
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reaching 18.3 percent in the perfectly fresh beet. In the second
case we have the soil with 0.10 percent phosphoric acid, 0.72 percent
potash and 0.091 percent of nitrogen producing according to the
record of the factory, ten tons of beets with 16.0 percent of sugar.

These facts are given to put the questions pertaining to the
effects of alkali and seepage in a fuller light and to give us a basis
of fact on which to found our judgment and to remove the necessity
of accepting a current opinion which may be in part justihed but
which being based upon observation without a knowledge of the
facts is for far the greater part unjustified. The general prevalence
of the opinion, however, takes cognizance of a big fact that some-
thing is amiss and two things are amiss.  One fact is that continued
excessive irrigation of the land has already produced a considerable
amount of seepage and another is that in some districts the quality
of the sugar beet has deteriorated materially within the past seven
or eight years. It is perfectly natural that these results should be
associated in the relation of cause and etfect and this has happened
without sufficient regard to the facts.

In order that a better understanding of the importance of these
facts may be had I will state that in 1899, which was prior to the
opening of any sugar factory in the Arkansas Valley, the beets
grown at our station at Rocky Ford ranged from 13.3 to 21.0 per-
cent sugar with an average of 17.3 percent for the season. The
number of samples analyzed was 52, the beets were wrapped n
paper and sacked to prevent drying out. Another grower m the
valley raised beets ranging from I15.3 to 21.2 percent with an aver-
age of 17.5 percent. I ln\ e been informed on the best of authority
lnt the factor) average for the years 1900, 1901 and 1902, or for
the first three campaigns, was 17.5 percent or thereabouts. From
that time till the present the sugar content has graduallv fallen till
the factory average is about 14.5 percent, and some years less than
this.  As there are always manyv fields of excellent beets it is evi-
dent that there must be very many beets below 1.4.0, probably even
below 11.0 percent. These figures hold for the valley and do not
pertain to any particular factory. \Vhile the '1\'61‘30‘e sugar content
of these beets has fallen approximately 3.0 to 3.5 percent the beet
seed breeders have improved the average beet by 1.1 percent since
1903. (This was the amount in the increase from 1903-1908 ac-
cording to Schelze and Lipochitz queted by Stift and Gredinger, p.
83.) It was to be expected that the farmer and the factory people
would both become uneasy under such conditions and some answer
had to be given to the serious question regarding the cause. My
object 1s mercl\' to state the situation so fullv and clearly that the
reader may realize that the problem is in the frst place serious
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enough to justify full and detailed consideration, and second, that
it cannot be answered hy any cr cathiedro statements.

In the preceding paragraphs 1 have given some facts which
show that the beet can tolerate large quantities of our ordinary alkali
and a high water-plane, which are the two causes probably most
generally assigned for this deterioration of the beet. In our experi-
ments of 1897, 1898 and 1899 to which we have referred we ob-
tained as good beets on what we considered seeped, alkali land as
were grown on land which we considered well fitted for the produc-
tion of this crop. and further the beets were quite up to the standard
of sugar content for that time-—about 15.2 percent. In 1897, the
first year that the land was cropped, they fell somewhat below the
standard, but so did our beets on land entirely free from these objec-
tions. In the next two years they were quite up to the standard,
our final samples for the seasons giving 15.2, 15.4, 14.& and 15.3 for
1898, and 15.8 and 15.9 percent for 1899. The other field of alkali
land, which we have described, yielded beets with 15.9 percent sugar
in 1906 and 16.0 percent in 1907. The average standard according
to the authorities cited at this time was about 17.85.  In these cases
we have such cffects as we believe can jusily he attributed to the
alkali and the high water plane, and they do not account for the
deterioration observed, despite the fact that the producers of beet
seed had effected a general increase in the quantity of sugar con-
tained in the beet. We may further add that the deterioration
affects large areas, which are not involved in the questions of seep-
age and alkalization.

A second question raised is relative to the plant food furnished
by our soils and the ratio of the various nutrients to one another.
It is a fact, I think. that our beets do not ripen early; the ready an-
swer of the expert is, add phosphoric acid, this will correct the trou-
ble. The advice is good but the results are as a rule wholly nega-
tive. In making this statement I am {ully aware that but few if
anv will be quite willing to accept it, because it appears to contra-
dict the observations of many experimenters whose results. obtained
with much painstaking labor, have come to be held as fixed and fund-
amental facts and which are known to the veriest novice. I regret
the facts, but I shall endeavor to record them as we find them
though I know them to be sadly out of joint with results with which
they should articulate in order to he quite proper.

We can only present a partial view of this very interesting sub-
ject in this place, the higgest features of the problem and these cn
masse. We cannot enter into the questions pertaining to the effects
of the individual elements of plant food or the determination of the
effects of definite ratios, we will not even question which element of
plant food is really the determining factor, but state our results. I
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applied to alternate sections of my experimental land a dressing of
sheep manure at the rate of sixty-four tons per acre; the results were
a prompter and better germination, the first crop of roots was ob-
jectionable in shape and only slightly increased in weight over the
unmanured plots, the sugar content and coefficient of purity were
both slightly depressed. We applied in this dressing nitrogen at
the rate of 1,861 pounds per acre after allowing a loss of 23 percent,
due to the evaporation of ammonia and ammonia salts, of phosphoric
acid we added 837 pounds, equivalent to I.573 pounds of calcic
hydric phosphate and of potash (I,O) 4,077 pounds. The effect
of this dressing was still marked in the color and growth of the foli-
age, the next or second year after its application and the roots were
of a better shape than they were the first year. The average sugar
content for the season on the manured plots was a trifle low as was
also the coefficient of purity. These mayv be considered as ex-
treme effects, for the manure used was as unusual in quality as was
the quantity applied per acre. Perhaps the slight differences in the
sugar content and coefficient of purity in favor of the unmanured
plots may have been due to the difference in the degree of maturity
of the plants, but the experiments were continued till the end of
October the first year and till November 10 the second year, which
dates may be taken as the end of our growing season. The conpo-
sition of the ashes of these beets was determined, but i1t does not pre-
sent any points of sufficient interest to justify discussion. The ash
(carbonated) in the fresh Kleinwanzlebener beets from the manured
plots equalled 1.117 percent, from the unmanured plots it equalled
r.131 percent. The lowest percentage of carbonated ash found in
any variety grown on unmanured ground was 0.94 percent. The
beets grown in these experiments were not subjected to any further
investigation than has already been indicated. It seems entirely
superfluous to add that it would not pay anyone to apply such quan-
tities of manure, at least not during the first two vears after its appli-
cation, but more moderate applications of well rotted farmyard
manure to most of our lands is to be strongly advised. Ve have
in the foregoing simply recorded our experience in applving this
quantity of manure to this strongly alkalized land. the general com-
position of which has been given in a preceding paragraph.
Through the kindness of the management of the American Beet
Sugar Company, especiallv through that of their former Consulting
Agriculturist, Mr. W. K. Winterhalter, I am able to give the results
of rmite an extended series of experiments with a variety of fer-
filizere.*  The beets from some of these plots have been subjected

*I may at this point state that after I had become fully convinced of the
very gceneral distribution of nitre-areas throughout the state, particularly
after T had found a number of accurrences of it in the extreme eastern end, as
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to further investigation, but we will give only the general crop re-
sults in this place. The American Beet Sugar Company had made
experiments with a variety of fertilizers some years previous to this
with results which were not at all decisive in showing any benefit
arising from their use. Mr. Winterhalter, in writing to me about
their work in 1904 says, “Experiments with nitrate of soda were
made by several of our growers upon small plats in their best fields,
but, as in the past, we secured no results showing its benefits.”
Again n the same communication he refers to five particular plats
on which sodic nitrate had been applied, of these he says: “"Two of
them produced a smaller yield than a corresponding plat which had
received no nitrate and three of them showed an increase of 2,097,
605 and 357 pounds per acre respectively.”

During the same year, 1go4, Mr. Winterhalter, on the part of
the company, carried out the following series of experuments. The
fertilizers were applied just before planting the seed. In some
cases the fertilizers were sown and cultivated in to a depth of four
inches, in one experiment a portion of it was plowed under to a
depth of eight inches. The seed was drilled in two inches deep,
between May 10 and 17. All plots received two irrigations each,
May 23-31, and July 17-24. The plots were harvested between
October 135 and Nov. 15,

No. of Fertilizer Yield of Beets Percentage Sugar
Plat Applied Net Pounds 1st Sample 2d Sample Purity
1. NONE v iiiiiii e iiiiaannennn 19,961 17.7 16.3 81.8
2. 200 lbs potassic sulfate;
270 1bs. precipitated phosphate. 21,743 18.0 16.6 81.8
3. 200 lbs, potassic sulfate;
200 1bs. dried blood............ 22,120 18.7 17.1 82.9
4, NODE . oveiiit i 24,028 18.9 17.3 S4.3
5. 270 lbs. precipitated phosphate;
240 lbs. dried blood............ 23,420 18.7 17.2 844
6. 240 1bs. dried blood............ 20,223 20.6 19.9 84.2
T NODE o vieie i 21,107 20.5 18.9 84.9
8. 200 lbs, potassic sulfate;
270 1bs. precipitated phosphate:
240 1lbs. dried blood............ 21,722 17.8 16.2 81.7
9. 170 ibs. potassic sultate;
270 lhs. precipitated phosphate;
200 1bs. nitrate of soda......... 21,374 17.9 16.5 81.2
10, NONE +ivveenrriiraannenaeenn 21,3256 18.9 17.4 S4.1
11. 270 1bs. precipitated phosphatle;
200 1bs. nitrate of soda........ 20,842 18.5 83.3
2. 200 1bs. nitrate of soda........ 19.697 19.0 M.Q
3. NOIE o veteemmniiien e 17,294 19.1 878
4. 200 1bs. nitrate of soda........ 19,121 19.4 ij'»
15, NOME t vt ereaiiiiarannemaeen 16,370 21.0 §7.1

sell as i r portions of the Arkansas Valley, it occurred to me that a ('\91\(;
&ggeg-algdoéggeszi\'e supply of nitre, throughout the season, especnall_v_d‘urmrnr
the later portion of the season, would account for the immature f»ondx‘l.lcin UI
tlie heets and perhaps some of the difficulties met w_1th in the 1ac_'t01161‘;.e§i_
stated my views and reasons for them to Mr. W. M. V\’zle;\’. at that'tn}nre‘) 21{011
dent of the Hoily Sugar Co., and examined the beets which they were
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The aggregate value of the beets yielded by the six unfertilized
plot was 300.21 dollars or 50.04 dollars per acre, that of nine fer-
tilized plots was 474.75 dollars or 52.75 dollars per acre. Five
other plots received dressings of fertilizers in which the constituents
were given in percentages, i. e., as ammonia 4-4)5 percent, soluble
phosphoric acid 8-9 percent, potash, actual K,0, 4)2-5)% percent,
against these were run two check plots.  The total value of the beets
gathered from the two check plots, one acre each, was 109.09 dollars
or £4.545 dollars per acre and from the five fertilized acres the total
value was 214.60 or 12.92 dollars per acre. I have taken these
plots in two groups, one favorable to the application of fertilizers
which shows for the nine fertilized acres a gain of 2.73 dollars per
acre over the. unfertilized, the other group, unfavorable. which
shows for the fire acres that received fertilizers a return of 11.62
dollars per acre less than the return from the unfertilized plots.

Mr. A. H. Danielson, formerly assistant agriculturist at this
institution, carried on experiments to determine the effect of fer-
tilizers on the yvield and sugar content of beets for three years, 1603,
1904 and 1903, and formulates his results as follows: “Nitrogen in
the form of nitrate of soda 1s the only element which has any de-
cided effect in increasing the vield of sugar beets over the cost of
application.”

“Potash in the form of sulfate and phosphoric acid in the form
ol raw bone meal, basic slag. dissolved or acid bone and phosphate
rock used alone or together have very little or no effect upon the
yield)

“There are strong indications that potash and phosphoric acid
fertilizers largely, if not entirely, neutralize the effect of nitrate of
soda upon the vield of sugar beets, although the quality of the beet
is good.” Colo. Expt. Sta. Bulletin 115, p. 23.

In 1000 Mr. Winterhalter again instituted experiments with
fertilizers on a still larger scale than heretofore and continued them
for two years, 1909 and 1910. and has kindly furnished me with
such a detailed report of the crops of these two vears that a full

cutting and also the Steffens waste water. and found a surprisingly large
amount ol nitric acid present in both. I next took up the subject with Alr. W.
H. Baird, General Superintendent of the American Beet Sugar Company, who
immediately interested himself in the subject. I realized fully that theré were
and are many questions to be settled which can be settled onliy by experi-
mentally established facts, consequently in the spring of 1910 I approached Mr.
Winterhalter, Consulting Agriculturist, with a proposition to make certain
experiments which subsequently met with the approval of the General Man-
ager, Mr. Howe, the General Superintendent, NMr. Baird. and the Manager, {r.
Wietzer. I am indebted to all of these gentlemen for their co-operation, espe-
cially to Mr., Winterhalter for his interest in the agricultural features of the
prohlem and to Mr. Baird for his interest in the technical end of it. Further.
aur thankes are due to the officers of hoth companies .the Holly and the Amer-
ican Beet Sugar Co., for the liberal view that they take in regard to access to
and use of their data. The public will realize that much of the factory data is
not of general interest and that only such as pertain Qirectly to the guestions
involved in this investigation and are necessary to a complete statement of the
problems may properly be considered.
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sratement of them in this connection will be interesting, especially
as I shall, in another place, discuss the composition of these beets so
that we shall see the effects upon both the crop and its composition.
The area of the field used is almost exactly fourteen acres divided
it one-half acre plots, so there were twenty-eight plots.  The field
is very neatly level but the soil of the west half may be a little lighter
than that of the east half. It is all quite heavy. In 1909 six acres
of this land received a dressing of stockyard manure, at the rate of
twenty tons to the acre.  Stockyard manure is the dung of cattle fed
on altalfa hay, beet pulp, molasses and straw to which grain is added
dnring the final stages of feeding.  This manure was plowed under
to a depth of 10 mches. The other fertilizers were sown on the
surface and cultivated n to a depth of four inches. There were
twelve plots that received an application of stockyard manure in
1009 and sixteen that received none. There were two check plots
selected, one in the west, the other in the east half, which received
no fertilizer of any sort, and one plot which received no frtilizer
other than the stockyard manure. In 19og, the plan of experimenta-
tion mcluded the following fertilizers, potash, phosphoric acid, nitro-
gen, lime, both burnt and waste lime, and farmyard manure. The
plots were divided mnto two groups of fourteen each and one plot in
each group received the same treatment, in other words, was dupli-
cated. The numbers on the west half run from 12 to 25 inclusive,
and on the east half from 26 to 39 inclusive. The weights given
are the amounts applied to each half-acre plot. P. stands for super-
phosphate, IN. for potassic sulfate and N. for sodic nitrate.

The statement of the results shows that the returns from the
west side of this field were very much better than those from the
east side. though there 1s nothing but an arbitrarily taken line to
divide them. While each combination of fertilizers was applied to
two plots, one on each side of the middle line, it is evident at a glance
that we can only compare the results obtained on the same side and
these are so capricious that no one would venture to draw any con-
clusions even tentatively except of the most general sort, 1. e., such
as that the application of fertilizers did some good. There was
only one check plot on the west side of the field; this yielded 10.1
tons of beets per acre. Two plots received an application of 20 tons
stockyard manure per acre and yielded 10.3 and 12.8. Two re-
ceived phosphoric acid, potash and nitrogen and the yields were 12.8
and 11.6. Two received phosphoric acid and nitrogen and the
yields were 16.6 and 9.4. Two received phosphoric ac1cl and potash
and the yields were 14.2 and 14.6. T'wo received potash and nitro-
gen and the yields were 15.2 and 13.2.  Two received phosphoric
actd, potash, nitrogen and lime and the yields were 21.9 and 13.1,
and one received waste lime alone and yielded 10.4 tons.
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Plot Fertilizer Applied Tons Percent Sugar Apparent Sugar
No. per Acre per A, in Beets Purity per A.
12, 20 tons MANUTe . ........ot.onn 10.3 14.27 81.4 2,939
38, 20 tons manure ............... 12.8 14.62 82.8 3,742
31. 20 tons manure ............... 11.3 12.30 79.5 3,005
13. P. 110 and manure; K. 130, N,

200 . 12.8 13.92 82.2 3,558
30. P, 110 and manure; K. 130, N,

200 .. 11.6 14.46 82.6 3,325
14. P. 119 and manure; K. 130..... 14.2 14.27 52.3 4,223
29, P. 110 and manure; K. 130..... 10.6 14.53 3.4 3,074
15, K., 130, N. 200.................. 15.2 12.95 79.0 3,921
27. K. 130, N. 200 and manure...... 8.9 14.20 §2.9 2,527
16. P, 110, N. 200 and manure...... 16.6 13.94 §1.7 4,628
26, P. 110, N. 200. ... ...t 9.7 14.56 £1.4 2,824
17. P. 110, K. 170, N, 200, Ca 4 tons -

and Manure ................. 21.9 13.33 80.9 5,823
28, P. 110, K. 130, N, 200, Ca 4 tons. 9.3 14.50 821 2,697
19. Nothing added ................ 10.1 13.66 §1.5 2,747
38. Nothing added ................ 7.2 15.10 81.7 2,174
20, P. 25C¢, K. 170, N, 200........... 11.6 13.94 2.1 3,234
37, P. 260, K. 170, N, 200........... 6.5 16.30 84.8 2,119
21, P. 250, K. 170. ... 14.6 13.75 82.3 4,015
36. P. 250, I 170..... ...l 8.6 15.13 3.7 2,602
22, K. 170, N. 200.................. 13.2 14.22 82.7 3,754
34, K. 170, N. 200.................. 9.9 14.46 83.1 2,863
23, P 250, N, 200............... ... 9.4 14.76 84.3 2,774
33, P. 250, N. 200............ .t 7.4 12.75 79.5 1,887
24, P. 250, K. 170, N. 200, Ca. 4 tons 13.1 14.37 83.0 3,746
35. P. 250, K. 170, N. 200, Ca. 4 tons 8.9 14.40 82.3 2,563
25. Ca. 10 tons, waste............. 10.4 14.20 81,0 2,953
39. Ca. 20 tons, waste.............. 6.4 14,30 §2.2 1,830
32, Ca. 20 toms, factory lime from

settling pond .............. 10.4 15.03 829 3,126

If we consider the east half by itself we have still more perplex-
ing results; we have one plot without any fertilizer which yielded
7.2 tons per acre, one plot with stockyard manure, 20 tons to the
acre, with a yield of 11.3 tons, two that receive phosphoric acid,
potash and nitrogen with yields of 11.6 and 6.5 tons. two that re-
ceived phosphoric acid and nitrogen with yields of 9.7 and 7.4 tons,
two that received phosphoric acid and potash with vields of 10.6 and
8.6 tons, two that had received phosphoric acid, potash, nitrogen
and lime with yields of 9.3 and 8.9 tons, two that had received waste
lime in different amounts with yields of 10.4 and 6.4 tons. In one-
half of the cases the minerals were applied in conjunction with and
in the other half without stockyard manure. In regard to the effect
of any or all of the combinations of the fertilizers used upon the
tonnage no one, I think, would be willing to say more than this, that
taking the east and west halves separately the plot that received the
addition of nothing made the smallest return except in one case in
each half, but the aggregate result in regard to tonnage shows an
advantage accruing from the application of fertilizers, but this is
neither large enough nor uniform enough to satisfy any one, besides,
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the plots which give the best returns had in every case received a
dressing of farmyard manure at the rate of 20 tons per acre. While
I do not consider this season’s results at all satisfactory and do not
intend to discuss them, I will simply point out that the interpreta-
tion of these results would be very difficult, viz., plots 17 and 24,
both in the west half of the field, received the same kinds of fertil-
izers except that 17 had received a dressing of stockyard manure;
plot 17 yielded 21.9 tons to the acre and 21 yielded 13.1 tons. I
think it wholly unsafe to argue that this difference in the vield was
due to the stockyard manure. In the other pair of experiments, in
which the same fertilizers were employed, we have a difference, it
18 true, in favor of the combination of stockyard manure and min-
erals but in this case the difference is only 0.4 of a ton, besides the
yields are very small, g.3 and 8.9 tons per acre.

If we consider the percentage of sugar in the beets we do not
find the results much more satisfactory. ‘There is in this respect
one thing evident, namely, that in regard to the percentage of sugar
the east half was the better without any relation to the fertilization.

Ve cannot justly state, so far as these experiments go, that the fer-
tilizers have either increased or decreased this factor in the crop, or
rather we can show either according to our choice of samples. These
unsatisfactory results cannot be attributed to a different history for
the two portions of the field, nor to differences in preparation, in
time of planting, irrigation. cultivation, harvesting or testing, nor
yet to hail, to insects, or to fungi which attacked or injured one half
more than the other,

These experiments were repeated in 1910 on the same ground
with but little variation in details and none in the plan of experi-
mentation. The results are tabulated below. In 1909 twelve of
the plots, six in either half, were dressed with stockyard manure at
the rate of 20 tons to the acre or 10 tons to each half-acre, but no
stockyard manure was applied in 1910, neither was the application
of either the burnt lime or waste lime repeated in 1910, as the respec-
tive plots had received 4, 10 and 20 tons of these matrials per acre
in 1909. The west half of the field received the same treatment as
in 1900 except as already stated. The numbers are the same as
hefore, 12-25 inclusive represent the west and 26-39 the east half.

This year again the results show a better yield on the west than
cn the east half, but the difference is much less than in 1909. The
heets from the east half, however, are not richer in sugar than those
irom the west half as they were the preceding season. Plots 16 and
77 produced the heaviest crops of beets and sugar in both years,
while plots 14 and 15 rank close to them. It is a question in my
mind whether this may not be due to differences in the productive-
ness of the different plots rather than to the effects of the fertilizers
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Plot Fertilizer Applied Tons Percent Sugar Apparent Sugar
No. per Acre per A. in Beets Purity per A.
12. 20 tons manure in 1909......... 13.36 14.6 85.9 3.911
13. P. 110, K. 130. N, 200........... 13.22 13.2 82.3 3,379
14, P 110, XL 130, ... vt 13.17 3.3 53.1 3,532
15, K. 130, N. 200 ................. 14.16 13.3 80.9 3,723
16. P. 110, N. 200 ... ... ......... 14.94 15.3 82.7 4,746
17. P. 110, K. 65, N. 200, CaO 4 tons

in 1909 ... ... o 15.90 14.0 82.3 4,463
18. 16 tons manure in 1909........ 13.94 15.0 80.8 4,187
19. Nothing ..... ... ... . ... 1:2.44 13.3 79.1 3,309
20, P. 250, K. 190, N. 200........... 13.41 15.4 2.8 4,071
21, P. 250, B, 170. ... 2.83 14.7 82.9 3,736
22, K.170, N 200............. ..... 229 15,2 §2.2 3,678
23. P.250, N, 200.................. 11.94 14.9 82.7 3,646
24, P. 250, K. 170, N. 200, CaOin 1909 11.59 15.4 84.4 3,560
25, Ten tons waste lime, 1909...... 277 14.6 §$5.6 2,849
26, P. 220, N. 400 ............. .... 14.57 13.8 82.4 3,960
27, P. 220, K. 260, N, 100........... 11.75 14.5 84.4 3.397
28, P. 220, K. 260, 4 tons CaO, 1909, 11.40 15.0 8$5.1 3,567
28, K. 260, N, 100.................. 11.74 14.9 S1.7 3,014
30, P. 240, N, 100. ... ... L 12.67 13.6 8$2.9 3,450
31. P. 500, K. 400, N, 200........... 13.1¢6 14.8 82,9 3.895
32, CaO, 20 tons, from settling

pond, 1909 ...........ii... 10.10 13.9 s0.2 2,806
33, P. 400, N, 200 .................. 11.69 13.7 $2.1 3,166
34, K. 300, N, 200............... L. 1110 13.7 83.2 2,929
35, P. 400, K. 300, N. 200........... 12.00 14.2 8§2.4 3,391
36. K.300 ..., 10.11 14.0 81.5 2,816
37. P.400 ... 10.86 14.4 83.8 3,131
88. Nothing ........... ... ... .. ... 10.08 ® 14.6 $3.4 2,940
39, CaO waste 20 tons, 1908........ 11.3 12.4 82.1 2,676

applied. One thing seems evident, 1. e., that, in experimenting with
this soil, the check plots ought to alternate with the experimental
plots.  While this arrangement of plots would have been a little
more satisfactory it would not have removed all the difficulties.
Plots 17 and 31 lie end to end and each received 10 tons of stockyard
manure in 1909. Plot 17 received in addition to this in 1909, P. 53.
K. 65, N. 100 and burnt lime 2 tons, and yielded 21.9 tons of beets;
in 1910 the same fertilizers were added with the exception of the
burnt lime and yielded 15.9 tons of beets. Plot 31 received nothing
in addition to the 10 tons of stockyard manure in 1909, and yielded
11.3 tons of beets; in 1910, P. 250, K. 200 and N. 100 were applied
and the yield was 13.2 tons of beets. With such results T do not
think it possible to distinguish how much is due to differences in the
soil and how much to other causes. An inspection of all of the
results will simply justify a general statement that the application
of fertilizers increased the crops. but that this increase 1s neither
great nor regular enough to commend the practice from the stand-
point of profit.

It mayv be worth the while to indicate the composition of the
fertilizers used. The Chile saltpetre, sodic nitrate, 9o0.62 percent
nitrate, potassic sulfate 89.87 percent, equivalent to 48.50 percent
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IK,0, superphosphate, total phosphoric acid 13.19 percent, water-
soluble 8.35 percent, citrate soluble 2.11 percent. The waste lime
carried potash 0.27, phosphoric acid 1.9o, and nitrogen 0.075 per-
cent. Ten tons of this lime carried 380 pounds of phosphoric acid,
50 pounds of potash and a small amount of nitrogen. The burnt
lime was practically pure and its action as a fertilizer would be that
of caustic lime.  Our soils are already alkaline so there would be no
soil acidity to correct and its benefit if any would probably be attrib-
uted to its action on the potash minerals or on the organic matter in
tl'n.t SOil.

The composition of the stockyard manure is sufficiently indi-
cated by its content of nitrogen, potash and phosphoric acid which
was as follows: nitrogen 0.598, potash 0.89 and phosphoric acid
0.82 percent and a ten-ton dressing of such manure added to each
half-acre, nitrogen 119.6 pounds, potash 17.8 pounds, and phos-
phoric acid 16.4 pounds. In addition to these and probably of con-
siderable importance, is 2,800 pounds of organic matter which is
finely divided and easily incorporated with the soil.

The crops of 1910 ought to show the residual effects, if any,
of the 1909 applications, plus that of the applications of 1910. There
was applied to plot 28 for instance in 1909, P. 55, K. 65, N. 100,
CaO 2 tons; in 1910, P. 110, K. 130 and no nitrate or lime, but the
effects of the lime applied in 1909 should still be felt in 1910. The
crop in 1909 was 9.3 tons per acre, in 1910 I1.9 tons, an increase of
2.6 tons. In the case of plot 15 there were added in 1909, 10 tons
stockyard manure, K. 65, N. 100, in 1910 the same except that no
manure was added. In 1909 the crop was I5.2 tons, in 1910 14.2
tons, a slight decrease in crop with practically the same percentage
of sugar.

The results obtained in these two years, 1909 and 1910, show
a slight benefit accruing from the application of the fertilizers. The
results are, however, so irregular, whether we estimate the benefits
in tons of beets or pounds of sugar per acre, that the application of
fertilizers does not commend itself. We usually, in discussing a
subject of this kind, consider the more favorable results, as they tend
to show the possibilities of the practice, and excuse less favorable
ones on a variety of grounds. Woe also are apt to take tonnage of
beets as our measure of the effects produced, but the amount of
sugar produced is a much better one. In 1909 we had only four
plots that produced 4,000 or more pounds of sugar per acre. The
maximum vield was 5,825 pounds. The plot that produced this
showed an exceptionally high tonnage, 7.3 tons more than the next
best yield. The fertilizers applied to this plot were phosphoric
acid, P,Oy 7.2 pounds, potash K,O 31.72 pounds and nitrogen N.
13.60 pounds, burnt lime 2 tons, with 10 tons stockyard manure
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plowed under to a depth of 10 inches which contained 119.6 pounds
nitrogen, 178 pounds potash and 164 pounds phosphoric acid.
There were two plots that received this treatment, one as just stated
produced 5,825 pounds of sugar, but the other produced only 2,697
pounds, or less than half as much and actually less than one of the
plots to which nothing whatever had been added. and only 520
pounds more than the poorer of the two check plots.  The lack of
concordance in the results cannot be attributed to lack of careful and
intelligent cultivation or any difference in treatment from the begin-
ning of the experiment till the weighing of the beets delivered at the
factory.

We find the same irregularities in the results of 1910. They
are in fact so inconsistent that they lend themselves to any inter-
pretation that one may wish to give them. The results of 1904
were likewise wholly indecisive, one series showing a small gain and
the other a fourfold greater loss per acre from their use. The ques-
tion of importance to the grower is whether these results faithfully
indicate what he would have a right to expect from the use of fer-
tilizers.

Three years experimentation on this subject at this station in a
very different soil, one with which no fault could well be found, led
to similar conclusions as far as the experiments were parallel.

The effect of fertilizers upon the yield whether it be measured
by the pounds of beets or sugar is an interesting, and to the grower,
an important one, but there are other questions, the importance of
which is not indicated by the size of the crop.

The results show that it is doubtful whether the application of
commercial fertilizers to these lands would be attended with in-
creased profits; in other words, it is doubtful whether the increase
yield will cover the increased costs. These results are not in har-
mony with those obtained in other sections of our country where
their use has been shown to be remunerative. It would be interest-
ing to further establish these results and determine whether they
really be facts, and if facts, to ascertain the reasons for them, but
our present purpose lies in another direction.

The quality of our beets leaves much to be desired. By a good
quality of beets I do not merely mean a beet with a high percentage
of sugar, but one which will also keep well and work well. That
the supply and ratio of the various plant foods affect these proper-
ties has heen repeatedly shown and is accepted as a fact and emphasis
has also been placed upon the fact that the soil itself and its supply
of plant food must be taken into the account.

There are two properties shown by some of our beets which
are undesirable; thev produce an undue amount of molasses and
they do not keep well. Both of these faults may be attributed to
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innaturity of the beet at harvest time and the readiest suggestion
in the way of correction would be the application of phosphoric
acid.  We will later give some results obtained with this fertilizer.

In regard to the production of molasses some of our beets pro-
duce as much as nine and even more percent. Molasses is here used
to designate the second green syrup that goes to the Steffens house
and the percentage is calculated on the beets cut. The statement is
made by Ruempler that the German factories average two and one-
half percent, but as the most of them produce only raw sugar this
may retain a great deal of the molasses which in our factories goes
to the Steffens plant. I am. however, credibly informed that some
factories in this country have produced as low as two and one-half
percent of molasses calculated on the beets.

Tt is not customary here to use artificial fertilizers and there is
not enough manure produced to dress more than a small fraction
of the acreage planted to beets annually. Some people are now
using manure more liberally than formerly, which is much to their
credit and to the benefit of our farming. but the effects of the
amounts used, whether they be good or bad, constitute no factor in
the questions which present themselves. T have stated the results
obtained by the use of artificial fertilizers without going into any
considrable discussion of the results, but will repeat that the experi-
ments show that the application of fertilizers increases the yield of
beets and in most cases the yield of sugar in pounds per acre; the
duplicate trials are not concordant and the results cannot be inter-
preted, but seem to indicate that the question is not one of plant
food but something else. The twenty-six trials, repeated a second
year on the same grounds, making in all fifty-two trials and four
checks, leave us in the greatest uncertainty regarding the whole mat-
ter. There is no apparent reason for this lack of agreement. The
soil of the west half may be a little lighter, but this half varies as
much from north to south as the field does from east to west, still the
results are different on the east and west halves irrespective of the
fertilizers applied, so we are left to determine or to guess whether
the differences are in greater measure due to differences in the soil
-t to the different effects of the fertilizers applied. This is most
strikingly shown by the tabulated results for 1909.

These differences cannot be attributed to differences in cultiva-
uion such as date of planting, preparation of seed bed, variety of
seed, thinning, cultivation, irrigation, time of harvesting, weather
conditions, attack of fungi or insects, or time of harvesting and sub-
sequent treatment before delivery to the factory; in all these re-
spects the conditions were alike. The amounts of the fertilizers
added were neither so small as to produce no results nor so heavy as
to be of themselves injurious, both extremes were avoided. These
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Deets in regard to their sugar content were fully average beets for
-he season, but scarcely more than that. We do not know how the
juices of these heets worked in the factory. I know that beets of
the same average percentage of sugar and apparent coefficient of
purity gave about seven and one-half percent of molasses when
worked in a well appointed factory and I think it perfectly safe to
assume that these beets gave about the same. One of the questions
is, can we by the use of any particular fertilizer or combination of
fertilizers obtain better results both for the grower and the factory?
If we could accomplish all that we wish we would of course have a
better tonnage, a higher percentage of sugar and early ripening beets
that would keep well and work at the lowest possible cost in the fac-
tory. The tonnage, however, is apt to continue variable and the
average low, ewing to a number of factors. including the grower
himself and his lack of means to provide himself with proper imple-
ments for the cultivation of his crops, in short, owing to the limita-
tions imposed in many cases by poverty and the lack of knowledge.
The questions which I proposed to study pertain rather to the fac-
tory than to the growing of the beets or to the grower, 1. e.. why do
the beets remain green? Why are thev so low in sugar? And why
do they produce so much molasses?

A few years ago the beets produced on these same lands were
not low in sugar (see table page 14 for percentage of sugar in crop
of 1901); the percentage of sugar., on the other hand, was
extremely good, but I do not know how the working of the beets
then compared with their working in more recent vears, and it would
be very difficult for technical men in the factory to judge of this, be-
cause of the improvements in the factories made from year to year
as the result of each campaign’s lessons and also in methods and
details of technique. Each year's problems have become more diffi-
cult but have been met hy improvements in the factory and in their
practice tiil the factory of today is a very different plant from the
initial one established ten or twelve vears ago. The beets, then, have
deteriorated from a sugar content of 17.5 to 14.5 or 14.0 percent
and in some sections almost as low as 13.0 percent. The cause must
be a general one, for the very good reason that the effect is general.
There are always fields of good beets but the factory average is too
low, which increases the cost of working the beets and makes the
grower suspicious and discontented. The grower is a difficult per-
con to conviuce that there are big problems to be solved which in-
volve him and the factory alike and which are not of any man's
making. but such are the questions which I have mentioned, 1. e,
why are the sugar beets of large sections slow in maturing and poor
m quality, or putting this question differently, why has the average
beet of recent years been so poor in sugar and why has it produced
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<o large a percentage of molasses calculated on the beet? We may
safely eliminate the following possible causes: first, any lack of
proper appointments in the factories, for these are of the best;
second, faulty methods or processes; third, unskillful management
in the factory; fourth, lack of attention in taking care of the beets;
fifth, inferior seed, for only the seed of the best varieties grown and
furnished by reliable parties has been used; sixth, inexperience in
growing the crop, for this feature has been supervised by the fac-
tories for yvears; seventh, climatic influences, for these are the same
now as they were from 1896-1904, when the average sugar content
was from 2.5 to 3.5 percent higher than it was from 1906 up to and
including the last campaign. Further, we should take into account
in this connection the fact that the beet seed growers have materially
increased the sugar producing qualities of the beets, without depress-
ing their crop production within the last fifteen years, and also that
the community in general, and not a few individuals, has had at
least eleven years experience in the management of this crop under
their respective local conditions of soil, water-supply, etc. It is not
intended to so much as intimate that all of the growers of beets are
wise, energetic, thrifty men who have studiously and conscientiously
endeavored to solve these problems for themselves, but the factories
have provided men of experience and fitness for this work to coun-
sel and aid the growers in all possible, feasible ways, so that the
changed results mentioned cannot be attributed to either the inex-
perience or ignorance of the general farming community. I think
that the factors of this kind that have been specified as possible con-
tributors in producing the conditions pertaining to the sugar beet
problems for the past few years may be dismissed from further con-
sideration. The only point in which some persons may disagree
with me in this is in regard to the effects of climatic conditions.
This is because they know that there are serious questions present-
ing themselves. for which there is no other ready answer rather than
because they have any definite fatcs to adduce to prove that the cli-
matic conditions have changed, or to show any relation between the
changed results and the climate.

The most serious problem that presents itself in connection
with the climate and its influence is probably its bearing upon the
development of the leaf-spot or Cercospora beticola. 'This is a factor
which it seems we will have to accept as an unavoidable one in the
Arkansas Valley. In the northern part of the state it is present,
but wholly negligible. I do not doubt but that the climatic condi-
tions may be the determining factor in this difference, but so far as
I know nothing is proven in this regard.

In passing it may be permissible that I should call attention to
the fact that different localities within this state may be very widely
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separated. The Arkansas Valley is about 200 miles south of the
Cache la Poudre Valley, and the Grand Valley must be 350 miles in
an air line south and west and 1,000 feet lower than the farming
sections of the Poudre Valley. I do not know that there is no cer-
cospora in the Grand Valley, but I know that there has been no dam-
age done in the valleys, either of the Grand, the Gunnison or the
Uncompahgre, and while this fungus is present in the Poudre Val-
ley sections it has done no damage. In the Arkansas Valley, how-
ever, it has been very bad, destroying the foliage of many fields.
Portions of the Arkansas Valley have as great an altitude as the
Grand Valley and the latter is as warm as the former. Whatever
the reason may be, this fungus has, in past years, been very bad in
the Arkansas Valley. T will digress further to state that the sugar
content of the beets from badly infested fields is not always low nor
the yield necessarily below the average. It is scarcely to be doubted
but that the destruction of a very large part of the foliage of the
beets in Augnst has some effect upon both the yield and the percent-
age of sugar. At my request Mr. Winterhalter kindly collected the
record of 127 fields affected in various degrees by the leaf-spot. The
variations appear to me to be due more to other causes than to the
leaf-spot as we find the leaf-spot beets from sections in which the
beets are generally rich also rich and in sections which produce poor
beets we find them poor. 1 will give only a part of this data as my
object is simply to show to what extent we may be justified in enter-
taining serious doubts in regard to the conclusions which we almost
unconsciously accept as evident or fully proven, when we see a
field of beets quite denuded of its foliage, i. e., that the beets are
poor.

The climatic conditions in 1910 were as favorable as we can
ever expect to have them. The aggregate acreage repreesnted by
these 120 fields is 2.425.5 acres. 'The crop grown on the land the
previous year was in most of the cases beets but in some cases it
was not; wheat, oats, alfalfa, melons, cantaloupes and sorghum had
been grown on some of the land. One piece had been fallow and
one was new sod land. These districts represent the valley for a
distance of about 120 miles. The individual fields represened a range
in area from two to one hundred and nine acres. The percentage
of sugar in the beets are averages for the whole field. The violence
of the attack can not well be described more accurately than by the
general terms used. I recall a field that I visited in which I do not
think that any of the plants had escaped having at least go percent
of their foliage destroyed. I do not know what the average sugar
content of the beets from this field was as they were taken to the
factory but the field samples averaged something above 16.0 per-
cent. The attack in this case was very bad. If these samples show
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RECORDS OF FIELDS AFFECTED BY LEAF-SPOT, 1910.
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anything they point to a relation between the yield and the percent-
age of sugar rather than to one between the virulence of the attack
and this percentage.. I do not know the actual average percentage
of sugar in the crop of 1910 for the whole valley but it was about
14.0 percent and not above 14.2 percent. It is true that the leaf-spot
was very prevalent in the valley during this year, and may have in-
Auenced the general average, but the results shown by this compila-
tion of returns from 120 fields representing nearly 2,500 acres, at-
tacked with varying degrees of virulence. leads one to question very
seriously whether we have not attributed a more injurious effect to
this fungus than the facts justify. \We have no other way that I see
of judging of these effects than the one here adopted, namely, of
taking a large number of fields in the same section of country, noting
the virulence of the attack and comparing the yields and average
percentages of sugar obtained by taking a sample from each load of
beets as it is delivered at the factory or dump. e admit that there
may be errors in the determinations but when we take the average
of from two loads to four hundred or more loads our approxima-
tion to the truth is very close, besides we are not dealing with differ-
ences of a tenth or two of one percent, but as a glance at the table
will show. with maximum differences of several percent. A cursory
examination of the tabulated results makes it evident that we cannot
compare the samples of one district with those of another. \We
have, for instance, in District No. I. very hadly affected fields of
from six to twelve acres in area, giving averages ranging from 14.7
to 16.5 percent sugar and yields between 12 and 18 tons per acre,
while in District No. XVI we have slightly affected fields of 135 to
20 acres in area, giving averages ranging from 12.5 to 15.2 percent
of sugar in the beets and yields of from 8 to 10 tons per acre. In
District No. IT in which the fields are mostly about 20, but one was
much larger, we have eight fields, the lowest average is 13.5 and the
highest 15.75 with yields of from 7 to 12 tons. These fields were
all very hadly affected. 1In District No. VI we have likewise eight
fields either badly or verv badly affected. These fields vary from
I2 to 65 acres in area. 'The lowest average percentage of sugar in
these beets was 11.8, the lighest 13.0, the vields ranged from 7 to
16.5 tons per acre.  The irregularity of the results in a given district
is altogether disconcerting. We can select from these a series of
results which can be so arranged as to make it appear that the action
of the leaf-spot is to lower the percentage of sugar and to lessen the
tonnage of beets, which we would expect to be the case, but this
would be a case of finding facts to prove a theorv. The fact is
we find in the same district cases of very badly affected fields yield-
ing excellent beets, 15.9 percent sugar, and 11.4 tons and other fields
only slightly affected yielding beets with 14.7 percent sugar and
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II.T tons, again I14.1 percent sugar, 11.5 tons. In another district
a very badly affected field yielded 1.4.2 tons per acre with 14.6 per-
cent sugar in the beets and a slightly affected field yielded 11.2 tons
with 15.2 percent sugar in the beets. The 127 fields selected from
different districts and showing the effects of the leaf-spot in varying
degrees show a tonnage and sugar content quite up to the average.
The higher percentages in some of the samples cannot be attributed
to the drying out of the beets in the ground for the ground was as
moist as in other fields and the beets continued to produce new
leaves, in other words, to grow. Neither the percentage of sugar
in the beets nor the yield of beets in the various districts show such
persistent and concordant relations to the virulence of the attack as
to make evident beyond doubt the kind and extent of the injury to
he attributed to this disease.

I have said that it is not permissible to compare the results ob-
tained in one district with those obtained from another, much less
is it permissible to compare results obtained in one section of the
state with those obtained in another; for instance, the Department
of Agronomy at the College had two small fields planted to sugar
beets in 1910. There was some leaf-spot on them. The fields were
planted early, the varieties were good ones, the seed reliable, the
cultivation and stand were also good and the soil most excellent in
quality ; there was no reason why either the yield of beets or the
percentage of sugar should be low, but the yield was seven tons per
acre and the best percentage of sugar obtained from any sample
taken was 13.3 with a coefficient of purity of 79.6. The leaves on
these beets were exceedingly heavy and remained green till actually
frozen, about Nov. 7. No one who saw this field would for a
moment think of attributing the disappointingly low yield, the low
percentage of sugar and low coefficient of purity to the damage done
by the leaf-spot, for while leaf-spot was present the foliage was not
damaged in any noticeable degree. It would he wholly wrong to
attempt to compare such a field as this with the fields in the Arkansas
Valley.

There is no question but that water will drown plants and that
alkali may be so excessive and of such composition as to kill them.
The question to be answered is whether they have done as much
damage as we think them to have done or are we attributing bad
effects to these causes which are due to others? I think that we are
doing the latter to a very considerable extent. There is no question
but that to fertilize the soil is a good and proper thing to do. The
question is how much relief have we to expect from this? We have
given the best answer that we can so far as the yield of beets and
the percentage of sugar is affected by the usual fertilizers used for
this purpose, i. e., nitrates, ammonia salts, dried blood, superphos-
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phate, potassic sulfate, ctc., under our conditions of climate and soil.
The answer is that the results have not been such as to justify any
expectation of a sufficient increase in yield of beets or percentage of
sugar to be at all profitable.  We shall in subsequent paragraphs
present their effects upon the composition of the beet.

As our chief fungus disease, up to the present time, has been
the leaf-spot, which is generally supposed to be dependent upon cli-
matic conditions for its rapid development, and no one can doubt
its very rapid development and general distribution in the Arkansas
Valley in 1909 and 1910, we have presented such facts as are avail-
able, and which we think properly usable in this case, to show to
what extent we are justified in attributing severe damage to the crop
to this cause. While the leaf-spot certainly destroys the foliage and
probably affects both the sugar content and yield of beets the extent
of the injury done by this fungus is not very clearly shown, at least
not by the observations of 1910. There are, on the other hand,
clear indications that whatever may be the influence of the leaf-spot,
soil conditions are quite as potent if not more so, in determining the
vield and sugar content of the crop.

After having described the effects of excessive quantities of
nitrates in the soil upon the apple tree in Bulletin 155, I added, “This
is the only effect of this soil condition that I wish to present at this
time though there are other serious agricultural conditions which I
believe we will find attributable to this cause, 1. e.. to an excess of
nitre in the soil. Sometimes due to too much at one time as is
attested by the death of apple and also other kinds of trees, some-
times to too great an aggregate supply during the season. The fol-
lowing may illustrate what I mean by the latter statement. It is gen-
erally conceded that the application of nitrates to the sugar beet,
except in the earlier stages of its growth, is detrimental to the qual-
ity of the beet.” It has been and is now recommended that if nitrate
18 to be used on this crop that it be applied just before planting the
seed. I understand that in some parts of Germany they now apply
some nitrate as late as the middle or latter part of June. Touching
upon this point in Bulletin 155 I put the question as follows: “But
what will be the condition of the crop if it receives a continuous sup-
ply, amounting, during the season. to 600 or 800 pounds (of nitrate)
or is planted in soil which already contains several times this amount
per acre? If the assumption that nitrates, when present in large
quantities, injuriously affect the quality of the beet be true, then
beets grown in such soils ought to be very poor in quality, but not
necessarily in crop.” We, at that time, October 1909, endeavored
to establish the amount of nitric nitrogen in the soil of one of the
fields on the College farm, a part of which was planted to beets. I
think that eight parts of nitric nitrogen per million of soil may be
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taken as the maximum amount that occurs in ordinary soils, and 1
doubt whether this quantity 1s usually maintained throughout the
season. In samples taken to a depth of two inches, October 7, 1909,
we found, in a fallow spot in the beet field 12 p. p. m., m a fallow
portion of another plot 22.5 p. p. m. aud in the space between the
beet plots 32 p. p. m.  On October 18 we again found 35 p. p. m. in
a fallow spot in the beet field. On the othier hand, samples of soil
talken on the same dates from among the beets, i. e., between the
beets in the row, showed from 1 to 3 p. p. m1., and samples taken
between the rows showed only from 1 to 5 p. p. m., but in the space
between the rows which happened to be devoid of plants, was fallow,
we found 28 p. p. m. We found that in land which had been
cropped to grain from 2 to 8 p. p. m., in a cornfeld 8 p. p. m,,
in an oat field 1 p. p. m., in virgin soil from the prairies, 8 p. p. nu
Again, we gave the nitric nitrogen found in 46 samples of souls
taken from as many different beet fields. These samples were kindly
furnished me by the Holly Sugar Co. and were taken to a depth of
six inches, QOctober 1-15, 190g. The nitric nitrogen ranged in these
samples from a trace to 160 p. p. m.  Seventeen of the forty-six
samples contained materially above 8 p. p. m. of nitric nitrogen. I
do not know where these samples were taken. in the rows, between
the rows or at the edge of the field and for this reason I obtained
another set of 54 samples taken from 18 fields, or three from each
field as follows—in the rows of beets, between the rows and in the
turn row. These samples were taken six inches deep. Of the 18
samples taken in the beet rows four of the samples showed the pres-
ence of more than & p. p. m., but did not exceed 15 p. p. m., one
sample showed 50 p. p. m.: of those taken between the rows, five
samples showed more than 8 p. p. m., with 30 p. p. m. as the maxi-
mum : of those taken in the turn rows, eight samples showed more
than & p. p. m., with the maximum of 140 p. p. m. These data
were collected to show in the first place how much nitric nitrogen
we may consider as normally occurring in our soils, i. e., in good
soil and under fair conditions. Qur farm samples fully meet these
conditions, the weather had been fair and no irrigating water had
been applied for weeks, so that the nitric nitrogen had not been
leached out, and as the fallow ground was covered with a thick
layer of fine earth capillary action was minified and our samples give
ns. I believe, reliable results. They show that at this place, land in
crops other than alfalfa contains less than 8 p. p. m., and that well
conditioned, good soil, lying fallow, acquires nitric nitrogen 1in
uantities very much in excess of this, up to 35 p. p. m. having heen
obtained. In the samples from the Arkansas Valley, which repre-
sented cultivated, and at least average fields, we found a maximuin
of 160 p. p. m. in the scil collected in October and taken to a depth
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of six inches. This quantity is very large, speaking from the stand-
point from which we are accustomed to consider this question, but
is very much below excessive occurrences with which we meet in
case of some lands actually planted to beets. This figure, 160 p. p.
n., calculated as sodic nitrate, is equal to 960 p. p. m., or taking the
top six inches of soil as weighing 2,000,000 pounds, we would have
1.902 pounds of this salt within reach of a growing crop. It 1s not
proven nor do we wish to assert that the beet crop grown on the
College farm in 1gog actually used up an amount of nitrates repre-
sented by the difference between the amounts found in fallow spots
in these beet plots and in the ground between the beets, but we do
hold it as fully proven that the conditions obtaining in our soils make
it probable that unless some prohibitive condition exist the beets
grown on this particular piece of ground will be furnished with so
liheral a supply of nitrates as to be detrimental to the quality of the
crop. This means that this land will be apt to produce top or turnip-
shaped beets, with big crowns, heavy foliage, a very moderate sugar
content and a low coefficient of purity. unless the season be un-
usually long and permit of their maturing. The facts in this case
will be taken up later.

Here be il stated with emphasis that I do not propose to explain
all the ills that beset the sugar beet crop by attributing them directly
or indirectly to the formatlon of nitrates in the soil. but I do claim
that we have here an old question in such an intense form as to prac-
ticallv become a new one of the most serious import to the industry
of producing sugar from the beet root in large sections of. if not in
the whole of the state. My object has been to try to find out to
what extent my views are in harmony with the facts and I am happy
to helieve that, in trying to do this, I have the good will of the peo-
ple most directly concerned, for they have become fully convinced
that there is a big problem involved which has not yet been solved.
This is the real reason why I have discussed in their bigger features
the questions of seepage, of alkali, of fertilizers, of the leaf-spot and
their cflfects upon the crop and its sugar content. No one knowing
very much about Colorado agriculture would deny or attempt to
minify the importance of these questions: they are real questions,
but. on the other hand, persouns with only a very moderate knowl-
edge of our agricutural problems or men engaged in this pursuit
when brought into actual contact with problems which thev cannot
solve, whose solution is perhaps unknown, are apt to assign a role
to known or visible agencies which belong to wholly different ones.
In the estimation of the public, alkali has. from the beginnings of
our agriculture, heen a veritable bete noir, likewise an excess of
water.  The latter of course presents important questions but the
question is whether we have not. in too great a measure laid upon
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these things the iniquity of our ignorance. We are likewise in dan-
ger of going to the other extreme in placing our hopes and confidence
in the virtues of fertilizers. It is too late in the development of
agriculture to question their benefits but it is no sin even in the pres-
ence of the learned to assert that there are limitations to their benefi-
cent effects and that there are yet unsolved questions pertaining to
their use and action.  This is the frame of mind in which I approach
the questions presented m this bulletin free enough I hope from
prejudice to state the whole case, and frank enough to be incon-
sistent or even contradictory if the facts require it. 1 have no desire
to run counter to established teachings, but simply to learn the les-
sons that are presented by our practice, and only wish that I were
more adept in learning them.

I wish to again state that Colorado, owing to its size and posi-
tion, presents a variety of conditions which many persons fail to
properly consider. I have had no occasion to study the problems
of the beet crop in the valleys of the Poudre, the Platte, the Uncom-
pahgre or the Grand rivers, had I had and were I presenting the
results of such a study they would in all probability be stated some-
what differently from the present ones.

This Station has published four Bulletins, 155, 160, 178 and
179, on the Fixation of Nitrogen in some Colorado Soils. The
occurrence of very large amounts of nitrates in some of our soils is
fully demonstrated, also that fixation takes place rapidly in them
under favorable conditions and still further that nitrification takes
place rapidly enough to account for very considerable quantities of
nitrates in these soils.

Allusion has been made to the facts leading directly to this
study, namely, the following questions which were propounded, why
do not our beets ripen and keep better? Why have they fallen off
i sugar content despite improvement in seed? Why do they pro-
duce so much molasses?

These questions represent facts serious enough in their im-
portance to justify any effort to answer them and if we learn only a
part of the truth we will have made some progress. The work done
in the preparation of Bulletin 155 prepared me to believe it to be
possible that nitrates might actually be developed on so large a scale
as to account for the lengthened vegetative period of the beet; its
green condition at the time of harvesting might easily account for
its ready deterioration, and to this immaturity of the beet with the
presence of nitrates might fairly be attributed the high percentage
of molasses produced. I tested samples of Steffens waste water.
molasses, and beets for nitric acid and found it present in such quan-
tities as to be easily detected. 'This seemed to me more suggestive
that not only the molassegenic action of the nitrates but the immatur-
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ity of the beet when harvested, due to the presence of the nitrates
in the soil, might be largely accountable for the excessive quantity
of molasses produced. \Vith these facts in my possession I had
no difficulty in interesting the representatives of the American Beet
Sugar Company in Colorado. Mr. Winterhalter was already mak-
ing experiments with artificial fertilizers, not with this phase of the
problem in view but it offered me an opportunity to study it in this
connection. We extended the line of experimentation to include
the influence of nitrates when applied in medium quantities through-
out the season upon the working or factory qualities of beets. There
was placed at my disposal six acres of land, the most desirable in
quality of all the lands available. It had been in beets in 1909,
grown by a tenant and not manured ; the soil was a sandy loam with
two or three spots which were somewhat gravely. All of the land
had received a dressing of ten tons of stockyard manure per acre
which was plowed under to a depth of ten inches. The piece was
divided into six plots of one acre each. All of which were planted
with Original Kleinwanzlebener seed, crop of 1909, on April 1,
1910. One acre was chosen as a check plot, the other five acres
each received a dressing of 230 pounds of Chile-saltpetre two days
before the seed were planted. Beets were irrigated up April 9-11
and thinned May 23-26. On May 2 four of the fields each received
a dressing of 250 pounds of nitrate: on June I three of the fields;
June 22 two of the fields, and on July 27 one field received a dressing
of 250 pounds. This gave us plots of one acre each which received
the following quantities of nitrate: Field A, 250; B, 500; C. 750;
D, 1,000; E, 1,250 pounds of nitrate distributed in applications of
250 pounds each at intervals of approximately four weeks, beginning
March 28 and ending July 27.  These fields were irrigated April g,
June 17, July 1, July 10, July 30, half of the fields on August 17 and
the other half August 30. The dates given are those on which the
irrigations were completed.  All plots were thoroughly cultivated.
In order to combat the leaf-spot, Fields A and B were sprayed with
standard Bordeaux mixture, July 21, August 1, 13 and 21 and Sep-
tember 7; Field C was sprayed July 22, August 3. 13, 28 and Sep-
tember & ; Field D was sprayed July 22, August 16. 28 and Septem-
ber &; Field E was sprayed July 23. August 16, 28 and September
9: Field F, the check, was sprayed July 23, August 16, 28 and Sep-
tember 9.  The total rainfall during the season from March 28 till
September 22 was 9.99 inches. One-half of each field was har-
vested Qctober 6-8, the other half November g-11.  This constitutes
the cultural data pertaining to these fields.

Another experiment was to see what effect, if any, the applica-
tion of superphosphate, muriate of potash and sodic chlorid, used
alone and in conjunction would have on beets growing in ground
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which was rich in nitre. I knew of a piece of land of this nature
which was planted to beets, and through the kind offices of Mr. Win-
terhalter we obtained the permission of the owner to apply these
fertilizers to test plots of about one-eighth of an acre each. The
fertilizers were applied at the following rates: Superphosphate,
1,000 pounds per acre; Muriate of potash, 400 pounds per acre;
Salt, sodic chlorid, 400 pounds per acre. ‘The same quantity of
each was used whether it was applied alone or in combination. . The
fertilizers were applied July § by hand and so distributed that none
of the fertilizer was nearer than four inches to the plants, as it
would be worked closer to them by cultivation.

I had seen the crop of beets on this land in 1909 and it was
poor. I expected to see a similar but poorer crop in 1910. I saw
the field in late June and the promise was only fair. I saw it again
in August when all my predictions of a poor crop were thoroughly
discredited so far as the promise of a crop was concerned. I do
not think that I have ever seen such a growth of beet leaves They
stood easily thirty-eight inches high, and later when a very large
amount of foliage had been killed by the leaf-spot the remaining
foliage stood thirty inches high. It seemed ridiculous that we had
ever entertained a thought of modifying the growth and character
of such a crop by the addition of a thousand pounds of superphos-
phate or a few hundred pounds of muriate of potash to the acre.
The crop of roots, however, was somewhat of a disappointment and
the quality of the beets was of all sorts, from good to very poor,
according to the part of the field from which they were gathered.

We have now stated the lines of experimental field work for
1910: First to determine the effects of nitrates upon the quality of
the beets: second, to study the effects of fertilizers on the quality of
beets; third, to see whether the addition of superphosphate, phos-
phoric acid, potash or ordinary salt would so hasten the maturity of
the beet or otherwise modify its growth as to correct the effects of an
cxcessive amount of nitre.  There can be no question about the pres-
ence of an excessive amount of this salt in this field, even at the
present time.

What I have said relative to the beets produced in the. different
districts of the Arkansas Valley applies with full force to other dis-
tricts.

STANDARDS ADOPTED.

So far as the ordinary analysis is concerned I do not know what
to take as standard. We certainly cannot take German results as
standards for our beets. For some reason our beets are richer in
ash constituents than the German beets, and also differ in other
respects, but these differences will be stated in another place. It
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is very difficult to determine what we should adopt as a standard
beet. This is a small matter so far as the percentage of sugar is
concerned because the differences are so great and the average sugar
content of the beet, as it now grows in the Arkansas Valley, is so
much lower than it was six and ten years ago that all will agree
that the beets are poor in this respect whatever standard may be
adopted. 'The matter is not so easy when it comes to the question
of composition. It is evident that, for my purposes, I can scarcely
teke Colorado grown beets, on the other hand foreign beets, viz:
German beets, grown under entirely different conditions of cultiva-
tion, soil, and climate, can not safely be adopted, even though the
beets may have been grown from the same strains of seed. We
shall very largely use German data, because it is the best to which I
have access, but this will not relieve me from the necessity of using
certain beets as standards of comparison. I have chosen one sample
of beets from Michigan, one from Montana and one from the Poudre
Valley, Colorado, for this purpose. The latter probably represents
the highest grade of Colorado beets.

The following German data are taken from an article by K.
Andrlik, Zeitschrift des Vereins der Deutschen Zuckerindustrie for

1903, pp. 906-937. The analyses are of fresh cossettes.
ANALYSES OF GERMAN BEETS.

I IT. III. Iv. V. VI.

Dry substance.......... 25.450 25.250 23.380 34.400 22.800 25,020
Sugar ................. 16.600 16.900 15.880 16.800 14.500 17.200
Crude ash ............. 0.800 0.806 0.919 0.813 0.784 0.746
Fine ash ............... 0.634 0.631 0.581 0.562 0.636 0.557
Injurious ash .......... 0.38¢ 0.391 0.315 0.297 0.400 93.35
Total nitrogen ......... 0.257 0.252 0.210 0.199 0.306 0.186
Proteid nitrogen ....... 0.113 0.112 0.110 0.107 0.120 0.109
Injurious Nitrogen .... 0.114 0.112 0.088 0,082 0.141 0.070
Potassic oxid (X,0).... 0.292 0.297 0.228 0.218 0.242 0.254
Sodic oxid (Na,0)...... 0.047 0.043 0.046 0.044 0.076 0.043
Calcic oxid (Ca0O) ...... 0.042 0.046 0,064 0.065 0.054 0.060
Magnesic oxid (Mg0O) .. 0.074 0.073 0.065 0.068 0.094 0.083
Iron and alumnic oxid

(FeAl),O0 «oovevenns 0.030 0.026 0.054 0.049 0.036 0.090
Phosphoric acid (P,0;). 0.094 0.093 0.0S4 0.085 0.042 0.084
Sulfuric acid, 8O,....... 0.033 0.038 0.033 0.027 0.034 0.027
Chlorin (Cl) ........... 0.014 0.013 0.008 0.008 0.038 0.011
Insoluble .............. 0.098 0.099 0.344 0.241 0.037 0.125

Percentage Composition of the Ash.*

Potassic oxid, X,0...... 36.500 36.970 24,900 26.790 30.900 34.030
Sodic oxid, Na,O........ 5.880 5.370 5.000 5.500 9.700 5.73¢
Calcic oxid, CaO........ 5.750 5.710 7.010 7.980 0.890 7.530
Magnesic oxid, MgO.... 9.270 9.300 7.110 8.18¢ 12.000 8.520
Iron and aluminic oxid

(Fe A1),Og «.. ..o 3.840 3.240 5.920 6.110 4.630 4.020
Phosphoric acid, P,0;... 11.760 11.500 R.660 10.290 5.330 11.200
Sulfuric acid, 80,....... 3.840 4.700 3.520 3.260 4.340 3.800
Chlorin, C1 ......... ..., 1.770 1.630 0.890 0.800 4.580 1.400
Insoluble ........... ... 12.260 12.230 37.480 29.640 4.690 16.850

*These percentages have evidently been calculated on the crude ash.—H.
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These analyses present the fullest statement of the composition
of German beets that I have found and they represent samples of
cossettes from six factories. The details of the methods used are
fortunately given with sufficient fullness to enable one to know on
what basis the results may be compared with others.

As already stated, I have chosen as standards of comparison
one sample of beets from Montana, one from Michigan, and one
from Colorado, grown in this, the Poudre Valley, section. The
German results may serve as guides to aid us in judging, but not as
standards of comparison for our beets. ‘The Montana beets were
grown in a sandy loam soil. probably alkaline. The Michigan beets
in a non-alkaline soil, and the Colorado beets in a scil which was
probably alkaline but under favorable conditions. The history of
the field in which the Colorado sample was grown was as follows:
soil, sandy loam, fifth year in beets, no fertilizer of any kind had
been used on it; plowed 25 March 1910, seed planted 15 April,
plants blocked and thinned 13 June, irrigated 10 August and 1 Sept.
The supply of water was small. The yield was ten tons per acre,
and the percentage of sugar in the beets as they were delivered at the
factory by the wagon load was from 16 to 20 percent.

The methods of analysis used were the same throughout the

season and are sufficiently indicated by the statement of the analyses:

Owing to the fact that we have exceptionally large percentages of chlorin
in some of our ashes, I have in stating the composition of the pure ash given,
as a rule, the metallic sodium or sodium and potassium corresponding to the
chlorin to avoid including the chlorin and its oxygen equivalent in the same
statement, which would introduce too big an error in cases in which the chlorin
in the carbonated ash equals from six to twelve or more percent, otherwise the
statement of these analyses is the conventional one, giving the acids as an-
hydrids and the bases as oxids. The silicic acid has been omitted from the
pure ash because I fear that the larger portion of it is derived from the fine
sand due to fluxing.

Andrlik states that the amounts of injurious ash and nitrogen
are safe criteria whereby to judge of the quality of beets. He de-
fines injurious ash as the sum of the alkalis, sulfuric acid and chlorin,
and injurious nitrogen as the difference between the total nitrogen
and the sum of the albuminoid, ammonia and amid-nitrogen. In
the six analyses quoted we observe that the injurious ash varies from
0.3 to 0.4 percent of the weight of the beet, while the injurious nitro-
gen varles from 0.07 to 0.14 percent of the beets. 1 have been
unable to find any statement of the lowest amount of injurious ash
which is to be considered as decidedly objectionable, or stated other-
wise, the permissible amount of injurious ash. In regard to the
injurious nitrogen, however, it is stated that the injurious nitrogen
multiplied by ten gives approximately the amount of amido-acids
and betain. 1t is further stated that on calculating these substances
on one hundred parts of sugar that we obtain from 3.7 to 9.3 parts.
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ANALYSES OF BEETS ADOPTED AS STANDARDS.
See Analyses CLXXXV and CLXXXVI, page 172 for analysis of Montana

beets,
VIL VIIY.
Where BrOWIN . ...ttt e Michigan I't. Collins, Colo.
Date of harvesting.......... .. ... ... . ... 2 Nov. 19%10 3 Nov. 1910
Average weight, trimmed. ................ ... 813.0 grams 673.0 grams
Percent Percent
SUZAT ot e s 15.30000 18.30000
Dry matter ... ... s 22.00000 24.20000
Crunde, carbonated ash in dry matter......... 3.23500 3.33900
Crude ash in beet. . .. ... ... ... ... . ... 0,70170 0.82038
Pure ash in beet....... ... ... ... ... ... 0.49300 0.60887
Sulfuric acid .......... i i 0.02930 0.02802
Phosphoric acid ......... .. .o 0.06236 0.07620
Chlorin ..t e s 0.00285 0.01941
SOAIUIM oot s 0.00185 0.01262
Potassic acid ....... . ... .. i 0.26382 0.31690
Sodic 0Xid ... e 0.02538
Calcic oXid ... o s 0.04550 0.04694
Magnesic oxid ......... ... ... ... . 0.07573 0.07932
Ferric oxid .......... ... . . . . . i 0.00621 0.00182
Aluminic oxid ...... ... ... ... ... . . i 0.00236 0.00131
Manganic oXid .. ... i e 0.00170 0.00170
Tolal nitrogen ....... ... ... . ... . o .. 0.22915 0.20750
Proteid nitrogen (Stutzer)................... 0.12305 0.08710
Ammonic nitrogen .......... ... L, 0.00596 0.00230
Amid nitrogen ........... ... . o 0.02160 0.00280
Amino nitrogen ......... ... ... oo 0.04794 0.07479
Nitric nitrogen ...... ... ... ... oo 0.00320 0.00096
Injurious nitrogen in beet................... 0.07854 0.11520
Injurious ash per 100 sugar.................. 1.94476 2.19672
Injurious nitrogen per 100 sugar............. 0.51287 0.62899
Press Juice According to Ruempler.
Total nitrogen ...... ... iiiivn.n ¢.19195 0.11675
Albwmin nitrogen ....... .. ... .. . ool 0.05835 0.04230
Propeptone nitrogen ................. ... ... 0.00030 0.00790
Peptone nitrogen ..................... e ? 0.00350
Ash Analyses.
IX. X.
Crude Pure Crude Pure
Carbon ................ 0.62:8 0.480
Sand .................. 6.532 el 2.115
Silica ............. 1.165 0.112
Sulfuric acid .......... 4.117 5.944 3.415 4.602
Phosphoric acid ....... 8.763 12,650 9.288 12,515
Chlorin ................ 0.400 6.578 2.366 3.188
Sodium ... 0.376 2.073
Carbonic acid .......... 20.233 21.603 e
Potassic oxid .......... 37.055 38627 52.053
Sodic oxid ... ... ... 0.256 5.165 4.168
Caleie oxid ............ 6.392 5.721 7.710
Magnesic oxid ......... 10.641 9.656 13.011
Terric oxid ............ 0.873 0.214 0.295
Aluminic oxid ......... 0.326 0.163 0.215
Manganic oxid ......... 0.240 0.126 0.170
Loss, organic matter, etc. (2,270 (0.603)
Sum ... 100.090 100.534
Oxygen eyui. to chlorin. 0.090 e 0.534

Total .......... 100.000 100.000 100.000 100.000
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“The former amount indicates a good, the latter a bad diffusion
juice.” It is further shown in the same article that 92.3 percent of
the injurious nitrogen and from 70.9 to 80.3, usually 75.3 to 79.9
percent, of the injurious ash of the beet goes into the diffusate.

In 1910 I endeavored to obtain beets as standards for compari-
son with ours which we knew to be good beets and which worked
well in the factory, for these reasons we chose a sample from Fort
Collins with 18.3 percent sugar and one from Michigan with 15.3.
We found the injurious ash in the former to equal 2.197 per 100
sugar, in the latter 1.945, the injurious nitrogen to equal 0.629 and
0.513 per 100 sugar respectively and the ratio of proteid to total
nitrogen 41.g percent and 53.7 percent. In the press juice we find
the albumin nitrogen forming 36.2 and 32.0 percent respectively of
the total nitrogen. The injurious nitrogen in the beet constitutes
55.5 and 34.3 percent of the total. The pure ash in the Michigan
beet is approximately 83.33 percent of that in the Fort Collins beet.
These are the principal feature in the composition of these beets, but
it may be permissible in this place to state that the pure ash in these
beets, 0.6088 and 0.4930, is quite within the range that I find given,
especially by Andrlik, for Austrian or Bohemian beets. 'The points
of interest in these ashes are that the phosphoric acid calculated on
the fresh beet is fairly high, the potassic oxid is very high, which is
the case with the magnesic oxid also, while the calcic oxid is low.
The nitrogen is almost identical with the average found for German
beets over a period of seven years by the Experiment Station of
Lauchstaedt, but according to other figures I find that over 50.0
percent of the samples fall below 0.2 percent. The chlorin in these
samples is quite low.

In 1911 a favorable year, I was fortunate enough to obtain
through the kindness of Mr. Hans Mendelson of the Great Western
Sugar Company a sample of beets grown by himself in Montana.
The variety was a strain of his own production, No. 311, and had
been siloed for three months or more before it was sent to me. Mr.
Mendelson has kindly furnished me the following data relative to
the cultivation of these beets. “The land is a sandy loam, had been
planted to grain for eight years in succession up to 1909. In 1910
was planted to field peas, after harvest the field was disced, irrigated
and sown to rape. This was pastured off in the fall by sheep and
in the spring handled in the usual manner. The rows were 20
inches apart and the beets 8 inches apart in the rows. The growing
crop showed every indication of a lack of nitrogen, still a fertiliza-
tion with 200 pounds of nitrate did not produce the expected in-
crease, indicating some other deficiency, in this case a lack of mois-
ture in the subsoil.”

These beets were of excellent shape and varied considerably in
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size. Their condition was perfect, they had been carefully packed
and they were crisp, like freshly pulled beets. ~Apparently no dry-
ing out had taken place. The climatic conditions of the locality
where these beets were grown are very favorable. The location
was selected for this reason. There were eleven beets in the sample.
The analysis follows :

ANALYSES OF MONTANA BEETS, SEASON 1911.

Fertilized with 200 Pounds Sodic Nitrate per Acre.

CLXXXYV. Press Juolece Aceording to Ruempler.
Average weight of beets...566.3 grams Total nitrogen .............. 0.07797
Av, wt. of beet trimmed...479.3 grams Albumin nitrogen ........... 0.04101

Percent Propetone nitrogen .......... 0.00172

Sugar in beets............... 18.24000 Peptone nitrogen ............ 0.00245
Dry substance in beets....... 25.37000
Crude ash in dry substance.. 2.68000 Ash Analysis.
Pure ash in dry substance... 1.93500 CLXXXVI.
Pure ash in fresh beet....... 0.49090 Crude Pure
Sulfuric acid ................ 0.01734 San@ ... 3.124
Phosphoric acid ............. 0.08117 Silicic acid .......... 1.059 e
Chlorin .................. ... 0.00761 Sulfuric acid ........ 2,550 3.523
Sodium ........ ... Ll 0.00495  Phosphoric acid ..... 11,939 16.536
Potassicoxid ................ 0.25607 ChIOTIin v oo e 1.119 1.550
Sodic oxid .................. 0.01312 Sodium weeve e e 1.008
Calcic oxid .................. 0.03164  Carbonic acid ....... 21.225
Magnesic oxid .............. 0.07512  Ppotassic oxid@ ........ 37.515 51.962
Ferric oxid ................. 0.00224 Sodic oxid ........... 2.910 2.637
Aluminic oxid ............... 0.00086 Calcic oxid .......... 4.654 6.446
Manganic oxid ............... 000175 Magnesic oxid ....... 11.049 15.304
Total nitrogen .............. 0.10494 Ferric oxid .......... 0.330 0.457
Proteid nitrogen (Stutzer)... 0.06995 Aluminic oxid ....... 0.127 0.176
Ammonic nitrogen ........... 0.00199 Manganic oxid ....... 0.257 0.356
Amid nitrogen .............. 0.00251 LOSS woiiieiininn. (2.3%94) Cee
Amino nitrogen ............ Not det. _
Nitric nitrogen ............. None Sum ...l 100.252
Injurious nitrogen in beet... 0.03050 Oxyg. equi. to chlorin 0.252
Injurious ash per 100 of sugar 1.67240
Inj. nitrogen per 100 of sugar 0.16722 Total ............ 100.000 100.000

These beets are, according to all the criteria whereby we judge
beets, of the very best quality, the percentage of sugar is high, 18.24
percent, the injurious ash is low, 1.67 per 100 of sugar, the injurious
nitrogen is only 0.16722 per 100 sugar, the ratio of proteid nitrogen
based on Stutzer reagent is 66.68 percent and on the determination
of albumin according to Ruempler is 52.6 of the total nitrogen in the
juice.  Andrlik in discussing the ratio of proteid nitrogen to the
total nitrogen calls attention to the fact that the ratio of proteid
nitrogen to total increases as the beet ripens and that the proteid
nitrogen may reach 70 percent of the total in ripe beets with a low
percentage of nitrogen. The pure ash in the fresh beet is not espe-
cially low, 0.4009 percent, but the phosphoric acid is as high as in
German beets, which is not the case with Colorado beets, and there
is no nitric nitrogen. In fact there are only two features in the
composition of these beets which are common with those of Colo-
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rado, they are the amount of potassic oxid in the beet, 0.25507 per-
cent in this and 0.25 to 0.56 in Colorado beets, and the ratio of the
calcic to the magnesic oxid, this being about 1 to 234. The Experi-
ment Station at Lauchstaedt gives 0.17948 percent as the average
percentage of potash for seven years for beets grown with complete
fertilizers and it is essentially the same for beets grown without fer-
tilization, 0.16959 percent. The sample from Michigan and also
that from Fort Collins used as provisional standards show the same
peculiarities of composition. The sugar content in these is 15.3 and
18.3. the pure ash in the beets 0.49300 and 0.60887, the phosphoric
acid 0.062 and 0.076, potassic oxid 0.26382 and 0.31690, the nitric
nitrogen 0.0030 and 0.0009, the injurious ash per 100 sugar 1.94476
and 2.19672, the ratio of the proteid nitrogen to the total is §53.7
and 41.9. The ratio of calcic to magnesic oxid is approximately
g:15 and 7:13.

According to these criteria our Montana sample alone equals
or excells in quality No. V1 of Andrlik’s series. His No. VI con-
tains for each 100 pounds of sugar 4.0 parts of injurious nitrogenous
compounds (injurious nitrogen x 10) and 1.94 parts of injurious
ash. The Montana sample contains 0.17 part injurious nitrogen
and 1.07 parts of injurious ash per 100 of sugar, while the Michigan
beets contain 5.13 parts injurious nitrogenous compounds and 1.94
parts injurious ash, and the Fort Collins beets contain 6.3 parts in-
jurious nitrogenous compounds and 2.2 injurious ash. 1 do not
know how much molasses these beets produced or any of the details
of how they worked in the factory. We cannot, however, so far
as I see, hope to obtain any better standards for our beets than these.

We took three sets of samples during the season of 1910, 2
Sept., 11 Oct., and 3 Nov., in order to follow the development of
the beet so far as samples taken at such intervals might indicate it.
Our hattery experiments with these beets were made Nov. 10-16,
Ty10.

There are several classes of beets represented: First, such as
were grown on ordinary, good soil, without the addition of any
fertilizers; second, such as were grown on good soil with the addi-
tion of the ordinary fertilizers in various quantities and in different
combinations; third, such as were grown on good soil with the
application of different quantities of sodic nitrate:; fourth, such as
were grown on soil in which excessive quantities of nitrates had
developed. As the land on which the fourth class was grown was
known to us to be bad we made some experiments in the way of
remedial measures. There were applied to different portions of it
superphosphate, muriate of potash and sodic chlorid—so there are
four sub-series under this one, 1. e., one series corresponding to each
of these fertilizers and a check series. Fifth: Beets grown with
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green manure; sixth, beets grown on College Farm at Fort Collins.

There are in addition to these, three series grown at Fort Col-
lins 1 1911.

The questions involved are unfortunately more complicated
than even agricultural questions ordinarily are. ~We have, for in-
stance, in the fourth class of beets, all of the questions which we
have heretofore discussed. We have dry land and wet land with a
comparatively low water plane, the presence of alkalis and, as the
average man would judge, their ahsence. The presence of excessive
quantities of nitrates in portions of the field and wholly different
conditions in other portions. \While leaf-spot was abundantly pres-
ent, it was much worse in some portions of the field than in others.

The soil itself is not entirely uniform aseit varies from a fine
sandy loam to a more or less gravelly clay loam. These conditions
undoubtedly produced their several effects and so modified one an-
other. that it 1s impossible to analyze the results and correctly attrib-
ute a specific result in a given measure to each individual condition.
We can only determine the extent to which for instance the applica-
tion of 1,000 pounds superphosphate, 150 pounds of phosphoric acid
per acre, affected the quality of this crop by means of check samples
taken from the corresponding sections of adjoining rows.

It seems superfluous to state these facts, but on the other hand
it is advisable in order that the reader may at least have our state-
ment to show that we appreciate the difficulties of our problem, in
some measure at least, and that we have duly considered the course
that we have pursued in our work.

We have been compelled to take many samples, for the sake of
confirming our observations and establishing their general validity
under a variety of conditions. The dithculties presenting them-
selves in establishing what the composition of beets grown on un-
fertilized land is, are very great. ‘The soils collected from beet
fields in the Arkansas Valley at the end of the season and even those
taken in January, 1910, to a depth of six inches, show by their
varying quantities of nitric nitrogen how nearly impossible it is to
judge of the amount of nitrates that may have been furnished to the
beets during their growing period.  Andrlik’s experiment showed
that the application of 528 pounds of Chile-saltpetre to the acre
applied in three equal applications produced decidedly deleterious
effects.  The injurious nitrogenous substances amounted to 6.16
parts per 100 of sugar and the injurious ash to 1.89 parts per 100 of
sugar in beets which had received this amount of saltpetre, against
2.36 parts injurious nitrogenous compounds, and 1.45 parts of in-
jurious ash per 100 of sugar in beets grown without the addition of
the nitrate.  Apropos to these results Andrlik remarks that Chile-
saltpetre applied in light and particularly in heavy applications acts
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unfavorably not only upon the quality of the beet, but also upon the
harvest. The same author states that from 20 to 45 percent of the
nitrogen and from 12 to 15 percent of the sodium oxid is appropri-
ated by the roots. One would infer that the rest was used by the
leaves or possibly remained in the soil. The former is much more
possible than the latter. I have only a few determinations at my
command to show how rapidly and completely the nitre applied to
the soil may be appropriated by the plants. These results are very
unsatisfactory but their general import is that both the rate and
extent of the appropriation is rather great. Andrlik’s results show
that the increase of nitrogen recovered in the crop of beets was equal
to 44.5 percent of the nitrogen applied as sodic nitrate in the case
where the heavier application was made and 19.9 percent in the case
of the lighter application. He did not consider the leaves except to
mention the considerable increase in weight produced, from 2,000 to
2,400 pounds per acre. We shall, in the experiments of 1911, give
some further data on this subject.

In collecting samples of beets grown without the application of
fertilizers we are wholly unable to state how great or small a supply
of nitrogen as nitrates they may have had during the season. The
amount present at different times is variable and is influenced by so
many causes that the aggregate supplied is difficult to estimate. We
have among other conditions the influence of the crop itself as is
shown by the work of Drs. Lyon & Bizzell, Journal of Franklin I'n-
stitute, January-February, 1911.  We made a number of determina-
tions in 7910 to establish the different amounts of nitrates in the land
cropped to beets and the same land not cropped. A single pair of
these samples taken 18 October 1910 will show the difference that
may be found. One of the samples was taken from a portion of a
row where there were no beets; this was, then, a small spot within
the patch which chanced to be without crop. Three samples were
taken, the top two inches, the succeeding four inches and the suc-
ceeding six inches or twelve inches in all.  The top two inches
showed nitric nitrogen equivalent to 140 pounds of sodic nitrate per
acre. The succeeding four inches gave 96 pounds of sodic nitrate,
and the succeeding six inches gave g6 pounds sodic nitrate, or the
top foot of this fallow spot which was small in area and surrounded
by a luxuriantly growing crop, contained nitric nitrogen equivalent
to 332 pounds of sodic nitrate per acre on this date Three other
saumples were taken in the same manner from a row of beets as near
to this spot as was advisable with the following results. The top
two inches gave 12.0 pounds, the succeeding four inches 1.7 pounds
and the next six inches 2.6 pounds of sodic nitrate per acre. We
have in this case a difference of 315.7 pounds between the amount
of nitrate per acre in the fallow spot and that in the cropped land a
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few feet away. The questions in this case are: Was there as much
nitrate formed in the cropped land as in the fallow land? Had the
beet crop appropriated the 315.7 pounds? Or had the condition of
being cropped prevented the formation of the nitrates, i. e., had the
shading of the ground by a dense growth of leaves in some way
retarded or prevented the formation of the nitrates or is there some-
thing in the roots of this crop which is inimical to these processes?
The two sets of samples given above are not isolated ones. There
are strips of land separating the series of experimental plots, and
these gave, on the same date, essentially the same results; the sur-
face foot of the fallow strip showed the presence of 321 pounds of
sodic nitrate and the samples from the beet plot adjoining it 15.8
pounds. The preceding samples were taken at Fort Collins. I will
give one set of samples taken at my request in the Arkansas Valley.
This set of samples was taken to a depth of six inches, in the rows,
between the rows and in the turn rows. The six inches of soil in
the rows showed 180 pounds, that between the rows 360 pounds and
that in the turn-rows 960 pounds of sodic nitrate per acre. These
cases are not given for the specific purpose of raising questions rela-
tive to the formation and distribution of the nitrates in cropped and
uncropped land, particularly to such as is cropped to beets, but to
show that it is not safe to conclude that, because beets may have
been grown without the application of fertilizers, particularly with-
out the application of sodic nitrate, they have therefore had no
abundant, perhaps prejudicial supply of nitrates. This may be true,
but it is not proven by the fact that we did not add it. My fear is
that the contrary is true, namely, that our beets often have a marked-
ly prejudicial supply of nitrates furnished them during the season
and that this is true in so large a percentage of beets grown for com-
mercial purposes that the general result, in the Arkansas Valley and
also elsewhere in the state, is a decided deterioration in the quality
of the beets. The deterioration or the low quality of the beets in
large sections is not seriously questioned but the cause thereof is not
satisfactorily determined. I have considered some of the causes to
which it has been attributed and have, as I believe, shown that what-
ever injury may be attributed to these causes, they are not sufficient
to account for the facts as we find them and that there must be some
other more generally applicable and at the same time sufficient cause
for this deterioration.

The first class of beets to be considered is represented by beets
grown on ordinarily good land without the application of any fer-
tilizer. The sample of beets harvested 3 Nov. 1910, grown near
Fort Collins, and an analysis of which has been given on page 37,
has been given as a typical Colorado beet. The following samples
have been taken from a variety of soils and should vary both on this
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account and also because they were taken from different localities.
Eight of the samples were grown in 1910 and two of them in IQII.

It is a matter for general comment among the factory people
that the beets grown in 1911 have worked much better than those of
the past few years. I have had occasion to note that the whole de-
velopment of the beet, especially in some sections, was entirely differ-
ent from the usual development heretofore observed in these sections.
I do not know the cause of this. It is difficult to believe it to be due
to the water supply because it holds true that the development of the
beets was very different in 1911 from that of previous years, for sec-
tions in which they had an abundance of water and also in some
where there was a great scarcity of water.

The samples of this class have been taken from a variety of
soils.  Two of them were grown on virgin soil, sod land broken in
the spring and planted shortly afterward to this crop. The water
supply was very moderate, and while I do not know the rainfall and
temperatures that they had during the season, the former may be
safely assumed to be small and the latter high, as the locality was in
the extreme eastern portion of the state and the land was-up on the
prairie far away from any flowing water. These are samples XI
and NII.  This field was harvested October 12-15 and averaged as
delivered to the factory, 13.8 percent sugar, the separate loads
ranged from 12.2 to 16.0 percent. The variety of the beets was not
learned, but was probably a Kleinwanzlebener variety. Samples
XIIT and XIV were grown on the College Experiment Farm in
1911. No. XIII is Wohanka, richest in sugar, WZR—and No.
XIV 1s Wohanka heaviest fielder, WER. Sample No. XV, a Klein-
wanzlebener grown at Rocky Ford. Samples No. XVI and XVII,
variety known only by nwmber, College Experiment Farm. Sam-
ples No. XVIII, XIX and XX, Original Kleinwanzlebener, grown
at Rocky Ford.

As we have a number of samples from this locality, I will give
the rainfall for the growing season: April 2.57, May 2.14, June
0.33, July 2.99, August 1.52, September 0.03 inches. I have not
the times and dates when each of the fields represented by my sam-
ples was irrigated but of some I have a complete statement of the
treatment received. The importance of rainfall, i. e., the part
played by rain water in our crop raising, depends upon the supply
of irrigating water at our command throughout the season. In
some sections this supply is always good, in others it is not. It
would be too much of a digression to go into the question of the
effects of water supply or irrigation at various periods of the grow-
ing season at this time. The subject has been discussed in several
of the earlier bulletins of this Station. The observations recorded
pertain to the crop and sugar content and not to the composition of
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the beet in greater detail. So far as our present purpose is con-
cerned it may suffice to state that my observations do not justify me
in making any positive assertions apropos to the subject. It is self-
evident that plants must have at least a certain minimum quantity
of water to keep them in a state of health and active growth. So
long as this condition is fulfilled it seems that it would not matter
whether this moisture is supplied by irrigating water or rainfall.
This statement assumes that the condition of the soil is taken into
consideration and is one of the factors determining the amount of
water necessary to keep the heet in good condition and actively
growing. The question of water-supply and its distribution during
the growing season must be constantly considered in the study pre-
sented herewith.
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ANALYSES OF BEETS, ORDINARILY GOOD SOIL.

NI,
Date of harvesting............
Average weight of beets...... e
Percent

X11,

Sept. 23, 1910,

Percent

XIIT.

XIVv.

Oct. 12,1911

673.1 grams 788.

4 grams

Percent Percent
Bugar ... 14.20000 12.40000 15.80000 15.30000
Dry substance .............. .. 20.20000 19.20000 23.05400 23.07000
Sclubleash ................... 3.25800 2.21250 2.29660
Insolubleash .............. ... 0.92200 1.18750 1.08700
Crude ash in dry substance. ... 4.18000 3.40000 3.38360
Crude ash in beet.............. 0.84436 0.78384 0.78060
Pure ash in beet............... 0.65529 0.55421 0.53066
Sulfuricacid .................. 0.02460 0.02482 0.02281
Phosphoric acid .............. 0.05786 0.06693 0.05260
Chlorin ....................... 0.09597 0.01129 0.01302
Sodium ........ ... L, 0.02994 0.00734 0.00846
Potassium .................... 0.05509
Potassic oxid ........... .. 0.29559 0.28105 0.27639
Sodic oxid .................... e 0.05057 0.05235
Calecic oxid ................... 0.02339 ... 0.03131 0.03569
Magnesic oxid ................ 0.05749 0.07010 0.06355
Ferricoxid ................. .. 0.00337 0.00817 0.00343
Aluminic oxid ................ 0.00108 0.00042 0.00263
Magnanic oxid ................ 0.00201 P 0.00143 R
Total nitrogen ............... 0.12530 0.13760 0.14388 0.14124
Proteid nitrogen (Stutzer)..... 0.06660 0.06830 0.07524 0.07154
Ammonic nitrogen ............ 0.00200 0.00230 0.00224 0.00226
Amid nitrogen ................ 0.093590 0.00630 0.00554 0.00564
Amino nitrogen .............. 0.02575 0.04711 0.03817 0.04506
Nitric nitrogen ............... 0.00358 0.00786 0.00870 0.00503
Injurious ash per 100 sugar.... 3.52950 ... 2.37390 2.43820
Injurious nitrogen per 100 sug. 0.374406 0.48953 0.38529 0.40393
Press Juice According to Ruempler.
Total nitrogen ................ e N 0.12665 0.11869
Albumin nitrogen ............. 0.04918 0.04772
Propetone nitrogen ........... 0.00245 0.00564
Peptone nitrogen ............. R 0.00685 0.00537
Ash Analyses,
XNXI. XXII. XXIII.
Crude Pure Curde Pure Crude Pure
Carbon ................ none none none
Sand ... 1.391 1.568 1.429
Silicic acid ............ 0.217 RO 0.605 e 1.164 R
Sulfuric acid .......... 2,912 3.754 3.166 4.479 2.939 4.299
Phosphoric acid ....... 6.850 8.830 8.537 12,076 6.715 9.911
Chlorin ............... 11.259 14.641 1.440 2.037 1.677 2.453
Sodium ......... ... 4.569 1.324 1.595
Potassium ............. 8.407
Carbonic acid .......... 19.821 e 24.052 . 26.268 Ceees
Potassic oxid .......... 42,852 45,109 35.851 50.712 35.601 52,080
Sodic oxid ............. 4.776 e 8.13¢ 9.124 8.210 9.863
Calcic oxid ............ 3.832 4.928 3.994 5.650 4.597 6.725
Magnesic oxid ......... 6.803 8.773 8.941 12.648 8.186 11.975
Terricoxid ............ 0.410 0.517 1.042 1.474 0.421 0.615
Aluminic oxid .......... 0.128 0.165 0.054 0.076 0.331 ¢.484
Manganic oxid ......... 0.238 0.307 0.283 0.400 e
J.OSS oot (0.969) (2.656) (2.780)
SUmM ... 102.561 100.325 100.378
Oxygen equi, to chlorin 2.561 .325 .378
Total.............. 100.000 100.000 100,000 100,009 100.000 100.008
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ANALYSES OF BEETS, ORDINARILY GOOD SOIL.

- XV. XVI XVIL
Ibate of harvesting . ............... Sept. 23, 1910, Oct. 11, 1910, Oct. 11,1910
Vield peracre..........ovvinon... 10.09 tons 7.0 tons P
Average weight of beets........... ©568.0 grams 368.24 grams 440.2 grams

Percent Percent Percent
CUBAT + oo vt i e e 14.40000 13.20000 13.30000
Dry substance ....... .. ... ... 20.50000 20.30000 19.90000
Soluble ash ...................... 3.69100 3.70100 e
Insoluble ash ........... .. ..., 1.40700 0.87000
Crude ash in dry substance........ 5.09800 4.67100
Crude ash in beet................. 1.04509 0.92790
Pureashin beet................... 0.88724 0.64629
Sulfuric acid ........... ... ... ..., 0.03030 0.02889
Fhosphoric acid .................. 0.04147 0.07342
(0281 & § < NP 0.13544 0.00484
Sodiurma ...... o 0.08800 0.00314
Potassicoxid ....... ... L 0.42640 0.28561
Sodic oxid . ... 0.02557 0.12858
Calcicoxid .............oiiit, 0.04150 0.03579
Magnesic oxid ....... ... ..l 0.08492 0.08122 e
Ferricoxid ....... oo, 0.00409 0.00217 e
Aluminicoxid ... ... ... 0.00324 0.00070
Manganicoxid ............ ... 0.00475 0.00202 e
Total nitrogen ................... 0.15630 0.18636 0.19810
Proteid nitrogen (Stutzer)........ 0.06600 0.09510 0.10030
Ammonic nitrogen ............... 0.00277 0.00060 0.00280
Amid nitrogen ................... 0.00563 0.00640 0.00797
Amino nitrogen .................. 0.04125 0.03711 0.04154
Nitric nitrogen ................... 0.01104 0.02138 0.02067
Injurious ash per 100 sugar....... 4.90010 3.41640 P
Injurious nitrogen per 100 sugar.. 0.56S75 0.63840 0.65436
Press Juice According to Ruempler.

Total nitrogen .................... not done not done not done

Albumin nitrogen ................
Propetone nitrogen ...............
Peptone nitrogen ................

Ash Analyses.

NXIV. XXV,

Crude Pure Crude Pure

Carbon ................ 0.894 e 0.553

Sand ......... ... ... 1.763 RN 1.792
Silicic acid ............. 1.652 . 1.709 e
Sulfuric acida .......... 2,472 3.415 3.108 4,470
Phosphoric acid ........ 3.383 4.674 7.895 11.360
Chlorin ................ 11.042 15.256 0.521 0.749
Sodium ................ el 9.918 e 0.487
Carbonic¢ acid .......... 20.923 AN 24.941 e
Potassic oxid .......... 34.785 48.059 30.707 44.177
Sodic oxid ............. 11.701 2.883 14.285 19.895
Calcic oxid ............ 3.520 4.683 3.850 5.538
Magnesic oxid ......... 6.928 9.571 8.736 12,567
TFerric oxid ......... ... 0.334 0.461 0.255 0.336
Aluminic oxid ......... 0.264 0.365 0.075 0.108
Manganic oxid ......... 0.387 0.535 0.218 0.313

Loss ... ... ... . ... (2.387) (1.472)

Sum ... 102.435 . 100.117

Oxygen equi. to chlorin. 2.435 et 0.117

Totgl .............. 100.000 100.000 100.000 100.000
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ANALYSES OF BEETS, ORDINARILY GOOD SOIL.

NVIIL
Date of sampling............... ... 3 Nov.
Yield tons per acre............... . 11.6
Average weight of beets.......... 497.0 grams
Percent
Sugar in beet....... ... ... .. ..., 14.30000
Dry substance in beet............. 19.90000
Crude ash in dry substance........ 4.51700
Crude ash in beet................. 0.89888
Pure ash in beet. ... ..... ... ...... 0.63879
Sulfuric acid ....... ... ... .. .. ... 0.03130
Phosphoric acid .................. 0.04634
Chlorvin .......................... ¢.04792
Sodium ......... . . L. 0.03276
Potassic oxid ... ..... ... ... ... . (.26374
Sodic oxid ...... ... ... ... . L. 0.08661
Calcicoxid ....................... 0.03532
Magnesic oxid ... ... ... ... 0.09053
Ferricoxid ....................... 0.00198
Aluminic oxid .................... 0.00155
Manganic oxid ................... 0.00082
Total nitrogen ................... 0.20605
Proteid nitrogen (Stutzer)........ 0.08070
Ammonic nitrogen ............... 0.00290
Amid nitrogen .......... . ... .. ... 0.01495
Amino nitrogen ...... ............ 0.05231
Nitric nitrogen ................... 0.01718
Injurious nitrogen in beet......... 4.10950
Injurious ash per 100 sugar....... 3.23300
Injurious nitrogen per 100 sugar.. 0.75175

Press Juice Aecording to Ruempler.

Total nitrogen ................... 06.16775
Albumin nitrogen ................ 0.04410
Propetone nitrogen ............... 0.00175
Peptone nitrogen ................. 0.00405
Ash Analyses.
NXVI
Crude Pure
Carbon ................ 0.701
Sand ............ ... ... 0.791
Silicic acid ............ 0.744 P
Sulfuric acid .......... 3.482 4.899
Phosphoric acid ........ 6.155 7.254
Chlorin ................ 5.332 7.503
Sodium ......... .. .... 4.867
Carbonic acid .......... 23.310 e
Potassic oxid .......... 29.391 41,288
Sodic oxid ............. 14.483 13.820
Caleir oxid ............ 3.919 5.515
Magnesic oxid ......... 10.072 14,173
Ferric oxid ............ 0.220 0.310
Alumniic oxid ......... 0.172 0.242
Manganic oxid ......... 0.092 0.129
Loss ... (3.389)
Sum ... 101,203
Oxvgen equi. to chlorin 1.203
Total .............. 100.000 100.000

NIX. XX,
3 Nov. 3 Nowv.
11.6 [N
516.8 grams 6§75.1 grams
Percent Percent
14.20000 12.70000
20.20000 20.00000
4.20200 4.99400
0.86900 0.99880
0.71760
0.02825
0.03342
0.05755
0.03738
0.23678
0.17695
0.03377
0.09956
0.00247
0.00106
0.00146
0.21330 0.25215
0.07950 0.09045
0.00245 0.00535
0.01410 0.01966
0.05110 0.04794
0.01984 0.04537
0.11725 0.13569
3.70300
0.82671 1.07246
0.18295 0.23855
0.04070 0.04770
0.00990 0.01350
0.00030
XXVIL
Crude Pure
Trace
0.918
1.578 e
3.828 £.327
3.348 4.659
5.750 8.002
5.204
25.500 e
23.710 32.997
21.663 24,530
3.382 4.707
9.970 13.875
0.248 0.345
0.107 0.149
0.147 0.205
(1.148)
101.297
1.297
100.000 100.000
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Samples XI and XII were grown on a light, loamy, virgin soil
with a scanty supply of either rain or irrigating water. The sam-
ples were gatiered rather early in the season and the beets were still
growing. The quality of these heets was, as the analyses show,
really good; 14.2 percent sugar in sample XI and 13.8 percent as
the average sugar content of the beets as harvested. The injurious
ash per 100 parts of sugar was 3.53, which is perhaps a rather large
amount, but I have been unable to find any statement relative to the
permissible amount of injurious ash in beets or diffusion juices.
The injurious nitrogenous substances, 3.74 parts per 100 of sugar,
are quite low, in fact they are lower than in either the Michigan or
Fort Collins beets which we tentatively adopted as standards of
comparison. and as low as Andrlik’'s No. VI, which he judges as a
good beet. An examination of the ash analysis shows the presence
of a remarkably high percentage of chlorin; 14.641 percent in the
pure ash. One nught, perhaps, be justified in expecting to find a
corresponding amount of sodic oxid but this constituent is quite
low for our beets. In the ash of the Michigan beet both of these
constituents are much lower but the soda in the ash of the Fort Col-
lins beet is much higher. The soil on which these beets grew, like
all of our semi-arid soils, is alkaline, but is not charged with alkali
salts as we understand the term and as has been sufficiently ex-
plained in the preceding pages. \We further observe that the ash,
whether we consider the crude or the pure ash, is, compard with the
figures given for foreign beets since 1890, higher by at least fifty
percent than the figures given by Ruempler for beets grown without
the application of kainite, and materially higher than the fgures
for those to which this salt was applied. They are also quite as
much higher than the figures given by F. Strohmer and O. Fallada
for Austrian beets grown with application of phosphoric acid, salt
and sodic nitrate or ammonic sulfate and it is also materially higher
than the Michigan and some of our Colorado beets. That our con-
ditions are wholly ditferent from Austrian conditions, for instance,
is indicated hy the fact that though the Austrian beets were grown
on land to which an application of 9.2 pounds of salt per acre had
been applied the chlorin in the pure ash of eleven samples, showed
a maximum of 3.2%7 percent of chlorin, whereas the pure ash of these
beets grown on virgin ground without the application of any fer-
tilizer, shows the presence of 14.64 percent; on the other hand, the
ashes of the Austrian beets show from 9.24 to 22.39 percent of sodic
oxid, while the pure ash of these beets shows the presence of 6.15
percent which is calculated as metallic sodium in the statement of
the analysis. The first thought 1s that sodic nitrate had been ap-
plied to the Austrian beets. This is true in the case of three out of
eleven, and not true of the other eight; so the presence of such
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notable quantities of soda cannot be attributed to the action of the
sodic nitrate.  The chlorin in the ashes of the Austrian beets was
not unitormally increased. We see that in six cases out of nine it
was increased and in three it was not. I'hese facts do not help us
explain the large amount of chlorin which forms about 20.0 percent
of the injurious ash in our samples.

The total nitrogen in these beets is low; o.125 percent. The
proteid nitrogen. precipitated by Stutzer's reagent, is relatively high
for Colorado beets. the other forms of nitrogen, ammonic, amid,
amino and nitric, are low. The nitric nitrogen, 1. e., nitrogen pres-
ent in the form of nitric acid, is present in many beets in traces only.
Ruempler quotes Bresler as having found 0.0065 and 0.0039 per-
cent in two samples of beets and states that Herzfeld found it only in
traces. It is stated on the other hand that some French beets have
been found to be relatively rich in it. This last fact has been attrib-
uted to their use of latrine as a manure.

The samples which we are discussing have been presented for
the purpose of finding out as nearly as we may what kind of beets
we are justified in expecting under our ordinary conditions of soil,
climate and all the other things which constitute our agricultural
conditions and one of these as I have shown in Bulletins 155, 160 and
178, is the frequent if not almost universal occurrence of very un-
usual amounts of nitrates in our soils.

In the case represented by analyses No. XI and XII we have
beets grown on virgin soil under rather adverse cultural conditions,
but the beets are very good in quality and the yield was 14 tons per
acre.

Analyses XIIT and XIV represent beets, varieties WZR and
WER, grown on as good land as we have, with a good supply of
water, good cultivation, and during a favorable season, 1911. We
find the beets large in size, fairly rich in sugar, also in dry matter,
low in ash, low in total nitrogen and low in injurious ash and in-
jurious nitrogenous compounds; the former amounting to 2.37 and
2.44 and the latter to 3.85 and 4.04 parts per 100 parts of sugar.
These are, according to the criteria adopted, excellent beets. The
nitric nitrogen, however, is present in easily determinable quantities
and is higher than that of the Michigan beets or those from Fort
Collins grown in 1910. These are samples taken from the check
plots of some experiments and we will return to them later and
will discuss more fully the conditions under which they were grown.

Analysis XV represents beets grown in 1910 on an entirely
different soil, a check plot in an experimental series. The soil is a
calcareous clayey one somewhat difficult to manipulate. The water
supply for this land is at all times abundant. The rainfall for the
growing season, April to September, was 9.58 inches. The pre-

b~
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vious crop was beets. ‘The attack of leaf-spot on the beets in this
field was not more than mediumly severe. The reaction of this soil
is alkaline, and the water-soluble in samples taken to represent the
first, second and third foot of soil ranges from 0.1 to 3.655. The
potash in the surface foot ranges from 0.68 to 0.95, in the second
foot from 0.82 to 1.07, in the third foot from 0.48 to 0.93; the phos-
phoric acid ranges in the first foot from 0.11 to 0.82, in the second
foot from 0.16 to 0.69, and in the third foot from 0.13 to 0.88. The
humus nitrogen calculated on the soil was 0.073, 0.050 and 0.025
in the different samples of the surface foot, 0.040, 0.039 and 0.041
in the second foot, 0.051, 0.053 and 0.008 in the third foot. The
lowest amount of lime in this soil was found in one of the samples
from the third foot and was 4.18 percent. The magnesia amounts
to about 1.5 percent, but in one sample representing the second
foot it falls to 0.84 percent. The available potash exceeds 0.01 per-
cent and the available phosphoric acid in the three surface samples
taken one foot deep was 0.007, 0.003 and 0.010 percent. We have
abbreviated these analyses, giving the essential chemical factors sup-
posed to influence the growth of plants. It is usually assumed that,
while the beet plant is a heavy feeder, its roots are not strong for-
agers, but unless we are led astray by our methods, there ought to
be in this soil an ample supply of the chemical elements of plant food
that they require, and I saw nothing in the crop to indicate the con-
trary.

This is the land on which the greater number of our fertilizer
experiments were made and not being satisfied in regard to the re-
sults obtained the check plots were subsequently resampled in sec-
tions of one foot each to a depth of three feet. 'The samples were
composite, each containing three sub-samples, and were submitted to
the ordinary agricultural analysis with the following results:
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ANALYSES OF SOIL EXPERIMENTAL PLOT, ROCKY FORD, COLO.

Plot 19——Sampled 20 July 1911.

XXVIila
IMirst foot

Percent
Insoluble ........... ... ... . ... 59.035
Silicicacid .......... ... ... ..., 13.220
Sulfuricaecid ......... ... ..., 0.108
Phosphoric acid ................ 0,188
Chlorin ......c.ovoniniiiiiinnnnn 0.043
Carbonic acid ............... ... 2.984
Potassic oxid ......... ... ... .. 0.887
Sodic oxid ....... .. i 0.727
Calcicoxid ...... ..o 4.940
Magnesic oxid ................. 1.436
Ferrous oxid ............ ..o 0.486
Ferric oxid ............ ... ... 4.248
Aluminic oxid ................. 5.228
Manganic oxid ................. 0.100
‘Water at 100° C............... .. 2.428
Ignition ...... ... il 3.628
SUNML cive ittt ans 99.686
Oxygen equi. to chlorin......... 0.009
TOtAl o oe s 99.677
Total nitrogen ................. 0.1080
HUINUS . eenvenvnnronenonsarses 0.9800
Humus nitrogen on soil......... 0.0530

Nitrogen in humus............. 5.4080

Humus N. on total N............ 49.0750
Nitrie nitrogen ..........c.oonn 0.0016

Water-soluble in soil............ 0.3590

Sulfuric acid in water soluble. .. Not det’d

Calcic oxid in water soluble..... Not det’d

XXVIIb

Second foot

Percent
56.078
12,220

0.173
0.160
0.031
4.592
0.813
0.677
7.100
1.257
0.389
4.004
5.787
0.100
2.454
3.464

99.299
0.007

99.292

0.0770
0.5920
0.0330
5.5740
42.8600
0.0002
0.3510
Not det’d
Not det’d

XXVIiIc
Third foot
Percent
52.436
16.200
0.477
0.102
0.028
3.212
0.934
0.581
5.450
1.630
0.355
4.667
6.366
0.150
3.402
3.446

99.436
0.006

99.430

0.0630
0.5620
0.0370
7.0460
62.8600
0.0001
1.0500
46.5940
24.6550
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ANALYSES OF SOIL EXPERIMENTAL PLOT, ROCKY FORD, COLO.

Plot 38—Sampled 20 July 1911.

Insoluble ...t
Silicic acid ........ ... .. oL
Sulfuric acid ................ ...
_Phosphoricacid ................
Chlorin

Sodlec oxid ... ..
Calcic oxid ........ ... o it
Magnesic oxid .......... . ...
Ferrous oxid ...................
Ferric oxid ....... ... . il
Aluminic oxid ............ ... ..
Manganic oxid .................
Water at 100° C, ...............
Jgnition ...,

Sum ...

Total nitrogen .................
Humus . o.vviinin i eiaan
Humus nitrogen in soil.........
Nitrogen in humus..............
Humus N, in total N.............
Nitric nitrogen .................
Water-soluble in soil...........
Sulfuric aeid in water-soluble. ..
Calcic oxid in water-soluble....

XXVIId
First foot
Percent

Not det’d
Not det’d

XXVIiIe
Second foot
Percent
47.486
16.214
1.826
0.201
0.029
3.796
0.930
0.810
6.865
1.693
0.378
4.818
6.037
0.265
4.052
3.956

0.0710
0.6500
0.0330
§.0770
46.4800
0.0001
3.3830
54.3100
28.8400

XXVIIf

Third foot
Percent
48.168
16.812
1.689
0.166
0.026
3.254
0.958
0.996
6.190
1.708
0.307
4.922
7.080
0.255
3.640
3.146

99.317
0.006

99.311

0.0480
0.5500
0.0360
6.5450
75.0000
0.0001
3.6550
53.8600
25.3080
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The analyses show an abundance of phosphoric acid, potash
lime and magnesia. The total nitrogen in the surface qamples is
just about the average for our soils. The ferrous oxid is very easily
extracted with dllute hydric chlorid, but is wholly insoluble in
water. It is probably present as a carbonate of iron. The ferrous
salt is probably without effect on the character of the crop, for we
find as much ferrous oxid in other soils which produce good beets
under favorable conditions. The chlorin is not excessive, and the
nitric nitrogen on the date of sampling was only moder ately high,
still there was the equivalent of 360 pounds of sodic nitrate in the
surface foot of plot 19 on 20 July and 180 pounds in plot 38 taken
to the same depth. While these quantities are comparatively small,
they are, especially the 360 pounds, large enough to affect the
quality of the beets. I mean by this, that if we should apply 360
pounds of sodic nitrate to an acre of beets on 20 July it would with-
out doubt aftect the quality of the crop. No attempt was made to
study the variation of the amount of nitrates in this soil during the
season but this was done for other fields by Mr. Zitkowski, whose
results are given later,

The vieid {rom this ground was not remarkable, 10.09 tons per
acre, and the quality of the heet is fully shown by the analysis. The
variety was the Fairfield. The sugar content was 14.4 percent, the
injurious ash per 100 parts of sugar 4.9 parts, and the injurious
nitrogenous compounds amounted to 5.69 parts. The total nitrogen
is not particularly high but the ratio of injurious nitrogen is quite
high, approximately 60.0 percent. The nitric nitrogen in these
beets is decidedly higher than that in the Fort Collins standard beets.
We have 0.01104 against 0.00096 percent. The ash of these beets
shows a high percentage of chlorin, 15.235 percent of the pure ash
or 0.13544 percent of the fresh beet. 1 lcave the reader to classify
such beets. 1 do not know, except in the most general way, how
these beets worked in the factory, but we can safely assume that it
was none too well.

Analyses XVI and XVII represent beets grown on the College
Experiment Farm in 1910.  The soil is to all appearances the same
as that ' which the samples of 1911 were grown. These sanmiples
show the maximum sugar content found during the season. The
variety was given by number. The stand was good and the yield of
roots was 7.0 tons per acre. The tops were frozen before the beets
were harvested, about November 16, and their weight was not ascer-
tained, but they were very heavy. The growth of the tops was
luxuriant throughout the months of September, October and Novem-
ber till frozen. The accompanying photographs, Plate I, show the
appearance of the field, also the size of the tops and the undesirable
shape of the beets, If my information be correct, some of these
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beets were irrigated once and some twice, but I could detect no dif-
ference at all in these plots. We observe that the dry matter is no
more than average, if quite that, that the sugar is low, that the in-
jurious nitrogen is high and that the nitric nitrogen was 0.02 per-
cent of the flebh beet The ash shows a 1ather large amount of
both chlorin and soda. The land on which these beets grew 1s free
from alkali and free from excessive water, it is, in shmt excellent
land, but the beets were poor in both crop and quality. ~\na1y>e>
XVIII, XIX and XX represent samples taken from check plots in
other experiments of 1910. Analyses NVIII and NIX represent
beets grown on the land chosen as a check plot for our experiments
with nitrates. The samples taken from this plot throughout the sea-
son, however, were so erratic that I felt that it would be unwise to
attach much, if any, importance to them, therefore, as a further

check I took a sample from an adjacent plece of land which had not
been fertilized at all. The land on which Nos. XVIII and XIX
were grown had received a dressing of manure at the rate of 10 tons
per acre, which had been plowed under to the depth of 10 inches.
The previous crop on this land was beets without any fertilizer.
This soil was submitted to a complete analysis, which will be given
in another place. It contains potash 0.76, phosphoric acid 0.108,
total nitrogen 0.11, which is fully an average for Colorado soils.
The available plant food is quite sufficient, if not really abundant,
for instance the available phosphoric acid in the samples taken the
last of March amiounted to 84 pounds per acre-foot, which is alimost
exactly one-fiftieth of the total. The soil is a light loam somewhat
gravelly in spots.  The soil on which the beets, represented by
Analysis XX grew, was still lighter, almost sandy. Our analyses
show that these samples are all poor in quality, not only is the sugar
from medium to low in percentage, but the injurious nitrogen com-
pounds are decidedly high, 7.5, 8.3 and 10.7 parts for each 100 parts
of sugar.

In considering the quality of these beets as indicated by their
composition it is not enough to consider them as samples grown on
apparently good ground \vlthout the application of any fe1t1117el
but we must also bear in mind that they are grown in different sec-
tions of the state, some of them quite di:tant from one another.
This happens to be the case with the pair XI and XII and the pair
XIIT and XIV. ‘The former pair was grown about 172 miles south
and 162 mules east or about 240 miles in a straight line southeast of
the latter and at an elevation of almost 2,000 feet less. These fac-
tors added to the differences in soils, water-supply, preparation of
ground and subsequent cultivation forbid that we should draw our
conclusions with too great a degree of confidence; but, at the same
time, they lend weight to those features of inferiority which are
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common to all of the samples and indicate their independence of
these factors. 1t is for the purpose of avoiding misapprehensions
that I have given, at the risk of being prolix, so many details. On
the other hand, the number of samples and the various locations
serve to give us a correct idea of the character of the beets that we
are justified in expecting under favorable conditions and they show
that these favorable conditions are not confined to the northern sec-
tion of the state and the higher altitudes. While the sample of Fort
Collins beets grown in 1910 with 18.3 percent sugar was undoubt-
edly an excellent beet as are also the College samples grown in 1911,
they are no better beets than the samples grown on virgin soil in the
extreme eastern portion of the Arkansas Valley, but still in Colo-
rado, in fact, except in the percentage of sugar shown, the Arkansas
Valley sample is somewhat the better, especially in regard to the
amount of injurious nitrogenous substances present. ~Compared
with the College samples of 1910 the Arkansas Valley sample is
decidedly the superior one. The reader who is not familiar with
the conditions in this section of the AArkansas Valley cannot appre-
ciate the force of these facts. In this case we have samples of beets
grown under very different conditions with the advantage. according
to our universally accepted criteria, cultivation, supply of moisture,
fertility of the soil, absence of hot drying winds. absence of fungus
troubles, etc.. in favor of the less advantageous returns in both crop
and quality; to be specific the College crop in 1910 was 7.0 tons per
acre and that on freshly broken sod land n the Arkansas Valley was
14 tons. The maximuwm sugar found in a field sample of the college
beets was 13.3 percent, the average of the Arkansas Valley beets in
load lots as delivered to the factory. was 13.8, with a maximum of
16.0 percent.. The College samples show 5.7 and 6.4 parts of in-
jurious nitrogenous substances to each 100 of sugar, while the
Arkansas Valley sample shows 3.7 parts.  Even two of the samples
chosen as standards for our purposes, the Michigan and Colorado
samples, show 0.51 and 0.63 parts injurious nitrogen. As we have
given some College beets grown in 1911, it 1s perhaps of interest to
state that the section of the Arkansas Valley under consideration
produced in 1911 the best beets of auy section of the state so far as
my information goes. The tonnage was moderate but the sugar
content averaged better than 17.5 percent and the beets worked
exceptionally easily in the factory. The new lands in the Arkansas
Valley produce now, as the lands about Rocky Ford did prior to
1905, excellent heets. If we consider in this connection the addi-
tional analyses XV, XVIII, NXIX and XX, we find further sug-
gestive facts. If we consider only the two factors, percentage of
sugar and injurious nitrogenous compounds, these facts will become
sufficiently evident. In analysis XV we have 14.4 percent sugar
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and 5.7 parts injurious nitrogenous compound per 100 parts sugar.
While this is lower in sugar than our adopted standards with 15.3
and 18.3 it is almost as low as the lower one of them in injurious
nitrogen.  Analysis XVIII indicates a decidedly poor beet, while
analyses XIX and XX are decidedly poorer still, particularly
analysis XX, which is both low in sugar and rich in injurious nitro-
genous substances, I0.7 parts per 100 sugar.

It appears from these samples that excellent beets can be pro-
duced in widely separated sections of the state but as a fact our soils
do not uniformly. even under favorable conditions, produce beets of
good quality, but on the contrary some of them are of decidedly bad
quality. In regard to the different forms of nitrogen present we
observe that the nitrogen precipitated by Stutzer's reagent, even
though we know that it may carry down some amids, is low, whether
we calculate it on the fresh beets or on the total nitrogen. The am-
monic, amid and amino nitrogen appears to have very nearly the
same ratio to the total nitrogen as I find given by others for German
beets. The nitric nitrogen, however, is present in all of the analyses
in noticeable quantities. As already stated this form of nitrogen
has heen found in some abundance in French beets. The maximum
which I have found is in an analysis quoted from Ed. Urban by
Ruempler in which 25.25 percent of the total nitrogen was present in
this form.  Ruempler {further states that Bresler found only from
1.6 to 2.35 percent of the total nitrogen in the form of nitric nitrogen
and that Herzfeld found in general only traces. We have in the Colo-
rado and Michigan beets adopted as standards 0.46 and 1.4 percent
of the total mitrogen present as nitrogen in the form of nitric
acid; in analysis XI we have it corresponding to 2.8 percent of the
total, in XIII we have 6.0 percent and we find it increasing in the
series of samples till in analysis XX it amounts to 18.0 percent of
the total. None of these samples were grown on manured or fer-
tilized land except XVIII and XIX, these had received ten tons of
stockyard manure per acre, which had been plowed under to a depth
of ten inches. Analysis XIX shows the presence of nitric nitrogen
equivalent to 9.3 percent of the total. Perhaps Analyses XVIII
and X1IX should have been omitted from this list, but they represent
a check plot, in our experiments with nitrates of which they received
none, but owing to the peculiar results obtained with samples from
this ground, Sample No. XX was taken, as already explained as a
further control. .

We conclude that under favorable soil conditions the Colorado
beet grown without the application of fertilizers is as good a beet as
the beets of the other states or countries, that is that it contains as
much sugar and as little injurious nitrogen. Concerning the injur-
ious ash we are not so certain, for I have nowhere found any definite
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statement of the permissible amount in a good beet. In Andrlik’s
Sample No. V, which he indicates as a poor beet, the injurious ash
amounts in the beet to 2.75 parts per 100 parts of sugar. Andrlik,
however, appears to base his opinion of his beet wholly upon the
amount of injurious nitrogen present. If this amount of injurious
ash in the beet, 2.75 parts per 100 of sugar, be the permissible limit,
our beets are as a rule too high in these ash constituents.

On the other hand I think that the relatively large amounts of
injurious nitrogen compounds per 100 parts of sugar, shown by
Analyses XV to XX indicate a tendency on the part of our soils to
produce a low quality of beet. I further think that this tendency
and its cause is indicated by the high percentage of nitrogen present
as nitric acid.

THE EFFECTS OF FERTILIZERS.

We have already recorded the results obtained in a number of
experiments with manure, sodic nitrate, superphosphate, potassic
sulfate and two forms of lime, singly and in combination upon the
sugar content and yield of beets. We were unable to determine that
there was a sufficently uniform and favorable result produced to
justify the use of any one or any combination of them. The ques-
tion presented in the following paragraphs deals only with the com- .
position of the beets grown irrespective of the yield of either beets or
sugar.

In the preceding paragraphs we have shown that while our soil
and climate may produce excellent beets we do not always harvest
such, in fact, it is the decided deterioration of the general crop that
has taken place in the Arkansas Valley since about 1904 that deter-
mined us to undertalke this study in the hope of finding out the cause
and discovering a remedy.

We have seen that some of our beets are decidedly low in qual-
ity and if this be due to the lack of proper plant food or the presence
of plant food in improper ratios an investigation into the effects pro-
duced by the fertilizers mentioned may give us some hints at least
how the crops may be bettered in quailty whether it is economically
feasible or not.
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ANALYSES BEETS GROWN WITH FERTILIZERS.

XXVIII. XXIX, XXX. XXXI.
20 tons 250 P,170 X, 110 P,
Fertilizer per acre 1909........ CaCo, 250 P, 170 K 100N 130 K
Fertilizer per acre 1910........ None 800 K 400 P 160 K, 100 N
Yield 1910 .................... 11.3 tons 10.11 tons 10.86 tons 11.70 tons
Date of sampling, 11 Oct. 11 Oct. i1 Oct. 11 Oct.
Percent Percent Percent Percent
Sugar in beet..... ........... 14.60000 14.50000 14.10000 14.106000
Dry substance in fresh beets... 20.90000 21.30000 19.70000 20.60000
Crude ash in dry substance.... 5.00900 4.96800 5.62600 6.49700
Crude ash in beet............. 1.04688 1.05718 1.10932 1.33838
Pure ash in beet.............. 0.758047 0.81278 0.81556 1.05870
Sulfuric acid ................. 0.02771 0.03257 0.03055 0.05118
Phosphoric acid .............. 0.03477 0.06122 0.04848 0.10615
Chlorin ....................... 0.12746 0.14657 0.12489 0.24613
Sodium ............. ... ..., 0.08283 0.09520 0.08114 0.16004
Potassic oxid ................. 0.37996 0.34494 0.39215 0.54874
Sodicoxid .................... U.00677 0.02517 0.01845 0.07745
Caleic oxid ................ ... 0.03812 0.02822 0.03237 0.04873
Magnesic oxid ................ 0.07073 0.07202 0.07642 0.09066
Ferricoxid ................... 0.00489 0.00392 0.00491 0.00286
Aluminic oxid ................ 0.00309 0.00073 0.00291 0.00445
Manganic oxid ................ 0.00416 0.00213 0.00323 0.00203
Total nitrogen ................ 0.12895 0.12320 0.10875¢ 0.21900
Proteid nitrogen (Stutzer)..... 0.07175 0.06660 0.06250 0.07495
Ammonic nitrogen ............ 0.00100 0.00145 0.00560 0.00315
Amid nitrogen ................ 0.00215 0.00320 0.00305 0.00620
Amino nitrogen .............. 0.03700 0.03621 0.04071 0.03957
Nitric nitrogen ............... 0.01034 0.00250 0.00987 0.01333
Injurious nitrogen in beet..... 0.05405 0.05195 0.03760 0.13470
Injurious ash per 100 sugar.... 4.27940 4.44450 4.59000 7.68430
Injurious nitrogen per 100 sug. 0.37020 0.35827 0.27288 0.95531
Ash Analyses.
XXXVIIY. NXXIX. XL. XLI.
Crude Pure Crude Pure Crude Pure Crude Pure
Carbon ........ 0.809 1.4%2 1.295 0.490
Sand .......... 1.041 0.794 1.612 0.371
Silicic acid .... 1.419 1.208 1.935 0.630
Sulfuric acid .. 2.647 3.551 3.081 4.008 2.754 3.755 3.025 3.824
Phosphoric acid 3.321 4.455 5.791 7.533 4.370 5.944 6.273 7.931
Chilorin ........ 12,175 16.331 13.864 18.036 11.2568 15.313 14.546 18.390
Sodium 10.619 . 11714 . 9.948 . 11958

Carbonic acid .. 19.678 18.117 18.865 16.981
Potassic oxid... 36.294 48.683 32.628 42.445 35.350 48.084 32,429 40.999
Sodie oxid ..... 1L310 0.868 14.525 3.097 11.524 2.262 17.318 5.786

Calcic oxid .... 8.641 4.884 2.669 3.472 2.918 3.969 2.880 3.641
Magnesic oxid.. 6.756 9.062 6.812 8.861 6.889 9.370 5.358 6.773
IFerric oxid .... 0.467 0.626 0.371 0.483 0.443 0.603 0.169 0.214

Aluminic oxid.. 0.295 0.395 0.061 0.090 0.262 0.356 0.263 0.332
Manganic oxid. 0.392 0.526 0.201 0.261 0.291 0.396 0.120 6.152

LOSS vovvunnnnnn (2.502) ..... (2.517) ..., (2.715) ... (2.431)
Sum.......... 102.747 cee.. 1020129 ... 102,541 .o, 103,283
Oxvgen equl. to
chlorin ...... 2.747 Ceean 3.129 e 2.541 Ceee 3.283
Total.......100.000 100.000 100.000 100,000 100.000 100,000 100.000 100.000

*CaCO, indicates factory waste lime and CaO burnt lime.
iProkably too low, though the duplicates agree very well.



DETERIORATION SUGAR BEETS DUE 10 NITRATES

ANALYSES BEETS GROWN WITH FERTILIZERS.
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NXXII XNXIII. XXXIV. XXXV,
Fertilizer per acre 1909................. 110P 130K 20 tons manure 4 tons CaO 4 tons Ca0Q
200 N 110P, 200N 20 tons manure  250P 170K
110P, 130K, 200N 200N
Fertilizer peracre 1910.... ... ovnonn 240P, 100N 220P, 400N 220 P, 260K 250P, 170K, 200N
Yield 1810 ... ... . 12.60 tons 14.57 tons 11.9 tons 11.59 tons
Date of sampling, 11 Octe 11 Oct. 11 Oct, 11 Oct.
Percent Percent Percent Percent
Sugar inbeet.......... .. ... ... 12.40000 13.60000 14.70000 13.70000
Dry substance in fresh beet.... 18.80000 21.60000 22.00000 20,10000
Crude ash in dry substance.... 6.38600 5.66500 5.25400 6.32600
Crude ash in bheet............. 1.20049 1.22364 1.15588 1.25344
Pure ash in beet........... ... 0.95270 0.93754 0.91227 0.93368
Sulfuric acid ................. 0.02906 0.04297 0.04374 0.03690
Phosphoric acid .............. 0.06469 0.09006 0.08181 0.04795
Chlorin 0.17743 0.13328 0.14213 0.14732
Sodium 0.11823 0.08666 0.09241 0.09579
Potassic oxid ....... ... ... ... 0.43681 0.43050 0.41904 0.42362
Sodicoxid ... .. v e 0.02321 0.01593 0.04788
Caleic oxid ...... ... o 0.04255 0.03405 0.03231 0.04062
Magnesic oxid ...... ... .. 0. 0.07596 0.u8873 0.07940 0.08284
TFerric oxid ... i v 0.00379 0.00261 0.00310 0.00647
Aluminic oxid ... . ... L. 0.00265 0.00485 0.00175 0.00084
Manganicoxid ................ 0.00152 0.00062 0.00103 0.00350
Total nitrogen .............. .. 0.15345 0.23270 0.17150 0.17940
Proteid nitrogen (Stutzer)..... 0.07175 0.08040 0.08705 0.07000
Ammonic nitrogen ............ 0.00315 0.00710 0.00275 0.00230
Amid nitrogen .......... ... 0.00620 0.01650 0.00925 0.00935
Amino nitrogen .............. 0.03957 0.02622 0.03421 0.04171
Nitric nitrogen ............... 0.01333 0.00832 0.00865 0.01244
Injurious nitrogen in beet..... 0.07233 0.12870 0.07243 0.09775
Injurious ash per 100 sugar.... 614200 5.26920 4.85200 5.48550
Injurious nitrogen per 100 sug. 5.58334 0.94632 0.62047 0.71351
Ash Analyses.
NLIIL XLIII XLIV. XLV,
Crude Pure Crude Pure Crude Pure Crude Pure
Carbon ........ 0.500 0.640 0.355 0.509
Sand .......... 0.582 747 0.727 0.679
Silicle acid .... 1006 1.591 1.003 1.507
Sulfurie acid 2.421 3.051 3.512 4.584 3.748 4.794 2.944 3.952
Phosphoric acid ©5.389 6.792 7.36¢0 9.606 7.078 8.968 3.822 5.131
Chlorin 14,780 18.626 10.892 14.216 12.296 15.5680 11.753 15.779
Sodium ........ e 1204120 9.243 ceee. 100130 L.ooo. 10.253
Carbonic acid... 13,061 17.89¢ e 17.327 e 20,572
Potassic oxid .. 37.077 45.853 35,182 45.917 36.252  45.934 33.797 45.374
Sodic oxid ..... 12,481 12,437 2.476 12.117 1.706 14.115 5.128
Calcic oxid .... 3.544 4.466 2.783 3.632 2.795 3.541 3.241 4.361
Magnesic oxid.. 6.32 7.974 7.252 9.465 6.569 8703 6.609 8.874
Ferric oxid .... 0.318 0.393 0.213 0.278 0.268 0.340 0.516 0.693
Aluminic oxid.. 0,221 0.278 0.396 0.617 0.151 0.191 0.067 0.090
Manganic oxid.. 0.127 0.160 0.051 0.066 0.089 0.113 0.279 0.375
Loss ... (0.503) (1.712) (1.700) (2.243)
Sum.......... 105.335 102.458 102,775 102.653
Oxvegen equi. to
chlerin ...... 3.335 2.458 2.775 2.653
Total.......100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

*Includes 0.736 of potassium.
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XXXVI, XXXVII.
4 tons CaO,
Fertilizer per acre 1509........ 200 N 200 N 200 N 200 N
Fertilizer, pound per acre 1910.............. 400P, 300X, 200N 500P, 400K, 200N
Yield 1930 ..t i 12.0 tons 13.16 tons
Date of sampling.......coiiiitn .. Oct. 11,1910 Oct, 11, 1910
Percent Percent
Sugar in the beet. ... ... ... ... ... .. 15.30000* 13.30000
Dry substance in fresh beet.................. 21.00000 20.10000
Crude ash in dry subslance 5.03700 6.565600
Crude ash in fresh beet........ 1.05777 1.31776
Pure ash in fresh beet............. ... ... ... 0.79850 1.04090
Sulfuric acid .......... ... . i, 0.03315 0.03345
Phosphoricacid ......... ... ..o, 0.04286 0.07948
ChIOTIN vt e e i 0.12475 0.19978
Sodium equi. to chlorin...................... 0.08112 0.12990
Potassic oxXid ... . i 0.36291 0.45641
Sodic OXIA v vt i i e 0.03507 0.02261
Caleic oxI@ .o i 0.03764 0.03447
Magnesic oxid ... ... i i e 0.07399 0.07865
Ferricoxid ... v 0.00042 0.00237
Aluminic oxid ...... .. . i 0.00474 0.00372
Manganic oxid ..... ..o e 0.00179 0.00000
Total nitrogen ... ... .. i i 0.13760 0.17770
Proteid nitrogen (Stutzer)................... 0.06745 0.08035
Ammonic nitrogen ........ ... i 0.00145 0.00290
Amid nitrogen ....... ... i e e 0.00320 0.00720
Amino nitrogen ........ ... . i 0.03621 00.3141
Nitric nitrogen ... it naneenn 0.00250 0.01846
Injurious nitrogen in beet............ ... ..., 0.06550 0.08725
Injurious ash per 100 sugar.................. 4.16340 6.33200
Injurious nitrogen per 100 sugar............. 0.42810 0.65603
Ash Analyses.
XLVL XNLVIL
Crude Pure Crude Pure
Carbon ..., 0.690 5.254
Sand ... 0.460 0.446
Silicic acid ............ 1.111 e 1.039 e
Sulfuric acid ........... 3.124 4.152 2.538 3.213
Phosphoric acid ........ 4.052 5.369 6.031 7.635
Chlorin ................ 11.794 15.624 15.161 19,195
Sodium ........... ... . 10.159 12,481
Potassium .............
Carbonic acid ......... 20,147 18.334
Potassic oxid .......... 34.309 45.451 34.635 43.850
Sodicoxid ............. 13.646 4.393 14.995 2.173
Calcic oxid ............ 3.526 4.714 2.616 3.312
Magnesic oxid ......... 6.995 9.267 5.968 7.556
Ferric oxid ............ 0.040 0.053 0.180 0.228
Aluminic oxid ......... 0.448 0.593 0.282 0.357
Manganic oxid ......... 0.170 0.225 e
TLOSS v ivvn e (2.103) . (0.942)
SUM. oo 102.661 103.421
Oxygen equi. to chlorin. 2.661 3.421
Total..ooovvineennn 100.000 100.000 100.000 100.000

*This is higher than the factory average by 1.2 percent and is the hig‘hest
percentage of sugar found in beets from this field during the season. There
were eight beets in the sample. The sample is probahly not representative.
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The effects of these fertilizers upon the weight of crops, the
apparent coefficients of purity, and the amount of sugar produced
have been given on page 19. ‘These plots were harvested during
the week or ten days subsequent to the taking of these samples and
there is considerable evidence that marked changes took place in
some of the plots. The samples from one of the plots, Number 24,
from which the first sample was taken 6 Sept., showed a fairly uni-
form increase till 11 Qct., when they showed 13.2 and 13.6 percent
sugar. Five days later a sample showed 15.5 percent. The plot
was harvested and the beets delivered to the factory 18 Oct. and
averaged 15.35 percent sugar, apparent purity 84.45. Other plots
also showed increases, but no other one to such an extent as number
24. Our samples of 11 Oct. agreed with the factory averages, as
well as samples of the size taken could be expected to agree, with
two exceptions.

A set of eleven samples had already been taken 23 Sept. The
results obtained by determining the injurious nitrogen in these are,
with one exception, concordant in showing a great improvement in
the quality of the beets. One sample shows a very surprising de-
gree of improvement, but the determination of total nitrogen is
apparently too low, which is mentioned in the tables. The following
statement of the injurious nitrogenous compounds (injurious N x
10) in the beets on 23 Sept. and 11 Oct. may serve to indicate the
changes that took place in the beets during this interval.

Injurious nitrogenous compounds per 100 of sugar in beets
grown on the respective plots and sampled on the following dates:

23 Sept. 1910 11 Oct. 1910

1o 7.13 6.20
e 11.50 .55
2P 9.73 5.83
4o 6.37 6.57
B e 12,75 4.28
B 3.51 3.58
T s 6.34 2.73
S 4.84 5.69
2 9.10 3.70
0. 7.50 7.13

We see that in one case our results show an increase of 0.8g
part injurious nitrogenous substances for each 100 pounds of sugar.
This difference may be due to variation in the samples. We further
see that in Number g of the table there was a remarkable improve-
ment. This mayv be true, it may also be party due to the difference
in the samples taken and also, which is less likely, to analytical
errors.

The beets grown on this land are apparently high in injurious
ash from 4.7 to 7.7 parts for each 100 of sugar, but this does not
seem to be due to the action of the fertilizers though the highest
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amount, 7.7 parts, is found in the case of beets grown on a plot
which had received 160 pounds of potassic sulfate and 100 pounds
sodic nitrate per acre.  On the other hand, beets from plots which
had received heavier applications than this contained less than beets
grown on plots which had received no fertilization. The irregular-
ity of the results does not admit of any definite conclusion.

The apparent coefficient of purity for the beets from all of the
plots ranged from 79.0 to 85.0 as they were harvested, and from
790 to 86.0 for the samples as taken on 11 Oct. excepting one sam-
ple which was very low. The plot on which this sample was grown
bad received a dressing of 120 pounds superphosphate and 50
pounds sodic nitrate.

The percentage of chlorin in the ash of the beets from these
fertilized fields is high in comparison with the available data relative
to the amount of chlorin in the sugar beet. According to Wolff
quoted by Ruempler the average amount in beets prior to 1871 was
0.04000, ten years later it had fallen to 0.03060 percent. The aver-
age obtained at the Halle FExperiment Station was nearly the same
from 0.0260 to 0.0420. The maximum given by Ruempler for
chlorin in fresh sugar beets is 0.242 percent, calculated on the basis
of 80 percent water in the beet. In the six analyses previously
quoted from Andrlik the maximum is 0.038 percent. In the Michi-
gan beets we found 0.0029 and in our standard Fort Collins beets
0.0194 percent, but in the beets grown on this land we find the mini-
mum to be 0.124 and the maximum 0.246 percent of the fresh beet.

The fact that our beets are apt to be rich in chlorin was shown
by our earlier analyses, 1898, at which time mention was made of
this fact. \While manure in some experiments which we made
clearly increased the amount of chlorin taken up by the beets, the
high chlorin in these cases cannot be wholly attributed to the fer-
tilizers used, for the beets from our check plot are as high in chlorin
as those grown with fertilizers. The water soluble chlorin in this
soil was, in the surface foot (three samples) 0.008, in the second
foot 0.012. 0.013 and 0.014, and inn the third foot 0.021 and 0.015
percent. These analytical results indicate not far from 1500 pounds
of chlorin per acre taken to a depth of three feet, or about 2500
pounds of ordinary salt. The molassegenic properties of sodic
chlorid seems to be beyond question. This quantity of salt, if it
has any value as a fertilizer for beets, was perhaps more than suffi-
cient to be of the highest advantage. The extent to which soda
salts were appropriated by the by the plants shows very plainly when
we consider the comiposition of the pure ash in which we see that
sodic chloril makes up from 23. to 32. percent of the total.

The phosphoric acid in all of the samples except in the ash of
the Michigan beet and in that of our standard Fort Collins beet 1s
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very low. This is exhibited plainly in the statement of the crude
and even more so in that of the pure ash. 'The total phosphoric
acid in this soil, not taking that applied to the various plots into ac-
count, was not far from 5,000 pounds per acre-foot, while the citric
acid soluble for the three samples taken to represent the surface foot
of soil gave 120, 280 and 400 pounds per acre foot and the succeed-
ing two feet were well supplied.  In addition to this natural supply,
phosphoric acid was applied in quantities varying from zero to
sixty-five pounds per acre. \We cannot therefore attribute the low
percentage of phosphoric acid in the ash to a lack of phosphoric acid
in the soil nor to its being unavailable. Ve shall return to this sub-
ject briefly in a later paragraph.

\We find that the injurious nitrogenous substances present in
these beets are rather high. In twenty-four samples given by
Andrlik, Jahres-Bericht der Zuckerfabrikation 1907 pp. 18-20 we
find the range from 2.8 to 6.48 parts to 100 parts of sugar with only
three samples with 6 parts or more.  Of these twenty-four samples,
eighteen were grown with application of farmyard manure and four
with various amounts of superphosphate, potash salts, and Chile-
saltpetre.  Our samples show that the best ones in respect to the
amount of injurious nitrogen, were those. grown without any fer-
tilizer or with potassic sulphate or superphosphate applied sep-
arately.

\We have seen hy the results on pages 17 and 19 that the general
effects of fertilizers, applied in the quantities given, are decidedly
disappointing.  This is not due to the time or manner of applica-
tion, for these were in accord with the practice which experience has
approved as the best.  Further it was not due to indifferent or in-
sufficient cultivation, nor to a lack of water. nor to any untoward
condition such as an unfavorable season or an attack of nsects or
of fungi.  The leaf-spot was present, but its attack on these plots
was not very severe. The data presented in the preceding para-
graphs are intended to show a further and different purpose, 1. e,
to show whether any of these fertilizers or combinations of them
have proluced favorable effects upon the quality of the beets which
1s so decidedly beneficial that the interpretation is plain and bevond
doubt, I think that we can safely conclude that they have not; on
the contrary. it seems that we must conclude that the results obtained
m these fertilizer experiments when compared with those obtained
with beets grown without fertilizers, do not justify us in trying to
ameliorate our conditions by these means. There are a number of
things, it is true, to be taken into consideration in interpreting our
results, some of which I have already stated, but which I repeat
because of their importance. First: differences due to locality;
this means that the localities are so remote from one another that
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the climatic conlitions are sufficiently different to constitute a factor
in the results. Second: differences in soils. Third: differences
in varieties of beets, or strains of seed used, and there are still others.
While it is beyond my power to eliminate these factors, we can, I
think. avoid attaching too much importance or too little importance
to them, and also desist from making an excuse of them to explain
things which we do not understand. e know that the climatic
conditions of the Poudre Valley are very different from those of the
Fastern part of the state, which lies in the Arkansas Valley, but we
have already seen that this latter section of the state does produce
excellent beets, not only in regard to high sugar content, but also in
regard to their content of injurious ash and nitrogen. It has been
proved that droughty conditions increase both the total and the in-
jurious nitrogen in beets, but we have scarcely any better beets than
bave been grown in this section of the state and it follows that in
considering our results, especially of 1910, we cannot justly appeal
to climatic conditions as affording the explanation for adverse re-
sults which we cannot otherwise explain.

The chemical composition of the soil on which these experi-
ments were made is given in full in connection with Analysis XV,
which is a sample from one of the check plots in this series which
received no fertilizer in either 1909 or 1910. The statements rela-
tive to the composition of this soil are based upon a series of fifteen
analyses. 1 may state that this soil vields a solution with hydro-
chloric acid which shows the presence of ferrous salts, but not a trace
when treated with water. On panning a portion of the soil no iron
sulfids could be detected. only a black sand.  No sulfuretted hydro-
gen could be detected on treatment with hydrochloric acid and lead
paper. The coarse sand is composed of quartz and felspar. Tt
seems probable that the ferrous compound present is a carbonate,
siderite, possibly in combination with the calcic or magnesic car-
bonate, ankerite or mesitite. There is lime carbonate enough pres-
ent to give a rather lively effervescence,

The available potash in 4,000,000 pounds of the surface foot of
this soil was 400 pounds, of the second foot from 120 to 320 and
of the third foot from 160 to 640 pounds. The phosphoric acid
available 1 this amount of soil from the surface foot was 120, 280
and 400 pounds. The humus nitrogen calculated in like manner
gives us from 1,000 to 2,000 pounds for the first foot, 1,600 pounds
for the second foot and from 320 to 2,000 pounds for the third foot.
Taking the average of available potash and pbosphoric acid in the
three sets of samiples taken to a depth of three feet we obtain a sup-
ply. soluble in citric acid sclution, of 773 pounds of potash and 796
pounds of phosphoric acid per acre. If we assume one-quarter of
the humus nitrogen to be or to hecome available during the season,
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we have 980 pounds of nitrogen. The average yield of fresh beets
for the ten plots was 11.98 tons per acre. The plant food necessary
to grow 44 tons of fresh beets, practically four such crops as that
actually harvested from these fields, is according to Hoffman, 320.5
pounds of potash, 157. 8 pounds phosphoric acid and 345.2 pounds
of nitrogen, and according to Strohmer, Briem and Fallada it is
c01151derably less, 260.2 pounds potash, 79.4 pounds of phosphoric
acid and 276.2 pounds of nitrogen. \\"immer found that about 98
pounds of soluble phosphoric acid produced this amount of beets
most advantageously. It would be wholly without object to cal-
culate how many crops the plant food in the surface three feet of this
soil on the day of sampling would have sufhced to grow. All that

the figures are presented for is to show that the land at the beginning
of these experiments was sufficiently well supplied with plant Iood
to have grown better crops. There is no reason that I know of
to suppose that there was an injuriously large supply unless the
amount of injurious ash for each 100 pounds of sugar be consid-
ered as indicating such a condition, but a comparison of Analyses
XV and XXVTIII with the analyses from XXXI to NXXVII inclu-
sive, does not clearly justify such a conclusion. If anything is
shown by these analyses, it is that the application of fertilizers other
than potash and phosphoric applied separately has not only failed to
consistently and materially increase the crop, but has actually de-
creased its quality so that we have a direct answer to our main in-
quiries. First: That the increase in crop is neither certain enough
nor sufficient to justify the application of fertilizers experimented
with. Second: That the quality of the beets was deleteriously
rather than beneficially atfected, except in two cases in which potash
and phosphoric acid were applied separately.

These results are i harmony with others obtained in this state
by previous experimenters, but we are not in harmony with results
obtained in other states and countries. The important thing to us
1s that we would have little or no reason to hope for any improve-
ment in volume and quality of our crops by the application of fer-
tilizers even if they were at our connnand at prices which our people
could afford.

Analysis NXVIII represents beets grown with no fertilizer other
than stockyard manure, 10 tons per acre, plowed under to a depth
of 10 inches, while No. XX was grown on a sandy soil without any
fertilizer. The water supply for this land was good in 1910. In
addition to this there was a rainfall of njore than ¢ inches during
the growing season, April to October. The quality of the beets in
Analysis XX is decidedly bad so far as injurious nitrogen is con-
cerned. It is a known fact that beets which have suffered from lack
of water, drought, are poorer in quality than beets grown with
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plenty of water, and that beets grown on light and sandy lands are
more susceptible to the influence of this condition than those grown
on heavier lands. It is possible that the lightness of the land on
which the beets of Analvsis XX were grown may have detrimentally
influenced their composition, but it was not due to a scarcity oi
water. The injurious nitrogenous substances for each 100 pounds
of sugar in these samples were respectivey 7.5 and 10.72, the latter
of which 1s a larger quantity than we find in the beets grown with
fertilizers which show 9.46 and 9.55 parts as maxima. \While the
mjurious nitrogen in the beets grown on the fertilized plots is un-
doubtedly high and was probably increased by the fertilizers used,
it is not safe to conclude that these beets were lower in quality than
beets grown on other lands without the application of fertilizers, for
this seems not to be the case. The total nitrogen in the analyses so
far given, made to include the nitric nitrogen, is not high. The
total nitrogen in Analysis XXX may be considered as exceptionally
low and neglected. still the total nitrogen in the other samples is not
high. On the contrary it is lower than the analyses quoted from
Andrlik and, as a rule, lower than the few determinations of total
nitrogen that I have found given for beets in general. So far I
have given twenty-one analyses of Colorado beets, in only five has
the total nitrogen amounted to 0.2 percent and the maximum is
0.252 percent. Of the five samples showing 0.2 percent or more of
nitrogen only one was a good beet, i. e., the one grown near Fort
Collins, the others were all poor beets. These twenty-one samples
of beets were grown both with and without the application of fertil-
izers. 'The total nitrogen in these samples is low rather than high
and the ratio of the proteid nitrogen as determined by Stutzer's
method, to the total nitrogen is often quite low, though the proteid
nitrogen given by this method is apt to be too high. In the samples
quoted from Andrlik, we find this ratio higher. It is as follows

for the six samples given:
RATIO PROTEID TO TOTAL NITROGEN IN BEETS GIVEN BY ANDRLIIK.

Total Ratio of Pro- Injurious
Number of Nitrogen Proteid teid to Total Nitrogen per
Analysis in Beet Nitrogen Nitrogen 100 Sugar
1.0 ... 9.257 0.113 43.9 0.684
M 0.252 0.112 44.4 0.672
0.210 0.119 52.4 0.554
0.199 0.107 53.7 0.492
0.306 v.120 39.2 0.828
6. .oninnnn 0.186 0.109 58.6 1.403

Andrlik makes no comment on the quality of these beets ex-
cept to say that No. 5 is abad beet while No. 0 is a good one. The
data here given do not agree exactly with Andrlik’s. He gives for
the injurious nitrogen 0.930 instead of 0.828 and 0.37 instead of
0.409. Concerning the intermediate beets he makes no classifica-
tion so we are left to determine where the dividing line between good
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and poor beets falls, so far as the injurious nitrogen per 100 of
sugar is concerned. In other articles he apparently considers an
amount of injurious nitrogen larger than 0.370 as objectionable as
beets grown without the application of fertilizers contain as little as
0.280 injurious nitrogen per 100 sugar and when this was raised to
0.370 by the application of fertilizers he considered their influence
deleterious. I therefore infer that we are safe in considering a beet
carrying more than 0.450 injurious nitrogen per 100 of sugar as
doubtful in quality and 0.0 or more as decidedly poor.

\We will state these data in tabular form for the Colorado sam-

ples previously discussed.
RATIO PROTEID TQ TOTAL NITROGEN IN COLORADO BEETS.

fotal Ratio of Pro- Injurious
Number of Nitrogen Proteid teid to Total Nitrogen per
Analysis in Beet Nitrogen Nitrogen 100 Sugar

VIITI ..... 0.2075 0.0871 41.9 0.629
XI ... 0.1233 0.0666 £3.1 374
XIT ...... 0.137¢ 0.0683 51.0 0.48¢
NIIT ..... 0.1439 0.0752 52.2 0.3%5
XIV ..... 01412 0.0715 50.7 0.404
NV oo 0.1563 0.0660 3.0 0.569
XVr oL 0.1864 0.0851 51.1 0.638
NVIT .... 0.1981 0.1003 006 0.654
XVIII ... 0.2061 0.0307 36.4 0.752
XIN ... 0.2133 0.0795 37.4 0.826
NX ... 2522 0.0905 36.0 1.073
NXVIIT .. 0.1290 0.0718 55.0 0.370
NNIX ... 01232 0.066¢ 54.0 0.350
NXX ..., 01088 0.0625 57.3 0.279
NXXI ... 0.2180 0.0750 34.2

NXXIT .. : 0.0718 47.0

NXXITII .. 0.0804 34.5

NXXIV .. 0.0871 50.8

NXXV ... 0.0700 39.0

NXXVI .. 0.1378 0.0675 49.0

NXXVIT . 0.1778 0.0804 45.4 0.636

In considering the quality of these beets it is to be remembered
that the injurious nitrogen is only one of the three criteria whereby
we are to judge, the other two are the percentage of the sugar and
the amount of injurious ash. Of these beets number VIII is the
only one grown in 1910 that carries more than 15.3 percent sugar
and less than 3.0 parts mjurious ash per 100 of sugar, so while it is
inferior to some of the other beets in respect to the injurious nitro-
gen contained, it 1s one of the best beets in the list.  Of the remain-
g twenty samples, sixteen are from the Arkansas Vallev and four
from the College Experiment Farm at Fort Collins, two grown in
1910, which are decidedly poor beets, having one good quality in a
moderate degree and two samples grown in 1911 which are of good
quality. All of the Arkansas Valley samples were grown in 1910
and some of them are excellent beets, but some of them are very bad
beets, for instance Number NX which had 127 percent sugar,
0130669 percent injurious nitrogen i the fresh beet or 1.073 parts
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injurious nitrogen equal to 10.73 parts injurious nitrogenous mat-
ter per 100 parts of sugar.

I believe that the table faithfully represents the characteristics
of the Arkansas Valley beets—i. e., low sugar, as a rule, low total
nitrogen, a low ratio for the pr oteld nitrogen, a high content of in-
jurious nitrogen, and a liberal amount of injurious ash. Our ex-
periments w 1th fertilizers do not give us much, if any, reason for
expecting to either pr ofitably increase the quantity or quality of our
crops by their nse. This is the important feature of our experi-
ments.  We may not be able to give a satisfactory explanation of
the fact, but this is the finding of sevelal independent experimenters.
The only fertilizers claimed b) any one to have produced good re-
sults are farmyard manure and nitrate of soda. I think that there
is a general agreement in regard to the former but not in regard to
the latter. It is altogether probable that favorable results have been
obtaind by the use of sodic nitrate but this does not seem to have
been the general result. The few favorable results obtained were
probably due to conditions, which if known, were not mentioned.
In the series of experiments given phosphoric acid and potash were
combined with the nitrate, in the hope that we might obtain the good
effects of the nitrate and neutralize its known bad effects. Our re-
sults have been given in detail and they are indifferent both in crop
and quality The conviction has prevailed for a long time that sodic
nitrate exercises an injurious action on the quality of the sugar
beet, but this has been questioned as we will see later.

Up to the present, I have aimed to give heets grown under
favorable conditions so that we might learn as far as possible what
is a good crop and a good quality of beet with us. I think that the
beets grown on the prairie land in the Arkansas Valley and the
beets grown near Fort Collins in 1910 and also those grown on the
College Farm in 1911 are good beets, the last being the best. They
were taken 11 Oct. and showed 23.0 percent of dry matter, 15.8
percent sugar, 2.37 parts injurious ash and 3.85 of injurious nitro-
gencus matter per 100 sugar. But 19TT seems to have been an ex-
tremely favorable year. In 1910 the samples from the Arkansas
Valley, taken 23 Sept. were also good though grown under some-
what adverse conditions.  Dry matter 20.2, sugar 14.2, injurious
ash 3.5 parts per 100 sugar and injurious nitrogenous matter 3.74
parts per 100 sugar. Our adopted standard grown in 1910 near
Fort Collins gave us dly matter 24.2, sugar 18.3, injurious ash 2.197
parts per 100 sugar, injurious nitrogenous matter 6.29 parts per 100
sugar. Analyses XVIII, XIX and XX of beets grown under
favorable conditions are indifferent or bad in quality, especml XX,
which gave us dry matter 20.0, sugar 12.7, injurious ash per 100
sugar 3.7, Injurious nitrogenous matter per 100 sugar 10.72 parts.
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'T'his is the poorest sample of beets grown on good land that we have
analyzed, but we have others that are also decidedly poor, for in-
stance our College samples grown in 19io with dry matter 20.3,
sugar 13.2, injurious ash per 100 sugar 3.42, injurious nitrogenous
substances per 100 sugar 6.38.  Some of the characteristics of these
beets in regard to the relative quantities of the different nitrogenous
groups have already been given, but there is another question which
may he of importance in the general problem presented, 1. e., why
were the heets of the Arkansas Valley of such indiffernt or poor
quality from 1904 to 1910 inclusive? They were very good prior
to 1go4. They were so far as our records show very good for a
period of at least S years.

The nitrogen present in sugar beets in the form of nitric acid or
nitrates is usually so small that its determination is attended with
difficulty or is impracticable. \What has been considered as excep-
tional quantities have been found in some French sugar beets. In
the analyses already given we see that the nitric nitrogen varies from
0.000y6 percent in the Fort Collins beets grown in 1910 to 0.043537
percent in a sample grown on good but unfertilized land in the
Arkansas Valley.

While there are differences of opinion as to the effects of
nitrates upon the sugar beet, I think that it 1s universally agreed that
one effect is to prolong the vegetative period of the plant and retard
its maturation, and 1f applied too late in the season to produce poor,
green beets at harvest time. Until the last few vears only general
statements to this effect were made but in recent years investigations
have gone further and ascertained that the nitrates increase the in-
jurious nitrogen in beets and this is true in the case of an applica-
tion of 525 pounds of sodic nitrate per acre, applied in three portions
of 175 pounds each.

As elsewhere stated. the fact that T have found very large
amounts of nitrates present in our soils and the further observation
that the beets in the fields as thev were harvested and taken to the
factory appeared to be green, and further, because the juices in the
factory indicated immaturity of the beets, I inferred that the pres-
ence of the nitrates in the soil was related to these facts as cause to
effect. T arrived at this conclusion several vears ago before the
investigations of recent years had become available to me.

One of the most serious features of our problem 1s that it is not
a question of a few pounds of nitrogen applied by or before the end
of june or the early part of July. but of an unknown, often a large
amount of nitrogen, furnished in July and August, of which fact we
will adduce, in the proper place, what I believe to be conclusive
evidence.
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~T

THE EFFECTS OF NITRATES,

We have already noticed that the nitric nitrogen in our beets is
higher than that which we have found recorded except in the case of
French beets, which showed the presence of 0.049 percent of nitric
nitrogen as against 0.043 percent in Analysis XX, One question
which we set ourselves was to ascertain on a larger scale what the
eflect of sodic nitrate is upon beets grown under our conditions and
thus to find out whether the nitrates actually produce the conditions
which we have found in our crops during the time given. To ascer-
tain this, a piece of choice land was selected, land which was known
to produce at least average crops of good beets.  This land had
been dressed with ten tons stockyard manure per acre.  \We selected
six acres, five for the application of sodic nitrate and one to serve as
a clieck plot.  The unit quantity applied was 2350 pounds. Each of
the five plots received an application just before seeding, four weeks
later four of the plots and four weeks later three of the plots received
a dressing and so on till the fifth plot had received five dressings.
Plot 1 received one application of 250 pounds 28 March; Plot 2 re-
ceived two applications (300 lbs.) 28 March; and 1 June; Plot 3
received three applications (750 lbs.) 28 March. 1 June and 2
june; Plot 4 received four applications (1.000 Ibs.) 28 March,
May, 1 June and 22 June: Plot 5 received five dressings (1.250
Ibs.) 28 March, 2 May, 1 June, 22 June and 27 July. Irrigations
applied 9 April, 16 June, 1 July. 9 July, 29 July, 17 August one-half
of the land, and on 30 August the other half. All of the fields were
sprayed with standard Bordeaux mixture to combat the leaf-spot.
No. 1 as follows: 21 July, 1, 21 and 31 August and 7 September.
No. 2 same as No. 1. No. 3, 22 July, 3, 13 and 28 August and 8
September. No. 4. 22 July, 16 and 28 August and 8 September.
No. 35, 23 July, 16 and 28 August and 9 September. The total
rainfall during the growing season was 9.9 inches. The beets re-
ceived careful cultivation and the soil was kept in good condition.

The harvesting of these beets gave the following returns:

2
2

Lbs. Sodic Nitrate Tons Beets Percent Sugar Purity
Tield 1........ 250 16.85 14.50 §3.7
Tield 2........ 500 15.52 14.25 82.0
Field 8........ 750 14.94 13.18 79.5
Freld 4...... .. 1000 14.99 14.22 83.6
Tield 5........ 1250 15.96 13.83 82.2
Field 6........ None 14.47 14.90 $4.5

These results do not agree throughout with the results obtained
on the small samples taken for our laboratory purposes. The sam-
ples from Field 6 were anomalous throughout the season, so much
so that the only object that I have in giving the results is for the
salke of giving a complete record.
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T'here were three series of samples taken of these beets, 23 Sep-
tember, 17 October and 3 November 1910. The third series was
subjected to the fullest examination and is the most important, but
the first two series will be given by themselves. They will enable
us to obtain a better view of the development of the beet.

ANALYSES XLVIII TO LXIX, INCLUSIVE.
Samples Taken 23 Sept. 1910.

FPcrcent 9, Dry Total Proteid Ammonic Amid Amino Nitric
Sugar Matter Nitro. Nitrogen Nitrogen Nitrogen NitrogenNitrogen
Field 1... 14.5 19. 0.19455 0.07345 0.01030 0.00915 0.03408 0.01820

~a

16.4 21.5 0.16930 0.07835 0.00460 0.01120 0.04165 0.00204
Field 2... 14.0 19.8 0.15855 0.074335 0.00645 0.00935 0.04880 0.00907
13.7 19.7 0.20530 0.07900 0.00760 0.01258 0.02243 0.02201
Field 3... 13.8 19.4 0.25790 0.08157 0.006350 0.02245 0.04680 0.02798
12.2 19.0 0.27810 0.08560 0.01130 0.01960 0.04228 0.04365
Field 4... 11.6 15.2 0.27573 0.08935 0.01225 0.02385 0.05755 0.03806
12.3 17.1 0.28965 0.082%0 0.00860 0.01240 0.04040 0.04110
Field 5... 12.3 17.6 0.21655 0.08155 0.00780 0.02005 0.03095 0.02500
12.4 13.1 0.23180 0.07350 0.00895 0.02055 0.03893 0.02015

Pield 6... 12.2 18.2 0.22475 0.03880 0.007S0 0.02360 0.04198 0.01956
14.4 19.7 0.15060 0.07690 0.00330 0.00555 0.03583 0.01096
ANALYSES LX TO LXXI. INCLUSIVE.
Samples Taken 11 Oect. 1910.

Percent 9, Dry Total Proteid Aminoniz Amid Amino Nitric
Sugar Matter Nitro. Nitrogen Nitrogen Nitrogen NitrogenXNitrogen
TField 1... 16.5 17.5 0.16355 0.07465 0.00230 0.00890 0.07695 0.00925

16.5 21.2 0.14915 0.06595 0.00155 0.00765 0.05414 0.00760
Field Z... 15.5 21.0 0.17133 0.05010 0.002%5 0.007990 0.06478 0.00501
16.3 226 0.“400 0.08900 0.0037% 0.01285 0.05215 0.00941
IField 3... 15.8 221 0.08790 0.00673 0.01960 0.06847 0.02026
3.0 20.2 0.09135 0.01120 0.02823 0.05366 0.04646
Fiela 4... 12.3 19.9 0 0.00333 0.006380 0.02466 0.07186 0.04653
12.4 19.8 6 0,09335 0.00443 0.01920 0.07220 0.05051
IMield A, .. 12.6 18.6 5 0.08590 0.00630 0.08030 0.03149 0.05404
13.2 19.8 0 ’1180 0.09080 0.00345 0.01255 0.03504 (.03846
Field 6... 14.0 22,1 0.19740 0.07495 0.00245 0.00820 0.03670 0.02666
16.4 2.2 0.19380 0.09450 0.00315 0.01165 0.04020 0.01800

—

Some of these beets, Fields 1 and 2, show that the beets had
improved some during the 18 days between the two samplings. The
sugar aud dry substances had increased, the proteid nitrogen had
increased, while the total nitrogen had decreased. Fields 3. 4 and 5.
however, which had received respectively 750. 1.000 and 1.250
pounds of sodic nitrate per acre, showed no material improvement
as measured by the percentage of mnjurious nitrogen i the beets on
the respective dates.

23 September 11 October
Field 3........ ... oo 015449 0.15180
Field 4..... ... . ... ... 0.16811 0.14854
ield 5. . ..o 0.11798 0.10713

The maximum decrease in injurious nitrogen in these three
fields as represented by the averages of the six pairs of samples
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taken is only 0.02 percent. The maximum increase in the average
percentage of sugar in any two pairs of samples is 1.2; which, con-
sidering that there were two pairs of samples from each field, is a
very small maximum difference. The other two differences were
0.4 and 0.5 percent. On 23 Sept. the beets in Field 1 had already
attained an average of 15.45 percent; those in Field 2 increased
from 13.85 to 15.9 percent, an increase of 2.1 percent. These facts
indicate that the beets in Field 1, to which 250 pounds of sodic
nitrate had heen applied, were well advanced toward maturity on 23
Sept.. and as subsequent results showed, had reached their maximum
by 11 Oct., while those in Field 2, to which 500 pounds of sodic
nitrate had been applied in two equal portions, were later in matur-
ing than the beets in field one, but had reached their maximum by
11 Oct.  The beets in fields 3, 4 and 5 to which 750, 1,000 and 1,250
pounds in apolications of 250 pounds each had been applied, were
maturing only very slowly. The final laboratory samples were
taken 3 Nov. and the results obtained with them are given in the
iollowing tables.
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ANALYSES O BEETS GROWN WITH APPLICATION OF NITRATES.

LXXIL LXXIII LXXIV LXXV
Field 1 Field 1 Field 2 Field 2
Date of sampling............... 3 Nov. 3 Nov. 3 Nov. 3 Nov.
Sodic nitrate per acre......... 250 1bs. 250 1bs. 500 1bs, 500 1bs.
Yield tons per acre............ 16.85 16.85 15.52 15.52
Percent Percent Percent Percent
Sugar in heets................. 15.70000 16.50000 15.30000 15.80000
Diry matter in fresh beets..... £1.30000 22.40000 21.40000 21.60000
Crude ash in dry matter....... 3.57200 3.33400 4.03700 4.75100
Crude asi fresh beet........... 0.76084 (0.74682 0.86392 1.02622
Pure ash in fresh bheet......... 0.51948 0,72592
Sulfuric acid .................. e 0.02595 0.03798
Phosphoric acid 0.G63750 . 0.06096
Chlorin ....... ..., AN 0.02292 P 0.03099
Sodiumm ... 0.01490 0.02011
Potassic oxid . ...... ... .. ... 0.20800 e 0.30551
Sodic oxid ... 0.06222 e 0.11181
Calcic oxid ...... 0.04301 0.04188
Magnesic oxid BRI 0.09787 e 0.10766
Ferric oxid .......... ... e 0.00286 P 0.00301
Aluminic oxid ................ e 0,0022¢ e 0.00257
Manganic oxid (br.) .......... e 0.00199 e 0.00344
Total nitrogen ................ 0.14470 0.14485 0.18225 0.20535
Proteid nitrogen (Stutzer)..... 0.06480 0.07465 0.07805 0.05010
Ammonic nitrogen ........... 0.00190 0.00245 0.00200 0.00346
Amid nitrogen ................ 0.00930 0.00765 0.01025 0.01500
Amino nitrogen .............. 0.05103 0.04549 0.04613 0.02002
Nitric nitrogen ............... 000181 0.00144 0,01658 0,01009
Injurious nitrogen in heet..... Q.06870 006010 0.09195 0.10679
Injurious ash per 100 sugar.... e 2.12670 e 3.20500
Injurious nitrogen per 100 sug. 0.43758 0.36424 0.60051 0.68221
Press Juice Acccording to Ruempler,
Total nitrogen ................ 0.11890 0.11905 0.16856 0.18690
Albumin nitrogen ............. 0.03750 0.03750 0.04270 0.04270
Propeptone nitrogen .......... 0.00275 0.00400 0.00035 0.00875
Peptone nitrogen ............. 0.00185 0.00190 0.00480 0.00290
Ash Analyses.
LXXXIV LXXXYV
Crude Pure Crude Pure
Carbon ................ 0.345
Sand ... 1.3%75
Silicic acid .... 1.678 Ceee
Sulfuric acid ... L 4.996 - 3701 5.282
Fhosphoric acid ........ T.218 5.940 8.397
Chlorine ......... ..... ¥ 4.412 3.020 4.269
Sodiumi ......... oL 2.868 2,776
Carbonic acid .......... 34,063 .. 24178 e
Potassic acid .......... 27.852 40,042 29,770 42,083
Sodic oxid ... ... ... 11.020 11.978 13.440 15.401
Calcic oxid ......ooo. ... 5.759 8.279 4.081 5.769
Magnesic oxid ......... 13.105 15.840 10.491 14.831
Fervicoxid ............ 0.383 0.550Q 0.293 0.411
Aluminic oxid .......... 0.303 0.435 0.250 0.353
Manganic oxid ......... 0.266 0.382 0.335 0.474
Loss .......... il (1.936) . (1.784)
Sum........o.0e 100.693 e 100.681
Oxygen equi. to chlorin. 0.693 e 0.681

Total...oo.oovviint. 100.000 100,000 100.000 100.000
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ANALYSES OF BEETS GROWN WITH APPLICATION OF NITRATKES.

LXXVI LXXVII
TField 3 Tield 3
Date of sampling............... 3 Nov, 3 Nov.
Sodic nitrate per acre.......... 750 lbs. 750 1bs.
Yield, tons per acre............ 14.94 e
Percent Percent
Sugar in beets................. 15.30000 13.40000
Dry matter in fresh beets...... 20.80000 20.60000
Crude ash in dry matter....... 4.62400 5.82700
Crude ash in fresh beet........ 0.96179 1.20036
Pure ash in fresh heet......... e 0.82238
Sulfuric acid .................. e 0.03937
Phosphoric acid ............... P 0.03588
Chlorin ....................... e 0.07050
Sodium .............. ... ... .. 0.04584
Potassic oxid ................. e 0.30088
Sodic oxid .................... e 0.18359
Calcic oxid ................... e 0.03933
Magnesic oxid ................ P 0.09951
Ferricoxid ............ ...... e 0.00496
Aluminic oxid ................. e Trace
Manganic oxid (br)............ .. .. 0.00181
Total nitrogen ................ 0.22480 0.29610
Protein nitrogen (Stutzer)..... 0.08560 0.09080
Ammonic nitrogen ............ 0.00420 0.00543
Amid nitrogen ................ 0.01496 0.02666
Amino nitrogen ............... 0.05176 0.07438
Nitric nitrogen ............... 0.02006 0.04143
Injurious nitrogen in beet..... 0.12004 0.17321
Injurious ash per 100 sugar.... e 4.78120
Injurious nitrogen per 100 sug. 0.78456 1.29250
Press Juice According to Ruempler.
Total nitrogen ................ 0,18600 0.27065
Albumin nitrogen ............. 0.04085 0.04580
Fropeptone nitrogen .......... 0.00100 0.00560
Peptone nitrogen ............. 0.00560 0.00400
Ash Analyses.,
LXXXVI
Crude Pure
Carbon ................ 2.417
Sand ... ..o 0.690
Silicic acid ............. 1.911
Sulfuric acid ........... 3.821 4
Phosrhoric acid ........ 2.989 4.363
Chlorin ................ F.873 8.5
Sodium ................ N 5.574
Carbonic acid .......... 25.838 .
Potassic oxid .......... 25.066 36.587
Sodic oxid ............. 20.437 22.324
Calcic ox¥d ............ 3.297 4.812
Magnesic oxid ......... 8.290 12.100
Ferric oxid ............ 0.413 0.602
Aluminic oxid .......... Trace Trace
Manganic oxid ......... 0.150 0.219
LOSS v vieiii i (0.689)
. i
Sum....oooo 101.324
Ogvgen equi, to chlorin. 1.524

Total.............. 100.000 100.000

LXXVIII LXXIX
Field 4 Itield 4
3 Nov. 3 Nov.

1,000 1bs. 1,000 1bs.
14.99

Percent Percent
13.40000 11.00000
20,00000 71.60000
4.99200 6.23600
0.99840 1.10764
0.74440
0.03435
0.02373
0.06768
0.04401
0.21865
0.23728
0.03273
....... 0.08064
© o 0.00299
0.00163
0.00058
0.26660 0.256505
0.07870 0.07525
0.00590 0.00363
0.02283 0.02186
0.06110 0.04983
0.04008 0.06285
0.16017 0.15431
5.47180
1.19561 1.40267
0.25740 0.24760
0.04365 0.04120
0.00780 0.00870
00.00120 0.00210
LXXXVII
Crude Pure
0.537
1.798
1.503
3.073 4.615
2,123 3.188
6.055 9.092
5.912
28.199
19.558 29.371
26.529 31.876
2.928 4.397
7.214 10.833
0.268 0.402
0.146 0.219
0.063 0.095
(1.372)
101.366
1.366
100.000 100,600
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ANALYSES OF BEETS GROWN WITH APPLICATION OF NITRATES.

LXXX LXXXT LXXXIT LXXXIII
Field 5 I'ield & Field 6 Tield 6
Date of sampling............... 3 Nov. 3 Nov. 3 Nov. 3 Nov.
Sodic nitrate per acre.......... 1250 1hs. 1250 1lbs. PPN e
Yield, tons peracre............ 15.96 15.96 14.47 14.47
Percent Percent Percent Percent
Sugar in heets. . ... 12,.80000 14.70000 14.20000 14.30000
Dry matter in fresh beet...... 19.80000 21.60000 20.20000 19.90000
Crude ash in dry beet.......... 4.92800 3.97400 4.30200 4.51700
Crude ash in fresh beet. ... ... 0.97574 0.85837 0.86300 0.89888
Pure ash in fresh beet......... 0.63028 0.5%8¢1 0.63879
Sulfuric acid .................. 0.03147 0.03235 0.03130
TFhosphoric acid ............... 0.02434 0.02208 0.04634
Chlorin ... ..o i 0.04389 0.01953 0.04792
Sodium ... . 0.02854 0.01269 0.03276
Potassic oxid . ............... 0.25473 22820 0.26374
Sodic oxid ...... ... . L. 0.15964 0.12244 0.08661
Calcic oxid ...l 0.03838 0,04353 0.03533
Magnesic oxid ......... . ..., .. 0.09282 0,09773 0,09053
Ferric oxid ... ... ... . L. 0.00358 0.00423 0.00198
Aluminic oxid ................. 0,00122 0.00334 0.00155
Manganic oxid (br)............ 0.00166 0.00169 e 0.00082
Total nitrogen ................ 0.25360 0.19140 0.21330 0.20605
Proteid nitrogen (Stutzer)..... 0.08475 0.07980 0.07950 0.08070
Ammonic nitrogen ............ 0.00366 0.00215 0.00245 0.00290
Amid nitrogen ................ 0.022486 0.01726 0.01410 0.01495
Amino nitrogen ............... 0.05241 0,058357 0.05110 0.05231
Nitric nitrogen ................ 0.04225 0.00949 0.00949 0.01984
Injurious nitrogen in beet..... 0.1427 0.09714 0.10750
Injurious ash per 160 sugar.... 4.04900 3.5117¢ 3.10430
Injurious nitrogen per 100 sug. 1.11510 0.66115 0,71591
Press Julce According to Ruempler.
Total nitrogen ................ 0.23380 0.17820 0.18295 0.16775
Albumin nitrogen ............. 0.04795 0.04005 0.04070 0.04410
Propetone nitrogen ........... 0.01180 0.01060 0.00990 0,00170
Peptone nitrogen ............. 0.00030 0.00030 0.00400
Ash _Analyses.
LXXXVIII LXXXIX XC
Crude Pure rude Pure Crude Pure
Carbon ................ 0.540 0.588 0.701
Sand ..o 1.882 3.418 0.791
Silicic acid ... .. ... 1.56G35 e 1.460 0.744
Sulturic acid........... 3.225 4628 3.880 5.656 3.482 4.899
Phosphoric acid ........ 2,495 3.579 2.572 3.150 5.155 7.254
Chlorin ... ... 4.498 8.452 2275 3.317 5.332 7.503
Sodjum ... 4.196 2.156 4.867
Carbonic acid .......... 26,052 e 25.827 R 23.310
Potassic oxid .......... 26.106 37.445 26.586 38.756 29.341 41.288
Sodic oxid ............ . 20,300 22.467 16.256 20.794 14.483 13.820
Calcic oxid ............ 3.933 5.641 5.077 7.401 3.919 5.515
Magnesic oxid ......... 9.613 13.645 11.386 16.598 10.072 14.173
Ferric oxid ............ 0.367 0.526 0.492 0.718 0.220 0.310
Aluminic oxid .......... 0.125 0.179 0.33%9 0.567 0.172 0.242
Manganic oxid (bry..... 0.170 0.244 0.197 0.287 0.092 2
Toss oL o oL . (0.245) (0.110) (3.389)
Sum..........00 101.014 100.513 101.203
Oxygen equi, to chlorin 1.014 .513 1.203
Total.............. 100.000  100.000 100,000 100.000 100.000 100,000
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The samples already presented represent three classes of beets,
all grown upon supposedly good ground. The first class was grown
without fertilization of any sort. It is not hereby intimated that
they are, because of this fact, to be considered as good beets. The
second class was grown with application of various fertilizers to see
i1f any combination used would materially improve the quantity and
quality of the crop. In this place the quality alone is considered,
the crop has already been stated. The third class was grown with
the application of different quantities of sodic nitrate to determine
what its effect upon the quality of the crop may be. The land
chosen was the best available. The results obtained with the beets
grown on the check plot in this case differed so little from those
obtained with the application of nitrates that a sample was taken
from an adjacent field, but this proved to be one of tlhe poorest sam-
ples of all.

As we have given the nitrogen compounds precedence over the
injurious ash, we will bring together the results obtained so far and
it will make plain how the results stand. For this purpose we will
give the total nitrogen, the nitric nitrogen, the injurious nitrogen in
the beet and the injurious nitrogen per 100 parts of sugar.

FIELDS NOT FERTILIZED.

Injurious
Injurious Nitrogen
No. of Total Nitric Nitrogen per 100 of

Analysis Nitrogen Nitrogen in Beet Sugar
VI 0.22915 0.00320 0.07854 0.51287
VIII .o 0.20759 0.00090 0.11520 0.62899
. N 0.12530 0.00358 0.05320 0.37440
NIT oo e 0.13760 0.00786 0.06070 0.48953
NITL o 0.14388 0.00870 0.06086 0.38529
NIV 0.14128 0.00530 0.09180 0.40393
S OO 0.15630 0.01104 0.08190 0.56875
NVI 0.18636 0.02138 0.08426 0.63840
NVIL oo 0.19810 0.02067 0.08703 0.65436
NVIII oo 0.20605 06.01718 0.11725 0.82571
NIX o 0.21330 0.01984 0.10750 0.75175
AN i 0.04537 0.132660 1.07246

EXPERIMENTS WITH FERTILIZERS.
Fertilizers
*used

XV..ooo oo None 0.15630 0.01104 0.08190 0.56875
XXVIOI..... .. None 0.12895 0.01034 0.05405 6.37020
XXIN......... 150 K 0.12320 0.00250 0.05195 0.35827
NXX.... ... 200 P 0.10875 0.00987 0.02760 0.27288
KXXT. ... 160 K. i00 N 0.2196¢ 0.01333 0.13470 0.95531
NXXII........ 240 P, i00 N 0.15345 0.01332 0.07233 0.58334
NXXIIT........ 220 P, 400 N 0.23270 0.00832 0.12870 0.94632
NXXIV........ 220 P, 260 K 0.17159 0.00865 0.07245 0.62047
NNXXV..... . 400 P, 300 K, 200 N 0.13760 0.00250 0.42810
NNXVIT....... 500 P, 400 I, 200 N 0.17779 0.08725 0.08725 0.65603

*I indicates potassic sulfate 48.55 percent K,0; P, superphosphate 13.19
P,0.; N. sodic nitrate 96.60 NaNO,.
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EXPERIMENTS WITH SODIC NITRATE.

Samples Taken 11 Oct. 1910, Injurious
Injurious Nitrogen
No. of Tertilizers Total Nitrie Nitrogen per 100 of
Analysis *used Nitrogen Nitrogen in Beet Sugar
LX i 250 N 0.18355 0.00925 0.07770 0.46019
LXI .. 250 N 0.14915 0.00760 0.07400 0.44849
LXIT ..o 500 N 0.17133 0.00501 0.08058 0.51984
LXIIX .ol 500 N 0.22405 0.00941 0.11845 0.72668
LXIV (oo 7539 N 0.25365 0.02026 0.13942 0.88237
LYV oo 750 N 0.29395 0.04616 0.16317 1.25520
LXVI ..o 1,000 N 0.28390 0.04653 0.15909 1.29340
LXVILT ..., 1.000 N 0.255586 0.05051L 0,13798 1.11275
LXVIIT (... ... 1.250 N 0.28175 0.05404 0.10925 0.86705
LXIX ..ot 1,250 N 0.2118¢ 0.03846 0.10560 0.79543
LXXN .. « None 0.19740 0.02666 0.11180 0.79856
LXNT .o None 0.19380 0.01800 0.08450 0.54905
Samples Taken 3 Nov, 1916,
LXXIF oo 250 N 0.14470 0.00181 0.06870 0.43758
LXXNIIT ..., 250 W 0.14435 0.00144 0.06010 0.26424
LXXNIV ... 500 N 0.18225 0.01658 0.09195 0.60051
LXXV .. ... 500 N 0.20053 0.01009 0.10679 0.63221
LXXVI ... ... 750 N 0.22484 0.02006 0.12004 0.78456
LXXVIT ...t 750 N 0.29610 0.04143 0.17321 1.29250
LXXVIIT .......... 1.000 N 0.26660 0.04008 0.16017 1.19561
LNXNIX ... 1,000 N 0.25595 0.06283 0.15431 1.40267
LXXX . oo o 1,250 N 0.25360 0.04225 01,4273 1.11510
LXXXT .. ...l 1.250 N 0.19140 0.00949 0.09719 0.66115
LXNXIT ........... None 0.21330 0.00949 0.11725 0.82571
LXNXTIIT ..., None 0.20605 0.01984 0.10750 0.71591
XX oo None 0.25215 0,04537 0.13660 1.07246

Analysis XX represents beets grown on a favorably located
piece of land, a rather light sandy loam. This land lies immediately
west of that on which we made the experuments with sodic nitrate
and the sample was taken less than 200 feet west of the west end of
our experimental fields. ’The sample was taken, because the sam-
ples taken from our check field on 23 Sept. and 11 Oct. revealed the
fact that thev were not consistent with themselves and that our sec-
ond sample from Field 5 and first sample from Field 6. though taken
about 51 feet apart, agreed much more nearly than the two samples
from Field s, which were taken within 27 feet of one another and
had received 1,250 pounds of sodic nitrate per acre. whereas Field
0 had received none.

We attempted to determine the nitric nitrogen in Field 6 at
stated intervals throughout the season. The field was reported
flooded on 6 July and so wet on 10 Aug.. eleven days subsequent to
the last preceding irrigation, that samples could not be taken. 1
feared that the results obtained with the samples from Field 6,
which lay a little lower than Field 5, might have been due to acci-
dental causes whereby the beets nmught have been supplied with
nitrates carried from the adjacent, higher-lying portion of Field 5.
This mayv not have heen the case but the results led me to fear that
it might be, so T took the sample represented by Analvsis XX, which
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could not have been affectd in any way by the nitrate applied to our
plots.  The soil sampleb taken throughout the season were shallow
ones and at no time showed an excessive amount of nitrates.

There are no data known to me definitely showing how much
nitric nitrogen is usually present in a good beet, but Judomo from
the amount of nitric nitrogen found in samples of Bohemian molas-
ses there could not have been a determinable quantity in the beets
themselves.  This assumes of course that the whole of the nitric
nitrogen passes into the diffusion juices and is not destroyed during
their treatment. This is in accord with the observation of othen
in regard to nitrates in beets, except in regard to French beets
which have been found to contain appreciable quantities of nitric
nitrogen. The maximum that I have found given for French beets
15 0.049 percent. The sample was taken on 30 Oct. and contained
16.97 percent sugar. This is different from our beets, for we find
less sugar with such percentages of nitric nitrogen. No statement
1s made as to whether the beets were grown with or without fer-
tilizers.  We always determined the nitric nitrogen as nitric oxid
and absorbed it in a solution of ferrous chlorid, so our results are
not too high. In the beets grown without fertilizers we find the
nitric nitrogen constituting in the different samples, 8.3, 9.3, 10.4,
11.6 and 18.0 percent of the total nitrogen. The lowest percentages
shown by the table are 0.434 Fort Collins beets, 1.397 Michigan
beets, and 2.857, beets grown on new sod land near Holly in the
Arkansas Valley. The sample of Montana beets shows no nitric
nitrogen.

The ratio of injurious nitrogen to the sugar falls in three -
stances to desirably low limits, in six it is modelately high and n
three it is, I think we may say, decidedly objectionable. I know of
no reason why Analysis XX should not be considered in this group
though the sample is quite bad; sugar 12.7, proteid nitrogen 35.82
percent of the total, amino nitrogen 0.04794, nitric nitrogen o. 04537
percent of the beet, injurous ash 3.7 per 100 sugar and injurious
nitrogen 1.07246 per 100 sugar, or the latter mu tlplled by 10 gives
10.7246 parts injurious nitrogenous substances for each 100 of
sugar.

These results obtained with beets grown on good land without
the application of fertilizers give us the range in the quality of the
beets which we must expect to meet with undel our best conditions.

The experiments with fertilizers were made in the Arkansas
Valley on land which we have already described in connection with
Analysis XV, wherewith we also gave its general composition. The
available plant food in it is given in the discussion of Analyses
NXVIIT to XXXVIL  The results as shown by this statement of
the relations of the different nitrogen factors indicate that a slight
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improvement was effected by potassic sulfate and superphosphate
when applied separately, for the beets grown with the application
of these fertilizers are something better in quality than those grown
without any fertilizer. I have elsewhere stated that results on contig-
wous half-acre parcels of this land varied so greatly, that one becomes
doubtful as to the value of any result. Nevertheless this appears to
be the fact, i. e.., that phosphoric acid and potash applied separately
improved the quality of the beets but the yield was not quite so good
as on the plot which received 20 tons of lime per acre in 1909 and
nothing in 1910 and only equal to the yield from the plot that had
received no fertilizer either year. The two applied together,
NXX1V, did not improve either the crop or the quality. The re-
sults with the sodic nitrate are fortunately. in the main, consistent in
showing a slight increase in the yield and a depression of the qual-
ity. But these results are not without exceptions and other incon-
sistencies. It happens that Analyses XV, NXXVIII, XXIX, and
XXX represent four successive half-acre plots and from Analysis
XXX we would infer a depression of the injurious nitrogen from
0.57 or 0.37 to 0.27 per 100 sugar caused by the application of 200
pounds of superphosphate per acre and from NXIX we would infer
a slight depression or at least not an increase of the injurious nitro-
gen, hut in XXXIV where we have the two applied together and in
larger but not excessive quantities we find a decided increase in the
injurious nitrogen. This is not due to climatic or cultural differ-
ences. nor to differences in the soil. In Analyses XXXV, XXXVI
and XXXVII we have another group which is capable of various
interpretations. 1f any conclusion be justified by the results of
these experiments it 1s the one stated, 1. e., that potash and phos-
phoric acid tend to improve the quality of the crop, but not to in-
crease it. while sodic nitrate tends to increase the crop, but to lower
the guality. The actual increase, however, in either crcp or quality
was so variable that no reliance can be placed in the use of these
agents to increase the value of the crop. which was the purpose had
in view. These features of our study agree with the gross results
as heretofore stated. There were 28 experiments in this series but
only these eleven samples were submitted to complete analysis.
There is one point in which these analyses agree, i. e., in showing
less amino nitrogen than the other samples which we have analyzed.

It 1s difficult to believe that the variations in half-acre pieces of
land, apparently the same, may be so great as to account for the
variations in the results observed in these cases, but I am convinced
that this variation constitutes an important factor in our results.
Tl}e effects of previous fertilization may play some part, but with
mineral fertilizers this is very small.

The series of experiments with sodic nitrate was made with an
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entirely different object in view. It has generally been held that
sodic nitrate affects the quality of the beet prejudicially. Whether
this view, which has been almost universally held for a long time,
was based upon definitely established data or was a general, but
thoroughly well founded impression, I do not know. I have been
able to find but one single series of experiments, this consisting of
only two members, to definitely establish the injurious effects of
sodic nitrate upon the factory qualities of beets. I'here mav be
others of very recent date but they have not come to my knowledge.
The experiments to which I refer were made by Andrlik and consist
of two experiments, one with about 27.0 pounds of nitrogen as
sodic nitrate, the other with 81.0 pounds of nitrogen, or about 175
and 525 pounds or sodic nitrate per acre. Ilis results were as fol-
lows: With 175 pounds of sodic nitrate per acre applied in three
portions, average weight of beets 330 grams, sugar 17.2, total
nitrogen 0.160, injurious nitrogen 0.040, mjurious nitrogen per 100
sugar 0.233; with 525 pounds to the acre, beets 372 grams, sugar
16.4 percent, total nitrogen 0.234, injurious nitrogen 0.101, injur-
1ous nitrogen per 100 sugar 0.616. The check beets weighed 333
grams, sugar 17.8 pefcent, total nitrogen 0.138, injurious nitrogen
0.042, injurious nitrogen per 100 sugar 0.236. The injurious ash
in the three samples was per 100 sugar, in the check 1.45, with
175 pounds saltpetre 1.57 and with 525 pounds saltpetre 1.89. Con-
cerning these results Andrlik remarks, *“The application of about 8o
pounds of nitrogen per acre, 91.5 kg pro 1 ha, in the form of Chile-
saltpetre acts very detrimentally.” It brought about the following
results: it lowered the sugar from 17.8 to 16.4, it increased the
total nitrogen from 0.138 to 0.234, the injurious nitrogen per 100
sugar from 0.236 to 0.616 and the injurious ash per 100 sugar from
1.45 to 1.85. Andrlik does not say that these were bad beets, but
that these changes in the beets were very detrimental. [ mfer from
other statements that I have found, that 0.616 injurious nitrogen per
100 sugar is a decidedly objectionable quantity. This is the only
intimation that I have found relative to the amount of injurious ash
which may be permissible m an unobjectionable beet, and it 1s not
clear that he intends this amount, 1.89 per 100 of sugar, to be so
considered, but he specifies that the sodic oxid and injurious nitro-
gen in the roots have been increased three fold—the sodic oxid is
given as 0.004 percent of the heet.

In regard to the effects of the sodic nitrate upon the nitro-
genous constituents of the beets we bave no good measure as our
check samples failed us altogether, being quite as bad in quality as
the beets to which we applied 730 or more pounds sodic nitrate per
acre, and very decidedly poorer in quality than those to which we
applied 250 pounds per acre. The fact is that the results of this
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experiment are not in agreement with what the results of the preced-
ing series suggest. In the former series the application of 200 and
400 pounds of sodic nitrate in conjunction with potash and phos-
phoric acid which, it is agreed, tend to lessen or neutralize the bad
effects of the nitrate, ploduced decidedly bad effects, but in this series
we applied 250 pounds per acre alone and the results are favorable,
but with 500 pounds per acre we have apparently passed the limits
of beneficial action and with 1,000 pounds per acre applied in four
equal portions at intervals of about four weeks beginning just before
seeding time we reach the maximum of the deleterious effects as
measured by these factors. Field 1 with 2350 pounds of nitrate
applied just before seeding gave us, according to our laboratory
samples the best yield and the best beets, they are in fact better beets
than the Michigan sample which we selected in an endeavor to ob-
tain a standard for comparison i which we found 15.3 percent
sugar, 0.229 percent total nitrogen and 0.51237 injurious nitrogen
per 100 sugar. In the beets from Field 1, with 250 pounds of sodic
nitrate we tound 15.7 and 10.5 percent sugar, 0.14470 and o. 14485
percent total nitrogen and 0.43738 and o. 36474 part injurious nitro-
gen per 100 sugar. 1 1espect to the ratio of injurious nitrogen to
sugar, the beets from Field 1 were better than our Fort Collins beets
which showed 0.6289¢ per 100 of sugar. The samples from Field
2 with 500 pounds per acre are not so good, but even these are better
beets than those produced in our experiments with fertilizers and
the total nitrogen is not particularly high, 0.18 and 0.20 percent,
while the injurious nitrogen per 100 of sugar is 0.60054 and 0.68221
for the samples taken 3 Nov. In the Oth€1 cases the total nitrogen
was higher and the mjurious nitrogen per 100 of sugar rose to a
maximum of 1.40267. The anuno nitrogen in this series rose to a
maxinuun of 0.07438 and is above 0.043 in every case except one.
There was but hittle difference in the growth of the beets on
Field 1 and of those on adjoining plots so far as the size of the tops
and their color were concerned, they were all luxuriant and a deep
green till the leaf-spot appeared. This was not the case with the
tlnee acres receiving the largest applications.  On these one could
easily distinguish the bigger and more abundant foliage. This dif-
. ference may have been due to the larger quantity of nitrate, or to
the time it was applied; be this as it may, the foliage was distinetly
heavier and of a blue green color. No attemipt was made to deter-
mine the weight of the tops, this would have been impossible owing
to the destruction of leaves by the leaf-spot and by the wheels of the
spraying outfit.  ‘I'here was a perceptible difference in the size and
color of the fields that received the heavier applications of nitrates
and the check field.

These amounts of nitrates exercised a very perceptible influ-
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ence upon the physical condition of the soil, causing it to show a
decided tendency to puddle and become hard. \Whether this was
due to the nitrate itself or to other salts formed from the nitrate as
has been suggested I do not know. The number and size of the
leaves on the nitre beets was larger than it is usual to find on sugar
beets, besides, owing to the fulness of the foliage it was erect and
not spreading or prone as we sometimes see it. The nitre heets
did not seem to be so seriously attacked by the leaf-spot as the beets
on adjacent land, but on counting the dead leaves on quite a number
of beets to deterwine this point, I doubt whether there is any greater
resistance shown toward the attack of the leaf-spot by nitre beets
than by others. These beets were spraved five times with standard
Bordeaux mixture but I could see no conclusive evidence of benefit
therefrom. The shape of the beets produced on these plots showed
a decided modification of their form—as one effect of the nitrate.
The beets became shorter and broader at the top as the nitrate ap-
plied increased. The photographs of some of the piles as they lay
in the field at harvest time show this effect. I do not think that the
shape of the beet was modified in this way by the hardness of the
soil, for I have seen well shaped beets dug from harder soil than
any of this, still the hardness of the soil may have had some influ-
ence, but I think that the full, excessive foliage and abnormal nutri-
tion produced this efiect. We have shown some photographs of
beets grown on the College farm with excessive foliage and but
seven tons of topped beets per acre. The following plates, Plates
IT and I1I, show some piles of beets as they lay on Field 2, 3, 5 and
6. The differences are evident without further description. Field
6 received no nitrate, fields 2, 3 and 5 received 500, 750 and 1,250
pounds respectively. These fields form one continuous piece of
land. We shall discuss the ashes and juices of these beets in subse-
quent paragraphs.

The plates representing beets grown with and without the appli-
cation of nitrates show very marked differences, but the beets as
they were harvested and lay in the fields showed the differences even
more markedly than the photographs of these piles. The variety
of beets represented is the Original Kleinwanzlebener and there is
no question of varietal differences. There were some variations in
the quality of the soil but the differences in the shape of the beets
varied with the amount of nitrogen applied and not with these. The
cultivation, irrigation, spraying, etc., has been given in sufficient
detail and as niay be seen were essentially the same.

In order to present the extreme effects of nitre-impregnated
land upon the shape of the beet I have introduced Plate IV. The
lower photograph represents beets grown near Fort Collins, whose
composition is given in Analysis VIII.  The upper figure represents
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loam, contained 18.3 percent sugar and had an apparent coefficient
of purity of 83.z, while the beets grown in the undrained alkali land
in 1898 contained 18.3 percent sugar and had an apparent coefficient
of purity of 89.3. The shape and quality of the beets represented
in Plate IV, upper figure, are undoubtedly the result of all the un-
toward conditions obtaining, but the chief, if not primarily the only
one, is the presence of the nitrates. The analysis of these beets,
Analysis No. CII, given on a subsequent page, shows that these
beets had taken up a very remarkable amount of nitrogen, 0.345
percent total nitrogen with 0.0834 percent of nitric nitrogen.
A knowledge of the conditions and the analytical results shown in
the analyses of the beets and ash, leave no room for doubt but that
the excessive quantity of nitrates in the soil was the principal cause
in the production of such beets.

The results so far presented to show the effects of nitrates upon
the composition of the sugar beet, agree with those of Andrlik ex-
cept that in this case the application of larger amounts, 250 as
against his 175 pounds, proved decidedly beneficial and even 500
pounds per acre produced results only a little less favorable than
the 250 pounds. We may measure this for our present purpose by
the yield of sugar as given for the beets delivered to the factory.
Field 1, 250 pounds nitrate, produced 4,763 pounds and Field 2, 500
pounds nitrate, 4,377 pounds per acre. The second 250 pounds
applied to Field 2 did not increase the yield, there being actually a
decrease of 387 pounds. This is too small a difference to be seri-
ously considered under our conditions, but we shall subsequently see
that this is not the whole of the case. From this point, from 500 to
I,250 pounds, there was a decided deterioration of the beets, unques-
tionably due to the mitrates. The composition of these beets, in
which the deterioration has been brought about by the application
of 1,000 pounds of nitrate, is almost identical with the bad beets
taken as a check and which of course, were grown without the appli-
cation of nitrates or other fertilizers. These conditions are repre-
sented by Analyses LXXVIII and LXXIX, beets grown with 1,000
pounds sodic nitrate applied per acre, and Analysis XX, beets grown
without nitrate. We have total nitrogen in LXXIX, 0.26660, in
XX, 0.252135, nitric nitrogen 0.04008 and 0.04537, injurous ntro-
gen 0.16017 and 0.13660, injurious nitrogen per 100 sugar 1.1956I
and 1.07246. These analyses agree better than the duplicate sam-
ples taken from the field which received 1,250 pounds of sodic
nitrate. We cannot doubt the cause of the poor quality of the for-
mer heets, the high total nitrogen, the high nitric nitrogen and the
high percentage of injurious nitrogen which is most clearly shown
by the amount present for each 100 pounds of sugar, and especially
so by converting the injurious nitrogen into its equivalent of nitro-
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genous substances, by multiplying it by 10—the factor 16.1 has also
been suggested, we will use the lower factor—when we obtamn for
the two analyses in the order given, 11.96 and 10.72—amounts
which are more than twice that which justifies us in classifying the
beets as of poor quality. The sugar in these two samples of Deets
was I4.2 and 12.7 percent respectively and the injurious ash per
100 of sugar was. in LXXIX, 3.104 and in XX, 3.703 parts. As
previously stated I have been unable t6 find a definite statement re-
garding the permissible amount of injurious ash in a beet. Of
course a beet would not be judged by the amount of injurious ash
alone, other factors are also to be taken into consideration. Ve do,
however, find that Andrlik mentions the increase in the injurious
ash from 1.45 to 1.89 parts or 0.44 part, in connection with an in-
crease of 0.38 part of injurious nitrogen and a depression of 1.2
percent, from 17.8 to 16.4, in the sugar content as a very unfavor-
able action upon the quality of the beet. Again in the analyses of
cossettes quoted from another article of Andrlik’s, we find in
Analysis VI which he says is a good beet, 1.947 parts injurious ash
per 100 sugar and in V which he classifies as a poor beet, we find
2.750 parts, so in considering the injurious ash in our beets we may
tentatively assumie that 2.0 parts injurious ash per 100 of sugar in
the beet 1s a reasonable limit for the permissible amount of injurious
ash in an otherwise fairly good beet. Judged by this assumed
standard our nitrate beets are quite bad, reaching a maximum quan-
tity of g.472 parts injurious ash per 100 of sugar—and our beets in
general so far as they have been presented are indifferent or de-
cidedly bad. Ve have presented but two samples and they were not
from Colorado, in which the injurious ash is below 2.00 parts per
100 of sugar, and these have 1.67 and 1.9447 parts. Our best beets
grown at Fort Collins approximate it with 2.2, 2.4 and 2.4 parts,
but other Fort Collins beets are higher, 3.4 parts. The beets grown
with the application of fertilizers are, in this respect. decidedly lower
in quality as they show from 4.3 to 7.7 parts injurious ash per 100
of sugar. I have already called attention to the amount of chlorin
in the ashes of these samples. In several of the analyses given the
sodic chlorid amounts to 30 or even more percent of the pure ash
and a still larger percentage of the injurious ash.

We have given the injurious nitrogen in Analyses LXXIX and
NXX.  Analysis LXXIX is a sample of beets taken from the plot
that had received 1,000 pounds of nitrate per acre in four equal
applications.  We find that the injurious introgen amounts to 1.403
parts per 100 of sugar. This sample shows the largest amount of
nitric nitrogen of any of the samples taken from these fields and it
amounts to 0.566 parts per 100 of sugar. More than one-third of
the injurious nitrogen in this sample was present as nitric acid re-
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spectively as nitrates, or if we consider the nitrate to be sodic nitrate
1t gives us 3.4 pounds of sodic nitrate per each 100 pounds of sugar
in these beets. The beets represented by Analysis XX were grown
without the application of any kind of a fertilizer and we find the
injurious nitrogen equal to 1.072 parts per 100 of sugar and the
nitric nitrogn equal to 0.3555, almost exactly one-third of the in-
jurious nitrogen and each 100 pounds of sugar in these beets was
accompanied by 2.133 pounds of sodic nitrate. These are the maxi-
mum quantities found in these classes of beets, but they are very
large, and we are certain that this was due in the one case to an appli-
cation of 1,000 pounds of sodic nitrate per acre. The other also,
though no nitrate was applied, must have had an excessive supply
turnished by the soil itself as there is no evidence that the nitric
acid is formed in the beet. An examination of our results shows
cur beets to contain from 0.032 which is our very lowest up to 3.4
parts of nitrates calculated as sodic nitrate for each 100 parts of
sugar. The French beet previously mentioned as carrying 16.8 per-
cent of sugar and 0.049 percent if nitric nitrigen, carried only 1.760
parts of sodic nitrate to 100 of sugar, which is only one-half as
much as our maximum quantity. The sodic oxid in the ashes of
these beets grown with nitre is very high, reaching a maximum of
about 40.0 percent of the pure ash and nearly 0.25 percent of the
weight of the fresh beet. It is lowest in the Michigan beet, of which
it constitutes about 0.002 percent of the beet. It is likewise quite
low in our Fort Collins standard beet and in those grown on new
sod land at Holly, but is fairly high in those grown on the College
Experiment Farm in 1911, 0.05 percent of the beet, and decidedly
high in those grown in 1910, 0.129 percent. The chlorin in the
beets grown on our plots with fertilizers is very high, constituting
15 to 19 percent of the pure ash, that this may have been the carrier
of the sodium is probable, but whatever the cause the sodic oxid is
quite high.  The lands on which these beets were grown are, as
repeatedly stated, good lands and not seeped, alkalized lands, sur-
charged with salts which may be considered injurious to vegetation.
The maximum amount of chlorin found in the soil on which the
experiments with fertilizers were made, was 0.038 percent for the
total chlorin. The water soluble chlorin ranged from 0.008 to 0.021
percent, the latter was found in the third foot of soil. Beets grown
with sodic nitrate are always relatively rich in chlorin.

The water-soluble in this soil is not exceptionally high for arid
lands; the surface foot showed 0.10 and 0.18, the second foot 0.32
and 0.35 and the third foot 0.81 and 0.90 percent for two series of
samples. These figures for the second and third foot, samples taken
subsequently, were much higher. The water-soluble in this case is
largely calcic sulfate. Qur former studies of the sugar beet have
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shown that while the ash of beets grown on strongly alkalized land
may contain considerable quantities of sodic oxid, it does not follow
that it will contain more or even as much as that of beets grown on
ordinary soil, in fact, we found it to contain less. The abundance
of soluble salts alone does not determine this factor, nor do I intend
to intimate what the cause of the taking up of the sodic oxid in our
case is. The presence of sodic oxid in the beets grown with the
application of sodic nitrate has been attributed to the nitrate. This
may or may not be the controlling factor. In the cases so far given
we have with a high nitric nitrogen content a large amount of sodic
oxid above that necessary to furnish sodium to combine with the
chlorin.

The magnesic oxid in the ashes of our beets is high and the
lime low, as compared with the average data given, and both low
compared with some recent data. The ratio of lime to magnesia in
our beets is comparatively low, as it is usually 1:2 and sometimes
1:3. In the averages quoted from E. Wolff and others, this ratio is
much more nearly 1:1. There are of course variations in this ratio
in different analyses, but the observation is still true of the individual
analyses that I find. Further. our beets are as a rule quite rich in
ash constituents. The German beets seem to carry from 3 to 3.5
percent of crude ash or about 2.3 percent pure ash in the dry sub-
stance, whereas ours carry much larger percentages. It is rather
exceptional to find a sample of beets showing less than 3.3 percent of
crude ash and not at all uncommon to find from 5 to 6 percent. This
is not due to the variety, to bad preparation or specifically to nitrates
in the soil, at least, we do not find enough increase in the ash of
beets grown with the application of nitre to justify such an infer-
ence. On the contrary, the application of 250 pounds per acre
apparently produced a decided improvement in this respect, and
while the crude ash in the beets grown with 7350 and 1.000 pounds
per acre is higher, it does not exceed the amount found in samples
grown without fertilizers of anv kind, so while 1t is very probable
that the increase in ash was in part due to the action of the nitrate,
it is not positive encugh to remove the question beyvond doubt. We
have for example three samples grown without the addition of any-
thing which show 4.3, 4.5 and 5.0 percent crude ash. We have also
two samples grown with application of 750 pounds sodic nitrate,
these have 4.6 and 5.8, also two with 1,000 pountds per acre and
these show 5.0 and 6.2 percent. These samples are all from the
same land.  Samples from other land, beets grown without fer-
tilizers, we have 5.1, 5.0 and 6.3 percent of crude ash. All that we
are justified in stating is that the nitrate slightly increased the ash
content of the beets, but that it can scarcely be considered the cause
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of the high ash content in general, unless we assume the presence
of unusual amounts of nitrates in general.

The ratio between the sodic and potassic oxids varies greatly
without such an apparent relation to other factors as to make it
evident that this ratio is of itself an important one; for instance we
have in the Michigan beets 13.3 percent of sugar, 0.70 percent of
crude ash in the beet, 0.0032 percent nitric nitrogen in the beet and
0.5129 part injurious nitrogen per 100 of sugar and the ratio of
sodic to potassic oxid is 1:140. In Analysis NNXVI, one of our
fertilized beets, we have also 15.3 percent sugar, 1.05 percent crude
ash, 0.0025 percent nitric nitrogen, 0.428 injurious nitrogen per 100
sugar and the ratio of 1:26 for the sodic to the potassic oxid. While
the ratios in these samples are extreme, the quality of the beets is not
very different. The amount of sugar is the same, 15.3 percent, the
injurious nitrogen is less in the beets with 13.6 percent sodic oxid
in the crude ash, against 0.255 percent in that of the other beet; the
nitric nitrogen is also less and the injurious ash is 4.16 against 1.94
or 2.1 times as much. It is seldom in our beets that this ratio is less
than 1:9 and occasionally the sodic oxid is almost equal to the potas-
sic oxid, in one sample given it is actually greater, but the beets in
this case were very low in quality and they had been grown with a
heavy application of nitrate.

BEETS GROWN ON BAD LAND.

The land chosen for the experiments and observations to follow,
was one which I had been observing since 1909 and which I knew to
be very rich in nitrates. The land slopes to the north and west so
that the south end of the field is 1714 feet higher than the north end,
and the southeast corner of the field is 22 feet higher than the
southwest corner. The distance across this field from east to west
was not measured. The rows ran north and south and were at this
place 672 feetlong. On the north and west of this land is a flat area
through which runs a ditch. This drainage ditch is 650 feet
beyond the north end of the cultivated land under consideration.
The flat land is used as a pasture, but is partly bare and at times
wet, We had borings made to determine the hight of the water
plane at the end of September and found it to be five feet below the
surface at the lowest point of the cultivated field and only one foot
about the bottom of the open ditch. Samples of this soil were
taken on 22 June 1910 because we wished to apply fertilizers to see
whether they would produce any effects upon the crop in quantity or
quality under these conditions. For this purpose thirty rows of
beets were selected. The total length of the rows was 672 feet.
The extreme north end of the cultivated portion was rejected as
wholly unfit for our purpose. About 550 feet of the rows was
taken. The width of the land selected was thirty rows of beets or
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from 45 to 50 feet and the length as stated. This was divided into
three sections and composite samples representing the top and sec-
ond two inches of soil taken. KEach composite sample consisted of
cight subordinate samples. The samples are numbered from the
lower to the higher ground.

Phosphoric Total Nitric

Potash Acid Nitrogen Nitrogen

Percent Percent Percent Percent

I Top 2 inches.............. 1.163 0.0765 0.1480 0.0280
Second 2 inches........... 1.275 0.1913 0.1305 0.0125

II Top 2 inches.............. 0.874 0.1244 0.0920 0.0050
Second 2 inches........... 0.960 0.1626 0.0960 0.0030

III Top 2 inches.............. 1.024 0.1626 (0.0970 0.0040
Second 2 inches........... 0.893 . 0.1595 0.0850 0.0030

So far as this analytical data is concrned the soil is, according
to our standards, well supplied with potash and phosphoric acid,
but is lacking in nitrogen. There is no other indication or proof of
this except our analyses. The nitrogen determinations here given
were made by the plain Kjeldahl and I have added the nitric nitro-
gen found to obtain the total, this was all that remained for me to
do. These determinations were made when the samples were taken
and are the only ones that it is proper to use. The total nitrogen
was recently redetermined in these samples now 20 months old,
and there is an unquestionable increase in every instance. This in-
crease is not uniform in amount, ranging from 80 to 500 p. p.
m., but is sufiicient to preclude the use of the recent determinations.
These determinations were made with care, taking all usual pre-
cautions and in duplicate so that I am not inclined to consider this
increase due to analytical errors. We observe that the nitric nitro-
gen varies from 3.13 to 18.93 percent of the total. These samples
represent what we consider as soil of such quality and so condi-
tioned that the owner was justified in cultivating it with the expecta-
tion of cobtaining at least an average crop. The extreme northern
edge of this field was very bad and was very noticeable because the
owner was trying to cultivate it, which made its condition more evi-
dent. The surface became brown and mealy during the season. A
surface sample of this soil showed that it was well provided with
potash, 1.118 percent. and phosphoric acid, 0.380. and was very
rich in nitrates and chlorids, about 30 percent of the water-soluble.
The calcic oxid in this sample was 6.070 percent and the analysis of
the water-soluble indicates that the sulfuric acid is wholly combined
with lime. 'The citric acid soluble phosphoric acid amounted to
0.023 percent. The analytical data indicated a soil well provided
with potash and phosphoric acid, but decidedly low in total nitrogen,
at the same time we see that the highest section of this land con-
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tained on 22 June, 1910, 93.3 pounds of nitric nitrogen in the top
four inches of the soil, the next lower section 106.2 pounds and the
next lower 400 pounds, and this was all land in good cultivable con-
dition. The beets on this date presented a good stand but were not
particularly promising. I do not know the details of the cultivation
received throughout the season. On 6 July there were applied to
five rows, superphosphate at the rate of 1,000 pounds, to § rows
potassic chlorid at the rate of 400 pounds, to § rows sodic chlorid at
the rate of 400 pounds, to § rows superphosphate at the rate of 1,000
pounds and potassic chlorid 400 pounds per acre. and to § rows
superphosphate 1,000 pounds and sodic chlorid 400 pounds per acre.
The fertilizers were applied by hand. I visited this field on 8 Aug.
and the condition of the field was very promising. The foliage was
exceedingly heavy, the petioles were erect, stout and long, the blades
were large but did not vary more in shape than usual; they were
thick and heavy in substance and very brittle.  The hight of the
leaves was about 36 inches, the color was from a dark to a bluish
green. No difference could be detected between the rows to which
the fertilizers had been applied and the rest of the field. The yield
of the beets at this time promised to be very heavy indeed, the yield
at harvest time was 11.7 tons and the sugar according to the factory
returns was I14.14 percent. We took three sets of samples 23 Sept.,
i1 Oct., and 3 Nov. The average weight of the beets was not de-
termined except for the final, 3 Nov., samples. Owing to the num-
ber of samples to be handled, only the plots to which the fertilizers
were separately applied, a check plot and the very bad portion of the
field—39 samples in all—were taken. The samples are numbered
1,2 and 3. Sample I is uniformly taken from the highest ground
and corresponds to Sample III of the soil and 3 corresponds to Sam-

ple T of the soil.
BEETS GROWN ON BAD LAND—SAMPLES TAKEN 23 SEPT.
Plot With Superphosphate.

Dry Sub- Total Protein Ammonic Amid Amino Nitric

Sugar stance Nitrogen Nitrogen Nitrogen Nitrogen WNitrogen Nitrogen
1....10.2 15.8 0.2126 6.0761 0.00835 0.01825 0.04407 0.02446
2.... 1.3 17.1 0.2577 0.0870 0.00830 0.01330 0.07141 0.03703
3. 9.4 15.0 0.2702 6.0730 0.00980 0.02040 0.01845 0.05258

Plot With Potassic Chlorid.
1 10.8 17.2 0.2255 0.0737 0.00830 0.01395 0.03832 0.03376
2 8.9 14.1 0.2782 0.0741 0.00995 0.02720 0.05042 0.05088
3 9.0 14.1 n.2169 0.0718 0.00865 0.01410 0.01611 0.04769
Plot With Sodic Chilorid.
1.. 12.8 18.% 12118 0.0769 0.00775 0.013565 0.043490 0.01705
2. 11.8 17.7 d 4,0807 0.00980 0.011685 0.02785 0.04500
3. 9.8 16.1 0.0830 0.00995 0.02290 0.03729 0.01148
Check Plot.

1 . 13.0 17.4 0.2687 0.0784 0.00400 001150 0.04015 0.01620
2....12.4 18.5 0.2706 0.0793 0.61625 0.02045 0.04120 0.03480
2 . 10.8 17.0 0.2630 0.0721 0.01640 0.01650 0.04205 0.02798

Very Bad Section,
7.8 14.4 0.2744 0.0827 0.00850 0.02350 0.03123 0.06493
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BEETS GROWN ON BAD LAND—SAMPLES TAKEN 11 OCT. 1910.
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O LD
[SIRIN

.. 115
.. 131
. 10.0

.. 115
. 10.5

9.0

7.8

Dry Sub-
stance Nitrogen Nitrogen Nitrogen Nitrogen

17.2
18.2
18.§

18.8
19.7
18.3

17.9
19.6
18.0

Plot With Superphosphate.

Total
0.2413

9.2767
0.2527

Plot
0.3026

0.2687
0.1988

Protein Ammonic Amid

0.0764 0.00230 0.02205
0.0873 0.00215 0.02805
0.0891 0.00275 0.02195

With Petassic Chlorid.

0.9891 0.01740 0.02620
0.0780 0.00530 0.02420
0.0868 0.00573 0.01213

Plot With Sodie Chlorid.

0.1945
0.2017
0.3214

0.1989
0.3070
0.2507

0.0761 0.00313 0.01477
0.0792 0.00230 0.01580
0.0763 0.00855 0.02820

Cheek Plot.

0.0850 0.60370 0.01180
0.0807 0.00475 0.02190
0.0678 0.00200 0.02205

Very Bad Section.
0.0784 0.00840 0.02840
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Amino Nitric
Nitrogen Nitrogen
0.01786 0.05329
0.01537 0.04351
0.03114 0.03811
0.02440 0.05745
0.01256 0.03081
0.05275 0.02537
0.09680 0.02738
0.12750 0.02854
0.08932 0.07695
0.04532 0.02853
0.08209 0.06417
0.06262 0.06955
0.12559 0.09319

BEETS GROWN ON BAD LAND—SAMPLES TAKEN 3 NOV, 1910.

o

[

N
-
oL -

bt
&
¥

re
D

—
-
[
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Plot With Superphosphate.

Total

Protein Ammonic Amid

stance Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen

17.6
19.0
18.0
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190,
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16.
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0.25860
0.24350
0.30675

0.0777 0.00430 0.02260
0.0530 0.00356 0.02083
0.0879 0.00879 0.03470

With Potassie Chlorid.
0.07495 0.00360 0.02085

0.08123 0.00445 0.02245
0.09680 0.00526 0.044390

Plot With Sodic Chlerid.

0.19020
0.21445
0.339790

0.24930
0.15995
0.23345

0.09685 0.00135 0.01340
0.10030 0.00245 0.02085
0.11385 0.00735 0.03260

Cheek Plot.

0.08645 0.00545 0.02160
0.06740 0.00200 0.00690
0.08843 0.00350 0.01470
Very Bad Section.

0.12389 0.00520 0.03985

Amino Nitric

0.03365 0.04982
0.03142 0.04621
0.03409 0.07260
0.04295 0.02501
0.04154 0.04111
0.03483 0.05120
0.03505 0.01558
0.04908 0.03713
0.02757 0.08743
0.03514 0.01936
0.03935 0.03249
0.03470 0.05310
0.03507 0.08337
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BEETS GROWN ON BAD LAND.

Samples Taken 3 Neov. 1910. Superphosphate added at the rate of 1,000 pounds
per aecre.

XCI XCII XCIII
Section ....... ... i i, 1 2 3
Average weight of beets.......... 751.3 grams 725.0 grams 708.7 grams
Percent Percent Percent
Sugar in beets............. ... .... 10.90000 11.80000 10.20000
Dry substance in beets............ 17.60000 19.00000 18,00000
Crude ash in dry substance........ 7.29200 6.46400 8.03700
Crude ash in fresh beet............ 1.28340 1.22820 1.44680
Pvure ash in fresh beet............. 0.94071 0.93961 1.06440
Sulfuric acid ..................... 0.036135 0.03741 0.04285
Phosphoric acid .................. .U4816 0.03249 0.02732
Chlorin .......... ... ... .. 0.12032 0.13660 0.20047
Sodium ...l 0.07824 0.08882 0.13036
Potassic oxid ..................... 0.44601 0.42585 0.42708
Sodiec oxid ... ...l 0.09925 0.07759 0.12154
Calcicoxid ....................... 0.02773 0.02358 0.02627
Magnesic oxid ... ... . ... 0.07581 0.10875 0.07807
Ferricoxid ................ ... .... 0.00375 0.00204 0.00201
Aluminic oxid ....... e 0.00228 0.00341 0.00584
Manganic oXid «............... ... 0.00304 0.00301 0.00252
Total nitrogen ................... 0.25860 0.24350 0.30675
Proteid nitrogen (Stutzer) ........ 0.07770 0.05300 0.08790
Ammonic nitrogen ............... 0.00430 0.00356 0.00305
Amid nitrogen .......... .. ...... 0.02260 0.02083 0.03470
Amino nitrogen .................. 0.03365 0.03142 0.03409
Nitric nitrogen ................... 0.04982 0.04621 0.07260
Injurious nitrogen in beet......... 0.15400 0.16611 0.18110
Injurious ash per 100 sugar....... 7.15570 6.49390 9.04210
Injurious nitrogen per 100 sugar.. 1.41290 1.40770 1.78290
Press Juice Aecording to Ruempler.
Total nitrogen ................... 0.24120 0.23640 0.28040
Albumin nitrogen ................ 0.04600 0.05020 0.05580
Propetone nitrogen ............ ... 0.00200 0.00090 0.00590
Feptone nitrogen .............. ... 0.00730 0.00590 0.00380
Ash Analyses,
CIv Ccv CV1
Crude Pure Crude Pure Crude Pure
Carbon ................ 0.373 e 0.458 e 0.624
Sand .......ieel, 0.628 0.600 0.938
Silicic acid ............. 0.968 1.224 0.773
Sulfuric acid ........... 2.821 3.842 3.046 3.982 2.962 4.027
Thosphorifc acid ... . 3.758 5.119 2.6456 3.458 1.890 2.567
Chlorin ................ 9.390 12.790 11,122 14.539 13.866 18.835
Sodium ................ 8.817 9.453 12.246
Carbonic acid .......... 23.616 e 22.007 e 20.539 e
Potassic oxid .......... 34.810 47.411 34.674 45.325 29,478 40.126
Sodic oxid ...... ... ..., 15.971 10.550 16.061 8.258 20.589 11.419
Calcicoxid ............. 2.163 2.948 1.920 2.510 1.816 2.468
Magnesic oxid ......... 5.917 8.059 6.804 11.575 5.381 7.335
Ferric oxid ............ 0.293 0.399 0.166 0.217 0.139 0.189
Ajuminic oxid ......... 0.179 0.242 0.278 0.363 0.389 0.549
Manganic oxid ......... 0.237 0.323 0.245 0.320 0.174 0.237
LOSS v i (1.017) (1.260) (3.671)
SUM .. oviiiiiiinnens 102,119 P 102.501 e 103.129
Oxygen equi, to chlorin. 2.119 e 2.501 e 3.129

Total............. . 100.000 100.000 100.000 100.000 100.000 100.000
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BEETS GROWN ON BAD LAND.
sampled 3 Nov. 1910, Potassic chlorid applied at the rate of 400 pounds per acre

97

XCI1V XCV XCvI
Section ... ... .o ol 1 2 3
Average weight of beets.......... 680.4 grums 640.7 grams 487.6 grams
Percent Percent Percent
Sugar in beets....... ... .. .. 13.10000 11.50000 12.20000
Dry substance in beets............ 20,30000 19.40000 19.50000
Crude ash in dry substance....... 5.36100 6.51900 7.90900
Ciude ash in beets........... ..... 1.08428 1.26469 1.54226
Pure ash in beets................. 0.78546 0.91240 1.14930
Sulfuric acid 0.03722 0.03692 0.04269
Phosphoric acid .................. 0,02831 0.02290 0.01624
Cilorin ... 0.09536 0.15944 0.23275
Sodivm ... 0.06200 0.10368 0.15133
Potassic oxid ................. ... 0.38575 0.41956 0.565650
Sodic oxid ... i 0.05478 0.05424 0.02266
Calcic oxid ....... ... o 0.039381 0.02935 0.03028
Magnesic oxid ........... ... .. ... 0.0%570 0.08105 0.09096
Ferric oxid .......... . ... 0.00176 0,00143 0.00247
Aluminic oxid .................... 0.00200 0.00100 0.00167
Manganic oxid ....... ... . ... ..., 0,00270 0.00290 0.00177
Total nitrogen ... ... . oo 0.23700 0.247135 0.34510
Proteid nitrogen .............. ... 0.07495 0.08125 0.09680
Ammonic nitrogen .......... ... ... 0.00360 0.00445 0.00526
Amid nitrogen .................. .. 0.02085 0.02245 0.04430
Amino nitrogen ......... ... .. ... 0.04293 0.04154 0.03483
Nitric nitrogen ........ ... ... .... 0.02501 004111 .05120
Injurious nitrogen in beets........ 0.12760 0.13900 0.19874
Injurious ash per 100 sugar........ 4.81140 6.53800 §,24530
Injurious nitrogen per 100 sugar.. 1.04240 1.1779¢Q 1.62910
Press Juice According to Ruempler.
Total nitrogen ... . ... 0.21230 0.24550 0.32870
Albumin nitrogen ................ 0.04250 0,04550 0,06260
Propetone nilrogen . ............. 0.00380 0.00380 0.00070
Feptone nitrogen .............. ... 0.01410 0.01410 0.00820
Ash Analyses
CVII CVIII CIX
Crude Pure Crude Pure Crude Pure
Curbon ... ... ........ 0.789 . . 0.909 . 0.416
Sand ... 0.943 0.661 0.615
Silicic acid ............. 0.978 . 0,687 0.983
Svlfuric acid ........... 3.420 4.739 2.919 4.046 2,768 3.715
Fhosphoric acid ....... 2,601 3.604 1.811 2.510 1.053 1.413
Chlorin ....... .. ....... 8.762 12,141 12,607 17.475 15.091 20.250
Sodium ......... .. L 7.894 11.363 13.168
Carbonic acid .......... 23.433 .. 21.995 e 20,499 e
Polassic oxid .......... 35.445 49.116 33.1956 45.984 36.083 48.421
Sodic oxid ......... 13.575 6.974 15.332 5.945 14.688 1.917
Caleje oxid .. ... .. 3.6568 5.069 2,321 3.217 1.963 2.364
Magnesic oxid 6.956 9.639 6.409 §.883 5.898 7.914
Ferric oxid ... .......... 0.162 0.225 0.108 0.147 0.160 0.215
Aluminic oxid ......... 0.184 0.255 0.081 0112 0.108 0.145
Manganic oxid ......... 0,248 0.344 0.229 0.318 0.115 0.154
Loss ... ooiiiiint (0.823) (3.603) (2.970)
Sum. ... 101.977 102.845 103.406
Oxygen equi. to chlorin. 1.977 2,845 3.406
Total.............. 100.000  100.000 100.000 100.000 100,000 100,000
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BEETS GROWN ON BAD LAND. .
Sampled 3 Nov. 1910. Sodic Chlorid was applied at the rate of 400 pounds per

acre,
NCVII NXCVIII XCIX
Section........................... 1 2 3
Average weight of beets.......... T25.7 grams 705.9 grams 620.8 grams
Percent Percent Percent
Sugar in beets ................... 13.00000 12.40000 10.40000
Dry substance in beets............ 20.00000 . 18.80000 18.30000
Crude ash in dry substance........ 5.27400 6.06000 10.17400
Crude ash in fresh beet........... 1.05480 1.145830 1.86180
Pure ash in fresh beet.......... ... 0.77680 0.86182 1.42470
Sulfuricacid .............. ... ... 0.02921 0.03155 0.05344
Phosphoric acid .................. 0.03448 0.03631 0.02831
Chlorin ........................... 0.11033 0.13697 0.31200
Sodium ...l 0.07174 0.08893 0.20327
Potassicoxid ........ ... ... .. ... 0.37902 0.39918 0.60811
Scdicoxid ... . i 0.03993 0.06132 0.07626
Calcicoxid ....................... 0.03915 0.03235 0.03042
Magnesic oxid ....... ... ... .. ... 0.06701 0.06891 0.10247
FPerricoxid .......... ... ... ... ... 0.00402 0.00196 0.00316
Alvminic oxid 0.00086 0.002549 0.00432
Manganic oxid 0,00082 0.00196 0.00284
Total nitrogen 0.19020 0.21545 0.33970
I’roteid nitrogen (Stutzer) ........ 0.09685 0.10030 0.11385
Ammonic nitrogen ...... ... ... ... 0.00185 0.00245 0.00725
Amid nitrogen ...... ... ... ... .. 0.01340 0.02055 0.03260
Amino nitrogen .................. 0.03505 0.04908 002757
Nitric nitrogen ................... 0.01558 0.03713 0.08743
Injurious nitrogen in beets........ 0.07810 0.09215 0.18590
Irjurious ash per 100 sugar....... 4.84820 5.78850 12,04900
Injurious nitrogen per 100 sugar. . 0.60077 0.74315 1.78750
Press Juice According to Ruempler.
Total nitrogen .................... 0.16160 0.20115 0.28823
Albumin nitrogen ................ 0.04120 0.04560 0.04960
Propetone mitrogen ............. .. 0.00650 0.00410 0.00570
Feptone nitrogen .............. ... 0.00620 0.00375 0.00400
Ash Analyses
CXI CXI1I CXIII
Crude Pure Crude Pure Crude Pure
Carbon ................. Trace e Trace N Trace
Sand ... 0.974 0.461 0.589
Silicic acid ............ 0.792 e 0.969 e 1,283 R
Sulfuric acid ........... 2,161 3.952 2.7155 3.661 2.870 3.751
Fhosphoric acid ........ 3.2686 4.438 3.170 4.213 1.520 1.987
Chlorin ......o..vve.n. 10.452 14,204 11.944 15.871 16.755 21.900
Sedium ... 9.235 10.319 14.268
Carbonic acid .......... 23.020 22.427 20.574
Potassic exid .......... 35.904 48.792 34.858 46.317 32.661 42.685
Sodic oxid ............. 12.937 5.141 15.815 7.115 18.805 5.353
Calcic oxid ............. 3.737 5.078 2.825 3.754 1.634 2.135
Magnesic oxid ......... 6.343 8.262 6.071 7.996 5.503 7.192
TFerricoxid ............ 0.381 0.517 0.167 0.227 0.170 0.222
Aluminic oxid .......... 0.082 0.111 0.226 0.300 0.232 0.303
Manganic oxid (br.).... 0,078 0.106 0.167 0.227 0.152 0,199
TOSS v vvvevenivranennnn (1.626) (0.894) (1.035)
Sum. ..o, 102.358 102.695 103.783
Oxygen equl, to chlorin. 2,358 e 2.695 e 3.783

Total.............. 100.000 100.000 100.000  100.000 100.000 100.000



DETERIORATION SUGAR BEETS DUE To NITRATES 99
BEETS GROWN ON BAD LAND.
Sampled 3 Nov. 1910, Cheek Plot.
C CI CII CIII
Section.........ooiiiiii it 1 2 3 4
Average weight of beets....... 788.1 grams 603.8 grams 569.8 grams 663.4 gr.
Percent Percent Percent Percent
Sugarin beets................. 13.20000 11.30000 12.10000 8.60000
Dry substance in beets......... 21.00000 17.60000 18.90000 16.50000
Crude ash in dry substance..... 5.89100 6.79600 7.66700 10.14100
Crude ash in fresh beets....... 1.25811 1,19061 1.449086 1.67326
Pure ash in fresh beet......... 0.94227 0.89514 1.12218 1.32875
Sulfuric acid ................. 0.03227 0.02945 0.04150 0.04483
Phosphoric acid ............... 0.03875 0.02007 0.03109 0.03453
Chlorin ............. ... ... ... 0.15183 0.16698 0.23134 0.30396
Sodium ....... i 0.09876 0.11110 0.15042 0.19741
Potassic oxid ............. .. .. 0.42267 0.35496 0.42686 0.51664
Sodic oxid ......... ... ... 0.06511 0.09387 0.09923 0.09159
Calcic oxid ................... 1.05616 0.03159 0.03537 0.03485
Magnesic oxid ................ 0.0895% 0.07253 0,08845 0.03041
Ferricoxid ......... ... ... ... 0.00310 0.00287 0.00224 0.00334
Aluminic oxid ................. 0,00151 0.00081 0.00131 0.00691
Manganicoxid ................ 0.00250 0.00154 0.00437 0.00478
Total nitrogen ................ 0.24930 0.15995* 0.23345 0.34510
Proteid nitrogen (Stutzer)..... 0.08645 0.06740 0.08845 0.12389
Ammonic nitrogen ............ 0.00545 0.00200 0.00350 0.00520
Amid nitrogen ................ 0.02160 0.00690 0.01470 0.03985
Amino nitrogen ............... 0.03514 0.039335 0.03470 0.03507
Nitric nitrogen ............... 0.01936 0.03249 0.05310 0.08337
Injurious nitrogen in beets.... 0.13580 0.08365 0.12680 0.17616
Injurious ash per 100 of sugar. 5.62320 6.73790 7.92830 13.43300
Injurious nitrogen per 100 sug. 1.02880 0.73900 1.04790 2.04840
Press Juice Aeccording to Ruempler.
Total nitrogent ............... 0.19100 0.164590 0.23335 0.29800
Albumin nitrogen ............. 0.04290 0.04015 0.04370 0.04255
Propetone nitrogen ........... 0.00590 0.00435 0.00760 0.00250
Peptone nitrogen ............. 0.00542 0.00670 0.00650 0.00430
Ash Analysey
CX1V CXV CXVI CXVII
Crude Pure Crude Pure Crude Pure Crude Pure
Carbon ......... Trace Trace 0.309 Trace
Sand ........... 0.978 0.976 0.412 0,874
Silicic acid ..... 0.872 1.196 1.230 1.169
Sulfuric acid ... 2.565 3.425 2.462 3.289 2.864 3.698 2.609 3.374
Phosphoric acid 3.080 4.112 1.717 2.294 2.140 2.763 2.010 2.599
Chlorin 12,072 16,119 14.286 19.089 15.966 20.617 17.695 22.875
Sodium ........ 10.481 o 12,412 .. 13.405 ceee. 14875
Carbonic acid... 20.875 21.806 19.908 e 19.064
Potassic oxid .. 33.595 44.856 29,677 39.855 30.149 38.932 30.077 38.882
Sodic oxid ..... 15.747 6.909 20.774  11.045 20.835 8.843 20.831 6.893
Calcic oxid ..... 2.874 3.837 2.641 3.529 2.441 3.152 2.029 2,623
Magnesic oxid . 7.120 9.507 6.064 8.103 6.104 7.882 5.263 6.804
Ferric oxid .... 0.246 0.528 0.240 0.321 0.155 0.200 0.194 0.251
Aluminic oxid .. 0.120 0.160 0.068 0.091 0.091 0.118 0.402 0.520
Manganic oxid.. 0.199 0.266 0.129 0.172 0.302 0.390 0.237 0.306
LOSS «..iinen.. 2.379) (1.183) (0.697) (1.539)
Sum......... 102,722 103.219 103.603 103.993
Ogygen equi. to
chlorin ...... 2.722 3.219 3.603 3.993
Total...... 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

.. *The nitrogen is remarkably low, but the duplicate determinations agree
within €.0029 percent and while the nitrogen in the juice of the siloed sample
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As no ash analyses werc made on the first two sets of samples,
I have given the statement of the sugar, dry substance and nitrogen
for the three sets in one table for the easier comparison of these
data.

The essential points in the composition of the soil have been
given in previous paragraphs and attention has been called to the
low percentage of total nitrogen and the high ratio of the nitric
nitrogen to the total, from 3.13 to 18.93 percent.

The amount of foliage and its color and the size of the beets,
which averaged for all the samples taken, 3 Nov. 665.7 grams, indi-
cate an abundant supply of nitrogen, though the average of the six
composite samples taken is only 0.108 percent. The growth and
color of the foliage and the total nitrogen in the beets indicate a de-
cided excess of this element. The total nitrogen in the first beets,
38 out of the 39 samples analyzed ranged from 0.1902 to 0.3451
percent with four below 0.2000 percent.  One sample fell to 0.15995
percent. The nitric nitrogen ranged from 0.0163 to 0.09319 per-
cent. The last set of samples was submitted to an even more ex-
tended investigation, which emphasizes the very bad quality of these
beets. The samples taken from the check plot show that the injur-
ious ash ranges from 5.63 to 13.43 parts for each 100 parts of sugar
and that the injurious nitrogenous substances (injurious nitrogen
x 10) ranged from 7.39 to 20.48 parts per 100 of sugar. There
can be no question but that these bad properties are mainly due to
the excessive nitrates in the soil which in the section corresponding
to the third sample of beets in each series showed on the 22 June
nitric nitrogen equal to 3,240 pounds of sodic nitrate in the top four
inches of soil per acre, and in the section designated as very bad
land we found in soil gathered from beneath the leaves of a beet
and close to the root, 8 October 1910, ntric acid corresponding to
sodic nitrate equal to 0.823 percent of the air dried soil or 5,468
pounds in the top two inches of the soil.

There were only three experiments with fertilizers in which we
sampled the beets, 1. e., with phosphoric acid, superphosphate 1,000
pounds; potassic and sodic chlorid at the rate of 400 pounds per
acre. 'The heavy application of superphosphate was made with the
idea that the phosphoric acid thus added nught cause an earlier
ripening of the beets and consequently materially improve the quality
of the heets. The others. potassic and sodic chlorid, were added to
see if thev would produce any effect upon the heets under these corn-
ditions and, if so, what. I have previously stated that in regard to
the growth and appearance of the plants no difference whatsoever

is 0.00455 percent higher than in these beets it is still low, the lowest with one
excepticn, of the thirteen samples given. .

tThese samples had been siloed for four weeks before the juices were
arnialyzed.
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could be observed between the rows to which these fertilizers had
been applied, either singly or in conjunction, and the rest of the
field. The growth was alike luxuriant over the whole piece of
ground. ‘I'he phosphoric acid did not affect the ripening in the
least, so far as we could see. The samples taken at different periods,
23 Sept., 11 Oct., and 3 Nov. 1910, do not show any differences n
tavor of the beets grown with the application of phosphoric acid and
those grown without it. \We may take any single factor in the com-
position of the beets or all of them and there is no positive evidence
of any beneficial effects accruing from the application of this amount
of phosphoric acid. The amount of superphosphate added was as
large as we deemed feasible and was so chosen in order ot make the
ratio of phosphoric acid to the potash and nitrogen available to the
crop as high as possible.

The effects produced by the other fertilizers are no more posi-
tive than those of the phosphoric acid. We must conclude, so far
as these samples go, that these fertilizers have neither positively ben-
efited nor injured the beets

Owing to a number of features in the beets grown upon such
land which no one could fail to notice, questions concerning the
physiological effects of these conditions necessarily presented them-
selves. In order to afford opportunity to study this point 100 sam-
ples were prepared in 1910, but owing to the fact that the Depart-
ment of Botany had too much other work to do these samples were
not examined. In 1971 I again took up this question and Mr. W.
W. Robbins was kind enough to undertake to study the subject to
such extent as his other duties permitted. I furnished him samples
of beets grown on the bad land used for our experiments in 1910 as
examples of beets grown with excess of nitre, and good beets grown
on a field which, according to samiples of soil tested. contained no
excess of nitrates. His report is given in full as follows:

“The researches of a number of European mvestigators have
shown that the anatomical structure of the sugar beet is correlated
with sugar content. In general, beets with a high percentage of
sugar have a finer structure than those with a low percentage. A
cross or lengthwise section of a beet shows it to be made up, for the
most part, of a ground tissue, penetrated by groups of vessels. In
a cross section, these groups of vessels take a circular form. being
separated from each other by parenchyma tissue. At the center of
the beet the bundles are close together, forming the so-called “star.”
The tissue separating vessels is composed of two kinds of paren-
chyma cells—small cells surrounding the vessels and large ones
further removed. The smaller parenchyma cells are rich in sugar,
while the larger ones are principally water storage calls, poor in
sugar. Hence, beets having a predominance of small celled paren-
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chyma are richer in sugar than those in which large water storage
cells predominate.

It must not be assumed from this that it would be possible to
find conspicuous differences in the anatomical structure of beets
varying one or two percent in sugar. Furthermore, a certain micro-
scopical appearance is not to be associated with a given sugar con-
tent.

The question here is, “What is the effect of excessive nitrates
in the soil upon the structure of the beet? Beets grown in a nitre-
rich soil were compared, part for part, with beets grown in an ordi-
nary soil.  Microscopic sections of material imbedded in paraffin
were cut to a thickness of about 10 microns. It was found very
essential that corresponding parts of the abnormal and normal beets
be compared. The most consistent and marked differences were
shown by sections of the star, for here the bundles are closer to-
gether.  Inasmuch as the niter beets have their sugar content de-
pressed, as shown by chemical analysis, it was anticipated that this
condition would modify their anatomy in the way mentioned above.
Such was found to be the case.

A glance at the cut surfaces of a nitre and normal beet shows
marked differences; the nitre beet has a glassy, watery appearance;
the normal beet is yellower and not so watery. Hand razor sec-
tions of the abnormal beet slice off readily; while with the normal
beet, there is a tendency for the sections to be shreddy and roll up
under the razor edge. FExamination with the naked eye of a normal
beet cut in cross-section shows the star to be solid and compact;
the small-celled parenchyma tissue forms an unbroken whitish band
on either side of each ring of vessels; this band is wider on the out-
side of the circle of vessels than on the inner side.

In comparing this section with one from a corresponding part
of a nitre beet, it will be seen that in the abnormal individual, the
star is not as compact; the rays of vessels of the star are longer and
further apart, being separated by large parenchyma cells. The
band of whitish tissue, formed of small parenchyma cells, is not as
wide in proportion to water cells; furthermore, this band is not as
solid, but 1s broken by strips of large water-storing cells. (See
Plate V.) This means that the amount of sugar storing tissue
about each group of vessels is reduced, comparatively. It is very
evident to one examining with the naked eye, cross sections of two
beets, one abnormal—a nitre beet—the other normal, that the latter
has a finer anatoniy; that the ratio of small sugar-storing cells to
large water-storing cells is higher; that it has more the structure of
a beet rich in sugar.

Comparative microscopic examination of the beets bear out the
facts as above stated. The normal beet has a greater proportion of
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small celled parenchyma; the star is more compact; the groups of
vessels in the star and any ring are not separated by such wide strips
of large-celled parenchyma: the anatomy is finer and closer in every
respect.”

We will briefly consider the classes of beets so far presented in
regard to the nitrogen compounds present, their general character
and some of the effects produced which may be attributed to the
presence of nitrates whether added to or produced in the soil. We .
have sought to find good beets produced in Colorado and to deter-
mmne their composition.  The beets grown in 1910 were evidently
of medium quality, but much better in 1911. as indicated by the two
samples given as representative of this year. The best Colorado
samples taken in 1910 are from widely separated districts, Holly and
Fort Collins, where the conditions were very dissimilar.  The Holly
sample was grown on newly broken sod land with a very moderate
supply of water, a condition tending to lower the quality of the beets.
We restate in the following table a few of the best samples:

BEST BEETS ANALYZED 1IN 1910.

o & i
s o2 ze 8% 2%
sz .5 AE “x CRCE
BEEE gL ¢ =z <2
Date Eh g2 & 2R F2 ES

No. Harvested Locality Fertilizer @ = =
1....23 Sept. Holly None ... 14,2 0.1253 0.00358 0.3744 3.5295
2.. 3 Nov. Fort Collins None 673.0 18.3 0.2075 0.00090 0.6290 2.1960
3.. 3 Nov. Rocky Ford 250 Ibs, NaNO, 690.0 16.5 0.1449 0.00144 0.3642 2,1267
4.. 3 Nov. Rocky Ford 500 1bs, NaNO, 872.0 15.8 0.2054 0.01009 0.68221 3.2050
5....11 Oct. Xocky Ford None Loo.. 1406 0.1290 0.01034 0.37020 4.2794
6.... 2 Nov. Michigan 813.0 15.3 0.2292 0.00320 0.51287 1.9446

These samples were all grown on good land, some with and
others without fertilizers. Two of these samples were grown with
the application of sodic nitrate, one with 250 pounds per acre, the
other with 500 pounds, the latter in two portions.  The first sample
in the table was grown on new land, the other samples were grown
on land which had been cultivated for vears. The second sample
represents the fifth consecutive crop of beets grown on the same land
without fertilizers. The third and fourth samples were the second
consecutive crop of beets on this soil.  The first crop was not fer-
tilized. This soil is well supplied with potash, 0.762 percent, also
with phosphoric acid, 0.106 percent, and had an average supply of
nitrogen for Colorado soils, o.11 percent. The third, fourth and
fifth samples were also the second consecutive crop of beets. The
plot on which the fifth sample was grown received no fertilization of
any kind either vear. The soil in this case contained potash 0.95
percent, 0.012 available. phosphoric acid o.17 percent, 0.007 avail-
able; total nitrogen, average of two samples done in duplicate,
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0.10230 percent. [ know nothing about the composition of the
Michigan soil.  This sample was obtained and submitted to exam-
ination because I was informed by men who had handled the juices
in Michigan factories and also in factories in the Arkansas Valley
that the Michigan juices worked much more easily than the juices
from fresh beets, not frozen. thawed,, rotten or otherwise deter-
iorated beets, in the Arkansas Valley.

The beneficial effects of sodic nitrate apparent in the third and
fourth samples of this table are not in harmony with the results ob-
tained in our other experiments with this fertilizer. Other observ-
ers, however, have found that Chile-saltpetre applied in quantities
up to 340 pounds per acre may affect the quality of the beets bene-
ficially, especially in regard to the sugar content, provided that the
soil is not itself already super-saturated with nitrogen, a phrase used
in the Jahresbericht der Zuckerfabrikation, 1910, p. 7, but the per-
centage of nitrogen in the soil experimented with and thus desig-
nated is not given. The soils on which our experiments were made
would certainly not be considered, according to ordinary standards,
as supersaturated, carrying a total of not more than o.11, practically
the amount considered as an adequate percentage, while the humus
nitrogen amounts to 0.072 percent of the soil, showing that in this
case almost two-thirds of the total nitrogen was soluble in ammonia.
Another investigator, Kiehl, found as the result of his observations
on 29 localities an increase in the sugar content of from 1.2 to 1.99
percent., due to the use of sodic nitrate. The conditions under
which these experiments were made were not given in the abstract at
my disposal.  On the other hand, all the data given relative to the
total nitrogen in beets grown with the addition of sodic nitrate show
that it is increased, which in general is true, but in the case of the
third sample, with 250 pounds of sodic nitrate, this cannot justly be
asserted. The most that one can do is to hold the point as ques-
tionable, for the result actually indicates that there has been a de-
crease. The fourth, fifth, and sixth samiples cannot be considered
as checks, for the samples were not grown on the same land.  This
is the case in which our check plots failed us completely.  The same
may be said regarding the injurious nitrogen and ash. So that if
we consider the third sample only, 1t appears that the apphication of
250 pounds of sodic nitrate per acre was i all respects beneficial.
These favorable conclusions cannot be drawn in the case of the
fourth sample, for while we have no usable check samiples with which
to compart it, the effects of the 500 pounds or the second 230 pounds
depressed the vield by 1.3 tons per acre and the sugar by 0.7 percent.
On the other hand it increased the total nitrogen from 0.14 to 0.20
percent, the nitric nitrogen practically seven-fold, the mjurious nitro-
gen per 100 sugar go.0 percent, and the injurious ash per 100 sugar.
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50.0 percent. As I have elsewhere stated, we have, with the appli-
cation of 500 pounds of sodic nitrate per acre, clearly reached the
limit of its beneficial action and probably passed it and as clearly
passed the limit of profit. I have made this digression from the
orderly presentation of our results because of the exceptional results
obtained by the application of 250 pounds of sodic nitrate per acre
to this land

While the table presents our best samples of beets for 1910, it
will be recognized that they show a strong tendency toward low per-
centages of sugar, high percentages of nitric nitrogen and high
ratios for the injurious nitrogen and injurious ash per 100 of sugar.
Some of them, moreover, are reasonably high in total nitrogen, and
the ratio of the total nitrogen to the injurious nitrogen per 100 of
sugar varies from 2.5 in the best Colorado sample to about 3.0 in the
others. It is clearly stated in the table that these best samples in-
ciude some grown with fertilizers, but those grown with fertilizers
are not better than those grown without them, sample No. 3 ex-
cepted, for which reason T have ventured to include these best sam-
ples in one table, which exhibits the best results obtained in 1910
without fertilizers on well conditioned land from both the physical
and chemical standpoints, as well as the best results obtained with
fertilizers on the same kind of land.

The following table presents some further results obtained with
combinations of potash, phosphoric acid, and nitrogen. The tables
previously given state these results more in detail but the data here
given serve our present purpose better. All of these experiments
were carried out at Rocky Ford in co-operation with the American
Beet Sugar Company and all of these samples were harvested 11
Oct. 1910.

There was no plot in this series to which sodic nitrate alone
had been applied. None of these samples shows any betterment in
quality due to the fertilizers used and neither the yield nor the
percentage of sugar was improved. On the contrary, it was, in the
main, depressed. The total nitrogen in two cases is rather high, in
the other cases it is only moderately so. The nitric nitrogen, the
injurious nitrogen and the injurious ash are quite high. The nitric
nitrogen 1s lower in four cases than in the check sample, which 1s
No. 5 in the preceding table. The injurious ash has been decidedly
increased and while the potash and phosphoric acid applied separate-
ly seem to have depressed the injurious nitrogen, it was increased in
all of the other samples. I have already stated that I believe that
variations in the properties of the soils of these half-acre plots is a
factor which ought not to be left wholly out of our reckoning.

We have given among our best beets two samples grown with
the application of sodic nitrate 250 and 500 pounds respectively.
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BEERETS GROWN WITH FERTILIZERS,

Fertilizers Total Nitric Injurious Injurious
Used Sugar Nitrogen Nitrogen N per Ash per
per Acre Percent Percent Percent 100 Sugar 100 Sug.
1..... 300 pounds K* 14.5 0.12320 0.006250 0.35827 4.4445
2oL, 400 pounds P 14.1 0.108757 0.00987 0.27288 4.5900

AN 160 pounds K
100 pounds N 14.1 0.21900 0.01333 0.95531 7.6843

4o 240 pounds P
100 pounds N 12.4 4.15345 0.01333 0.58334 6.4200

5., 220 pounds P
440 pounds N 13.6 0.23270 0.00832 0.946332 5.2692

[ S 220 pounds P
260 pounds K 14.7 0.17150 0.00865 0.62047 4.8520

T, 250 pounds P

et

170 pounds
20U pounds
S 440 pounds
300 pounds
200 pounds
9..... 500 pounds
300 pounds
200 pounds

13.7 0.17940 001244 0.71351 5.4855

15.3% 0.13760 0.00250 0.428190 41634

2 Y

13.3 0.17770 0.01846 0.65603 6.3320

The 250 pounds per acre produced favorable results in all respects,
yield, pelcentade of sugar, injurious nitrogen and injurious ash.
The application of 5o0—or the second apphcatlon of 250 pounds—
depressed the crop and the percentage of sugar and increased the
percentage of nitrogen and also that of the nitric nitrogen. Further,
it increased the injurious nitrogen and the injurious ash per 100 of
sugar. The results presented by the fertilizer experiments in which
sodic nitrate was added permits the inference that this is the usual
effect of the nitrate, The following tabular statement presents the
results of our further experiments to study this point. The supply
of plant food and water were abundant, but we furnished an over-
supply of nitrates. The samples were harvested 3 Nov. 1g10.

Amount of Total Nitric Injuriocus Injurious
Sodic Nitrate Sugar Nitrogen Nitrogen N per Ash per
per Acre Percent Percent Percent 100 Sugar 100 Sug.
260 pounds........... 16.5 0.14485 0.00144 0.36424 2,1267
500 pounds........... 15.8 0.20535 0.01009 0.68221 ., 3.2050
750 pounds........... 13.4 0.29610 0.04143 1.29250 4,7812
1,000 pounds........... 11.0 0.25505 0.04983 1.40267 5.4718
1,250 pounds........... 12.8 0.25360 0.04223 1.11500 4,0490

There can be no question about the quality of these beets nor
the direct effects of the nitrate when present in these quantities.
Whatever variations of soil in these acre plots may have existed to

*P stands for superphosphate 13.19¢, P,0,, K for potassic sulphate 48.55%
K,O0, N for sodic nitrate §6.609% NaNO,.
1See note in full statement of Analysh XXX

1This was a sample of eight beets, The sugar is 1.2 percent higher than
the factory returns. '

STATE TEACHERS
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ey, Ceto.



108 Tur CoLORADO FEXPERIMENT STATION

modify the action of the nitrates, this action has not been obliterated
or so far modified as to be rendered in the least doubtful. It will
be noticed that the maximum effect was produced by the application
of 1,000 pounds per acre, which is a small quantity compared with
the quantities which we have found in many of our soils. We will
support these analytical data in subsequent paragraphs by experi-
ments showing the factory quality of these and other beets grown on
bad ground and sold to the factory, in other words, commercial
beets. e will, however, next consider the analytical results ob-
tained with beets grown on bad ground. These results, like the
preceding, have already been presented in detail. The first group
of results presented the effects of the soil itself without any attempt
to modity them by fertilizers. This soil was already known to me
as one rich in nitrates and further, one in which the nitrates were
not only spreading but the accumulation had already become so
great in portions of it as to exterminate the Azotobacter. The order
of these samples proceeds from the best to the worst portion of the
field. The samples were harvested 3 Nov. 1910.

Total Nitric Injurious Injurious

No. Sugar Nitrogen Nitrogen N per Ash per
Percent Percent Percent 100 Sugar 100 Sug.

Lo 13.2 0.24930 0.01936 1.02880 5.6292
2 11.3 0.15995* 0.03249 0.73900 6.7379
G 121 0.23345 0.05370 1.04790 7.9285
4 8.6 0.34510 0.08337 2.04840 13.4330

The next group presents the results produced by superphosphate
applied at the rate of 1,000 pounds per acre. The order of the sam-
ples has the same significance as in the preceding group and repre-
sent corresponding sections as is the case with the succeeding table.
No experiments were made with section four.

Total Nitric Injurious Injurious

No. Sugar Nitrogen Nitrogen N per Ash per
Percent Percent Percent 100 Sugar 100 Sug.

N 10.9 0.25860 0.04982 1.41290 7.1657
2N 11.8 0.24350 0.04621 1.40770 6.4939
2 10.2 0.30675 0.07260 1.78290 9.0421

The superphosphate has under the conditions obtaining in this
soil produced decidedly bad results. The contrary to what we had
expected.  If the check rows had been separated from those treated
with superphosphate by a space of even thirty feet we would try to
believe that the action of the phosphate was in this case just what it
has proven to be in many other experiments, but that some other
factor had brought about the results. We have, however, no ex-
planation, not even the size of the samples, to modify the conclusion
that the action of the phosphoric acid was decidedly bad. All of the
Leets suffered from attack by leaf-spot, but all suffered alike and the

*Other samples representing this scction of the field taken 23 Sept. and 11
Oct. gave for total nitrogen 0.2706 and 0.3070 and nitric nitrogen 0.03480 and
0.06417, The figure should probably be 0,25995.
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foliage was so abundant that the loss of a considerable number of
leaves did not make a great difference in the appearance of the field.

The results produced by the potassic chlorid, 400 pounds per
acre, are presented in the following statements:

Total Nitric Injurious Injurious

No. Sugar Nitrogen Nitrogen N per Ash per
Percent Percent Percent 100 Sugar 100 Sug.

N 13.1 0.23700 0.02510 1.04240 4.8114
...................... 11.8 0.24715 0.04111 1.17790 6.5580
3 12.2 0.34510 0.05120 1.62910 8.2453

This amount of potassic chlorid may possibly have produced a
little effect upon the quality of the beets but all the samples are still
so bad that there is no reason at all for entertaining a hope that it
will be feasible to profitably produce good beets by its use.

The next fertilizer used was salt, sodic chlorid. 1 knew that
this soil was very rich in chlorin, but I also knew that it was rich in
potash and used the salt just as I used the potash to determine
whether it would have any effect or'not, though it seemed to be a
case of “‘carrying coals to Newecastle.”

Total Nitric Injurious Injurious

No. Sugar Nitrogen Nitrogen N per Ash per
Percent Percent Percent 100 Sugar 100 Sug.

B 13.0 0.19020 0.01558 0.60077 4.8482
DL 12.4 0.21545 0.03713 0.74315 5.7885
. 10.4 0.33970 0.08743 178750 12,0480

The results are not decisive enough under the circumstances to
justifv any conclusions, but 1f, with a knowledge of all the condi-
tions. one had to express an opinion, it wou d be that salt, sodic
chlorid, gives more promise of producing good results than the other
fertilizers used.

This restatement of some of the salient features in the composi-
tion of our beets gives us not only a clearer view of their quality and
the characteristics of their composition, but justifies us in comparing
the established quality and composition of beets grown with the
application of saltpetre with the quality and composition of those
grown on nitre-infected ground. For this purpose we will use first,
the sample grown on newly broken sod land at Holly, Colorado, and
in the extreme eastern part of the Arkansas Vallev as representative
of a fairly good quality of beets grown in this section: second, the
sample of beets grown on desirable land with the application of 1,000
pounds Chile-saltpetre per acre, and third, the sample grown on the
third section of our bad land without the application of any fer-
tilizers.

Amount of Total Nitric Injurious Injurious

No. Sodic Nitrate Sugar Nitrogen Nitrogen N per Ash per
per Acre Percent Percent Percent 100 Sugar 100 Sug.

T, Virgin soil 14.2 0.12530 0.00358 0.37440 3.5295
RO 1,000 pounds 11.0 0.25508 0.04983 1.40267 5.4718

Abundant in soil 12,1 0.23345 0.05370 1.04790 7.9285
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The following effects of the nitrates are so patent that they are
beyond question. The sugar has been depressed by at least 2.0 per-
cent. The total nitrogen has been doubled. The nitric nitrogen
has been increased from ten to fourteen times. The injurious nitro-
gen per 100 of sugar has been increased between three and four
times and the injurious ash about twice. The same effects can be
traced in our fertilizer experiments, though not so plainly. Further,
these eflects are so pronounced that no questions of water supply,
cultivation, variety or strain of seed, the effect of leaf-spot, insect
mjury, climatic conditions, or the general conditions prevailing in
our soils can 1n any way obscure them. How and to what extent
these factors may have modified them is not a part of our present
problem. These factors must be assumed to exist and to be oper-
ative.

We may now consider a few of our results obtained on samples
grown on good ground without the addition of fertilizers of any
kind and which may be assumed to represent beets as they are ac-
tually grown for the factories. The beets designated as grown on
bad land was such a crop and they were delivered to the factory. I
wish to state emphatically that the following analyses do not repre-
sent the quality of all of the crops delivered to the factories in 1910,
for that would be absurd, as there are some excellent beets grown
every year. If it were not so we would have more justification to
attribute the low quality of our beets to climatic conditions or to
some other cause acting uniformly throughout the country, which is
not true. These samples do, however, represent very many crops
which are actually delivered to the factories.

Total Nitric Injurious Injurious

No. Locality Sugar Nitrogen Nitrogen N per Ash per
Percent Percent Percent 100 Sugar 100 Sug.

T...... TRocky Yord 14.3 0.20605 0.01984 0.71591 3.1043
2.0, Fort Collins 15.2 0.18636 0.02138 0.63840 3.4164
..., Rocky TFord 12.7 (.25215 0.04537 1.07246 3.7030

The average percentage of sugar for these three samples is 13.7
while the average for the Arkansas Valley for the same year, 1910,
was approximately 14.2 so that they are only a little below the aver-
age for the Valley. The low sugar, the high total nitrogen, the
high nitric nitrogen, the large amounts of injurious nitrogen per 100
sugar, and the relatively high injurious ash per 100 sugar can
scarcely be attributed to any other cause than to an excessive supply
of nitrates during the season, especially in view of the results just
presented as having been definitely produced by nitrates either ap-
plied to or formed in the soil. The Fort Collins sample was grown
on the College Experimental Farm in the surface two inches of
which we found in October nitric nitrogen equivalent to 160 pounds
per acre. These samples were taken from fallow spots among the
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beets. Again we found in the same tract of land but not in the same
place in April nitric nitrogen equivalent to 1,000 pounds of sodic
nitrate in the surface two inches. We s1owed in Bulletin 155 that
at the end of the season and even in the early part of the winter that
our lands, especially the beet fields of the Arkansas Valley, con-
tained in 1909 quantities of nitrates reaching 1,902 pounds in the
surface six inches of soil. The presence at times of sufficient quan-
tities of nitrates in our soils to produce these effects cannot be
doubted, and the effects are those who are produced by excessive
(uantities of nitrates.

\We have not heretofore laid any special stress upon the pres-
ence of nitric nitrogen in all of the samples of our Colorado beets
but the results show plainly that an excess of nitrates increases the
amount of this form of nitrogen in the beet from 0.0009 percent.
the minimum found in a Colorado beet, to 0.04983 percent for beets
grown with the application of 1,000 pounds of Chile-saltpetre and a
maximum of 0.08743 percent in beets grown in very bad ground.
There are other very striking effects shown by the composition of
the ash, but we will take these up later. .

It has been shown that the beet plant draws upon the nitrogen
of the soil most heavily in June and July. Professor Remy has
shown that to produce a crop of 44 tons, together with the tops per
hectare (21% acres) requires 455.4 pounds of nitrogen. The nitro-
gen appropriation is distributed as follows in respect to times: May,
4.4 pounds; June, 112.0 pounds; July, z212.2 pounds- August, 48.0
pounds; September 44.0 pounds, and October 35.2 pound\ In our
experiments with sodic nitrate the last 250 pounds were applied on
27 July. This would appear to be too late to produce any decided
effect upon the crop, and we find the maximum effect produced by
the application of 1,000 pounds per acre, the last portion of which
was applied on 22 June. The condition of an early supply of nitre
may or may not be met in the field as it has not vet been determined
during what period the most liberal amount of nitrates may be fur-
nished to the beets by the soil, i. e., without artificial applications.
it is almost certain that this will differ in various pieces of land.
Our highest figures for beet fields have been obtained in early win-
ter or spring, but we have not as yet made any svstematic study of
this point. In subsequent paragraphs, however, we will give the
results obtained by applying nitrates to beets beginning 1 August
and continuing at intervals of 14 days, till the plots had received a
total corresponding to 750 pounds per acre.

The experiments with sodic nitrate in 1910 were inaugurated
with the intention of running the beets thus produced in an experi-
mental plant to see whether we actually produced the bad working
qualities in these beets which had been observed in the beets grown
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m the Valley during the past eight years. This was carried out on
a sufficiently large scale to show what we had actually accomplished
in this direction. The beets were treated in all respects just as they
are mn any factory, sliced, subjected to diffusion, a thin juice pro-
duced, which was treated with milk of lime, carbonated, etc., and
fnallv evaporated to a thick juice; but none of the samples were car-
ried farther than this point except as will be given later. The dried
cossettes and these thick juices were subjected to examination with
tlie following results, which were kindly {urnished me by Mr. W, H.
Baird, at that time the General Superintendent of the American
Peet Sugar Company. The analytical work was done by Dr.
Potvliet.  The designation of the fields is the same as in the preced-

mg tables.
ANALYSES OF BEETS USED IN EXPERIMENTAL RUN.,
DRIED COSSETTES,
Field ....... . .o vt 1 2 3 4 5 6 7
Sodium nitrate appl’d, lbs. 250 500 750 1,000 1,250 None Bad L’d
Sodic nitrate in cossettes. 0.5628 0.5203 0.9005 1.1483 1.4595 0.5719 2.4320
Sodic nitrate per 100 dry

substance ............. 0.5739  0.3239 0.9126 1.1544 1.4797 O0.5(89 2.4870
Total nitrogen ........... 0.9162  0.9346 1.2617 1.3673 1.5968 0.9879 1.9223
Total nitrogen per 100 dry

substance ............. 0.9342  0.9412 1.2788 1.3746 1.6167 1.0001 1.9569
Nitrate nitrogen in total

nitrogen ............... 10,1000 8.1000 11,8000 13.8000 15.0000 9.50600 20.9000
Dry substance .......... 95.0500 99.3000 98.6700 99,4700 98.7700 98.7800 98.2300

ANALYSES OF THICK JUICES PRODUCED. .
Field .ot 1 2 3 4 5 ¥ 6 7%
Sodie¢ nitrate applied, 1bs. 250 500 750 1,000 1.250 Nbne Bad I’d
Actual D. S, ... 39.1500 59.9100 46.5000 48,5100 51.6000 50.8700 46.5800
Sodium nitrate .......... 0.2176  0.288%  0.4927  0.6422 ©.7909 0.4510 2.2170
NaNQ, per 100 D. &,...... 0.5369  0.4720 1.0 1.3239  1.5327 0.8866 4.7590
NaNO, per 100 sugar...... 0.6107 0.53406  1.2226  1.5327 1.9733 1.0044 6.8420
Total nitrogen ........... 0.2602  0.3517 0.40823  0.4472 0.5004 0.3620 0.8770
Nitrogen in 100 D. & ... 0.6599 0.5870 (.8780 0.9219 0.9699 0.7116 1.8828
Nitrogen in 100 sugar.... 07506 06648 1.0121 1.0687 1.1219 0.8062 2,7068
Percent N. reduced....... 29,2000 37.6000 31.3000 32,9000 40.0000 28.8000 29.3000
Nitrate N. in total N. .... 12.4000 13.2000 19.9000 23.6000 26.0000 20.5000 34,2000
Sugar, per 100 D. S....... $7.9100 88.7900 §¢.6600 $6.3700 8G.4300 8R8.2600 69.5600

These thick juices were further examined by us with the fol-
lowing results:

Field .............. 1 2 3 4 5 [ 7

Specific gravity .... 1.29900 1.28900 1.21800 1.22900 1.24200 1.24200 1.25100
Total nitrogen .... 0.35235 0.36887 0.37710 0.43440 0.41565 0.33427 0.99710
Ammonic nitrogen. 0.00615 0.00690 0.00735 0.00760 0.00813 0.00605 0.03010
Amid nitrogen ..... 0,00817 0.00765 0.01105 0.01190 0.01498 0.00965 0.04870
Amino nitrogen ... ....... 017814 0.20386 0.21560 0.19483 0.28616 .......
Nitric nitrogen .... 0.06034 0.05085 0.09302 0.11210 0.13430 0.08289 0.49313

The technical results agree very well with those obtained by the
analysis of our field samples. Field No. 6 was intended to be a
check field but as elsewhere stated it failed us. The technical re-

*These beels were taken from the veryv bad portion of the field and cor-
respond to the section of the field designated by the number 4, see page 99.
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sults corroborate the observations previously made upon the samples
of this field for the real coefficient of the thick juice from these beets
is 88.26, which is at least one point too low for beets grown on such
land and in the perfect condition that these beets appeared to be at
the time that they were sliced. We concluded from our analytical
data that the beets grown with 250 and 500 pounds of sodic nitrate
per acre were our best beets and that those grown with 1,000 pounds
per acre were the poorest beets and that the excess of sodic nitrate
had producd this effect. We see in considering the real coefficients
of purity of these thick juices, probably the best measure of these
effects, that by the application of 750, 1,000 and 1,250 pounds of
sodic nitrate to the acre we have depressed it 1.8g points below a
field sample grown as a check but which itself is at least 1.25 points
below what the coefficient of a reasonably good thick juice should
be. The lowest coefficient is found for the beets grown with 1,000
pounds sodic nitrate per acre. The beets grown in Field 7, else-
where designated as bad land, gave a thick juice of only 69.56 coeffi-
cient of purity, which is scarcely 3.5 points above the conventional
limit for molasses. The amino and nitric nitrogen in these juices
present the same facts with still greater emphasis, the nitric nitrogen
ranging from 13.38 percent in the best sample to 49.45 percent of
the total nitrogen in the worst sample.

I stated in an earlier paragraph that our beets, specifically the
beets of the Arkansas Valley, produced too much molasses. I think
that the sugar technologist will agree that a thick juice with a real
coefficient of purity of & or 86 will produce a large amount of
molasses and concerning a coefficient of 69.6 there can be no ques-
tion. None of these juices were boiled. so we did not study the
properties of the filmasses produced from such beets but Mr. H. E.
Zitkowski, the Chief Chemist at the factory, told me that he tried the
thick juice of No. 7 on a small scale and that it was all that the
coefficient of purity indicated, very bad.

The amount of molasses that sound beets of good quality should
produce is somewhat difficult to ascertain. The statements made
concerning German beets often pertain to houses producing only
raw sugar which carries some of the molasses. In others, where
the various green syrups are boiled several times and the saccharate
is used in liming the thin juice, it is difficult to tell how much molas-
ses the beets are producing, but in non-Steffens houses, producing
granulated sugar, we can obtain a very fair approximation to a cor-
rect answer. For our purposes, I will assume that beets with 16.0
percent sugar and of good quality ought not to produce more than
5.5 percent of their weight of molasses. While this is to the best of
of my knowledge, a fair estimate, it does not matter in this case
whether the estimate is a point too high or a half point too low, be-
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cause some of the beets in the Arkansas Valley have in years past
Produced from 7 to 9 percent and even more, which is clearly a very
large amount, too much in fact by several percent. The explanation
that I offer for this fact is evident and has already been formulated,
1. e., that the soils furnish too large an aggregate amount of nitrates
which effect a late maturation of the beet, which may or may not
explain all of the bad qualities observed in them. Whether it does
or not we have shown that the nitrates will depress the sugar con-
tent, this has long been established, increases the injurious nitrogen
and the injurious ash and renders the beets rich in nitric acid. 1
have made ths fact evident by giving in all of the analyses presented,
the nitric nitrogen present. If this be true, then the molasses should
be rich in nitric nitrogen. I have never examined the saccharate for
nitric nitrogen. It is probably very small in amount or entirely ab-
sent, as the Steffens waste waters are rich in it and it should not be
carried down with the saccharate to any considerable extent; so
that the nitric nitrogen present in molasses even in Steffens houses,
would owe its origin to the beets worked and not to the saccharate.
I have the determinations of the total and nitric nitrogen in a num-
ber of molasses. Some of these were furnished me by Mr. Baird
and made in the laboratory of the Rocky Ford factory in connection
with this work, but others of them were made in our Station labora-

tory. The following is a statement of the results:
TOTAL AND NITRIC NITROGEN IN MOLASSES.

Nitrogen Nitrogen Percent of Total

Total Nitric Nitrogen

1o Bohemia 2.4000 0.0067 0.28
2o Bohemia 2.3000 0.0032 0.14
3 Boliemia 2.4200 0.0042 0.19
4o Bohemia 2.2600 0.0082 0.37
|- N Michigan 2.5200 0.0470 1.85
6. California 1.9000 0.0920 4.80
T Colorado 2.1100 0.3200 15.30
S Colorado 2.0700 0.4000 19.30
9. Colorado 1.8038 0.3715 20.60
100 ... nn Colorado 1.5253 0.3146 20.63
1i.......... Colorado 1.8364 0.3830 20.86
12. .00t Colorado 1.6999 0.3560 21.09
13,00 .n Colorado 2.0900 0.4400 21.20
| Colorado 2.0500 0.4700 23.00
15, .0 nn §olorado 1.5638 0.4516 28.88
16.. .. ... ... Colorado 1.2798 0.1839 14.37
1700 e Colorado 1.7082 0.2737 16.04
18. ... .. Colorado 1.3241 0.2584 19.51
19.......... Colorado 1.8595 0.4225 22.71
20 ..t Colorado 1.8699 0.1196 10.66
21, it Colorado 1,.3433 0.1560 11.62

The Colorado molasses are all lower in total nitrogen than the
Bohemian and Michigan samples, but are without exception higher
in their nitric nitrogen. If we compare the lowest percentage of
nitric nitrogen found in the Bohemian with the highest found in a
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Colorado analysis we find that the Colorado molasses ¢ontains 147
times as much. If we compare the lowest ratio for the nitric to the
total nitrogen in the Bohemian samples with the highest ratio for
the Colorado samples, we find the latter 206 times the former. The
Colorado beets here represented produced from 5.5 to 7.5 percent of
molasses, calculated on the beets cut while the Bohemian beets pro-
duced. according to the best information that I can obtain, certainly
not more than 5.5 percent. Molasses Nos. 7 to 15 inclusive and also
No. 20 are molasses from the seasons of 1909 and 1910, but sam-
ples 16, 17, 18, 19 and 21 are molasses from the season of 1911.
Only four of the 1911 samples are from factories from which I ob-
tained samples in 1910. It will be observed that these samples are
in the main lower in nitric nitrogen than the Colorado samples of
1910 and the factories were producing less molasses calculated on
the beets cut than in 1910, some of them two percent less. Two of
the samples were taken at the end of the campaign and the beets
being worked at that time were in bad condition and the production
of molasses was on this account a little heavier than earler in the
season. ‘These molasses are a little lower in nitric nitrogen than
those obtained earlier in the season, which is quite natural.
Subsequent experiments show that defoliation in early Septem-
ber causes the retention of the nitric nitrogen in the beets and 1t may
be argued by some, if they know the facts. that the leaf-spot may
have caused this abundance of nitric nitrogen in the molasses by
having destroyed the foliage to so large an extent. The first con-
sideration is that beets do not normally contain such quantities of
nitric nitrogen and it was not produced in the beets by the leaf-spot.
A second consideration is that some of the Colorado samples rich in
nitric nitrogen were produced from beets free from leaf-spot.*

*NOTE-—As beet molasses has become a considerable factor in fattening
cattle, we are sometimes asked about the value of the nitrogen present in the
molasses. It is not a part of our purpose to go into this question to any
extent. It is just to state that no representation is made by he Colorado fac-
tories, so far as I know, that the molasses has any value because of its nitrogen
conteunt, but only because of its sugar or carbohydrate content. The following
analyses show the forms in which the nitrogen is present or permit us to infer
in what form it is present.

Total Ammonic Amido Amino Nitric Proteid
Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Stutzer
L0802 0.01557 0.02323 0.222586 0.15520 0.05570
1.0674 0.01478 0.02508 0.23354 N 0.05570
1.2597 0.01584 0.02349 0.12332 0.02190 0.04593
1.0495 0.02138 0.02191 0.14034 0.20480 0.04805
1.3832 0.02033 0.03352 0.28690 0.32170 0.05306
1.4372 0.02085 0.03934 0.21377 0.15320 0.05807
1.0495 0.01663 0.02877 0.22941 0.12180 0.03168

As the methods of treatment in the defecation of the juices tend to remove
the proteids the small amount of nitrogen indicated as present in this form by
Stutzer reagent was chceked by precipitation with acetic acid and alcohol and
washing with water to determine albumin which gave us from zero to 0,014
percent nitrogen in this form, a wholly negligible quantity at best. These
molasses are all from the 1911 campaign and show that from one-tenth to one-
quarter of all the nitrogen present in these samples was in the form of amino
compounds and the rest was probably present in the form of betain. The
nitrates have no food value and the other compounds are not generally believegd
to have much if any food value, certainly not more than an equal weight of
carbohydrates.
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Three samples of Steffens waste water which had been con-
centrated showed the presence of from 0.15 to 0.61 percent of nitric
nitrogen.  These figures indicate that large quantities of nitrogen
as nitrates go into the waste water. I have not sufficient data rela-
tive to the individual samples to justify me in making any attempt
to present the amount, either relative or absolute, thus eliminated.
This amount relative to the total present must be very high, practi-
cally 100 percent. The nitric nitrogen in the Colorado molasses
examined averaged in 1910 0.34 and if we assume the yield of
molasses as 7.5 percent, which may be too high for some factories,
but not for others, we will obtain for the average percentage of
nitric nitrogen in the crop, 0.0212, whch is not far from the average
indicated by the samples grown on good soils without fertilizers,
0.0229 percent. In Landw. Vers. Stat., 1900, p. 118, are given nine
analyses of German molasses, four of which seem comparable to
our Colorado samples. The percentages are on molasses, not on

dry substance.
Percent of Total

Total Nitric Nitrogen Present as

Nitrogen Nitrogen Nitric Nitrogen
L 1.942 0.04157 2.14
e 2.131 0.04252 2,00
2 2.229 0.03637 1.63
o 2.162 0.04157 1.93

: The nitric nitrogen is given in the analyses as “nitric acid,”
which I have assumed to mean N,O; and have calculated the ele-
mental nitrogen on this assumption. The rest of the samples an-
alyzed contain considerably smaller amounts of nitric acid, but they
were produced from juices to which raw sugar had been added, or
were the products of other methods. We do not know the per-
centage of the molasses calculated on the beets from which it was
produced, but its weight was probably less than five percent that of
the beets and even if it were much more than this the amount of
nitric nitrogen would still be very much less than we meet with in
the Colorado product. from one-tenth to one-twentieth as much.
These nitrates in our Colorado beets may contribute directly to

Ware, Cattle Feeding with Sugar Beets, Sugar and Molasses, p. 236. says,
“Briem says molasses contains 8 percent digestible proteid, apparently exces-
sive as Beyer found 1.47 percent nitrogen of which 5.3 percent was protein,
29.5 percent betain. glutamin and asparagin and 48.3 percent amid compounds,
Kuehn gives from 22.7 to 75.7 or an average of 34.4 percent of the nitrogen as
amids, Albuminoids are entirely absent. Authorities, such as Kuehn. Ramm
and Moussen assert that these nitric substances have a very doubtful nutritive
value. certainly not greater than that of carbohydrates as their use for flesh
and milk production is infinitesimally small. They are mainly thrown out in
the urine,

Weiske and Schulze declare that they are without nutritive value and are
simply acid amids, hence it is argued that no allowance should be made for
them in the calculation of rations,

Voeltz. Naehrwert der Amide der Meclasse, Zeitschrift des Vereins der
Deutschen Zucker Industrie 1907 p. 681, concludes “That the amid compounds
of sugar heet molasses can completely play the role of the proteids in the
metabolism of mature ruminates.”

It does not seem probable that the nitrogen of sugar beet molasses has any

considerable feeding value.
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the production of molasses but I think that they are much more sig-
nificant of the condition of the beets at harvest time and of the fact
that the whole crop, represented by these samples of molasses, is
very rich in nitric nitrogen.

In a preceding paragraph reference was made to the results
obtained by Prof. Remy in regard to the amount of nitrogen re-
quired to grow 44 tons of beets with their tops, together with the
distribution of this requirement in regard to time, I stated that I
have made no adequate study of the amount of nitric nitrogen fur-
nished by the soil at various times during the season. Mr. Zitkow-
ski, however, made a study of this question in two fields and kindly
placed his results at my disposal.  Both fields were planted to beets
and each had an abundant supply of irrigating water. The beets
grown on Field A averaged 16.2 percent sugar, sampled 18 Sept.,
and those from Field B, sampled on the same date, averaged 12.6
percent. 'The soil of Field A was very “alkaline,” 1.5 percent of
the air-dried soil was soluble in water. The beets on 3 Oct. showed
the presence of 16.0 to 17.0 percent of sugar. These fields were
divided into sections and sampled to a depth of one foot from time
to time. The results are given in the following table in parts per
million. These data were obtained in the season of 1911.

NITRIC NITROGEN IN SOIL ON VARIOUS DATES.

Field A.
Sampled.. 4 Mar. 2 June 20 June 27 June 19 July 9 Aug. 25 Aug.
) S 4.9 1.2 12.5 17.0 8.5 5.4 2.5
I ..., 3.8 37.0 27.5 28.0 30.0 22.2 12.0
1 ...... 5.8 52.8 15.0 37.0 34.0 9.0 6.2
Iv ... ... 4.6 3.2 30.0 19.0 11.5 9.5 2.7
Voo 7.6 4.8 36.0 15.0 40.0 35.5
VI ...... 3.8 8.8 315 27.0 35.0 11.1
VII ..... 10.8 7.5 12.0 130.0 15.5 67.0 9.2

Field B.
Sampled.. 4 Mar. 2 June 20 June 27 June 19 July 9 Aug. 25 Aug.
I ... 10.9 112.0 23.0 20.0 59.0 62.0 105.0
Ir ... ... 10.1 32.0 22.0 16.0 40.0 6.5 101.0
IIe ..., 107 §$7.0 136.0 141.0 6.0 16.0 103.0
Iv ... .. 10.6 109.0 24,0 130.0 8.0 3.1 47.0
Vool 20.5 69.0 14.0 96.0 8.0 6.5 333.0
VI oo 286.0
VII ... 6.1 4.1 15.0 43.0 52.0 10.5 251.0
VIII .... 153 6.7 87.0 90.0 15.0 30.5

[ have no detailed statement of the meteorological conditions
preceding the taking of the samples nor am I certain that the beets
were of the same variety, though it is probable that they were. Be
this as it may, it is certain that no variety with a normal sugar con-
tent of 12.6 percent was used. The object in stating these facts,
however, is primarily to show how large the quantities of nitric
nitrogen in our beet fields under good cultivation may be and how
it varies from time to time. These fields were not examined fur-
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ther so far as I now know, nor were the beets. Mr. Zitkowski was
fglly aware of the surprising nature of the results obtained, espe-
cially of those obtained in the samples from Field B, taken 25 Aug.,
and had the work checked by taking a sample and determining the
nitric nitrogen by the colorimetric method and as nitric oxid and
obtained an agreement within one part per million, so we may feel
confident that the figures gven are essentially correct. Adopting
Prof. Remy's figures and giving them in terms of tons and pounds
per acre, we find that to produce 17.6 tons of beets together with
their tops there would be required 182 pounds of nitrogen per acre.
We have further seen that approximately three-fourths of this is
appropriated by the beets in June and July or such a crop at the end
of the season will have used during these months 138 pounds of
nitrogen. There were 21 samples from Field B examined for nitric
nitrogen during the month of June. If the average of the 7 samples
taken in March and that of the 25 samples taken in June show the
amount of nitric nitrogen in this acre-foot of soil on these respective
dates, their difference will give us an approximate idea of the gain
during this period, which is 49 parts per million or taking the
weight of an acre-foot of this soil at 324 mullion pounds we have
an actual gain of nitric nitrogen quite sufficient to furnish all of the
nitrogen for a 17.5 ton crop of beets with their tops. In July and
early August a very sharp decline took place, but in the latter part
of August there was a very great increase, giving an average for the
seven samples taken 27 Aug. of 195 p. p. m., showing the presence
of nitric acid equivalent to 4,104 pounds of sodic nitrate in the acre-
foot of soil sampled.

We were so situated that we could not well analyze these beets,
but the facts that those grown on this field carried only 12.6 percent
sugar, which 1s almost as low as the lowest of our nitre beets and
the presence of such an abundant supply of nitrates in June and
again in August justify us in assigning to the nitre a causal relation
to the low percentage of sugar, and also in assuming that the other
properties of these beets were those of our nitre beets. These latter
beets with 12.6 percent sugar are representative of a larger portion
of the crop than the former with 16 to 17 percent, for the average
for the whole crop will, in some years, scarcely reach 14.0 percent,
though in 1911, an admittedly good year, the average was nearer
14.5 percent.

GREEN MANURING.

We have previously given the results obtained with various
fertilizers upon the tonnage of beets, the yield of sugar and the
quality of beets, and have found that they do not justify us in stating
that they can be applied with any hope of profit or material improve-
ment in the quality of the crop produced. The problem is not



DETERIORATION SUGAR BEETS DUE TO NITRATES 119

solved to such an extent that one is justified in assigning reasons for
these results except tentatively, which we will not do. We will merely
state the view which has been suggested or tacitly assumed through-
out, that the quality of our beets, which is the principal object of this
study, is not poor or even bad because of any lack of plant food, nor
because of lack of water, nor of fungus diseases, nor of attack of in-
sects. nor of alkali, nor of excessive water, but more probably be-
cause of the bacterial flora of the soil. 1 have for a long time held
the view that if it were possible for us to bring about different bio-
logical conditions, we would find a way to produce beets of a good
quality. I am still of the opinion that a very liberal green manur-,
ing which will produce putrefactive changes in our soils gives us the
most promise of success under our conditions. It was with this
view in mind that the following experiments were made. These
e\peliments were only partially successful, particularly in regard to
the quantity of green crop produced. Mr. Winterhalter had pre-
viously tried green manuring and was aware of the fact that we
were likely to be disappointed in this respect and so expressed him-
self. We planted mustard on one plot and tock a piece of winter
wheat for the second one. The land chosen was an adobe, a little
heavier than that on which the experiments with potash, phosphoric
acid and nitrogen were made and is a part of the same general
tract. ‘The stand obtained was good but the mustard came into
bloom when the plants were only a few inches high and the total
weight of the green matter plowed under was disappointingly small,
estimated at 5%5 tons per acre. The beets on both the mustard and
wheat plots were planted 13 June. The stand considering the char-
acter of the soil was excellent. The variety used was the Original
Kleinwanzlebener. The irrigation and cultivation was adequate,
and though the beets were harvested 9 Nov., the plot on which mus-
tard had been grown, yielded 7.9 tons of beets with 16.04 percent
sugar, 84.96 purity, the wheat plot vielded 9.1 tons, 15.83 percent
sugar, 83.3 purity. These are factory returns. The shape of these
beets was all that could be wished though the ground was excessive-
ly hard at harvest time. The following analvses present the
analytical results obtained with these beets in our laboratory.
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BEETS GROWN WITH GREEN MANURE.
Harvested 9 Nov. 1911.

CXVIII CXIX CXX CXX1
Wheat Wheat Mustard Mustard
Average weight of beets....... 437.4 grams 505.5 grams 482.8 grams 491.3 grams
Percent Percent Percent Percent
Sugar in beets................. 18.50000 14.60000 17.30000 16.10000
Dry substance in beets......... £4.40000 21.20000 24.40000 22.90000
Crude ash in dry substance. .... 3.48400 4.89800 3.82300 3.94000
Crude ash in beets............. 0.85009 108376 0.93281 0.90226
Pure ash in beets.............. 0.62400 0.69871
Sulturicacid .................. 0.02650 0.03249
Phosphoric acid ............... 0.06711 0.07439
Chlorin ....................... 0.04062 0.06542
Sodium ............. ... ..., 0.02641 0.04254
Potassicoxid .................. .32652 0.34521
Sodicoxia ............. ... ... 0.02747 0.01208
Calcicoxid .................... 0.02598 0.02478
Magnesic oxid ................. 0.07580 0.09391
Ferric oxid ................... 0.00252 0.00422
Aluminic oxid ................. 0.00277 0.00093
Manganic oxid ................ 0.00230 e 0.00276 e
Total nitrogen ................ 0.17940 0.18660 0.15270 0.15490
Proteid nitrogen (Stutzer) 0.08995 0.08385 0.08500 0.08415
Ammonic nitrogen ............ 0.00230 0.00300 0.00155 0.00170
Amid.nitrogen ................ 0.00530 0.00865 0.00345 0.00490
Amino nitrogen ............... 0.07791 0.06306 0.03362 0.04366
Nitric nitrogen ............... 0.00348 0.01064 0.00141 0.00332
Injurious nitrogen in beets.... 0.08185 0.09110 0.06000 0.06415
Injurious ash per 100 sugar.... 2.41900 e 2.87730 e
Injurious nitrogen per 100 sug. 0.44243 0.62398 0.34711 0.39845
Press Juice According to Ruempler.
Total nitrogen ................ 0.14400 0.16505 0.12245 0.11980
Albumin nitrogen ............. 0.05100 0.04730 0.04710 0.04540
Propetone nitrogen ........... 0.00440 0.00340 0.00340 0.00360
Peptone nitrogen .............. 0.00460 0.00830 0.00300 0.00450
Ashh Analysis.
CXXIT CXXIIL
Crude Pure Crude Pure
Carbon ................ 0.177 0.433
Sand ...l 0.993 0.852
Silicic acid ............. 1.012 RPN 0.891 el
Sulfuric acid ........... 3.117 4.247 3.483 4.650
Phosphoric acid ........ 7.894 10.755 7.975 10.647
Chlorin ................ 4.778 6.510 7.013 9.362
Sodium ............ ..., e 4.233 e 6.088
Carbonic acid .......... 20.583 R 18.889 Ceee
Potassic oxid .......... 38.410 52.328 37.007 49.406
Sodic oxid ............. 7.416 4.402 7.438 1.729
Calcicoxid ............. 3.054 4.161 2.656 3.546
Magnesic oxid .......... 8.917 12,148 10.067 13.440
Ferricoxid ............ 0.296 0.403 0.452 0.603
Aluminic oxid .......... 0.326 0.444 0.100 0.134
Manganicoxid ......... 0.271 0.369 0.296 0.395
Loss i (3.834) (4.031)
Sum.........c.0e... 101.078 101.583
Oxygen equi. to chlorin 1.678 1.583
Total.............. 100.000 100.000 100.000 160.000
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The analyses indicate that these beets are very good ones, in
fact there is but one factor in this crop that we could wish were bet-
ter, that is the weight of the crop. The beets are high in sugar and
comparatively low in total nitrogen. The ratio of proteid nitrogen
to the total, is much higher than in a great many of our beets. The
ratios for the injurious ash and injurious nitrogen per 100 of sugar
are low. The pure ash is also lower than we usually find it in our
beets. At first sight it seems proper to attribute these improved
qualities to the green manure. I am not at all disposed to draw any
conclusions from these results. They would have to be extended
and corroborated before it would be proper to do so.

In presenting the results of our attempt to find out whether
there was such a marked difference in the yield, sugar content and
coefficient of purity of beets attacked by the leaf-spot in varying
degrees of severity that we might be justified in asserting the nature
and extent of the injury due to this cause, I remarked, that there
seenmed to be a relation between a small yield and a high sugar con-
tent rather than between any other recognizable factors. It is not
evident that this is equivalent to saying that this relation exists be-
tween the size of the beets and the sugar content, though such may
be the fact, for though the average weight of the beets analyzed was
not far from one pound each, the yield of about 8.2 tons per acre
with a stand of 32,000 beets per acre shows that many of the beets
were small, less than one-half pound in weight. I have the record
of three other fields planted to Z. Z. Klinewanzlebener seed and to
whiclh burnt lime, 6 tons, waste lime, 30 tons, and stockyard manure,
30 tons per acre had been applied, and we have low yields and high
sugar percentages for the year of application and also for the suc-
ceeding year. These beets were not analyzed but the sugar content
as shown by the factory returns, especially for the second year, 17.2,
17.9 and 16.0 leave no room for doubt but that they were good beets.
It 1s for such reasons that I am not inclined to attach much import-
ance to the good results obtained in the green manuring experiments.
The profit on such a crop of beets is too small to make it desirable
for us to try to raise such crops simply because the beets are good,
but it is not clear why these crops are not larger. Thirty tons waste
lime or the same quantity of stockyard manure furnishes a heavy
dressing of phosphoric acid, in the former, 528 pounds, and of both
phosphioric acid and nitrogen in the latter case, 492 pounds of phos-
phoric acid and 360 pounds of the nitrogen, which ought to bring
about the production of more than 6 or 8 tons of beets per acre. It
is, however, true that these beets, grown with the application of
green manure and on ground that was in a bad physical condition,
are among the best, if not the very best, beets which we sampled in
I910.
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EXPERIMENTS OF IQII,

In-1910 we added Chile-saltpetre up to 1,250 pounds per acre,
making the last, the fifth application of 250 pounds on 27 July. It
seems to have been established that the beet plant appropriates about
three-fourths of the total amount of nitrogen used during the season
in June and July and consequently only smaller amounts after 1 Aug.
Our results in 1910 indicated that 1,000 pounds per acre, the fourth
portion of 250 pounds applied 22 June, produced the maximum
effect.  This is at a time when the beet is appropriating nitrogen
most actively.  Our examination of soil samples shows the presence
of large amounts of nitric nitrogen in our cultivated fields, especially
in fallow spots later in the season. If this nitric nitrogen in the soil
be, as I believe it is, primarily due to fixation there is no reason why
the supply should not occur later or perhaps continue throughout
the season.  For this reason, and further to study the effect of large
amounts of nitrates upon the ash content of the beet and particularly
upon the amount of phosphoric acid appropriated, further experi-
ments were instituted. In these we made our first application of
nitrates at the rate of 250 pounds per acre 4 Aug. 1911, and three
subsequent ones at the rate of 125 pounds per acre at intervals of 14
days, making the last application 28 Sept. The beets were already
well developed when these experiments were begun, the tops were
exceedingly heavy and very dark green in color. The varieties used
were Wohanka Erntereichste and Zuckerreichste. One-tenth acre
was used in each case and check plots of like size.  All plots were
irrigated five days after the first application of nitre. There were
light showers on 1 and 2 September, about 0.14 inch of rain. On
11 September the plots were again irrigated. Cultivation was out
of the question owing to the heavy, very brittle foliage. The first
samples were taken from the check plots 8 Aug. All samples taken
from these plots consisted of at least 18 beets each, of which a com-
posite sample was made. The second set of samples was taken 18
Aug. and every 14 days thereafter till the beets were harvested 8
Nov., the latest possible date, because there was great danger of
their being frozen in the ground. The effects of the nitre were very
evident in less than a fortnight in the increased growth and deepened
color of the foliage. This difference continued to become more evi-
dent till about 10 Oct. when the check plots showed unmistakable
evidences of ripening while the treated plots were still in the full
vigor of their growth. During the night between 20 and 21 Oct.
the temperature fell to 13.6° F. and the tops were of no further use
to us. The beets, however, were effectively protected by the heavy
foliage and the fact that they had grown well below the surface of
the ground.

Saniples of these beets were photographed 15 Aug. to show the
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wholc plant on this date; in order to give a correct notion of the
luxuriance of the tops. 'There are two plants of each variety.
Plate VI represents Z R and Plate VII E R.  Plate VI, lower fig-
ure, shows the top only of an individual of the Z R variety.

The land on which these beets were grown is abundantly sup-
plied with nitric nitrogen, at least the samples taken in 1910 from
the beet plots showed considerable quantities, fallow strips giving
nitric acid equivalent to 306 pounds of sodic nitrate in the top six
inches of soil on 1& Oct. 1910.

In 1911 the divisions of the farm were designated as sections
and plots. The section immediately west of the beet plots, section
1700, was partly fallow, but had been cultivated throughout the sea-
son though not irrigated. It was covered with a fine soil mulch.
This fallow portion was divided into three portions for the purpose
of determining the nitric nitrogen in it and sixteen samples taken to
the depth of two inches, and a like number to a depth of four inches
from each section; these were united to form composite samples
representing the respective depths.  There were four samples taken
from each section from the fourth to the seventh inch inclusive and
united to form a composite sample, These samples were taken 14
Sept. 1911.  The beets in the adjoining section were growing rap-
idly at this time. The nitrates, calculated as sodic nitrate, amounted
to 670 pounds in the top seven inches of the south section, 517
pounds in the top seven inches of the middle section and 320 pounds
in the top four inches of the north section. These determinations
were made by the phenol-sulfonic acid method. We have done this,
however, with other samples of the soil and found that they agreed
very well with the Schloesing method. These amounts of nitrates,
provided like amounts were formed in the sections occupied by the
beets, are quite sufiicient to account for the extraordinarily vigorous
growth of tops in those sections to which we applied no nitrate. We
were aware of the fact that this land furnishes many hundreds of
pounds of nitrates per acre-foot of soil under favorable conditions.
The deportment of the beets in 1910 as well as our analytical results
had fully apprised us of this fact. The luxuriant growth of tops
and their blue-green color on 1 Aug. 1911 showed it almost as cer-
tainly as our subsequent deternunations.

It may be well in this connection to restate our purpose in apply-
ing sodic nitrate under such conditions. It has been shown by Prof,
Remy that the greatest consumption of nitrogen by beets takes place
during the months of June and July. The growth and color of the
tops in July admitted of no question but that these beets had been
well supplied with nitrogen during this period. Our results in 1910
showed that the application of from 250 to 750 pounds per acre.
applied subsequent to 1 April and in addition to 250 pounds applied
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on ths date was decidedly prejudicial. ~ The application of 250
pounds 1 May produced only a small depreciation in the value of
the beets, but further applications of this amount, made at intervals
of four weeks, up to 27 July, produced very bad results. The sup-
ply of nitrates furnished by our soils continues, as shown by samples
taken from beet fields throughout the season, even into early winter.
We wished to demonstrate what the effects of an excessive supply of
nitrates late in the season may actually be.

The choice of the land known to be already well supplied with
this form of nitrogen may be considered ill-advised. This was the
most accessible and practically the only available land at our dis-
posal and there are some advantages in using such land for the large
supply in the check plots, in a measure protected us against exag-
gerated results due to the nitrate added, which might have been pro-
duced had we used land which was only moderately well supplied
with or was even in need of nitrogen.

The details of the cultivation received have already been given
in sufficient fullness.

The first samples were taken 8 Aug. from plots of the same
varieties to which no nitrates had been applied. The data obtained
from these samples will show the condition of the beets at the time
we made the first application, 4 Aug., with reasonable accuracy as
only four days had elapsed.

The 1911 series of experiments differ in the following essen-
tial particulars from those of 1910, the seasons though favorable
were different, the soils were both productive but not alike in char-
acter, in 1910 the nitrate was all applied before 1 Aug., in 1911 none
was applied until after this date. In 1g1o the beets grown in the
Arkansas Valley were quite severely attacked by the leaf-spot, the
1911 samples grown at Fort Collins were not affected at all, a few
leaves could be found here and there showing this fungus, but they
were scarce and the disease was wholly negligible, but while the
varieties were standard ones in both cases, they were not the same. 1
regretted this but I could not help it. In 1910 our experiments
were made with Original Kleinwanzlebener, in 1911 with Wokanka
heaviest yielders, “ER” and richest in sugar, “Z R.” 'There is no
question but that these strains differ in some respects, among which
may be included their susceptibility to varied conditions. Our re-
sults are so positive and consistent, however, that these differences in
the strains of beets do not conceal them, though some differences do
find expression in our results.

The land used in 1911 was part of the same field on which the
college beets of 1910 were grown. This land is level, well located
and the soil productive. It contains according to older analyses of
general samples, potash soluble in hydrochloric acid 0.87, phosphoric
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acid 0.12, total nitrogen 0.147 and humus 0.426 percent. The ratio
of nitric nitrogen to the total will be given in a subsequent para-
graph.” Composite samples of soil and subsoil were taken from
these plots. Four samples each of soil and subsoil were united to
form composite samples.  The results were as follows:

ANALYSES OF SOIL ON WHICH EXPERIMENTS OF 1911 WERE MADE.

CXXIV CXXV

Soil Subsoil

Insoluble ..o 63.489 63.547
Silicic acid (soluble in sodium carbonate) 9.866 8.557
Sulfuric acid ... . i 0.094 0.069
Chlorin ... v 0.025 0.035
Phosphoric acid ....... ... ... . 0.175 0.160
Carbonic acid ............. .. .. ... ... .. 2.976 4.942
Potassic OXid . ..... ... i 0.715 0.573
S0GiC OXIA ..t 0.408 0.316
Caleic oxid ... ... . .. . 4.725 7.310
Magnesic oxXid ......... ... ... 1.258 1.376
Ferric oXid ... .o i i 5.663 5.337
Aluminic oxid ...... ... 3.563 2.73¢
Manganic oxid . ........ . ... ... 0.175 0.160
Water at 100° C.....o i 2.816 2,111
Ignition ...........iiii i 3.918 2.143
SUM . ot 99.566 99.375
Oxygen equivalent to chlorin............ 005 0038
Total. .. oo 99.861 99.367

Total nitrogen .......... ... 0.1426 0.0627

HumuUS . oveei it i e i 0.6750 0.2620

Water soluble ... ... ... i 0.3875 0.3450

The change in color, showing the line of division betiween the
s0il and subsoil, varies from eight to twelve inches in depth. This
land seems never to have received deep cultivation which is very
desirable in this case. The analyses show what is clearly recog-
nizable by the appearance of the soil itseli in section, i. e., that the
subsoil is richer in calcic salts, carbonate and sulfate, than the sur-
face soil.  There 1s no reason whatever why this subsoil should not
produce quite as well as the surface soil if once loosened up. It is
well supplied with plant food, nitrogen perhaps excepted, which
might be considered too low for a productive soil, but it is, under our
conditions probably fully sufficient. The supply of lime and mag-
nesia is very abundant and their ratio, from four to six of lime to
one of magnesia, will have some interest for us.

The analyses of 1911 samples follow in the order of their tak-
ing. The number of beets taken in each sample was eighteen. We
find 1t very difficult to thoroughly mix the pulp from so large a sam-
ple without expressing some of the juice. 1In a few of the last sets
of samples we took as many as fifty beets in a sample but I doubt
the advisability of taking so large a number in one sample.
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ANALYSES OF BEETS AND LEAVES,* SEASON 1911.

CXXVI CXXVII
Variety ..o e e E R Z R
Date of sampling..............covuvunn... 8 August 8 August
Nitrate applied per acre to date............ None None
Average weight of beets................... 439.4 grams 441,0 grams
Average weight of leaves.................. 619.0 grams 745.5 grams
Average weight of beets, trimmed......... PPN PRI
Percent Percent
Sugar in beets........ .. i, 9.90000 9.80000
Coefficient of purity........................ 75.10000 73.20000
Dry substance in beets..................... 15.48000 16.26000
Dry substance in leaves.................... 9.53000 9.81000
Total nitrogen in beets..................... 0.15576 0.17617
Total nitrogen in leaves................... 0.33578 0.33792
Proteid nitrogen in beets (Stutzer)......... 0.06917 0.07022
Proteid nitrogen in leaves................. 0.25634 0.24665
Ammonic nitrogen in beets................ 0.00277 0.00277
Amid nitrogen in beets..................... 0.00568 0.00568
Amino nitrogen in beets................... 0.01789 0.01789
Nitric nitrogen in beets.................... 0.02819 0.03643
Nitric nitrogenin leaves................... 0.05461 0.05724
Press Juice of Beets According to Ruempler.
Total nitrogen .........civviiiinnnnann. 0.13852 0.14027
Albumin nitrogen ............. ... .. ...... 0.04389 0.05335
Propetone nitrogen ....................... 0.00000 . 0.00025
Peptone nitrogen ...........ciiiiniina. 0.00000 0.00150
ANALYSES OF BEETS AND LEAVES, SEASON 1911,

ANALYSES,

CXXVIII CXXIX CXXX CXXXI
Variety ............. .. ... .. E R E R Check Z R Z R Check
Date of sampling.............. 18 Aug. 18 Aug. 18 Aug. 18 Aug.
Nitrate applied per acre....... 250 pounds Ncone 250 pounds None
Average weight of beets....... 528.8 grams 482.0 grams 459.6 grams 455.2 grams
Average weight of leaves...... 786.4 grams 718.2 grams 713.2 grams 670.9 grams
Average welght of beets, trim’d .

Percent Percent Percent Percent
Sugar in beets............. ..., 9.30000 9.70000 9.30000 9.50000
Coefficient of purity............ 74.20000 74.60000 74.20000 76.00000
Dry substance in beets........ 15.03000 16.00000 13.69000 15.02000
Dry substance in leaves....... 9.07000 9.30000 9.08000 9.35000
Total nitrogen in beets......... 0.15312 0.15378 0.14850 0.14058
Total nitrogen in leaves....... 0.27522 0.27258 0.27060 0.25674
Proteid nitrogen in beets...... 0.07656 0.07551 0.07932 0.07997
Proteid nitrogen in leaves...... 0.21991 0.22097 0.22720 0.20673
Ammonic nitrogen in beets.... 0.00264 0.00303 0.00198 0.00211
Amid nitrogen in beets......... 0.00607 0.00581 0.00594 0.00563
Amino nitrogen in beets....... 0.02580 0.02841 0.03178 0.036256
Nitric nitrogen in beets........ 0.03272 0.02998 0.03086 0.02357
Nitric nitrogen in leaves....... 0.06125 0.03256 0.06239 0.04360

Press Juice According to Ruempler.

Total nitrogen ................ 0.12384 . 0.15297 Lost 0.12367
Albumin nitrogen ............. 0.05277 0.05843 0.05151 0.05730
Propetone nitrogen ............ 0.00452 ? 0.00578 ?
Peptone nitrogen ............. 0.00226 0.00450 0.00101 0.00176

*By leaves we mean the blades and stems together and by beet the whole
root including the crown, but they were trimmed, i. e, the crowns cut off,
before they were analyzed.
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ANALYSES 08 BEEETS AND LEAVES, SEASON 1911,

CNNXNIL CXXXITL CNXXIV CXXXV
Vaviety ... oo o i I E E Cleck zZ Z T2 Check
Liate of sampling. ... ... ... ... 1 Sept. 1 Sept. 1 Sept. 1 Sept.
Nitrate applied por acre. ... ... 375 pounds None 375 pounds None
Average weight of heets. .. ..., 6726 grams 625.3 grams 578.1 grams 510.3 grams

2.0 grams 135.6 grams 711.8 grams 614.3 grams
Sgrams 543.4 grams 663.1 grams 469.4 grams

Average wejght of Jeaves. . ... 9
Average weight beets trimmed. 510

Percent Percent Percent Percent
Sugar in bects. ... o L. 1180004 11.66000 11.600060 13.20000
Coefficient of purity............ ERUDIT 76.20000 T6.30000 8200000
Dry substance in beets......... 17.02000 1869000 17.59000 19.76000
Dry substance in leaves........ 9.87000 10.03000 9.83000 0
Total nitrogen in beets. . ... ... 113596 013794 0.15196 0,13068
Total nitrogen in blades....... L 056628 0.48180 0.45102
Total nitrogen in stems........ (. Li056: 0.11748 0.11418
I’roteid nitrogen in beets....... : 0.07418
I’roteid nitrogen in bilades..... 0.3 0.41870 (4.42530
Proteid nitrogen in stems...... 0. 0.07340 0.07340
Ammonic nitrogen in heets. ... 0. 0.00237 0.006251
Amid nitrogen in heets........ 0. K 0.00831 0.00568
Amino nitrogen in beets....... .0 604150 0.04947 0.04244
Nitric nitrogen in bee .02820 0.01925 0.02702 0.01670
Nitric nitrogen in blades. ... ... Q01060 000730 .01469 0.01096
Nitric nitrogen in stems........ 006412 0.0373 0.07231 0.048186

Press Juice Aecording to Rucmpler.

Total nitrogen ................ 0.09643 0.114%0 0.12033 0.11639
Albumin nitrogen ............. 0.03907 003772 003778 003742
Propetone nitrogen ........... 0.01170 0.01464 0.01268 0.01156
Feptone nitrogen ............. ? ? ? ?

ANALYSES,
CXXXVI CXXXVII OCXXXVIII CXXXIX

Variety ....... ... ... . ... ... B R IE R Check Z R Z R Check
Date of sampling.............. 14 Sept. 14 Sept. 14 Sept. 14 Sept.
Nitrate applied per acre....... 500 pounds None 500 pounds None
Average weight of beets....... 850.5 grams 693.0 grams 888.9 grams 689.8 grams
Average weight of leaves. .. ... 907.2 grams 639.9 grams 926.1 grams 689.8 grams
Average weight beets trimmed.711.1 grams 579.5 grams 713.5 grams 634.7 grams
Percent Percent Percent Percent
Sugar in beets.. ... ... ...... 13.13000 13.70000 12.85000 14.30000
Coefficient of puritv.......... .. 78.50000 £3.50000 73.80000 78,80000
Dry substance in beets. ... ... .. 19.40000 19.20000 17.80000 20.47000
Dryv substance in leaves....... 10.90000 10.95000 10.58000 11.17000
Total nitrogen in beetls........ 0.145636 0.13134 0.16236 0.13596
Total nitrogen in leaves....... 0.31680 0.28380 0.34425 0.38808
Proteid nitrogen in beets...... 0.07656 0.07022 0.07313 0.07260
Proteid nitrogen in leaves..... 0.2283¢ 0.20328 0.25080 0.21648
Ammonic nitrogen in heets..... 0.00145 000172 0.00172 0.00185
Amid nitrogen in beets...... ... 0.00396 0.00660 0.00765 0.00489
Amino nitrogen in beets....... 0.03413 0.06223 0.04535 0.05159
Nitric nitrogen in beets........ 0.01932 0.01175 0.02454 0.01556
Nitric nitrogen in leaves....... 0.03181 0.01708 0.04398 0.01353
Press Juice Aecerding to Ruempler.
Total nitrogen ................ 0.1229¢ 0.09708 0.130086 0.12090
Albumin nitrogen ............. 0.04323 0.03289 0.03742 0.03775
Propetone nitrogen ... ........ 0.00863 0.00545 0.00866 0,00469

Peptone nitrogerc ............. ? 0.00297 0.00049 0.00296



130 TuE CoLORADO EXPERIMENT STATION
ANALYSES OF BEETS AND LEAVES, SEASON 1911.

CXL CXLI CXLIT CXLIII
Variety .......... ... ... ... .. E R E R Check VAN Z R Check
Date of sampling......... ..... 28 Sept, 28 Sept. 28 Sept. 28 Sept.
Nitrate applied per acre........ 625 pounds None 625 pounds None
Average weight of beets....... 844.2 grams 821.8 grams 918.2 grams 746.6 grams
Average weight of leaves...... 836.56 grams 743.4 grams 789.1 grams 688.3 grams
Av. welght of beets, trimmed..713.6 grams 639.5 grams 759.2 grams 652.1 grams
Percent Percent Percent Percent
sugar in beets............ ... 13.10000 14.90000 13.50000 14.80000
Coefticient of purity........... 78.90000 81.40000 §1.40000 8§4.40000
Dry substance in Leets........ 19.24000 21.06000 19.86000 21.59000
Dry substance in leaves........ 11.45000 11.95000 10.01000 11.80000
Total nitrogen in beets........ 0.15708 0.13926 0.15312 0.14190
Total nitrogen in blades....... 0.55573 5.04516 0.60324 0.47256
Total nitrogen in stems........ 0.16500 0.13646 0.15704 0.11748
Proteid nitrogen in beets...... 0.0S184 0.08000 0.07788 0.07762
Proteid nitrogen in blades..... 0.46332 0.45672 0.50292 0.39600
Proteid nitrogen in stems...... 0.09768 0.10560 0.09610 0.09214
Ammonic nitrogen in beets. ... 0.003586 0.003586 0.00515 0.00541
Amid nitrogen in heets........ 0.00818 0.00541 0.00515 0.00555
Amino nitrogen in beets....... 0.03768 0.05659 0.04688 0.04687
Nitric nitrogen in beets........ 0.02600 0.009695 0.020865 0.01065
Nitric nitrogen in blades.... ... 0.01289 None 0.02205 None
Nitric nitrogen in stems........ 0.08452 0.04744 0.07781 0.04609
Press Juice According to Ruempler.
Total nitrogen ................ 0.14058 0.12148 0.13323 0.12190
Albumin nitrogen ............. 004177 0.04344 0.04638 0.04162
Propetone nitrogen ........... 0.00420 0.00270 0.00371 0.00395
Peptone nitrogen .............. 0.00519 0.00220 0.00296 0.00392
ANALYSES.
cCXuiv CXLV CXLVI CXLVII
Variety ... .. ... . .. E R E R Check Z R Z R Check
Date of sampling.............. 12 Oct. 12 Oct. 12 Oct. 12 Oct.
Nitrate applied per acre........ 7560 pounds None 750 pounds None
Average weight of beets......1.017.5 grams 894.6 grams 801.7 grams 759.2 grams
Average weight of leaves...... §88.3 grams 812.7 grams 900.9 grams 648.9 grams
Av. weight of beets, trimmed..834.8 grams 768.6 grams 672.7 grams 617.0 grams
Percent Percent Percent Percent
Sugar in beets...... .. ... L 14,40000 15.30000 14.30000 15,80000
Coefficient of purity............ $0.40000 80.50000 79.40000 82.70000
Dry substance in beets......... 20.87000 23.07000 20.04000 23.05000
Dryv substance in leaves........ 11.95000 11.20000 11.41000 12.00000
Total nitrogen in beets........ 0.168986 0.14124 0.16368 0.14388
Total nitrogen in blades. ... .... 0.56496 9.57288 0.54177 0.50952
Total nitrogen in stems........ 0.17160 0.15180 0.16764 0.12938
Proteid nitrogen in beets...... 0.08368 0.07154 0.08104 0.07497
Proteid nitrogen in blades..... 0.37910 0.35798 0.43428 0,40656
Proteid nitrogen in stems...... 0.08447 0.10243 0.09081 0.09134
Ammonic nitrogen in beets. .... 0.00211 0.00266 0.00066 0.00224
Amid nitrogen in beets........ 0.00660 0.00565 0.00778 0.00554
Aminco nitrogen in beets....... 0.03764 0.04595 0.03811 0.03266
Nitric nitrogen in beets........ 0.01685 0.005603 0.01685 0.00870
Nitric nitrogen in blades....... 0.01208 None 0.01360 None
Nitric nitrogen in stems........ 0.04313 0.01956 0.07967 0.01797
Press Juice Aecording to Ruempler.
Total nitrogen ................ 0.14622 0.11869 0.15074 0.11030
0.04796 0.04429 0.04968 0.04576

Albumin nitrogen .......... ...
Propetone nitrogen ........... 0.00319 0.00514 0.00413 0.00245

Peptone nitrogen .............. 0.01905 0.00087 0.00296 0.00685
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ANALYSES OF LEAVES.* 12 OCT. 1911.

CLII CLIII CLIV CLV

Variety ... ER E R Check Z R Z R Check
Nitrate applied per acre....... 750 pounds None 750 pounds None
Av. wt. whole leaves per beet.888.3 grams 812.0 grams 900.9 grams 648.9 grams

Percent Percent Percent Percent
Dry substance ................ 11.95000 11.30000 11.41000 12.00000
Crude ash in dry substance.... 19.66000 19.72000 18.77600 20.18400
Pure ash in dry substance..... 13.66000 13.63000 12.88500 13.99900
Pure ash in fresh leaves....... 1.63260 1.54130 1.47020 1.67980
Sulfuric acid .................. 0.15755 0.18360 0.14288 0.19240
Phosphoric acid ............... 0.07090 0.04994 0.06252 0.05665
Chlorin ......... .. ... .. ...... 0.10443 0.11403 0.07499 0.09592
Sodium ... 0.06879 0.07414 0.04876 0.06237
Potassicacid ......... ... ... ... 0.56674 0.563794 0.49142 0.62295
Sodic oxXid ...l . 0.39007 0.20820 0.39934 0.34132
Calcicoxid .........oiiiL.. 0.13765 0.16040 0.12156 0.15552
Magnesic oxid ................ 0.11063 0.10650 0.10749 0.12636
Ferrie oxid ... ........... . ... 0.01323 0.01246 0.00642 0.00829
Aluminicoxid ................. 0.00905 0.00920 0.01131 0.01494
Manganic oxid .............. .. 0.00442 0.00205 0.00351 0.00375
Tetal nitrogen in blades....... 0.56496 0.57288 0.541797 0.50952
T'otal nitrogen in stem......... 0.17160 0.15180 0.16764 0.12938
Proteid nitrogen in blades..... 0.37310 0.35798 0.43428 0.40656
Proteid nitrogen in stems...... 0.08447 0.10243 0.09081 0.09134
Nitric nitrogen in blades....... 0.01203 None 0.01360 None
Nitric nitrogen in stems....... 0.04313 0.019586 0.07967 0.01979

Ash Analyses.

CLVI CLVII CLVIII CLIX

Crude Pure Crude Pure Crude Pure Crude Pure
Carbon ......... None None None None
Sand ........ ... 3.022 3.427 1.926 2.126
Silicic acid. ... .. 2.342 e 2,985 e 2,425 . 2,657
Sulfuric acid ... 6.706 9.650 7.242 10.616 6.673 9.719 7.985 11.513
Phosphoric acid. 3.018 4.343 2,241 3.240 2.920 14.253 2.339 3.373
Chlorin ........ 4.445 6.396 6.177 7.398 3.6502 5.100 3.960 5.710
Sodium ........ 4.159 4.810 3.316 3.713
Carbonic acid .. 24552 23.724 25.924 24.786
Potassic oxid .. 24,127 34.719 24,140 34904 22,951 33.426 25,720 37.088
Sodic oxid ..... 20.495  23.892 18.310 19.997 21.717  2%7.162 17,540 20.319
Calcic oxid .... 0.859 8.431 7.192  10.408 5.677 §.268 6.421 9.258
Magnesic oxid . 4.7909 6.776 4.779 6.910 5.020 7.311 5,217 7.522
Ferric oxid .... 0.563 0.810 0.559 0.808 0.300 0.437 0.272 0.392
Aluminic oxid.. 0.38%5 0.554 0.537 0.776 0.528 0.769 0.617 0.890
Manganic oxid.. 0.188 0.270 0.092 0.133 0.164 0.238 0.153 0.224
Loss ... ... (0.591) ... 0,702y ..., (1.063) ..... (1.178)

Sum......... 101.002 oo 101,153 Lo 1000790 Lo 100.873
Oxygen equi. to
chierin ...... 1.002 1.153 0.790 0.873

Total...... 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

*The leaves of the beets on the check plots showed the usual signs of
ripening, but those of the beets on the plots treated with nitrate did not, The
check plots did not show this change until after the tirst of October. The
leaves were frozen about 20 Oct., so these were the last sampies of leaves taken
for the season. The samples of beets taken on this date were analyzed so that
we could have complete analyese of these samples of which the leaves and
beets were both in perfect condition.
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ANALYSES OF BEETS, SAMPLES TAKEN 12 OCT. 1911.

CLX CLXI CLXII CLNIII
Variety .......... ... B R E IR Check Z R Z IR Check

Nitrate applied per acre....... T30 pounds None 750 pounds None
Average weight of beets...... 1017.5 grams 894.6 grams 801.7 grams 752.2 grams
Av, weight of heets trimmmed...834.8 grams 768.6 grams 67:2.7 grams 617.5 grams
Percent Percent Percent Percent
Sugar in beets. ... .. L. 1440000 15.30000 14.30000 15.80000
Dry sabstance in heets..,... ... 20,87000 23.07000 20.04000 23.05000
Crude ash in dry substancc. ... 401100 3.38360 3.95300 3.40000
Pure ash in dry substance..... 2.82460 2.31000 2.67600 2.40400
Pure ash in fresh beet... ... .. 0.68950 0.53297 0.53631 0556587
Sulfuric acid ............... ... 0.02494 0.02291 002189 0.02493
Phosphoric acid ............... 0.04710 0.05283 0.05457 0.06721
Chlorin ......... ... ... ....... 0.01913 0.01307 0.0089¢ 0.01133
Sodium ....... ... L . 005427 0.00850 0.00582 0.00737
Potassic oxid ... ... . ... . ... 0.27855 0.27127 0.27988 0.28225
Sodic oxid ......... ... ... ..... 0.10851 0.05256 0.07237 0.05078
Calcicoxid .................... 0.02887 0.03854 0.031086 0.03148
Magnesic oxid ... ... ..., 005674 0.06383 0.04745 0.07038
Perricoxid ............ ... ... .. 0.00458 0.00328 0.00610 0.00320
Aluminic oxid ........ ... ...... 0.00169 0.00259 0.00211 0.00042
Manganic oxid .......... ..., .. 0.00237 0.00000 0.00170 0.00293
Total nitrogen ................ 0.16896 0.14124 0.16368 0.14388
Proteid nitrogen (Stutzer)..... 0.08368 0.07154 0.08104 0.07497
Ammonic nitrogen ........ ..., 0.00211 0.00266 0.00066 0.00224
Amid nitrogen ................ 0.00680 0.00565 0.00778 0.00554
Amino pitrogen ............... 0.03764 0,04505 0.03818 0.03266
Nittic nitrogen ................ 0.01685 6.00503 0.01385 0.00870
Injurious nitrogen in beets.. ... 0.07657 0.06139 0,07420 0.06113
Injurious ash per 100 sugar.... 3.09240 2.40720 2.71970 2.38390
Injurious nitrogen per 100 sug. 0.53174 0.40125 0.51887 0.38690

Press Juice According to Ruempler.
Total nitrogen .......... .. .... 0.14822 0.11869 0.15074 0.11030
Albumin nitrogen ............. 0.04796 0.04429 0.04968 0.04576
Propetone nitregen ........... 0.00319 0.00514 0.00413 0.00245
Feptone nitrogemn ............. 0.01906 0.00087 0.00296 0.00658
Ash Analyses.
CLXIV CLXV CLXVI CLXVII
Crude Pure Crude Pure Crude Pure Crude Pure
Carbon ......... None None None None
Sand ..., 1.831 1.429 S 1.735 1.568

Silicic aecid ..... 1.510 1.164 1.308 0.605
Sulfuric acid ... 2.979 4.230 2.939 4.299 2.758 4.081 3.166 4.479
Phosphoric acid 5.627 7.990 6.775 9.912 7.428 10.903 8.537 12.076
Chlorin ........ 2.623 3.725 1.677 2.453 1.129 1.671 1.440 2.037
Sodium ........ 2.423 1.595 1.086 1.32
Carbonic acid... 26.237 26.268 26.174 24.052
Potassic oxid .. 33.276 47.252 35,601 52.082 35.264 52.186 35.851 50.712
Sadic oxid...... 15.248 18.391 §.201 9.864 10.107  13.494 8.136 9.124
Calcic oxid ..... 3.449 4.897 4,597 6.725 3.914 5.792 3.994 5.650

Magnesiec oxid.. 6.780 9.626 8.168 11.976 5.979 8.848 8.941 12.648
Ferric oxid..... 0.547 0.777 0.421 0.615 0.769 1.138 1.042 1.474
Alurainic oxid.. 0.202 0.287 0.331 0.484 0.266 0.394 0.054 0.076
Manganic oxid.. 0.883 0.402 0.214 0.317 0.238 0.400

LOSS . .vvvevenn. (2,780 ... (3.210) ..., (2.656)
Sum......... 100.592 .o... 100.378 ... 100,255 ..... 100.325
Oxygen equi, to
chlorin ...... 0.592 e 0.378 e 0.255 RN 0.325

Total...... 100.000 100.000 100,000 100.600 1060.000 100.000 100.000 100.000
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ANALYSES OF BEET SAMPLES TAKEN & NOV, 1911.

CLXIX CLXX CLXXI CLXXII
Varfety ...... i L R E R Check Z R Z R Check
Nitrate applied per acre....... 750 pounds None 750 pounds None
Average weight of beets.......¢ 967.1 grams $75.0 grams 1088.5 grams 929.3 grams
Av. welgrt of heets, trimmed...%19.3 grams 747.0 grams 951.0 grams 784.4 grams
Percent Percent Percent Percent
Sugar in heet.................. 14.60000 15.60000 14.50000 15.60000
Dry substance in beet.......... 20210600 21.16000 21.10000 22,00000
Crude ash in dry substance. ... 1.04000 3.67000 4.07200 3.67000
Pure ash in dry substance..... 2.55850 2 2.60100
Pure ash in fresh beet......... 0.54139 0.57223
Sulfuric acid .................. 0.0256 0.02641
Phosphoric acid ... 0.05508 558 0.06256
Chlorin ....................... 0.01439 0.01"1 2 0.01721
Sodium ... .. 0.00336 0.00853 0.01119
Potassic oxid ... ... L. 0.26341 0.29473 0.28494
Sodicoxid ....... .. ... 0.06370 0.08256 0.06044
Calcicoxid .................... 0.023342 0.03461 0.03338
Magnesic oxid ................ 0.07127 0.07154 0.07201
Ferric oxid ................... 0.00352 1.00433 G.00172 0,00193
Aluminic oxid ... ... .. ... 0.00170 00087 0.00108 0.00009
Manganic oxid ................ 0.00252 0.60192 1.00109 0.06208
Total nitrogen ................ 0.16632 0.14882 0.16698 .
Proteid nitrogen (Stutzer) 0.08646 O.UNT{ 0.08461
Ammnuonic nitrogen ............ 000118 0,00258
Amid nitrogen ... .o L 000771 0,00868 0,00660
Amino nitrogen ........ .. ... .. 0.05319 [UNIE g 0.04982
Nitric nitrogen ............... 0.01871 0.01421 0.0(..4
Injurious nitrogen in beet...... 0.07097 0.07111 0
Injurious ash per 300 sugar.. 2.TAT10 2.93200 2
Injurious nitrogcn per 100 sug. 0.48610 0.49041
Press Juice According to
Total nitrogen ................ 0.14309 0.15119 0.12314
Albhumin nitrogen ........ RN 0.05408 0.04858 0,05292
Propetone nitrogen ........... 0.00737 0.00858 0.00040
Peplone nitrogen .............. 0.00209 0.00663 000974
Ash Analyses.
CLXXIIT CLXXIV CLXXYV CLXXVI
Crude Pure Crude Pure Crude Pure Crude Pure
Carbon ......... None None None None
Sand ........... 1.430 1.375 1.204 1.398
Silicic acid 1.083 0.912 0.758 0.712
Sulfuric acid... 3.0586 4.523 3.208 4.731 3.028 3 .27 4.615
Phosphoric acid.  5.270 7.800 7003 10.1%5 6.499 7
Chlorin ........ 11,52 2.251 1.854 2.660 1.
Sodium ........ 1.46+4 R 1.729 RV
Carvonic acid... U8.833 - 26.802 27,690
Potassic oxid .. 31.677 46.888 33.862 48,285 34.303  49.737 35
Sodic oxid ..... 13,389 17.846 9.827 11,766 10.946  13.932 9.35
Caleic oxid 3.682 5.450 4.304 6.174 4.228 G6.145 4.13
Magnesic oxid.. 8.361 12.375 9.177 13.163 8326 12,073 8.918
FPerric oxid..... 0.431 0.638 5 0.799 0.200 0.283 0.239
Aluminic oxid.. 0.208 0.308 0.161 0.126 0.179 0.011
Manganic oxid.. 0.309 0.457 . 0.357 0.127 0.184 0.258
Loss ..... ..... (1.093) ..... (1.063) ..... (1.294) (1.060)
Sum......... 100.343 ... 100.418 coees 100,344 ... 100,480
Oxygen equl. to
chlorin ...... 0.343 0.418 0.344 0.480

Total...... 100.000 100.000 100,000 100.000 100.000 100,000 100,000 100.000
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ANALYSES OF BEETS., SEASON 1911,

CXLVIII CXLIX CL CLI
Variety ........ ... ... ... E R E R Check Z R Z R Check
Date of sampling.............. 26 Oct. 26 Oct. 26 Oct. 26 Oct.
Nitrate applied per acre........ 760 pounds None 750 pounds None
Average weight of beets....... 877.3 gram 1030.0 grams 915.0 grams 776.8 grams
Av, weight of beets, trimmed..708.8 grams $72.5 grams 760.7 grams 661.8 grams

Percent Percent Percent Percent
Sugar in beets................. 14.50000 16.10000 16.10000 16.70000
Coefficient of purity............ 78.40000 §1.30000 80.70000 83.50000
Dry substance ................ 20.92000 22.56000 21.37000 23.52000
Total nitrogen ................ 0.18678 0.14850 0.16830 0.12276
Proteid nitrogen .............. 0.09313 0.08579 0.08765 0.08104
Ammonic nitrogen ............ 0.00198 0.00079 0.00449 0.00198
Amid nitrogen ................ 0.01135 0.00647 0.00515 0.00264
Amino nitrogen ............... 0.03266 0.03929 0.03190 0.03848
Nitric nitrogen ............... 0.02270 0.00600 0.01444 0.00253

Press Juice According to Ruempler.

Total nitrogen ................ 0.17036 0.13236 0.15074 0.11030
Albumin nitrogen ............. 0.05956 0.05564 0.06491 0.04927
Propetone nitrogen ............ 0.01176 0.00028 0.00490 0.00245
Peptone nitrogen ............. ? 0.00392 0.00416 0.00417

It would possibly be better to discuss the analyses of the 1911
samples just given in the next paragraphs, but I shall postpone this
to make piace for some other analyses.

THE EFFECTS OF DEFOLIATION.

Our efforts in 1910 to obtain some definite measure for the
effects of leaf-spot upon the yield and general qualities of beets did
not give us results which could be interpreted as conclusive of any-
thing though we obtained the record of 127 fields. We found that
many of these fields gave good yields of both beets and sugar and
we could discover no relation between the severity of the attack and
either the yield of the beets or the percentage of sugar. We did,
however, observe that low yields of beets seemed to be associated
with higher percentages of sugar. While this was generally true it
was not always so. Beets from one section of the valley (Arkan-
sas) could not be compared with those from other sections from the
same valley for higher yields and percentages were the rule in some
sections as compared with others.

An instance was given of a field which had been very severely
attacked, the date of the attack is not known to me, but the field
samples showed 16 or more percent of sugar, though the foliage
was practically all destroyed. I take it that the injury caused by
leaf-spot is due to its destruction of the leaves.

The data at my command relative to the effects of defoliating
beets are not concordant. The results probably vary greatly with
the stage of development of the beet, the age of the leaves removed,
their number, etc. The leaf-spot destroys the oldest leaves first and
the young leaves escape the attack for some time or altogether. This
was markedly the case with our nitrate beets in 1910; so much so,
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that, owing to their abundant foliage, it seemed that they had lost
but few or no leaves. This was not the case for, by counting the
leaves killed by the leaf-spot on a number of beets we convinced
ourselves that any judgment based upon the apparent immunity of
the nitrate beets, was not at all justified by the facts.

Our observations upon the effects of the leaf-spot are by no
means so definite as those recorded by Nicholson and Lyon in Neb.
Bul. 67 p. 20, where they state “‘Where this disease proceeds this
far (to the total destruction of the foliage. H.) it seriously affects
the yield and sugar content of the beets. At the time of harvest,
beets severely attacked produced between three and four tons less
than those only mildly affected, while the sugar was fully one per-
cent lower.”

Lyon and Wiancko in Neb. Bul. 81, p. 11, refer to the effect of
removing a part of the foliage, one-half in the case discussed and
state, “As regards the practice of breaking off the outer leaves it
woud seem that good may result since the yield secured was over
two and one-half tons more per acre than the average of the ordinary
treated plots. It has been argued that breaking off the leaves or
otherwise bruising the beet may result in permanent injury but it
was observed in this case that aside from the larger growth of the
roots, the leaves were considerably healthier later in the season,
being less affected by the leaf-spot than were the plots on either
side.”  Again in their Summary and Conclusions they state that
“Breaking off a part of the leaves of sugar beets at ‘laying by’ time
did not injuriously affect the yield or quality of the crop. Beets
treated in this way were less affected by ‘leaf-spot’ disease than those
not so treated.”

In Jahresbericht der Zuckerfabrikation, 1907, p. 55. the results
recorded as obtained by Andrlik and Urban upon the effects of de-
foliation show that the removal of 70 percent of the leaves in the
carly part of July depressed the yield 36 percent, the yield of sugar
35 percent and the vield of dry substance 34 percent. The plants
rernoved much less plant food, 38.8 percent less ntrogen, 34.9 per-
cent less potash and 36.0 percent less phosphoric acid, than uninjured
plants.  The plant food removed with the leaves (by defoliation)
was not taken into consideration. Defoliation at the end of July
lowered the yield of beets by 21.0 percent, of leaves 23.0 percent, and
of sugar 30.5 percent. The percentage of sugar in the beets was
lowered 1.1 percent. The plants took up 30.0 percent less nitrogen,
28.0 percent less potash and 18.0 percent less phosphoric acid than
uninjured plants. The removal of 19.0 percent of the leaves on 21
Aug. depressed the yield of roots by 13.0 percent, increased the
leaves by 3.0 percent, did not change the percentage of sugar in the
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beets, but the total yield of sugar was reduced 13.0 percent. The
factory qualities of the beets were improved.

A defoliation of from 50 to 94 percent depressed the vield of
roots from 10 to 26 percent, the sugar in the roots from 0.5 to 2.7
percent. A moderate defoliation reduced the yield of roots from 1.0
to 14.4 percent. The percentage of sugar in the roots was not ma-
terially affected.  An injurious effect became noticeable in this case
only when the beets developed a heavy foliag.e.

Strohmer, Briem and Fallada, Jahresbericht der Zuckerfabrika-
tion, 1908, p. 33, experimented on the defoliation of beets to deter-
nmine the influence of the development of the beet at the time of
defoliation upon the results. They claim that the effect in depress-
ing the sugar in the beet depends upon the time that the defoliation
is made. If it be made immediately prior to the period when the
most active production of sugar takes place in the leaves the per-
centage of sugar in the harvested beets will be depressed. If it be
made long enough before this period to permit the heets to develop
new leaves, the percentage of sugar in the beets may be as high as
in normally grown beets, but the total yield of sugar will be less
than that of normally grown beets or even of beets defoliated sub-
sequent to the period of greatest sugar production (the end of Au-
gust). Their results agree with those of earlier investigators in
showing that a complete defoliation of the sugar beet depresses both
the yield of beets and sugar and that a partial defoliation may pro-
duce results in either direction. Their results show that defoliation
on 12 July reduced the crop of roots by 37.0 percent and that of the
sugar by 36.0 percent; defohiation on 30 July reduced the crop of
beets 40.6 percent, that of sugar 43.3 percent: defoliation on 24
Aug. reduced the crop 23.0 percent, the sugar 25.4 percent,

The results obtained by defoliation is probably the best indica-
tion that we have of the possible effects of the leaf-spot. It is true
that the expression of “badly affected,” “very badly affected,” etc.,
heretofore used in this bulletin do not give a definite measure of the
extent of the defoliation, but it is the most feasible way of indicating
it in our case. ‘“‘Badly affected” would indicate that from 4o to 60
percent of the foliage had been destroyed and “very badly affected”
would indicate that upwards of 60 percent had been destroyed. This
disease was so common and severe in 1910 that I doubt whether an
attack involving less than 10 to 15 percent would have received any
attention at all. 'We counted the leaves destroyed on a considerable
number of beets and the number ranged from 35 to 43. The dam-
age which was apparent varied with different beets, some having
put forth a vigorous growth of leaves during August and early Sep-
tember did not show the loss of this number of leaves, while others
which had made a less vigorous growth of leaves subsequent to the



DETERIORATION SUGAR BEETS DUE TO NITRATES 137

attack looked very badly indeed. One of our plots which had suf-
fered to this extent i. e. the loss of from 25 to 43 leaves per beet in

the latter part of July and early August (25 July to 15 August)
vielded 16.85 tons of beets per acre with 16. 83 percent sugar. The
average yield of beets in the vicinity of Fort Collins in 1910 was
less than eleven tons per acre and the average percentage of sugar
was about 15.5 percent. By reference to the record ot the 120 1eaf—
spot fields given in the earlier part of this bulletin, it may be seen
that their average yield was 2.4 tons beets per acre and the average
sugar content was 13.9 percent. There was no leaf-spot in the Fort
Collins district, but it was very prevalent in these 120 fields. The
distance between the remotest of the leaf-spot fields from one an-
other is not far from 150 miles, while that between the Fort Collins
district and the nearest of the leaf-spot fields is about 200 miles. Still
consideration must be given to the question of locality. The big
fact, however, remains that the vield of these leaf-spot fields if fully
an average one and that we cannot detect any relation between the
virulence of the attack and the yield or the percentage of sugar.
The time of attack. beginning about 23 July, would lead us to expect
very pronounced and dlSath‘OUb 1e>ult:. 1 believe that in some in-
dividual cases that very disastrous results may follow the attack, but
it seems very doubtful whether the etfect of this disease is generally
so great as we have thought, especially upon the vield of beets and
the percentage of sugar. but there are other ways that the destruction
of the foliage may affect the beets. Some of these have been given
in the preceding quotations from Andrlik and Urban, also from
Strohmer, Briem and Fallada. I have undertaken to study some
further features of the effects of defoliating the beets in two experi-
ments, just as [ have endeavored to study the effects of the nitrates
to see whether the effects of defoliation are the same as those of the
nitrates.

For this purpose I selected five rows of each of the two varieties
experimented with and defoliated them on 6 Sept.  The beets were
growing rapidly at this time. The tops were removed by means of
a knife. we left no leaves which had fully expanded. only the small
undeveloped ones at the center of the beet.  The beets put out per-
haps 5o percent of a full foliage before they were checked by the
freezing of the tops. which happened 20 Oct. The weather had
been fine up to this date.  The beets were harvested 8 Nov., almost
exactly two months after defoliation. Samples of these beets were
taken 1 Sept.. when the results were as follows: average weight of
beets, E R 625.3 grams, average weight of tops 735.6 grams, Z R
average weight of heets §10.3 grams. of the tops 614 grams. The
percentage of sugar in E R was 11.9 and in Z R 13.2. At the time
of ha1vebt the check plots gave for E R average w elght of beets



138 THE CoLORADO EXPERIMENT STATION

875.7 grams, Z R 929.3 grams, the defoliated beets averaged E R
791.2 grams and Z R 701.3 grams.  The increase in the weight of
the roots from 1 Sept. to 8 Nov. was for E R normal development
250.4 grams, defoliated 165.9, Z R normal development 419.0
grams, defoliated 191.0. In the case of E R the average weight of
the beets was depressed 84.5 grams or .6 percent of the weight of
the normally developed beets, in the case of Z R the averag weight
was depressed 228 grams or 2.5 percent of the weight of the nor-
mally developed beets. The latter figure, approximately 25 percent,
is the same as obtained by weighing the beets produced by these
rows and their check. This applies to both varieties. The per-
centage of sugar in the normally developed E R variety, harvested
8 Nov., was 15.6, in the defoliated beets harvested same date 14.3, in
normally developed Z R 15.6, defoliated 13.2. The normally de-
veloped variety E R to which nitre had been applied contained 14.6
and the Z R variety 14.5 percent sugar. In the case of the variety
E R the depression of the percentage of sugar in the beet was about
the same as that produced by defoliation, 1.0 against 1.3 percent.
The difference can scarcely be explained by an increase in the yield
caused by the nitrate for according to the field weights given me
there was a decrease in the crop caused by the nitre. This is not in
harmony with our observations on the relative size of the beets dur-
ing the season, according to which there should have been an in-
crease of the crop of from 1,200 to 2,000 pounds per acre. In the
case of the variety Z R the nitrate caused a depression in the per-
centage of sugar of 1.1 and the defoliation 2.4 percent. The yields
returned to me for these plots, one-enth acre each, were for E R
23.7 and 24.3 tons per acre, for Z R 20.8 and 22.4 tons per acre.
The check plots were the higher in both cases, which I fear is a cler-
ical error due to exchanging the plots in recording them. I am per-
sonally fully convinced that this is the case, but I have given the
record as it stands. The average of these yields is more than twice
that of this section for 1910.

The object of our experiment was not to obtain further data
regarding these factors which had previously been determined and
with which our results agree in so far as they are parallel, but to see
what the effect upon the principal factors in the quality of the beets
for factory purposes might be. The question with us is why have
the beets in the Arkansas Valley fallen off so in quality? 1 do not
know that the yield per acre has fallen off, I do not believe that it
has. The average yield for the 120 flelds, representing approxi-
mately 2,500 acres, is 12.4 tons, an average which is not exceeded
in any section of the state. On the other hand the sugar content
averaged only 13.9 percent as they were delivered to the factory,
and T may add that this is within 0.3 percent of the average for the
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whole valley in 1910.  There are two facts which must be constantly
borne in mind, one is that, for some reason, 1911 was a much more
favorable year than 1910, that is the beets of 1911 worked much
better than those of previous years, 1910 for instance, and that my
experiments of 1911 were made at Fort Collins and not in the Ar-
kansas Valley, in other words, that both the season and locality
tended to produce beets of good quality, whereas my endeavor was
to bring about the inferior quality so generally met with of late
years in the Arkansas Valley. This applied to the experiments
made with nitre as well as to those with defoliation. The results
with nitre have been given in preceding paragraphs and the analyses
of the check samples taken 8 Nov. have been given as analyses
CLXX and CLXXII. Samples of these varieties were taken im-
mediately before defoliation and on 8 Nov. The analytical results
obtained on these samples 1 Sept. and 8 Nov. were as given in table.

It has already been stated that the yield of roots was depressed
about 25 percent by the almost complete defoliation of the beets and
that of the sugar not less than 35.7 percent in the case of the variety
E R and apparently still more in the case of Z R.

The effect upon the quality of the beets was to lower the per-
centage of sugar, in the case of the variety E R, this decrease was
1.3 percent, in that of the variety Z R it was 2.4 percent. It also
depressed the percentage of dry matter in the beets, in the case of
E R 1.66 and in that of Z R 2.8 percent. It increased the pure ash
in the beets very slightly, 0.003 in E R and 0.008 percent in Z R.
It did not perceptibly affect the composition of the pure ash, the
phosphoric acid in particular remaining very nearly the same, 10.175
against 9.876 in E R and 10.932 against 10.855 percent in the case
of Z R, which is apparently an important factor. The total nitro-
gen in the beets was decidedly depressed. from 0.14882 to 0.12408
in E R and from 0.14223 to 0.11286 percent in Z R. The injurious
ash per 100 sugar was slightly increased. from 2.456 tot 2.668 in E R
and from 2.505 to 3.133 in Z R.  The injurious nitrogen per 100
sugar was decreased from 0.362 to 0.326 in E R and from 0.323 to
0.136 percent in Z R.  The total nitrogen in the press juice was also
lowered from 0.134 to 0.102 in E R and from 0.123 to 0.092 per-
cent in Z R.  The beets of these varieties which matured normally
contained 0.00827 and 0.007.46 percent nitric nitrogen, the defoliated
beets contained 0.01I 367 and o.01 584 percent, applo\mntely twice
as much. The nitric nitrogen was evidently transformed in some
manner in the normally de\ eloped beets but not in the defoliated
ones to anything like the same extent as appears from the fact that
on 1 Sept. the beets contained, E R 0.1925. Z R 0.01670, on & Nov,
the defoliated beets contained, E R 0.01367, Z R 0.01584 percent,
while the normally developed beets contained, E R, 0.00827 and
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ANALYSES OF BEETS DEFOLIATED 6 SEPT., HARVESTED S NOV. 1911.
CLXXVII CLXXVIII CLXXIX CLXXX

Variety......c.oooooio i E R* S 7Z R Z R
Date »f sampling.............. 1 Sept. § Nov. 1 Sept. 8§ Nov.
Average weight of beets....... 6253 grams 791.2 grams 510.3 grams 701.3 grams
Av., weight of beets, trimmed...543.4 grams 701.0 grams 469.4 grams 590.0 grams
Percent Percent Percent Percent
Sugar in beets................. 11,90000 14.30000 13.20600 13.20000
Dry suhstance in beets........ 18.69000 19.60000 19.76000 19.27000
Crude ash in dry substance..... 4.64900 3.98000 3.94200 4.28000
Pure ash in dry substance..... 3.24960 277100 2.79500 3.01500
Pure ash in fresh beet......... 0.60735 0.54440 0.55235 0.58100
Sulfuric acid ... ... . L 0.02358 0.02414 0.02341 0.62462
Phosphoric acid ............... 005425 0.05380 0.06435 0.06307
Chlorin . ........ ... ... ... .. 0.02314 0.01933 0.01413 0.02563
Sodium ... L 0.01484 0.01254 0.00917 0.01666
Potassic oxid ........ ... ... 0.31460 0.26493 0.29742 0.28042
Sodic oxid .......... ... ...l ©.09825 0.06062 0.06676 0.06624
Calcicoxid .................... 002456 0.03603 002140 0.02808
Magnesic oxid ... ... ... 0.04813 0.06775 0.05010 0.07262
Ferric oxid ....... .. ... . ... 0.00329 0.00178 0.00301 0.00158
Aluminic oxid ....... .. ... ... 0.00145 0.00126 0.00162 0.00092
Manganic oxid ............. ... 0.00104 0.00193 0.00098 0.00117
Total nitrogen ................ 0.13794 0.12408 0.13068 0.11286
Proteid nitrogen (Stutzer)..... 0.07317 0.06731 0.07418 0.09029
Ammonie nitrogen ........... . 0.00251 0.00105 0.00251 0.00118
Amid nitrogen ................ 0.00634 0.00387 0.00568 0.00343
Amind nitrogen ............... 0.062¢7 0.04244 0.05071
Nitric nitrogen ................ 0.01367 0.01670 0.01584
Injurious nitrogen in beet...... 0.05185 0.0433 0.01796
Injurious ash per 100 of sugar. 3.11290 3.13320
Injurious nitrogen per 100 sug. 0.36591 0.13606
Press Juice According to Ruempler.
Total nitregen ................ 0.11480 0.1017%8 0.11639 0.091556
Albumin nitregen ............. 0.03772 0.03639 0.03742 0.03388%
Preopetone nitrogen ........... 0.01464 0.0036¢ 0.01156 0.00272
Peplone nitrogen .............. ? 0.00444 ? 0.00548
Ash Analyses.
CLXXXI. CLNXXIL CLNXNXIV. OLNXXITLL
Crude Pure Crude Pure Crude Pure Crude Pure
Carpon ......... None None None None
Sand ........... 1.279 FUN 1.095 0.808 0.946
Silicic acid..... 1.001 0.857 0973 0.784 R
Sulfuric acid.... 2.714 3.883 3.158 4.533 3.005 4.238 2.986 4.238
Phoxphoric acid. 6,244 8,933 6.879 9.876 8,262 11.651 7.647 10.855
Chlorin 2.662 3.810 2.472 3.551 1.814 2.659 3.107 4.410
Sodium ........ 2,477 2.309 1.660 2.867
Carbonic acid... 26.275 e 26.989 .. 24.107 26.360
Potassic oxid... 36.207 51.794 33.875 4%.636 38181 53.845 34.001 48.264
Sodic oxid 13.640 16.176 9.880 11,129 10,157 12,087 10.751 11.401
Calcic oxid . .... 2.827 4.044 4,608 6.617 2.747 3.874 3.405 4,833
Magnesic oxid.. 5.539 7.924 S8.663 12,440 6.432 9.071 8.805 12.499
Ferric oxid..... 0.379 0.542 0.227 0.325 0.386 0.545 0.191 0.271
Aluminic oxid.. 0.167 0.245 +161 0.230 0.207 0.293 0.112 0.159
Manganic oxid.. 0.120 0.172 0.247 0.354 0.126 0.177 0.143 0.203
LOSS il (1.546) ..... (1,447 ..., (3.104) ..... (1.463)
Sum......... 100.601 ... 100.558 L. 100.409 ... 100,701
Oxygen ecui. to
chlorin ...... 0.601 0.558 0.409 0.701
Total...... 100.006 100.00v 100000 100,000 100.000 100.000 100.000 100.000

*The samples taken 1 Sept. represent the composition of the beets at the
time of defoliation. Analyses CLXX and CLXXI represent the same with nor-
mal development and harvested 8 Nov.
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Z R, 0.0074% percent. It has already been pointed out that even
these latter figures are high for beets grown without the application
of nitrates in excess or highly nitrogenous manures. The soil in
which these beets were grown contained, according to our latest
analyses, Apr. 112, 0.142 percent nitrogen and 0.063 percent in the
stubsoil ; the nitric nitrogen in the soil was at this tme 0.0008 per-
cent, but was very much higher in September, 1911, as is elsewhere
stated.

These effects of defoliation are not those which constitute the
subject of our study. especially is this the case with the nitrogen.
The subject of defoliation was taken up, as previously stated, because
we assume it to present the best imitation of the effects of the leaf-
spot disease, and while our experiments were extremely severe the
leaf-spot has often approached the same severity. These experi-
ments answer the purpose for which they were made very well and
are in full accord with later investigations of this subject, but the
subject 1s worthy of a much fuller study for there are some very per-
plexing things that have been observed. A field previously referred
to, which had been defoliated by the leai-spot disease quite as se-
verely as I defoliated these beets, produced a small yield but the
beets were rich in sugar, 16 to 17.5 percent, and this could not be
attributed to drying out of the beets. This is not an isolated in-
stance though it is an extreme one.

In this attempt to determine the effects of defoliation upon the
composition of the beet, we find that in addition to reducing the
vield both of beets and sugar and the percentage of sugar in the
beets, it reduced the percentage of dry matter, it did not positively
increase the pure ash in the dry substance in one case, but in the
other it did. It showed a decided depression of the total nitrogen
in the beet, from 0.148 and 0.142 to 0.124 and 0.113 percent, the
phosphoric acid in the fresh beet was scarcely changed. e find in
the normally matured beets 0.05508 and 0.06256 and in the defoli-
ated beets 0.05380 and 0.06307. This identity is quite as evident
when the composition of the pure ash is considered in which we have
for thece varieties given in the same order, 10.175 and 10.932 per-
cent in the pure ash of normally developed beets and ¢.876 and
10.855 percent in that of the defoliated beets. The figures for the
potash are also very similar, 0.26141 and 0.28494 in normally devel-
oped beets and 0.26493 and 0.28042 in the defoliated ones. The in-
jurious ash per 100 of sugar was slightly increased, 0.21 and 0.57
part per 100 sugar; the injurious nitrogen was not changed or les-
sened. The total nitrogen in the press juice was lessened and the
ratio of the proteid nitrogen to the total materially lowered. The
ratio of the lime to the magnesia remained practically unchanged.

The most marked effect upon the composition of the beet was
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upon the content of nitric nitrogen. On 1 Sept. we found in these
beets nitric nitrogen equal to 0.01925 and 0.01670 percent, in the
normally matured beets on 8 Nov. we found 0.00827 and 0.00746
and in the defoliated beets harvested the same day, 8 Nov., we found
0.01367 and 0.01584 percent. It is evident that the leaves on the
normally matured beets have played an important part in eliminating
or transforming the nitric nitrogen between 1 Sept. and 20 Oct.,
when the leaves were killed by a heavy freeze. The last samples
of leaves were taken 12 Oct., when we find that the blades of beet
leaves to which no nitrate had been applied contained no nitric nitro-
gen, but the stems contained 0.01956 and 0.01797 percent for the
respective varieties. On I Sept., five days before we defoliated the
beets, both the blades and the stems contained nitric nitrogen, but on
28 Sept., the next date when the blades and stems were analyzed
separately, the blades contained none which, from the amount found
for the whole leaf on 14 Sept., was probably the case at this time.
At all events the nitric nitrogen disappeared wholly from the blades
between 1 and 28 Sept., but the stems were still quite rich, 0.01956
and 0.01797 on 12 Oct., when the nitric nitrogen in the beet had
fallen to 0.00503 and 0.00870, quite as low as we found it on 8 Nov.,
the latest sample of the season. The decrease of nitric nitrogen in
the defoliated beets from 6 Sept. till 8 Nov. was not enough to be
proportional to the increased weight of the beet, so that it seems
probable that the beets continued to take up some nitric nitrogen
after defoliation but that no transformation of it took place. This
detail statement is made for the purpose of presenting as forcefully
as possible the question whether the leaf-spot disease may not by de-
stroving the foliage to the extent that it sometimes does, be the
cause of excessive amounts of nitric nitrogen which we find in our
beets? I think that the facts adduced in this connection go very far
to establish it as a fact, that given the nitrates in the beets at the time
the fungus destroyed the foliage that it would remain in the beets,
to a greater or less extent, depending upon the sufficiency of the
foliage which may have escaped the fungus mjury to carry on the
normal functions of the beet, and in this way the leaf-spot might
account for the presence of nitric nitrogen in the beets and the
molasses made from them, but this only accounts for the failure of
the maturing beet to eliminate, if I may use the term, the nitric nitro-
gen, hut does not account for its presence at the time of the mjury,
any more than the cutting off of the leaves accounts for the nitric
nitrogen present in the beets on 6 Sept.  It, however, does account
for the fact that we found the nitric nitrogen in the heets on 8 Nov.,
but nothing more. The other changes in the composition of the
beet are not those which we find in the beets of the Arkansas Vallev.
We will go into the details of these a little later.
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Our experiments of 1911 were made on land more than suffi-
ciently well supplied with nitrogen, especially in the form of nitric
nitrogen. This statement assumes that the facts pertaining to the
presence of nitric nitrogen established for fallow spots in the beet-
field in 1910 and in fallow ground adjacent to the beet plots in 19IT
apply in the saine measure to the ground actually occupied by the
beets, which is an assumption and not a proven fact, but on this
assumption the beets in 1911 had at their disposal up to 13 Sept., the
date on which we sampled the fallow land, which, though cultivated,
had not been irrigated, not less nitric nitrogen than the equivalent of
480 pounds of sodic nitrate in the top six inches of soil. ~ The nitric
nitrogen averaged 3.24 percent of the total nitrogen, which was
about 0.134 percent. The determinations were made on 10 com-
posite samples which included 124 subsamples. Experiments have
shown that the application of this quantity of nitre, about 500
pounds, applied by or before 1 May, was, under the conditions of
our experiments in the Arkansas Valley, more than sufficient to pro-
duce the maximum beneficial effects and was, in fact, somewhat ob-
jectionable. It has been stated that another section of this field pro-
duced in 1910 a big growth of leaves and a small crop of poor beets,
13.3 percent sugar. IHad I been able to obtain land of my own
choice I would not have used this, but this was kindly placed at my
disposal by the Department of Agronomy, and it was the very best
that they had.

My immediate object was to determine the effects of an exces-
sive supply of nitrates upon the beets subsequent to the period of
their greatest activity in appropriating nitrogen, which is during the
months of June and July. The results give us at the same time a
clear presentation of the effects of nitre upon the growth and com-
position of the beet. That nitrates prolong the period of growth
and stimulate vegetation has long been established as a fact, our
object was not to reconfirm this, but to study their effects upon the
composition of the beets. The effects of an application of nitre at
the rate of 250 pounds per acre on 4 Aug. made themselves manifest
in the color and growth of the leaves in from ten to fourteen days to
such an extent that it attracted the attention of casual observers.
This continued to become more marked through the remainder of
the season till the leaves were killed by frost. In fact it was more
evident on 15 Oct. than on 15 Sept. because the beets to which no
application of nitrates had been made, showed clearly the process of
maturation, whereas the others did not. and this is one of the bad
effects of the nitre, i. e., that it very materially delays the matura-
tion of the beets, a statement which I have previously made in other
forms.  The eifects upon the crop and its composition under these
conditions. all of which were such as to tend to conceal or lessen the
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effects of the nitrates were: an increase in the size of the beet and
the weight of the tops, a decrease in the percentage of sugar and
dry substance in the beet by approximately one percent in each case.
There was an increase of pure ash in the dry substance of from 7
to 9 percent or more.  There was a decided suppression of the phos-
phoric acid in the beets. The potash was very high in the beets
from both the treated and check plots, but it was nearly the same.
These statements apply to both sets of samples, 12 Oct. and 8 Nov.
The sodic oxid and chlorin were both increased, at least this was the
rule.  The total nitrogen showed an increase beginning in the
variety Z R on 18 Aug. and in E R 14 Sept., and continued through-
cut the season. This increase in the samples of 8 Nov. was for
TR 11.8 and for Z R 17.5 percent,

This increase in the nitrogen is perhaps more evident in the
press juice than in the beets for in this it is, for the variety E R g.0
and for Z R 18.0 percent. The ratio of albumin nitrogen was also
reduced from 40 to an average of 34 percent. The injurious ash
per 100 sugar, sampled § Nov., was increased from 12.0 to 16.0
percent, while the injurious nitrogen per 100 sugar was increased in
I R 34.0and in Z R 52.0 percent. The nitric nitrogen in the beets
on 8 Nov., showed an increase of 126.3 percent in E R and ¢o.5 per-
cent in Z R.  These particular effects can be due to no other causes
than the excessive nitrate applied, for an analysis of the results ob-
tained both with the leaves and the beets from the check plots, as
well as the quantities of nitric nitrogen found in the fallow land 13
Sept.. corroborate our observations on the development of the beets,
to the effect that the beets in the check plots had an abundant supply
of this form of nitrogen. The beets did not at any time suffer from
drought or from an attack of any enemy, and they were grown in
an unusually long and favorable season. Further, the questions of
seepage, of alkali and of any deficiency of plant food are completely
eliminated by the location and properties of the land. The leaves
were examined throughout the season and the results of these exam-
inations alone serve to show how radical the effects of the nitrates
must have been, for the nitric nitrogen in the blades of our check
beets was unquestionable but it had completely disappeared by 29
Sept., while it was very abundant in the blades of the nitre beets on
12 Oct. The abundance and the persistence of this form of nitro-
gen in the leaf stems is very striking.

The effects of defoliation are, it is true, very marked, but they
are not those produced by the nitrates. Those sufficiently interested
will find a complete statement of the analytical results in analyses
CLXTIX to CLXXVI and CLXXVII to CLXXXVI, the former
give the complete analyses of the beets normally developed, both
with and without application of nitre, the latter give the complete
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analyses of the varieties at the time of defoliation and at the time of
harvest. The defoliation evidently caused a stoppage in the devel-
opment of the beet; it did not depress the phOsphorlc acid in the
beet, it did not increase the total nitrogen in the beet, but it did
arrest, apparently almost completely, the ehmmatlon or transforma-
tion of the nitric nitrogen. The extent of the defoliation was ex-
treme. almost complete and undoubtedly arrested some functions of
the plant completely, while others were disturbed to a less extent.
\Ve see for instance that the beets attained to a fair size, 791 and 701
grams, untrimmed, and this is the average weight of 50 beets in
each case.

It was very advisable, in fact quite necessary, that the experi-
ments of 1911 should be made before any interpretation of the re-
sults of 1910 should be undertaken, for however pronounced the
effects of the nitrates may have been there would be misgivings,
even in our own minds, as to the part Cercospora beticela, the leaf-
spot, might have played and what the nitrates had really effected.
The experiments of 1911 enable us to state, as we have done. pretty
fully, what the nitrates did even when applied at a period when the
rate of appropriation of nitrogen by the beet had. according to Prof.
Remy, already abated very materially and was becoming still
slower.  Unfortunately our check held practically failed us in 1910,
nevertheless, not to such an evtent as to be wholly useless, though 1its
value is very much less than we had hoped 1t would be.

The application of 2350 pounds of nitrate per acre. 1 April, just
before planting the seed, resulted in an increase in the yvield of roots
and sugar, and the general quality of the beets was very good. crop
16.85 tons, sugar in beets 16.85 percent. The phosphoric acid in
the beets was low and the alkalis relatively high. The total nitrogen
was relatively low, the ratio of proteid nitrogen to the total was bet-
ter than 50 percent; in the juice, according to Ruempler, it was 31
percent, thie nitric nitrogen was low for the Arkansas Vallev beets.
0.00T7.4.4 percent: the injurious ash and nitrogen per 100 sugar also
low, the former 2.1267, the latter 0.36424. The beets from this
field were among the best analvzed in 1910 and were really very
good hects.  We have elsewhere stated that these results are not in
accord with others obtained with smaller applications of nitrate, but
the soil was different.

With the application of 500 pounds per acre the field results
were good, crop 15.52 tons per acre, sugar in beets 15.8 percent. but
the eftects upon the composition of the beet were easily recognized
in the analvtical results by an increase of the total ash. a very mod-
erate amount of phosphoric acid. high alkalis, particularly soda. a
marked increase in the total nitrogen. a lower ratio for the proteid
to the total nitrogen, evident in the juice as well as the beet, a very
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large increase in the nitric nitrogen, ten times, a very decided in-
crease in the injurious ash and nitrogen per 100 of sugar, 3.203 for
the former and 0.6822 for the latter. The diffusion juice from
these beets showed a considerable reduction in its percentage of
nitrogen and yielded a thick juice of 88.29 purity.

With the application of 750 pounds of nitre per acre, the results
were bad, crop 14.914 tons, sugar in beets 13.4, dry substance 20
against 22 with 250 pounds, pure ash in fresh beets greatly in-
creased, 60 percent, phosphoric acid reduced from 0.0375 to 0.03538,
the alikalis increased, potash to 0.30088 and the soda to 0.18359, the
total nitrogen increased from 0.14485 in the beets grown with 250
pounds of nitre to 0.29610 in the beets, and 0.27065 in the juice, and
the ratio of the proteid nitrogen to the total was very greatly de-
pressed, to 16.9 percent in the juice, the nitric nitrogen increased
from 0.00144 in the beets grown with 250 pounds of nitre, to
0.047143. The real coefficient of purity of the thick juice produced
from these beets was R6.66.

The results obtained by the application of 1.000 pounds in four
portions did not show a further reduction in the yield but the per-
centage of sugar and dry substance in the beets were reduced to 11.0
1or the sugar and 17.6 for the dry matter; the pure ash in the beet
was quite high, 0.7444. the phosphoric acid fell still further to
0.02373, the total alkali was nearly 0.46 and the soda rose to
2.23728, the total nitrogen was high both in the beets and juice, the
proteid nitrogen was low and the nitric nitrogen in the beet rose to
0.06285 and the real coefficient of purity of the thick juice was 86.37.

For some reason, as stated more in detail elsewhere, the plot
which received 1.250 pounds in five applications and our check plot
which lay alongside of it, gave us unexpected and discordant results.
The general results, however, with 1,250 pounds per acre, were the
same as those with 1.000 pounds, low percentages of sugar and dry
substance. fow percentage of phosphoric acid, high alkalis, especially
soda, high total nitrogen, low ratio for proteid nitrogen, high nitric
nitrogen, high amounts of injurious ash and nitrogen per 100 sugar,
4.04 for the former and 1.1151 for the latter. The real coefficient
of purity of the juice from these beets was 86.43. Though the re-
sults obtained on our check plot, probably due to a flooding in early
August which also involved a part of the field which had received
the application of 7,250 pounds of nitrates, were altogether unsatis-
factory, still the real purity of the thick juice from these beets was
82,26, which is at least one pomnt lower than it should be and still
we see that the effect of 1.000 pounds of nitrate of soda per acre
was to depress the coefficient of purity of the thick juice by 1.89
points below this and hereby probably increased the molasses which
these heets would produce by from 3 to 4 percent on the weight of
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the beets cut, or in other words, would increase the molasses pro-
duced in a factory working such beets alone to probably 8.5 percent
or possibly more on the weight of the beets cut.

Analyses VII, VIII and CLXXXYV represent the best beets that
I have been able to obtain, with these might be grouped Analysis
XI. No. VII was grown in Michigan, VIII near Fort Collins, XI
in the extreme eastern part of the Arkansas Valley in Colorado,
while CILXXXYV was grown in Montana. These are all good beets
but the samples from Colorado and Michigan are excelled by the
Montana beet and for this reason I will consider the Montana beet
alone in this place and only from the standpoint of quality without
any attempt to account for it. The trimmed beets from Michigan
averaged 1.8, those from Fort Collins 1.5 and the Montana beets 1.06
pounds. The weight of the Arkansas Valley beets was not noted
but they were only a little smaller than the Fort Collins beets and
can be safely estimated at about 1.25 pounds. The Montana beets
show the following qualities: high sugar content, 18.24 percent, low
ash, pure ash in beet, 0.4909 percent, high phosphoric acid-0.08117
percent in beet, high potash, low soda, low total nitrogen, high ratio
for proteid nitrogen both in the beet and juice, nitric nitrogen en-
tirely wanting, injurious ash per 100 sugar very low, 1.6724, in-
jurious nitrogen very low, 0.16722 per 100 sugar. The amount of
phosplioric acid in the pure ash is fully normal, a feature which is
very markedly wanting in our Colorado beets. The ash of sample
VIII, given in Analysis N, approached it more nearly than any other
sample that 1 can recall and 1t has 12.515 percent phosphoric acid
in pure ash and 0.0762 percent in beets. 1 do not know what the
composition of the Arkansas Vallev beets was during the vears pre-
vious to 1004 but our records show that the sugar content was not
far from 17.5 percent—this Hgure is more than sustained by the
average sugar content of the beets received at the factory at Rocky
Ford during its first three or four campaigns. The beets given in
Analysis X1 are not the richest beets harvested from this field, sev-
eral wagon loads sampled above 16 percent and this same territory
in 1911 averaged between 17 and 18 percent sugar. The growth of
the beets in 1911 was of an entirely ditferent tvpe from that of pre-
vious years. These facts are stated to remove the impression that
there is no justification for taking a beet of such high quality as the
Montana beet as a standard.  The College land is probably as good
as any on which heets were grown i 1910 or 1911 from which we
gathered samples. The College samples 13 Oct. 1910 contained
13.3 percent sugar. were five percent lower in dry substance, and 23
percent richer in pure ash in beet than the Montana beets.  The
phosphoric acid was fairly high, 0.07342. the sodic oxid was high.
0.12838, the total nitrogen was 0.18636 and the nitric nitrogen
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0.02138.  Injurious ash per 100 sugar was 3.4164, and injurious
nitrogen 0.6384.  The beets grown in a part of the same field in
1911 were much better in every respect except that the phosphoric
acid was much lower. This difference was not due to the date of
harvesting, for the one was gathered on 11 Oct., the other on 12
Oct. When we pass to ordinarily good land in the Arkansas Valley
and consider the quality of the beets grown on such land without
any fertilizers we find low percentages of sugar and dry substances,
high ash, low phosphoric acid, often high chlorin, high potash
(alkalis), variable total nitrogen, high nitric nitrogen and large
amounts of mjurious ash and nitrogen per 100 sugar. Analyses
XX and XXVII represent beets grown on good land but of sur-
prisingly poor quality. This land was a sandy loam; the water
supply in 1910 was good throughout the season and the cultivation
was also good. The beets suffered some from leaf-spot, no fer-
tilizers used.  The percentage of sugar in the sample taken 3 Nov.
was 12.7 percent: of dry substance 20.0, pure ash in beet 0.7176,
phosphoric acid 0.03825, chlorin 0.03342, sodic oxid 0.17585 after
deducting enough to combine with the chlorin present, total nitro-
gen 0.23215, nitric nitrogen 0.04537, injurious ash per 100 sugar
3.703 and injurious nitrogen per 100 sugar 1.07246. There is neither
seepage nor alkali, as we usually use this term, in this land. The
beets did not suffer from drought nor were they injured to any ex-
tent by the leaf-spot and yet the contrast between these and good
beets 1s marked in every respect. I do not know the variety of these
beets.  Compared with either one of the samples, especially with
the Montana beets, they yield very interesting results. The figures
for the Montana beet are given first; sugar 18.24-12.7; dry matter
25.37-20.00; pure ash in beet 0.4909-0.7176; phosphoric acid
0.08117-0.03825; soda 0.01312-0.17505; total nitrogen 0.10494-
0.25215; nitric nitrogen 0.0000-0.04537; injurious ash per 100
sugar 1.67240-3.7030; Injurious nitrogen per 100 sugar 0.16722-
1.07246; ratio proteid nitrogen to total nitrogen in press juice §3.0
percent—=20 percent. We can almost exchange these figures for
the Colorado sample throughout for those obtained in the case of
beets grown with the application of 750 pounds of nitrate per acre—
in other words, the results are not only identical in character but
almost identical in extent.

We have just placed in juxtaposition the results obtained with
the very hest beets that I have analyzed and a very poor sample of
heets grown on good land and under favorable conditions—the one
factor. the presence of leaf-spot, excepted. We look upon the re-
sults obtained by defoliating the beets as having already eliminated
this.  We can. however, eliminate it still more effectively and at
the same time show that we have other recourse than the compari-
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son of the excellent beets from Montana with the bad beets grown
in Colorado to show the effects of nitrates in the soil upon the quality
of the sugar beet.  In this case we shall use the good effects of a ben-
eficial quantity of nitrate to show the bad effects of an excessive
(uantity. In this case all questions of differences of climate. soil,
water-supply, cultivation, time of sowing. harvesting, variety, attack
of leaf-spot or any other favorable or unfavorable condition are elim-
mated for the beets were grown on two acres of land in the same
field separated by an intervening acre. Both plots received a dress-
ing of sodic nitrate, the first one given 250 and the second 750
pounds per acre; sugar 16.3-13.4; dry substance 22.4-20.6: pure
ash in beet 0.519048-0.82238; phosphoric acid 0.03750-0.03588;
sodic chlorid 0.03782-0.10638; sodic oxid 0.20800-0.18359; total
nitrogen 0.14.485-0.29610; nitric nitrogen 0.00144-0.04143: injur-
ious ash per 100 sugar 3.1267-1.7812; injurious nitrogen per 100
sugar 0.30.424-1.20250; ratio proteid nitrogen to total nitrogen in
press juice 31.0-17.0.

The results which we have just reviewed are such as we meet
with on geod lands with which, under ordinary conditions, no fault
would be found. The next results are such as we meet with on bad
geround, not poor ground but bad ground, land in which we meet
with conditions involving the questions of seepage and alkali. This
land is very rich in nitre. In Colorado Experiment Station Bulle-
tin 155, p. 24, I stated, "\We find the nitrates present in soils where
there 1s a great deal of moisture, but mn places where there is too
much water, the nitre does not appear. In little vallevs and saucer
shaped depressions i1 which the lower portions are too wet, there is
no visible alkali, then follows a zone where white alkali abounds and
above this the nitre i1s formed. I do not mean to say that there may
not be nitre mixed with the white alkali, but that the nitre in such
cases appears in higher ground than that on which the white alkali
usually appears.  Furthermore, it is not intended that anvone shall
iifer that it 1s only in valleys and depressions that the nitre occurs.”
Again in the same bulletin, 155, p. 12, I refer to a condition met with
in the soil which I described as muddy, and state, “The soil is very
wet at a depth of two and a half feet and forms a real mud from
this point downward, but at a depth of six feet the water came in so
¢lowly that in order to fill a two-gallon jug we had to let the hole
stand open over night. * * * ] had never seen anything similar
to this condition hefore I began to study this subject. * * * x
It is surprising that the soil can be so wet and muddy for 314 feet
and that we should be unable to find a proper water-table within six
feet of the surface.” We met with somewhat similar conditions in
portions of this land. Borings were made to determine the height
of the water-plane 14 Nov. 1910: it was met with in the lowest
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cultivated portion of the field at five feet below the surface and one
foot above the bottom of a drainage ditch 600 feet to the north and
west of this point, at no other point in the line of borings did they
find water within six feet of the surface. In 1897, 1898 and 1899
l grew excellent beets both in regard to crop and sugar content on
land in which the water did not fall to a greater depth than four
feet below the surface at any time and the soil was heavily impreg-
nated with the white alkali common throughout the state. I have
1o analyses of these beets comparable to the analyses here pre-
sented. but samples taken 8 Nov. 1898 showed 17.29 and 18.24
percent sugar, the beets were of excellent shape and of medium size.
The subbequent year another variety grown in the worst section of
tie plot gave 15.82, other samples gave 15.86 and as high as 16.34;
the apparent coefficient of purity for these beets was about 4. No
nitrogen determinations were made but the ash of this variety was
analyzed and gave the following results for the pure ash:

ANALYSIS PURE ASH OF BEETS GROWN ON ALKALI LAND, 1899.

Percent

Percent in IFresh Beet
Sulfuric acid ...... .. ... ... . .. 4.93 0.043
Phosphoric acid ......... ... ... ... .. ... 11.48 0.100
Chlorin ... . 11.93 0.104
Sodium ...... ... e 7.75 0.063
Potassic acid ........ ... o 48.55 0.426
Sodic oxid ...... ... L 1.18 0.010
Caicicoxid ........ ... ... ... . .o 3.66 0.032
Magnesic oxid ... .. L i L. 9.13 0,097
Terric oxid ....... ... .. ... ... 0.89 0.008
Aluminic oxid ......... . ... ... o L. 0.24 0.002
Manganic oxid ...... ... . o L, 0.26 0.002

100.00 0.872

The injurious ash per 100 sugar in these beets was 4.18, which
is higher than is desirable, but much less than one who is familiar
with the conditions of the land at that time would expect. For full
discussion of the soil conditions and crop see Bulletins 58 and 635 of
this station. The only points presented by this analysis which are
in any way abnormal for our western beets is its quantity, 0.872 per-
cent of the fresh beet and the relatively large amount of chlorin,
0.104 percent. The excess of sodic oxid over that necessary to com-
bine with chlorin to form sodic chlorid is very small and the phos-
phoric acid is very high, two features which are wanting in beets
grown with the application of or in the presence of nitrates, espe-
cially the phosphoric acid which is always depressed by the nitrates.
These data are presented as the most definite and reliable that 1 have
showing the effects of excessive water and alkali, other more gen-
eral information has been stated in the earlier portion of the Bul-
letin. 'The questions of water and alkali are involved in the land
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which we have designated as bad land and on which the samples
under discussion were grown. This land had a fall of about 2.4
feet per hundred to the north, so that the south end of our field
was about 18 feet higher than the north end and the excessively bad
conditions prevailed in only a small portion of that planted to beets.
For the purpose of our study we divided the plots into three sections,
the highest. the medium and the lowest, in which the worst land that
the owner had tried to cultivate was not included. A sample from
this portion, however, is included with those from our check plot.
These beets are represented by Analyses C, CI. CII and CIII, their
ashes by Analyses CXIV, CXV, CXVI and CXVII. The variety
of beets was the Original Kleinwanzlebener. The character of the
beets from the various sections differed only in degree, and in this
not to the extent that one would expect. \We see by an inspection
of the analyses that the percentage of sugar is low, 13.2 to 8.6 per-
cent, the dry substance is low, from 21 to 16.5, the pure ash in the
beets is very high, from 0.89314 to 1.328735, the phosphoric acid is
very low, from 0.03875 to 0.02007. The chlorin is high, from
0.15188 1o 0.30306, the potassic oxid is only moderately high, see
percentage in pure ash, the sodic oxid above that required by the
chlorin is moderately high. The total nitrogen is high, one sample
excepted, 0.23345 to 0.3451, the nitric nitrogen is high in all sam-
ples, from 0.01936 to 0.08337. the injurious ash per 100 sugar is
from 5.629 to 13.433. the injurious nitrogen from 1.02880 to
2.04840, and the ratios of albumin nitrogen to total nitrogen in
press juice 22.6 to 19.0.  We have in these analvses results which
are altogether characteristic of the effects of nitrates and while the
excessive salts in the soil may have influenced the composition of
these beets they have not done so to a sufficient extent to conceal
in the least these effects characteristic of the nitrates, for instance,
low percentages of sugar, dry substance, phosphoric acid, high total
nitrogen, high nitric nitrogen, low ratio of albumin or proteid nitro-
gen to total nitrogen and high ratios for the injurious ash and nitro-
zen per 100 pounds of sugar. The pure ash calculated on the beet
and the chlorin are both high, but these effects are common to the
nitrate, excessive moisture and the alkalis, so their joint effect is
cumulative and the effect of one does not tend to lessen or remove
the effect of the other.

Beets grown on the worst section of this land were run in an
experimental plant and the diffusate treated as usual and evaporated
to a thick juice, which had a real coefficient of purity of 69.56, not
much better than molasses. The carbonated ash of this thick juice
equalled 14.810 percent. The amount of nitrates present in the
surface six inches of this soil as calculated from samples of soil
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taken, one of them from about the beets, actually benieath the leaves,
was between 15 and 17 tons per acre.

The experiments made with sodic nitrate in 1910 and 1911 to
show its effects upon the quality of beets and upon the character of
the thick juice produced in the factory, together with the properties
of samples of beets grown upon apparently good land, and also such
as were grown upon evidently bad land show by the character and
uniformity of the results that it is more than reasonable to attribute
the falling oft in the quality of the beets in the Arkansas Valley to
the formation of excessive amounts of nitrates in the soil during
the season and not to climatic conditions or to the effects of the leaf-
spot. These are most certainly factors which have a decided in-
tluence upon the crop, specifically upon the bad qualities of the beets.
‘They cause the very general production of beets with low percent-
ages of sugar and phosphoric acid. with a high percentage of total
nitrogen, especially of nitric nitrogen. and a low ratio of albumin
nitrogen to the total nitrogen in the juice, with a high percentage of
ash.  This results in the production of abnormally high percentages
of molasses, 7.5 to even 10 percent from beets which have not been
irozen and subsequently deteriorated.

The general applicability of this statement is shown by the
nitric nitrogen in the fifteen samples of Colorado molasses as com-
pared with the six from other sources, especially with the four from
Bohemia. The maximum ratio that we find in the latter for the
nitric to total nitrogen is 0.37, while the minimum found for this
ratio in any Colorado molasses examined is 10.66 and the maximum
is 28.88.  We need not go farther in the discussion of these results,
the big fact that many of our Colorado molasses are very rich in
nitrates is evident. In this connection, however, I may mention a
fact observed by Dr. Potvliet in studying the thick juices prepared
in our experimental work, 1. e., that the nitrates in the dry sub-
stance of the thick juice was lower than it should have been to cor-
respond with the nitrates found in the dried cossettes. This loss
was very considerable, amounting to 50 percent in the case of the
last beets discussed. In view of this actual loss of nitrates observed
and the possibility of its taking place in the factory on a large scale
as well as in the battery samples, the very large amount of nitric
nitrogen found in our molasses hecomes even more suggestive than
it already is of the large amount in the beets worked.

The deterioration in the quality of the crop in the Arkansas
Valley during the past eight years has not, of course, been accepted
with indifference and no effort made to check it, on the contrary, the
situation has heen recognized as serious by the managers of the
plants whe have been responsible for the success of the companies
operating in the valley. The cause of the trouble was not recog-
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nized. but was attributed to various things, climatic conditions, leaf-
spot. insect injuries, seepage, aliali, etc., all of which are factors in
determining the quality of the season’s crop. Another thing sug-
gested was, naturally enough, a lack of some plant food in the soil
and consequently attempts were made to find out by direct experi-
ment whether anything could be added to the soil which would pro-
duce satisfactory crops both in quantity and quality. I have re-
corded the results obtained in regard to the yield of both heets and
sugar in the earlier pages of this bulletin, which were rather disap-
pointing so far as commercial results were concerned. e, unfor-
tunately, do not feel justified in modifying them in a desirable direc-
tion. Ve can, however, present a review of what the study of the
effects of the fertilizers used, had upon the chemical composition of
the beets, at least in their bolder features. The weights and com-
binations of fertilizers used have been given on previous pages. Ve
had in all in 1910, 21 experiments with fertilizers. that is distinct
from the nitrate experiments. The beets grown on nine of these
plots and two check plots were studied with the object of determin-
ing what changes, if any, we had effected in the composition of the
beets. ‘The land on which these experiments were made has already
been described and its chemical composition given in connection with
the detailed statement of the analvses. The results are in harmony
with those obtained when considered from the purely commercial
basis.  The best leets in every respect with one unimportant, partial
exception were those grown on a check plot.  The plots to which
only potash or phosphoric acid had been applied vielded beets of
quite as good guality. but the vield and sugar content were a tritle
lower in both cases. Stockvard manure seemed to increase the
phosphoric acid in the beets though it had been applied in 1909 and
we had only a residual effect in 1910. In these experiments the
effects of sodic nitrate stand in strong contrast with those obtained
in the experiment in which 250 pounds were applied to the field,
designated as No. 1. In this case it produced most excellent results,
but in every instance in which it was used in the series of experi-
ments under discussion it produced deleterious results though used
in quantities less than 250 pounds to the acre. One effect was to
increase the chlorin appropriated by the beets—for instance, the
beets from check plot contained 0.12746 percent, already very high,
those with potassic sulfate alone, 0.14657, with superphosphate
alone, 0.12480, those with potassic sulfate and sodic nitrate, 0.24613,
those with superphosphate and sodic nitrate 0.17743.  The amount
hy which the nitrate increased the chlorin was very irregular, as are
all of the results, but none of them were beneficial.  The beets from
the check plot were from the standpoint of composition the best
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beet§ of the eleven samples examined with possibly one partial ex-
ception.

I was and am still of the opinion that the inferiority of nitrate
beets is due largely to their immaturity at the time of harvesting.
This of course does not explain the depression of the phosphoric acid
in the beet which certainly takes place. I do not know the function
of phosphoric acid in the first year's growth of the beet except that
the application of superphosphate is credited with inducing an early
ripening of the beet. \We saw no proof of it in these experiments
but it was on this theory that I applied superphosphate at the rate of
1,000 pounds per acre to a portion of our field of very bad land. Ve
will compare the beets from the first and third sections of this plot
with those from the adjoining sections of the check plot. In the
lowest part of the third section the water plane was five feet below
the surface. The surface of the first sections was eighteen feet
higher than the point where this boring was made. The figures for
the beets from the check plot will be given first. First section:
Weight of beets, 788.1-751.3. Sugar, 13.2-10.9. Dry substance,
21.0-17.6.  Pure ash in beets, 0.942-0.941. Phosphoric acid,
0.03875-0.04816.  Chlorin, 0.15188-0.12032.  Total nitrogen,
0.2403-0.25860.  Nitric nitrogen, 0.01936-0.04982. Injurious ash
per 100 sugar, 5.6202-7.1557. Injurious nitrogen per 100 sugar,
1.02880-1.41290.  Third Section: Weigh of beets, 569.9-708.7.
Sugar, 12.1-10.2.  Dry substance, 18.9-18 0. Pure ash in beets,
1.122-1.0644. Phosphoric acid, 0.03109-0.02732. Chlorin,
0.23134-0.20047. Total nitrogen, 0.23345-0.24350. Nitric nitro-
gen, 0.05370-0.07260. Injurious ash per 100 sugar, 7.92850-
0.04210. Ipjurious nitrogen per 100 sugar, 1.04790-1.78290. The
middle section showed no benefit from the application of this amount
of superphosphate.  The same results varying slightly in their
measure was obtained with potassic chlorid and sodic chlorid. These
chlorids, 40c pounds per acre, did not affect the amount of chlorin
taken up. In five out of six cases the chlorin is lower in the samples
grown with these substances than in the samples from the check.

The results obtained with mineral manures are not promising.
The general results obtained with stockyard or farmyard manure
are much more so than those obtained with the mineral manures.
We obtained good beets with green manures but as I have already
explained I am unwilling to accept the results obtained without repe-
tition. The bects. hiowever, grown with the mustard and wheat,
were excellent in every respect except in regard to the weight of the
crop—omitting this factor we have excellent beets, scarcely any
better. The beets grown on the wheat ground are given first, then
those grown on the mustard land. Sugar 18.5-17.3. Dry sub-
stance 24.4-24.4. Phosphoric acid 0.06711-0.07439.  Chlorin
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0.04062-0.06542. 'Total nitrogen 0.17940-0.15270; nitric nitrogen,
0.00348-0.00141. Injurious ash per 100 sugar, 2.4190-2.87730;
injurious nitrogen, 0.44243-0.34711, and the ratio of the albumin
nitrogen to total nitrogen in the press juice is 36 and 40 per cent
respectively.

The object had in view in this bulletin has been to discover if
possible the cause for the falling off of the beets grown in some sec-
tions in sugar content and in general factory qualities. That such
a falling off has actually taken place is a fact beyond dispute. We
have put tiis falling off at about three percent in sugar, and the gen-
eral deterioration in factory qualities may be expressed in terms of
the molasses produced at a minimum of two percent, calculated on
the beets cut. There has been a variation from year to year. The
year 1911, for instance, showed a considerable improvement in this
respect. 1 may remark that the samples of molasses examined in
1911 contained much less nitric nitrogen than the samples from pre-
ceding campaigns, except from one factory. Ve have purposely
desisted from taking up in detail the effects produced by the fer-
tilizers used in onr attempt to find, if possible, in an experimental
way. some feasible means for bringing back the good qualities shown
by the beets from 1293 to 1904. The real problem whose solution
we have attempted is baffiing, as the variety of causes assigned as
producing this condition suggests, vet it seems proper that we should
discuss briefly some of the salient features of these results from the
standpoint of composition wholly irrespective of their technical
aspects.

We were fully convinced from the beginning that we could not
properly use Gernian or Austrian or any available data as applicable
to our beets. The German and Bohemian data vary considerably.
1 have found no recent complete analyses of German beets. The
most satisfactory data that has come to my notice is contained in
the Siebenter-Bericht ueber die Versuchswirtschaft Lauchstaedt,
1910, from which it appears that sugar beets grown with 5§28 pounds
nitrate of soda, 600 pounds superphosphate, 264 pounds 40 percent
potash salt per acre contained, as the average of seven years,
0.10486 percent nitrogen, 0.06923 percent phosphoric acid and
0.17048 percent of potash in the fresh beet. \With the application
of nitrate alone 0.20188 percent nitrogen, 0.04431 percent phos-
phoric acid and 0.16511 percent potash. With no fertilizer 0.20132
percent nitrogen, 0.05479 percent phosphoric acid and 0.16959 per-
cent potash. The average percentages of sugar given for these
three series are, respectively, 17.93, 17.32 and 18.29, and those for
the dry substance in the beets are 25.64, 21.65 and 26.09 percent.
R. F. Strohmer and O. Fallada give in Oesterreichisch-Ungarische
Zeitschrift fuer Zuckerindustrie und TLaudwirtschaft, XI Jahrgang,
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3 Heft S. 425, the composition of beets grown with the application
ot phosphoric acid, nitrogen (as nitrate and ammonia salts) and
soda. The results vary so little for the different sets of beets that
we may consider them as within the limits of the natural variability
of the plant itself. The soil experimented with was not so rich in
lime, magnesia, potash, phosphoric acid or nitrogen as we find our
soils to be. The general composition of the eleven samples analyzed
1s: average weight of beets, 253 to 384 grams. Sugar 17.2 to 19.2,
average 12.2.  Dry substance 24.68 to 26.54, average 25.61. Ash,
apparently carbonated ash. in dry substance 2.19 to 2.55. average
2.39. Ash in beet (carbonated?) 0.61208. Total nitrogen in dry
substance,0.80 to 1.29, average 0.053064, in beet 0.2415. Phosphoric
acid in dry substance, 0.28 to 0.38, average 0.30832, in beet 0.07893.
Potash in dry substance 0.58 to 0.84, average 0.7155, in beet 0.1833.
Owing to the fact that soda in the form of sodic chlorid was applied
as a fertilizer, and that sodic salts constitute a considerable percent-
age of our alkalis, the results obtained in regard to the effects of
soda have an especial interest for us. The soda in the dry sub-
stance of these beets was from 0.18 to 0.48 percent, the average
0.2496, in the beets 0.06541. We quote the analyses of the pure
ash in full, omitting the details of the experiments,

ANALYSES PURE ASH AUSTRO-HUNGARIAN BEETS.

1 11 2 5 8 4 7 10 3 6 9
Silicic acid...... 2.60 2.31 1.87 2.00 2.47 .61 3.62 4.79 3.26 1.00 1.90
Sulfuric acid.... 3.12 4.04 3.27 2.00 2.97 2,61 4.14 3.59 3.26 5.98 2.85
Phosphoric acid. 15.60 18.47 13.563 12.53 14.86 17.80 19.66 17.96 15.76 13.96 14.22
Chlorin ......... 1.586 1.73 3.27 3.00 2.48 1.57 1.55 1.80 272 2.99 2.37
Potassic oxid ... 43.68 33.47 34.05 38.08 38.63 36.65 30.52 31.13 41.85 34.90 38.88
Sodic oxid....... 10.40 14.43 22,39 1553 18.32 9.98 14.49 17.36 9.24 13.46 18,97
Calcic oxid...... 10.92 12,12 11.66 11.53 9.91 16.75 14.48 8.98 9.24 12,47 10.43
Magnesic oxid... 10.92 12,12 8.86  10.52 §.92 9.42 10.82 13,77 10.33 10.96 9.96

Ferric and

Alumnic oxids. 1.56 1.73 1.87 5.51 1.98 1.03 1.20 4.89 4.98 0.95

<o
-
=

1060.36 100.42 100.77 100.70 100.54 100.53 100.36 100.58 100.55 100.70 100.53
Oxygen equi. to
chlorin ....... 0.35 0.39 0.74 0.76 0.56 0.52 0.35 0.60 0.55 0.76 0.63

100.01 100.03 100,03 99.94 99.98 100.01 100.01 99.98 100.00 99.94 100.00

Numbers 1 and 11 received no fertilizers of any sort. - The
authors failed to discover any relation between the amount of sodic
oxid and the sugar in the beets. The ratio of the proteid nitrogen
to the total in the dry substance ranged between 60 and 65 percent.

There are radical differences in the composition of these Euro-
pean beets as we find them represented in their literature and those
which we Lave studied. Tt is not feasible to go into the details of all
of our analvses, but the general results may be expressed as follows:
The whole nutrition of the beet seems to be very greatly modified.
The total nitrogen in our beets is decidedly lower than in the Euro-
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pean beets cxcept under abnormal conditions.  The average total
nitrogen in Lauchstaedt beets grown without fertilizers 1s 0.20132
percent. I'his average is based on seven years' observations. The
average of those just quoted from Strohmer and Fallada is 0.2445
percent, that for the six samples of cossettes quoted from Andrlik 1s
0.233 and for twenty-three other samples also given by Anrdlik the
average is 0.2285 percent. The average for the total nitrogen in
our beets grown on good land without fertilizers will not exceed 0.15
to 0.18 percent. The proteid nitrogen is low, being as a rule less
than 30 percent of the total in the harvested beets, and in the case
of beets grown on bad ground, even with the application of super-
phosphate at the rate of 1,000 pounds per acre, it fell to a little less
than 20 percent of the total. The European beets contain almost no
nitric nitrozen, so little that the determination is seldom attempted.
Further. the Bohemian molasses given in this bulletin show very
little of this form of nitrogen, while it is present in our beets in
liberal quantities, reaching in the case of beets grown on very bad
ground 0.08 percent and is so good as never entirely wanting. The
sample of Montana beets contained none and one sample from Fort
Collins contained only 0.0009 percent.  Usually our best. mature
leets contain 0.003 or more percent. The injurious nitrogen in our
beets is veryv high.  Andrlik states that “beets poor in nitrogen con-
tain only one-fourth to one-third of their total nitrogen. on the other
hand beets rich in nitrogen contain as much as one-half of it as in-
jurions nitragen,” Zeitschirift des Vereins der Deutschien Zuckerin-
dustrie 1003, p. 922, and gives examples in support of his statement
showing beets with from 0.224 to 0.306 percent nitrogen which con-
tain injurious nitrogen reaching from 37.9 to 13.8 percent of the
total.  Four of the best samiples grown by us in 1911 contaming
0.11124, 0.14338, 0.74832 and 0.1.4223 percent total nitrogen, con-
tained 12.55, 43.47. 37.08 and 335.43 percent of it in the form of
injurious nitrogen.  These beets were grown without any fertilizers
and were harvested, the first pair on 12 Oct. and the second pair on
8 Nov. This shows the betterment of the beets by ripening. 1
may add that heets grown with application of nitrates subsequent to
I Aug. showed an improvement also but to a less extent. the total
nitrogen in these beets was essentially 0.165 percent. The injur-
inus nitrogen in these, the same varieties as above given and har-
vested on the same dates, amounted to 415.33. 45.07, 42.67 and 42.58
percent of the total.  \We see that these percentages are very much
higher than those given by Andrlik, whose beets with 0.165 percent
nitrogen conlained 32.1 percent of it as injurious nitrogen.  This is
10.5 percent less than we find in beets of equal nitrogen content in
their verv hest condition.

Our beets carry much less phosphoric acid as a rule than the
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European beets.  The Lauchstaedt beets grown with a complete
mineral manure, showed for the seven year average 0.06923 percent
in the beet, and beets grown without any fertilizer show ed as an
average for the same period 0.05479 percent. The samples given by
Strohmer and Fallada with and without fertilizers give an average
of 0.07155 percent in the beets. A few of our samplcb are as rlch
or richer even than these averages indicate, but the greater number
of them are materially lower. The percentages of dry substance
and its ash content together with the percentage of phosphoric acid
in the pure ash are the factors which give us these figures. In our
beets these factors are different from those of the European beets.
The percentage of dry substance in our beets is materially lower, as
a rule, the ash js somewhat higher, the phosphoric acid in the pure -
ash is very much lower. In the analyses of pure ashes given by
Stroimmer and Fallada, the lowest percentage given for pl 10sphoric
acid and calculated on the pure ash is 1 2.53 and the highest 1s 19.66.
Of 30 ashes of Colorado beets analyzed in connection with this bul-
letin, only two liave shown in the pure ash as much as 12 percent of
phosphoric acid, these contained 12.515 and 12.076. The average
of the 3. determinations using the nearest whole figure in the second
decimal place is 6.78 percent. It is just to state that 13 of these
samples were grown on very bad ground, but when these beets have
been deducted, the average 1s only 8.07 percent, while the average
of the Strohmer-Fallada samples is 15.6 percent. The pure ash of
the Montana beet analvzed contained 16.536 percent.

The potassic oxid in our beets is higher than in the FEuropean
beets. In these latter its average is not far from 0.17 percent,
while in ours it 15 seldom as low as 0.22 and reaches as high as 0.54,
ranging mostly between 0.26 and 0.44.

In regard to the sodic oxid nothing can be said, it seems to be
as erratic in the European beets as in ours, and without relation to
the sugar in the beet.

QOur beets contain very little lime, usually a trifle over one-half
as much as the European beets, but they contain rather more mag-
nesia. The ratio of these two substances in the European heets is
approximately 1:1, the calcic oxid beino slightly in excess, but with
our beets this ratio is approximately 1:

The chlorin is extremely vanable mn the ashes which can some-
times, but not always, be attributed to the presence of a large amount
of it n the soil.

Among the subordinate constituents we often find less iron and
alumina than is given for the Furopean beets; on the other hand,
manganese is seldom if ever given in their analyses. [ do not re-
member to have seen it given at all.  Ruempler, Die Nichtzucker-
stoffe der Rueben, p. 31, says “Caesium and Manganese have been
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detected by Von Lippmann in unrecoverable (nicht gewinnbaren)
traces, the former by means of the spectroscope in beets, beet leaves
and beet products.”  We find manganese always present in the ashes
of our beets and beet leaves, varying from a few hundredths to 0.3
percent in sugar beets and to 0.5 in the long red mangold.

We will recapitulate these differences, our beets (the ones that
we have been studying) are larger in size, lower in sugar, lower in
dry substance, higher in ash constituents, lower in nitrogen, lower
in proteid nitrogen, higher in injurious ash and higher in injurious
nitrogen than the European beets cited. The beets are poor in phos-
phoric acid and rich in potash. The soda and chlorin content is very
erratic. 'The calcic oxid is low, about one-half as much as in Euro-
pean beets. while the magnesic oxid is a little higher than in these.
It does not appear that the magnesic oxid is abnormally high but
that the lime is abnormally low. The soils in which the beets dis-
cussed were grown are without exception rich in calcic oxid from
1.0 to 6.0 percent, also in magnesia about 1.3 percent, with carbonic
acid usually about 5.0 percent. These differences must indicate
great differences in the nutrition and transformation of substances
in the beet.

We have a little light on some of these differences but not on
all of them., We can account in some cases for the low sugar, low
dry substance, higher ash, low proteid. higher injurious nitrogen
and lower phosphoric acid content. \We cannot explain the higher
potash and lower lime nor have we at the present time any knowl-
edge of their significance.

A study of the effects of nitrates upon the composition of the
beet shows that they increase the size of the beet and the top: reduce
the percentage of sugar and dry matter; increase the ash: suppress
the phosphoric acid; increase the total nitrogen; decrease the ratio
of proteid nitrogen to total nitrogen and increase the nitric nitrogen
even in beets grown in soil already rich in this form of nitrogen even
if applied at a time when the beets are supposed to use only a small
amount of nitrogen. Nitrate applied 4 Aug. to 28 Sept. I9II iIn
all equal to 750 pounds per acre increased the size of beets by 9.9
and 14.0 percent; reduced sugar 1.0 and 1.1 percent; dry sub-
stance 0.0 from 22.0 to 21.1; increased total nitrogen from 0.14223
to 0.16608 ; reduced ratio of proteid nitrogen from 60 to 50 percent,
increased injurious nitrogen from 0.3229 t0 0.49041 per 100 sugar;
increased nitric nitrogen from 0.0083 and 0.0074 to 0.0187 and
0.0142 and suppressed the phosphoric acid in the pure ash from
10.7 to 7.8 and from 10.9 to 9.4 percent. These results were ob-
tained with beets on excellent land free from seepage and alkali and
the plants were free from the leaf-spot.  This was during the season
that produced the best beets that we have had for years. A like
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amount of nitrate in 1910 applied in three portions, beginning 28
March and making the applications four weeks apart, decreased the
sugar from 16.85 to 13.4, dry substance from 22.4 to 20.6, increased
the pure ash in the beet from 0.52 to 0.82 increased total nitrogen
m the beet from 0.1449 to 0.2961; reduced the ratio of proteid
nitrogen to total from 4o to 30 percent; increased the nitric nitrogen
from 0.00144 t0 0.04143 and reduced the phosphoric acid in the pure
ash from 7.218 to 4.363 percent.

The averages for seven years given by the Lauchstaedt Experi-
ment Station show that beets grown with complete mineral fertiliz-
ers contained 0.06923, those grown without the application of any
tertilizer contained 0.05479. while those grown with addition of
nitrate alone contained 0.04431 percent of phosphoric acid.

The effects upon the leaves which were studied in 1911 may
be more freely discussed at another time, but it may be stated that
the nitric nitrogen disappeared from the blades of the beets to which
no nitrate had been applied about 14 Sept., while it continued in the
blades of the nitrated beets up to the time that they were frozen.
The nitrates seem to migrate into the petioles as these are richer in
nitric nitrogen at all times than either the beets or the blades. Nitric
nitrogzn continued in the petioles of the leaves of beets which had
not been dressed with nitrates up to the latest date that the samples
were taken, 12 Oct.  The amount was approximately one-fourth as
much as was present in the petioles from beets which had received
nitrate.  The nitric nitrogen in the petioles from beets which
had not been dressed with nitrate was from four to five times greater
than the amount found in the beets and was larger than the amount
found in the roots of those plants which had been treated with
nitrate.

That the foliage of the beet plant 1s the efficient agent in the
transformation and elimination of the nitric nitrogen taken up by
the beet appears evident from the results obtained by defoliating the
beet. The beets were defoliated 6 Sept. The nitric nitrogen in
the roots on 1 Sept. was 0.01925 and 0.01796 percent. The beets
were harvested on 8 Nov. and though the average weight of the
beets had increased by 160 and 130 grams for the respective varie-
ties the nitric nitrogen in the heets as harvested equalled 0.01367
and 0.01584 percent. The increase in the size of the beets was
approximately 22 percent, the decrease in the percentage of nitric
nitrogen was only 11 percent, the gain in nitric nitrogen in the roots
was approximately 30 percent. Beets which had not been defoli-
ated. the checks corresponding to these samples contained 0.00827
and 0.007406 percent nitric nitrogen. The complete destruction of
the leaves stopped the transformation of the nitrates and probably
other substances until the production of a new foliage, which of



DETERIORATION SUGAR BEETS DUE T0 NITRATES 161

course hegan immediately, but could not be restored for those beets
mn the eIOht weeks of the season, which events proved were remain-
ing. It would be interesting to know what the results of various
leoxees of partial defoliation would be, this would more perfectly
imitate the action of the leaf-spot. e reserve this for the future.

The results of our fertilizer experiments were so divergent that
we can use them to prove almost anvthing, except that they did some
material good. Measured by the percentage of sugar, the injurious
ash and injurious nitrogen per 100 sugar in comparison with those
of the check plot, they did no good. but rather some harm.

We have seen the effects produced by excessive quantities of
nitrates under conditions which leave no room for doubt in regard
to them. \We presented the composition of beets grown on good
ground in the Arkansas Valley and also such as were produced on
bad ground. Ve find that a sample of beets harvested 3 Nov. 1910,
grown on a sandy loam, well located and free from all apparent ob-
jections, thoroughly cultivated and abundantly supplied with water,
contained sugar 12.7, dry substance 20.0, pure ash in beet 0.7176,
phosphoric acid in beet o. 03342, total nitrogen o. 25215, nitric nitro-
gen 0.04537 percent, injurious ash 3.703 and injurious nitrogen
1.07246 parts per 100 of sugar. The bad land referred to con-
tained no free water within five feet of the surface but it was very
rich in nitrates. The sample here given was grown in a bad, but
not the worst section of this bad land, sugar 10.2, dry substance
18.0, pure ash in beet 1.06, phosphoric acid in beet 0.02732. total
nitrogen 0.30675, nitric nitrogen 0.0726 percent, injurious ash
0.0421 and injurious nitrogen 1.7829 parts per 100 sugar. The
phosphoric acid in the pure ash of this sample was only 1.659 percent
and the beets were dressed with superphosphate at the rate of 1,000
pounds per acre.

In addition to these details of composition we have previously
seen that beets grown with excessive nitrates produced thick juices
of verv low coefficient of purity, even when grown on the very best
land at our <lisposal, and under conditions which were in every re-
spect favorahle. The depression of the coefficient of purity cor-
responded to an iucreased production of molasses over that of rea-
sonably good beets of three percent or more. In addition to these
facts we have our Colorado molasses carrying nitric nitrogen equiva-
lent to a maximum of 28.88 percent of its total. The deterioration
in the beets is characterized by the falling off of approximately three
percent in the average sugar content, by vielding juices difficult to
work and the production of too much molasses. This molasses is
rich in nitric nitrogen as we have seen. We find the properties of
the beets, whether studied in separate samples from the field or on
the larger scale of factory practice agreeing in every respect with our
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nitrate beets. The only possible question which can obtain is in
regard to the presence and source of the nitrates. We have an-
swered this question in Bulletins 155, 160 and 178 and further in
this one, using Mr. Zitkowski's figures which show the presence,
and as I believe the formation of very much larger quantities of ni-
trates than I have ventured to apply.

SUMMARY.

‘The object of this bulletin is to determine whether the quality
of the sugar heets grown in some sections of Colorado is such as is
produced by an undue or untimely supply of nitrates and to deter-
mine whether the depreciation in the quality of beets, which fact is
not questioned, may be due to a widespread and excessive supply of
nitrates in the soil.

Up to 1904 the quality of the beets grown in the Arkansas Val-
ley was excellent but since that time there has been a general de-
pression in the quality of the beets. The percentage of sugar has
fallen from an average of 17.5 percent prior to 1904 or 1905 to an
average of about 14.5 percent from 1905 to 19171 inclusive, This
falling off in the percentage of sugar has been persistent throughout
this period and not for one year or two years only. The amount of
molasses which has had to be worked by the Steffens process has
been abnormally high, 7.5 percent, and sometimes even more, cal-
culated on the beets cut.

There has been no season but that there were some sections
which preduced good beets so far as the percentage of sugar and
crop were concerned, nevertheless the average quality of the beets
has been much below what it formerly was. The causes generally
thought to be operative in bringing this about may be included under
the following designations: Alkali, seepage, possible lack of some
plant food, or an improper ratio of the elements of plant food to one
another, leaf-spot Cercospora beticola, and climatic conditions.

The first two are usually associated in the public mind, though
some of our land is rich in alkalis but is not excessively wet.

Our observations upon the effects of alkali and water on the
sugar content of the beet do not support this view. Sugar beets
grown four years in succession on strongly alkalized land were as
rich in sugar as beets grown on wholly unobjectionable land. The
conclusions drawn from the four years’ observations were that the
alkali per sc was not detrimental to the quality of the beets; that it
did not affect the amount of dry matter in the beets; that it slightly
increased the quantity of the ash, but that it did not affect the com-
position of the ash so positively that we could assign any definite
effect to this cause. The water plane in portions of the iand experi-
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mented with did not at any time, in the four years, fall to a greater
depth than four feet and was less than three feet below the surface
for a good portion of the growing season, without serious effects
upon the yield or quality ef the beets. These observations have
been repeated many times since this series of experiments was made.
Again, the conditions popularly described as seepage and alkali are
not prevalent enough to justify their serious consideration as the
cause of the deterioration of the general crop.

The view that the quality of the beets has fallen off because the
plant food in the soil has either been exhausted or the relative quan-
tities have been so modified that this change may be the cause, is
held by some. Iixperiments were made in an endeavor to answer
these questions, i. e., to see if we could obtain an increased yield
and at the same time effect an improvement in the sugar content of
the beet. 'These were in the beginning the objects had in view.
The only probable deficiency in our soils, judging from analytical
data, is in the supply of nitrogen, but experiments with different
fertilizers in various combinations were made to demonstrate their
value in the solution of our problems. The results obtained were
disappointing, and in no case have we obtained results which justified
the view that the depreciation in the sugar content of the beets was
due to the lack of plant foods, or to their ratio within the limits of -
the quantities used in the experiments. The soil on which the ex-
periments of 19og and 1970 were made was sampled to a depth of
three feet. The samples were taken from the check plots and
showed a great abundance of both phosphoric acid and potash. The
samples represent sections of one foot each. The phosphoric acid
soluble in strong hydrochloric acid in the surface foot of the re-
spective plots was 7,520 and 8,040 pounds: the potash soluble in
the same medium was 35,480 and 32,520 pounds and the total nitro-
gen was found to be 4.320 and 3.684 pounds. The application of
nitrogen either in the form of stockyard manure or in that of sodic
nitrate alone or in conjunction with phosphoric acid and potash did
not produce the favorable results expected. This statement applies
to the yield of sugar rather than to the other qualities of the crop
which form a separate question. The sugar in this whole series of
beets was low, the yield very moderate, scarcely an average one, the
ash in the beets was high, the pure ash in the fresh beet exceeded in
some cases one percent. The results indicate that the poor quality
of these heets was not due to any lack of plant food, not even of
nitrogen. The moderate yield and low sugar content could not be
attributed to indifferent cultivation. lack of care or intelligent man-
agement, or to injury by insect or fungi. There was some leaf-
spot but it was not serious.

An effort was made to establish the effects of leaf-spot on the



164 TuE COLORADO EXPERIMENT STATION

yield and percentage of sugar in the beet by obtaining the yield and
percentage of sugar in 127 cases, on fields aggregating about 2,500
acres from 14 sections or districts of the A11\a1lsas Valley. Some
of these helds were badly affected while others were not. The
yield and percentage of sugar varied greatly, but there was very de-
cidedly greater dlfrerences in both the yield and percentage of sugar
in the dlﬁel ent districts than between the individual fields in the same
district which had been attacked by the leaf-spot with varying de-
grees of severity. The average percentage of sugar shown by the
field samples {from some of the fields which had been severely affected
by leaf-spot showed from 16 to 17 percent of sugar. These per-
centages of sugar could not in these cases be attributed to drying out
of the beets in the ground. The record of 127 fields does not show
with any decisiveness what the effect of the leaf-spot is.  The beets
grown on the College Experiment Farm showed the same character-
istics in their composition as those from the Arkansas Valley and
they had not suffered from the leaf-spot, so it is not at all satisfac-
torily shown what the effects of the leaf-spot really are. The re-
sults obtained do not show any constant or definite relation between
the severity of the attack and the yield and percentage of sugar.
The development of the beet at the time of the attack is probably
an important factor and this cannot be given.

The thesis presented in this bulletin is that the causes mentioned
as the ones to which the deterioration of the beet is due have not
been shown to produce the effects assigned to them; on the contrary,
it is wnclu%ively shown that neither alkali nor seepage, except pos-
sibly in land wholly unfit for cropping, do not of themselves produce
beets either low in tonnage or percentage of sugar. Further, an-
alytical results obtained with samples of the soil as well as the results
obtained by experiments with fertilizers fail to show any lack of
plant food. unless the analytical results be interpreted as indicating
a lack of nitrogen, which interpretation is contradicted by the results
of experiments with nitrogenous fertilizers. Further, that while the
leaf-spot is very serious, we have been unable to detect any such rela-
tion between the severity of the attack of this disease and either low
tonnage or low quality of the beet as to justify us in attributing the
general deterioration which has taken place during the past eight or
ten years to this cause. Further, that while climatic condltlom late
frosts in the spring, early ones in the fall, long continued hot
weather, high winds, failure of water or severe and general hail
storms are all factors in determining the tonnage and quality of a
crop, the facts obtaining during the past ten years do not justify a
serious consideration of chmatlc conditions” as the cause of the
eterioration, for it has continued very generally throughout a large
district for a number of years in which the “climatic conditions”
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have been both good and bad. Further, that when insect injuries are
the cause of a deterlorated crop the fact is patent and the same is
true with fungi and bacteria. Neither one nor all of these causes
have been shown to have brought about the deterioration of which
we write.  Qur thesis is that the cause hereof is a soil condition
which permits too generous a supply of nitric nitrogen throughout
the season which in the first place prolongs the period of vegetation
and delays maturation to such an extent that the beets are harvested
in an immature condition and of poor quality. The tops are unduly
large, the beets white and watery, of poor keeping qualities and yield
juices which require heavy liming, boil badly and produce a great
deal of molasses.

It has been shown by experiments that nitrates applied to beets
at the rate of 528 pounds per acre affects the quality of the beet
prejudiciously. A few investigators claim that the application of
nitrates in three portions and in smaller quantities improve the qual-
ity. Our question is, what is the effect of larger quantities, and not
whether some may be of benefit? Another consideration is in re-
gard to the time when the nitrates become available to the crop.
That nitrates applied at the time of seeding or during the early de-
velopment of the plant may be beneficial, is abundantly established,
while the same amount applied later might be injurious. It is shown
in Bulletin 155 that many of our cultivated soils, such as had been
planted to beets contained in samples taken, 1-15 Oct. nitric nitrogen
corresponding to larger amounts of sodic nitrate than 528 pounds
in the surface six inches of soil. The maximum found in October
corresponded to 1,902 pounds of sodic nitrate in the surface six
inches. In another set of samples taken in January we found the
maximum of 1,680 pounds in the top six inches. We further found
in October that the fallow spots in a beet field contained very
large amounts, from 10 to 30 times as much as the land in the rows
or between the rows, the maximum found was 1.407 pounds in the
top two inches. These are quantities which would have been very
prejudicial had they been available to the beets during the months of
June, July and August. It is not asserted that the beets growing in
other portions of these same rows had at their disposal during the
growing season so large an amount of nitrates, but that it was possi-
ble for them to have had The beets in this field had very large tops,
the roots were small, the sugar content was low and the beets did not
ripen during the season. The tops were killed by being frozen on
7 Nov., on which date they were entirely green and showed no signs
of ripening.

Occasional mention is made of the deleterious effects of
nitrates upon beets, but the statement seems to have been based upon
general opinions or factory practice. Up to the time this study was
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begun, at most, only a few analyses had been made to determine
what effects the nitrates actually have upon the composition of the
sugar beet. At the present time I know of only two such, made by
Andrlik.  Our first step was to establish a series of experiments to
demonstrate this point and to ascertain whether beets grown with
known excessive quantities of nitrates possess the qualities and
composition of our general crop. We applied in 1910 from 250 to
1,250 pounds of Chile-saltpetre in portions of 250 pounds each.
This required six plots, five of which received nitrates while the
sixth did not.  Another series of experiments was made with super-
phosphate, potassic chlorid and salt, sodic chlorid, on a piece of bad -
ground which had been planted to beets to see what effect these fer-
tilizers would have upon the crop, the ripening and composition of
the beets.

As standards of comparison for quality and composition, we
have chosen samples from three localities, Montana, Michigan and
Colorado. The Montana sample did not come to hand till this work
was nearly completed but it possesses the highest quality of any sam-
ple examined.

The beets analyzed represent several classes: First, beets grown
on ordinary, good soil without fertilizers; second, beets grown on
good soil with various fertilizers; third, beets grown on good soil
with various quantities of nitrates alone; fourth, beets grown on
soil in which large quantities of nitrates had already developed;
fifth, beets grown on nitrate land with the application of phosphoric
acid, potash and soda; sixth, beets grown with green manure; sev-
enth, beets grown on College Experiment Farm at Fort Callins,
1910; eighth, beets grown with application of nitrates on College
Experiment Farm, Fort Collins, in 1911: ninth, beets grown on
College Experiment Farm in 1911 without application of nitrates;
tenth, beets grown on the College Experiment Farm from which the
tops were removed 6 Sept. 19I1.

The criteria adopted to judge of the quality of our beets,
though not formally enumerated, are the following: the nitric »itro-
gen, the phosphoric acid, the injurious ash, the injurious nitrogen,
the ratio of the proteid nitrogen to the total, especially in the juice,
and the percentage of sugar. Andrlik used the percentage of
sugar, the injurious ash and the injurious nitrogen per 100 of sugar.
I have added the nitirc nitrogen, the phosphoric acid and the ratio
of the proteid nitrogen to the total nitrogen because they appear to
be important factors in this study.

In regard to standards, we observe in the six samples of cos-
selies quoted from Andrlik that the total nitrogen is quite high, and
that the ratio of the proteid to the total nitrogen is practically g9
percent. 'This ratio, even in his poorest sample, does not fall below
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39 percent. '1'he phosphoric acid in the fresh beets is, in his best,
0.084, and in his poorest, 0.042 percent. The injurious ash per 100
of sugar is from 1.95 to 2.75 parts; the injurious nitrogen from
0.407 to 0.975. while the sugar is from 14.5 to 17.3 percent. The
m‘mc nitrogen in these cossettes was not determined. In the Mon-

tana heet \\hlch we had used as a standard we have for the ratio of
the proteid to the total nitrogen in the press juice, 53 percent, for
the phosphoric acid in the beet 0.081, for the total nitrogen 0.105,
for the injurious ash per 100 of sugar 1.67, for the injurious nitro-
gen per 100 of sugar 0.167 part, and for the sugar 18.24 percent.
There was no nitric nitrogen in these beets.

In our Fort Collins beets we have: ratio of proteid nitrogen
to the total in the press juice 39.0 percent, phosphoric acid 0.076,
injurious ash per 100 sugar 2.2, injurious nitrogen per 100 sugar
0.629, nitric nitrogen 0.0009, and sugar 18.3 percent. In the Mich-
igan beet we have the ratio of proteid to total nitrogen in press juice
about 30 percent, pho<p 10ric acid 0.062 percent, 1nJur10u< ash per
100 sugar 1.045, injurious nitrogen per 100 sugar 0.513, nitric nitro-
gen 0.0032, and sugar 15.3 percent. Of these standards the Mich-
igan sample contains the largest amount of nitric nitrogen, has the
lowest percentage of phosphoric acid, the lowest ratio for the proteid
to the total nitrogen in the press juice and the lowest percentage of
sugar.

The first class of beets, those grown on good soil without fer-
tilizers, contain some samples of excellent quality—the Colorado
sample chosen as a standard was such an one.  We find beets grown
on new land, prairie sod, grown in the Arkansas Valley meeting the
standard of the Mlchlgan beets at least, ratio of proteid to total
nitrogen 52.0 percent (proteid nitrogen determined by Stutzer
method, which gives higher results than the press juice treated ac-
cording to Ruempler), the phosphoric acid 0.05786, injurious ash
per 100 sugar 3.529, injurious nitrogen per 100 sugar 0.374, nitric
nitrogen 0.00358 and sugar 14.2 percent. We find the quality of
beets grown on good ground usually much poorer than the samples
just given. For instance, beets grown on a good soil in 1910 gave,
ratio of proteid to total nitrogen (Stutzer) 42.0 percent, phosphoric
acid 0.041, injurious ash per 100 sugar 4.9, injurious nitrogen per
100 sugar 0.5687, nitric nitrogen 0.011, sugar 14.4 percent, and an-
other sample grown on a sandy loam with an ample supply of water
and good cultivation gave the following data: ratio of proteid to
total nitrogen in press juice 20.0 percent, phosphoric acid in the beet
0.0334, injurious ash per 100 sugar 3.70, injurious nitrogen per 100
sugar 1.07246, nitric nitrogen in beet 0.04537, and sugar 12.70 per-
cent. These last two samples represent a large percentage of the
beets grown in some sections. The following tabular presentation
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of these factors for Andrlik’s No. VI, the Montana sample, and for
two samples of beets grown on good land, will show the contrast :

COMPARISON OF GERMAN, MONTANA AND COLORADO BEETS.
Good Soil Good Soil

Andrlik Nov.VI Montana Colorado Colorado
Sugar ..., 17.200 18.240 14.400 12.7000
Phosphoricacid ............... 0.084 0.081 0.041 0.0334
Nitric nitrogen ................ ceee None 0.011 0.0454
Ratio proteid to total nitrogen. 59.000 53.000 42.000* 20,0000
Injurious nitrogen per 100 sug. 0,407 0.167 0.569 1.0725
Injurious ash per 100 sugar.... 1.950 1.670 4,900 3.7000

The beets grown on unobjectionable land may be either good or
very poor in quality, often as poor as the sample given in the last
column but, of course, this is not always the case. The sample
given in the third column is probably a fair average of the beets of
this class.

Colorado soils produce under favorable conditions most excel-
lent beets, though it seems probable that even under the best condi-
tions our beets contain a rather large amount of ash, specifically of
injurious ash. Notwithstanding this fact many of our beets during
the past seven or eight years have been very low in quality. The
cause for this fact is indicated by the high percentage of nitrogen
present in the form of nitrates.

The second class of beets, i. e., such as were grown with fer-
tilizers to determine their effects, was also a disappointment. The
effects of fertilizers, stockyard manure, phosphoric acid, potash and
nitrogen, upon the yield and sugar content of the beets proved to be
disappointing in that no single fertilizer or combination of fertilizers
improved either the yield or percentage of sugar so positively as to
force our consent to it as a fact. The results in regard to their
effects upon the quality of the beets are uniformly unfavorable, some-
times a favorable feature may be recognized, but this is more than
counterbalanced by others which are unfavorable.  There were
eleven samples of these beets fully analyzed except that the press
juice was not investigated. There were two check samples and
nine samples grown with various fertilizers. The best results were
obtained with the samples from one of the check plots and from the
two plots which had separately received 300 pounds of potassic sul-
fate and 400 pounds of superphosphate per acre. The total nitro-
gen in the heets from these plots was low, 0.10875, 0.1232 and
0.128¢5 percent, the nitric nitrogen was low in the sample from the
plot that received the potassic sulfate, but not especially low in the
others, 0.01034 and 0.00967 percent. The pure ash in the beets
from these plots was uniformly high; about 1.00 percent, the phos-
phoric acid in the pure ash was uniformly Jow, but owing to the

*Proteids determined by Stutzer’s method.
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high percentage of pure ash in the beet this constituent appeared
about normal when calculated on the fresh beet. The beets grown
with fertilizers were lower in sugar than those grown without them
in eight out of nine cases. The injurious ash was higher in eight
out of nine cases and the injurious nitrogen was higher in seven out
of the nine. The increase in these two factors was in some cases
very great, from 4.27 to 7.68 for the injurious ash per 100 sugar
and from 0.37 to 0.95 for the injurious nitrogen. The nitric nitro-
gen fell to 0.0025 in the sample grown with the application of potash
alone, but otherwise they all contained about 0.01 percent of this
form of nitrogen, apparently unaffected by the amount of sodic
nitrate added. The low percentage of sugar, the high percentage
of pure ash with its low percentage of phosphoric acid, the high in-
jurious ash and injurious nitrogen, with ruling high percentage of
nitric nitrogen are again suggestive of too liberal or an untimely
supply of nitrates. ‘These results do not indicate a lack of any of
these elements of plant food and do not justify us in looking to these
as means for the amelioration of these conditions.

The third class of beets was studied to obtain a decisive answer
to the question, “What are the effects of nitrates upon the composi-
tion of the sugar beet?” It is generally agreed that nitrates added
in too large quantities or too late in the season lengthen the period of
growth and it has been shown within the last few years that it in-
creases the injurious nitrogen. Many of our beets are green when
harvested and of course the juices often work badly. [ have known
of the occurrence of unusual quantities of nitrates in some of our
soils for six or more years. I had already associated these facts in a
causal relation several years before the investigations of recent years
had become available to me. I knew of no mvestigation which had
satisfactorily answered the query stated above, so its answer was im-
perative in the prosecution of this work. In 1903 Andrlik published
two analyses showing that 525 pounds of sodic nitrate per acre ap-
plied in three portions depressed the percentage of sugar and in-
creased both the injurious ash and injurious nitrogen. The amount
applied, 525 pounds of Chile-saltpetre per acre, is a very moderate
quantity compared with the equivalent of the nitric nitrogen that we
find in many of our soils.

In order to study thus subject a piece of choice land was selected
and various quantities of nitrates applied {rom 250 to 1,250 pounds
per acve, the larger quantities were applied in portions of 250 pounds
each. The first application of 250 pounds was made two days be-
fore the seed was planted, the succeeding ones at intervals of four
weeks up to 27 July, the date of the last application. The follow-
g tabular statements in which we include the Montana beet for
comparison exhibits the results:



170 Tar CoLORADO EXPERIMENT STATION

RESULTS OF EXPERIMENTS WITH NITRATES.
Montana Colo. Colo. Colo. Colo. Colo.

Sodic nitrate, pounds per acre.... 200 250 500 750 1,000 1,250

Pct. Pct. Pct. Pet. Pct. Pct.
SUBAT . it i e 18,240 16,500 15.800 13.400 11,000 12,800
Pureash ......................... 0.491 0.519 0.726 0.822 0.744 0.680
T’hosphoric acid «................. 0.081 0.038 0.061 0.036 0.034 0.024
Nitric nitrogen ................... None 0.001 0.010 0.042 0.063 0.042
Total nitrogen ................... 0.105 0.145 0.205 0.296 0.255 0.254
Ratio proteid to total nitrogen.... 53.000 31.000 23.600 17.000 16.500 20.500
Injurious ash per 100 sugar....... 1.670 2,127 3.205 4,781 5.472 4.050
Injurious nitrogen per 100 sugar.. 0.167 0.364 0.682 1.293 1.403 1.115

The maximum results were obtained with 1,000 pounds Chile-
saltpetre per acre, but the depression of the phosphoric acid is the
greatest with the 1,250 pounds. Another sample from this plot
showzd only 0.02205 percent phosphoric acid in the beets. The fol-
lowing effects of the nitrate applied are very evident, i. e., that while
the 200 pounds in the case of the Montana beets and the 250 pounds
in our case were decidedly beneficial the larger applications de-
pressed the percentage of sugar. The maximum depression being
§5 percent or 33.33 percent of the sugar, it increased the pure ash
by 43.0 percent, it increased the nitric nitrogen from ten to sixty-
three fold, it depressed the phosphoric acid from 0.038 to 0.024,
about 37.0 percent, it increased the total nitrogen by 100 percent, it
depressed the ratio of the proteid to the total nitrogen from 31 to
10.5, almost 50 percent, it increased the injurious ash to two and
one-half times as much as the beets grown with 250 pounds of ni-
trate per acre contained. If the comparison be made wih the Mon-
tana beets as the standard even the beets grown with 250 pounds
nitrate per acre appear inferior in the following points: the phos-
phoric acid is low, nitric nitrogen is present, and the ratio of the pro-
teid nitrogen to the total is low. An examination of the detailed
statement of the analyses further shows that the chlorin and the
sodic oxid were both increased by the larger quantities of the nitrate.
These are the points in detail which characterize our poor beets
grown on good soil, 1. e., the sugar is low, the pure ash is high, the
phosphoric acid is low, the chlorin and soda are often high, nitric
nitrogen is always present, often in considerable quantities, and
while the total nitrogen niay not be excessively high, the ratio of the
proteid to the total nitrogen is low, the injurious ash and nitrogen
per 100 of sugar are high. These characteristics, too, are the ones
that persist through our series of beets grown with the application of
fertilizers. It has been shown by others that the effects of sodic
nitrate may be lessened but not wholly set aside by the joint appli-
cation of potash and phosphoric acid. The amino nitrogen was de-
termined throughout the series and as would be expected shows an
increase as the nitrogen applied to the growing plant is increased.

These beets, grown with nitrates on the miost desirable land
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that we could select, were tested in an experimental sugar plant and
the process carried to the production of thick juices. The real co-
efficients of purity of these were, for the beets grown with 250
pounds nitrate per acre, 87.91, for those grown with 500 pounds
per acre, 88.3, for those grown with 750 pounds 88.6, for those
grown with 1,000 pounds 86.37, and for those grown with 1,250
pounds per acre 86.43. We have here a depression of the real
coefficient of purity in the thick juice of 1.93 points, which signifies a
tremendous increase in the amount of sugar that will go into the
first green syrup or what amounts to the same thing a great de-
crease in the amount of granulated sugar obtained in the first
crystallization. 'These results indicate that this cause, nitrates in the
soil, is fully adequate to account for the production of an undue
amount of molasses which is another of the undesirable qualities of
these beets, because it overtaxes the crystalizer capacity of the fac-
tories and necessitates the recovery of a large percentage of the
sugar by the Steftens process. -

The fourth class of beets studied were such as were grown on
very bad soil. We had several objects in view, principally, how-
ever, to determine the quality of the beets produced and the effects
of phosphoric acid, potash and salt. sodic chlorid, upon beets grown
under these conditions. The land chosen was excellent for these
purposes, for owing to the fact that it had a decided slope it enabled
us to make our observations on more and less objectionable land,
which involved no questions of composition, etc., at the same time
The depth to the water-plane was determinea by borings miade at
the end of September and was found to be five feet in the lowest por-
tion of the cultivated area. This depth was only one foot above the
hottom of the drainage ditcli.  This soil was sampled to a depth of
four inches in two sections each two inches deep. The potash, solu-
ble in hydrochloric acid, the phosphoric acid, total mtrogen and
nitirc nitogen were determined in these samples. The averages of
the six determinations of potash, phosphoric acid and total nitrogen
were for the potash 1.15 (0.874 to 1.275), for phosphoric acid
0.1461 (irom 0.0765 to 0.1913), and for total nitrogen 0.1081
(from 0.0850 to 0.1480). The supply of potash and phosphoric
acid is abundant but that of total nitrogen is rather moderate. The
ratio of the nitric nitrogen found to the total nitrogen was 19.00
percent 1n the top two inches of the worst, and 3.5 percent in the
second two inches of the best portion of the field. In parts per
million of the soil the nitric nitrogen ranged from 30 parts in the
second two inches of the third and second sections to 280 parts in the
top two inches of the first or worst section of the land. These sam-
ples were composite, each containing eight subordinate samples.

"he growth of the beet tops on this field was very luxuriant, they
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stood at a hight of 36 inches on 8 Aug., and were erect because they
were so abundant that they could not spread out. The color was
a bluish green. The yield according to the factory returns was
14.14 tons per acre. We took three sets of samples, 39 individual
samples in all. The analytical results are quite consonant in the
indications relative to the quality of these beets throughout the sea-
son. We will again use the Montana beet as standard because we
consider it the best beet that we have analyzed and is the only one
that we have found entirely free from nitric nitrogen, though a
Fort Collins standard beet contained only 0.0009, a very small
amount. The following tabular statement presents the principal
features in the composition of these beets:
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Sugar ............. 18.240 13.200 12,100  8.600 10.900 10.200 12,200 10.400
Pure ash in beet... 0.491 0.942 1,122  1.327 0.941 1.064 1.149  1.425
Phosphoric acid... 0081 0039 0031 0034 0.048 0.027 0.016 0.028
Nitric nitrogen..... None 0.019 0,053 0.083  0.050 0.073  0.0561  0.087
Total nitrogen .... 0,105 0.245 0.233  0.345  0.259  0.307 0.345 0,340

Ratio proteid to

total nitrogen ... 53.000 22,460 18.730 14.280 19.080 19.900 19.900 17.210
Inj. ash per 100 sug. 1.670 5.629  7.930 13,433 17.156  9.042  8.245 12.049
Inj. nit. per 100 sug. 0.167 1.029 1.048 2.048 1.413 1.783 1.629 1.788

These results are identical in kind with those produced by the
sodic nitrate but much greater in degree, but not at all in proportion
to the amount by which the nitric acid in this soil exceeded that
applied in our experiments with the nitrate. We find that we
reached our maximum effect with 1,000 pounds of nitrate applied
in four portions. One thousand pounds nitrate applied per acre
would add but 83 p. p. m. of nitric nitrogen provided it were uni-
formly mixed with the surface six inches of soil which we here
consider as weighing 2,000,000 pounds. We have as a matter of
fact on 22 June, 70 p. p. m. in the top four inches of the soil in the
best part of this field, and 405 p. p. m. on this date in the worst por-
tion of the field taken to the same depth. The best portion of these
plots reaches a hight of 18 feet above the worst portion. The beets
from the first section of the check, the best section, have a composi-
tion very similar to that of those grown with 750 pounds of nitrate
applied in three portions which corresponds to 62.5 p. p. m. nitric
nitrogen, calculated on the top six inches of soil. We place these
results side by side that the similarity may be easily seen. The fig-
ures are all calculated on the fresh beet or on 100 of sugar.
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Beets Grown Beets Grown on
Montana with 750 Pounds BestPortion of
Beets Nitrate Bad Land

SUBAT vt ev e 18.240 13.400 13.200
Pureash .........oiiiinen.nn 0.491 0.822 0.942
Phosphoric acid .............. 0,081 0.036 0.039
Nitric nitrogen ............ ... None 0.041 0.019
Total nitrogen ................ 0.105 6.296 0.245
Ratio proteid to total nitrogen $3.600 16.920 22.460
Injurious ash per 100 sugar.... 1.670 4.781 5.629
Injuaricus nitrogen per 1060 sug. 0.167 1.292 1.029

This statement shows how similar these two samples are and
how widely they differ from the very excellent sample from Mon-
tana. It has already been conclusively shown that the poor quality
of the second sample given n this table was caused by the 7350
pounds of sodic nitrate applied to the beets in three portions, the
last application being made by the first of June. The results ob-
tained with those beets to which phosphoric acid in the form of
superphosphate was applied are worthy of careful consideration,
for tlie etfects produced are the reverse of what was anticipated and
the beets are very low in quality. These results are not quite con-
sonant with those observed in the case in which we used superphos-
phate alone in our series of fertilizer experiments but are more
nearly in harmony with the resuits obtained from its use in conjunc-
tion with the nitrates.

The beets grown with the application of various quantities of
Chile-saltpetre in 1910 and one sample grown on very bad land,
i. e., land very rich in nitrates, were treated in an experimental fac-
tory for the production of thick juices. This was done to deter-
mine whether the practical, technical results were the same as those
obtained on the large scale by various factories in the Valley. We
have stated the results obtained showing a depression of the real
coefficient of purity by 1.93 points.  The real coefhcient of purity of
the thick juice produced from the beets grown on very bad land was
$9.56, only a few points higher than the real coefficient of purity of
molasses.  The nitric nitrogen in these thick juices ranged from a
minimum of 0.05 to a maximum of 0.49 percent. These juices were
not boiled, in other words we did not actually determine the amount
of molasses produced or its composition. We did, however, exam-
ine in all 21 samples of molasses from various sources, 4 f{rom
Bohemia, 1 from California, 1 from Michigan and 15 from Colo-
rado. - The Colorado molasses are lower in total nitrogen than the
Bohemian and Michigan samples but very much higher in nitric
nitrogen.  The largest amount of nitric nitrogen found in the
Bohemian molasses was 0.0082 percent, while the largest amount
found in Colorado molasses was 0.400 percent. The nitric nitrogen
in Colorado molasses was lower in 1911 than in 1910 and it was a
matter of general comment that the juices worked much better in
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1911 than for years past. The Steffens waste-water is rich in
nitrates, a concentrated sample of this showed the presence of 0.61
percent nitric nitrogeg or practically 3.6 percent sodic nitrate.

The amount of nitric nitrogen in the soil of two beet fields was
determined on seven different dates during the season of 1911, each
field was divided into seven sections for the purpose of sampling
and the samples were taken to a depth of one foot. In one field the
minimum quantity was reached in August, in the other the maximum
was reached on the same date. The minimum found in any sample
from the first field was 2.5 parts nitric nitrogen per million of soil,
25 August, and the maximum 130 p. p. m., 27 June, the minimum
found in any sample from the second field was 3.1 p. p. m., 9 August,
and the maximum 333.0 p. p. m., 25 August. The sugar in the
Leets from the first field on 18 September was 16.2 percent, while it
was only 12.6 percent in those from the second field.

The results obtained with green-manuring appear to be encour-
aging, but there are a number of facts which we have observed
which indicate that the few results obtained with green-manure may
not have been due to it but to other conditions. We have, therefore,
laid but little stress upon the results thomgh the beets grown by this
method were of very good quality, sugar 17.3, pure ash 0.6987,
phosphoric acid 0.0743, nitric nitrogen 0.0014, total nitrogen 0.1527,
_ ratio proteid to total nitrogen 38.48, injurious nitrogen per 100
sugar 0.3471, and injurious ash per 100 sugar, 2.8743. This repre-
sents a very good beet compared with the average Colorado beets
heretofore presented. This subject is worthy of further study, the
work done is not sufficient to justify any conclusions.

It has been shown by Prof. Remy that beets appropriate about
three-fourths of all the nitrogen that they use in the months of June
and July. In our experiments with sodic nitrate in 1910, the maxi-
mum effect was produced by the application of 1,000 pounds, in four
portions. the last one having been applied 22 June or about the mid-
dle of the period of most active appropriation of nitrogen. Our
observations on the amount of nitric nitrogen in our soils indicate
the presence of large quantities much later in the season. In order
to study the effects of nitrates applied subsequent to this period of
most rapid appropriation, we made an experiment in duplicate in
1911, beginning 4 August. In 1910 our last application was made
27 July and it apparently produced but little effect in addition to
that produced by the application up to and including 22 June. The
points had in view in the 1911 experiments were whether an abund-
ant supply of nitrates during August and September would produce
any effect upon the composition of the beet. ~We applied during
August and September sodic nitrate corresponding to 750 pounds
per acre. We made four applications, the first one at the rate of 250
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and the subsequent ones at the rate of 125 pounds per acre. The
land used for these experiments was already abundantly supplied
with nitric nitrogen and the growth of the beets was luxuriant. The
effects of the nitrates applied became noticeable within a few days
and became more marked as the season advanced. The beets on the
&heck plots showed signs of ripening by 10 October, while those on
the nitre-plots remained entirely green. The beet tops on the nitre-
plots were bigger and had a deep green color up to the time when
they were killed by frost, 20 October. The average weight of the
beets was slightly increased as well as the ripening delayed.

The composition of the beets and leaves was determined at the
time of the first application of nitrate was made and every 14 days
thereafter till the beets were harvested 8 November. The last sam-
ple of leaves was taken 12 October because they were frozen on 20
October. The effect of the nitrate upon the composition of the
leaves was noticeable 18 August or 12 days after its application and
also upon the composition of the beets, the total nitrogen both in the
beets and in the press juice being higher than in those from the
check plots, the first sample of which complete analyses of both
leaves and beets were made was taken 12 October. The
leaves of the beets to which nitrate had been applied were still green,
while those on the check plots had just begun to show ripening. The
leaves were separated into blades and stems for the purpose of the
nitrogen determinations but the ash was prepared from the whole
leaf. 'The differences in the composition of the leaves on this date
are smaller than one would expect, especially as the check plots were
very evidently maturing while the others were not. The total nitro-
gen in the blades was not very different in the two samples and was
very nearly the same as it had been in the earlier samples. The
total nitrogen in the stems, petioles, on the other hand, was higher
than it had been in earlier samples, and was higher in those of the
beets that had received nitre than in those from the check plots.
The greatest differences were shown in the nitric nitrogen present.
The first samples of leaves which were divided into blades and stems
were taken 1 September. 'The blades in these samples showed the
presence of nitric nitrogen, those from the beets which had been
dressed with nitre approximately 5o percent more than those from
the check plots. The blades from the variety E R contained, on
this date, 1 Sept., 0.01060 and 0.00730 percent nitric nitrogen re-
spectivelv,  The next samples of leaves that were divided into
blades and stems were taken 28 Sept. The blades of the same
variety E R contained on this date 0.01289 and 0.0000 percent of
pitric nitrogen, in other words, the nitric nitrogen had entirely dis-
appeared from the blades of the leaves from the check plots. while
the amount in the blades of the others had increased. Each leaf,



176 THE COLORADO EXPERIMENT STATION

blade and stem was carefully wiped with a damyp cloth before final
sampling, so that the danger of external, mechanical contamination
was guarded against. The next and last samples of leaves for the
seascn was taken 12 Oct., when we obtained the following results:
E R 0.01208, E R check 0.0000 percent. The stems or petoiles for
the same variety & R and dates were as follows: 1 Sept. 0.06412
end 0.0373., 28 Sept. 0.08452 and 0.04744 and on 12 Oct. 0.04313
and 0.01956 percent. While the nitric nitrogen had been com-
pletely eliminated from the blades by 28 Sept. it remained very
abundant in the stems till 12 Oct., and was almost twice as abundant
in those of heets which had been treated with nitre as in those of
beets from the check plots. The nitric nitrogen present in the beets
on these dates was, 1 Sept. 0.02320 and 0.01925., 28 Sept. 0.02600
and 0.00069. and on 12 Oct. 0.01685 and 0.00503 percent, which for
the beets that had been treated with nitre and for the three dates is
about one-third of the amount found in the stems.

The final samples of beets in these experiments were taken 8
Nov., the leaves of course had been ruined for our purposes by the
freeze of 20 Oct. The results of the experiment may be stated as
follows: Chile-saltpetre applied at the rate of 750 pounds per acre in
four applications between 4 Aug. and 28 Sept., both dates included,
increased the average weight of the beets, and also that of the tops;
it decreased the percentage of sugar by one percent, it decreased the
dry substance in the beet by about one percent, it increased the pure
ash in the beet slightly, it decrcased the phosphoric acid in the pure
ash by about two percent and orpai-tly had the opposite effect upon
the phosphoric acid in the as!- of the leaves; it increased the nitric
nitrogen in the beet about twice, it increased the injurious nitrogen
per 100 sugar and the injurious ash to a slight extent, and also de-
pressed the ratio of the albumin to the total nitrogen. These are
wgain the specific points in which our Colorado beets show their
mferiority in comparison with the best beets. These experiments
not only establish more firmly the effects of the nitrates upon the
compositinn and quality of the beets but show that a development of
them quite late in the season may be decidedly injurious. The
effect upon the phosphoric acid contained in the pure ash or in the
beet is also fully corroborated. The season of 1911 produced the
best beets that we have had for several years and they worked ex-
ceptionally well in the factories; the piece of land on which these
heets were grown was as good as any that we have and the nitre
was applied late in the season, so that the effects of the amount of
nitre added are probably as small as we would ever be likely to ob-
tain. This view doe$ not rest solely upon the general report of
persons in charge of factories whose judgment alone ought to be
acceptable, but is also indicated by the properties of the heets grown
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on these plots without the addition of nitre as compared with those
produced by the same land in 1910, when the crop was 7 tons per
acre against a minimum of 20.8 tons in 1911.  The maximum sugar
content was 13.3 in 19I0 against 16.7 percent for 19IT.

Qur observations on the effects of leaf-spot in 1910 could not
be interpreted as showing any definite effect of this disease upon
the crop or quality of the beets. Many of the fields that were
severely attacked showed large yields and high percentages of sugar,
while other fields in the same districts which were much less severely
attacked showed a great variety of results. Assuming that the
effect of the leaf-spot upon the yield and quality of the beets is due
wholly to the destruction of the foliage we tried to imitate this ac-
tion by defoliating the beets rather late in the season to determine
the kind of changes that it would produce in the quality of the beets.
There is a fair quantity of data on the general effects of defoliation
scattered through the literature of the sugar beet, but nothing upon
its effects upon the composition and quality of the beet. \We defoli-
ated some beets on 6 Sept., a date at which the beets were already
well developed.  All the leaves were removed because we have seen
fields of beets so badly attacked by the leaf-spot that scarcely any
leaves at all were left, and though it was late in the season, our beets
were green and growing very rapidly. We had no leaves in this
case to examine so our investigations were confined to the roots.
The defoliated beets continued to increase in size. attaining weights
of 701 and 5o grams for the trimmed beets. The beets that de-
veloped normally were larger by 46 and 190 grams. The percent-
age of sugar in the defoliated beets was quite low, 14.2 and 13.2
percent. Sugar in the variety with 13.2 percent remain stationary
from the time of defoliation till harvest, the other variety increased
from 11.0 to 14.2 after defoliation. The total nitrogen in the beets
was materially lowered, normally developed beets contained 0.14832
and 0.14223, the defoliated ones 0.12408 and 0.11286 percent.
Neither the amount of pure ash nor that of the phosphoric acid was
affected; the injurious ash per 100 sugar was increased in one case
but not in the other; the injuricus nitrogen per 100 sugar was re-
duced in hoth cases, while the total nitrogen in the juice was also
reduced, the albumin nitrogen was reduced to a still greater extent,
so that the ratio of albumin to total nitrogen was depressed three
percent in one and six percent in the other. The nitric nitrogen in
the normally developed beets fell to 0.0082 and 0.00746 percent but
in the defoliated beets it remained nearly the same as at the time of
defoliation, being at the end of the season. 0.01367 and 0.01584 per-
cent, whereas at the time of defoliation the respective percentages
were: 0.01025 and 0.01670. The beets grown on the plots that
had received applications of nitrates had on 1 Sept. 0.02320 and
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0.02702, and on 8 Nov. 0.01871 and 0.01421 in these cases the
beets had, it is true, increased in size by 50 percent or more but the
decrease 1s greater than would be required by the increase in size
provided no changes had taken place in the nitric nitrogen in the
beets. In the normally developed beets without nitre, the nitric
nitrogen fell in this time from 0.01925 to 0.0082 and from 0.01670
t0 0.00746. It would seem that by removing the leaves we had
practically stopped the transformation of the nitric nitrogen in the
beet. The actual loss of nitric nitrogen over the apparent loss due
to increase in size is only 11 percent of the nitric nitrogen present at
the time of defoliation. It seems evident that the transformation
of the nitrates took place in the leaves. The nitric nitrogen in the
stems on 1 Sept., the earliest date on which we examined the blades
and stems separately was almost exactly five times as much as in
the blades, by 28 Sept. it had entirely disappeared from the blades
but persisted in the stems till 12 Oct., the latest date on which we
examined the leaves when we found in the stems of beets grown
without addition of nitre 0.01956 and 0.01797 for the two varieties
E R and Z R.

Defoliation produced big changes in the beets but the character
of these changes does not appear to be the same as those produced
by an excess of nitrates, nor do these beets have the characteristic
qualities of the beets grown on bad ground nor of the low quality
beets grown on good ground, see Analysis XX, in which we have
high percentages of pure ash, nitric nitrogen, total nitrogen, both
in the beets and in the press juice, the injurious ash and nitrogen
per 100 sugar are high, especially the injurious nitrogen, on the
other hand, the phosphoric acid i1s decidedly low, whereas in the de-
foliated beets it is quite high, i. e., for Colorado beets. The only
point that they really seem to have in common is a low percentage of
dry substance. These results greatly strengthen the conclusions at
which we arrived in 1910 relative to the problematical influence of
the leaf-spot upon the quality of the beets in the Arkansas Valley.
There 1s no question but that the destruction of the leaves even as
late as 1t Sept. is prejudicial to the beets in several ways, but the
composition of the beets is quite different from that of the poor beets
produced in the Valley even on good ground, which, on the other
hand, do have the composition and qualities of beets grown with an
excessive supply of nitrates. The leaf-spot disease is serious
enough and affects the crop prejudicially, if it is equivalent only to
defoliation, but it cannot be held accountable for the general deteri-
oration of the beets complained of throughout the Arkansas Valley.

A comparison of our beets with German beets shows them to
be of larger size and to contain less sugar, less dry substance, more
ash constituents, less total nitrogen, less proteid nitrogen, always
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some nitric nitrogen, often considerable quantities of it, more in-
jurious ash per 100 of sugar, more injurious nitrogen per 100 of
sugar, less phosphoric acid—wiich apparently correlates with the
presence of nitric nitrogen, more potassic oxid and very much less
calcic oxid, about one-half as much, though our soils are very rich in
calcic oxid carrying from 4.0 to 6.0 percent of it. Manganese is
always present in small quantities, from 0.02 to 0.50 percent of the
ash.

The deterioration that we have endeavored to study may be
summed up as consisting of a decided falling off in the percentage
of sugar and the production of unusual quantities of molasses.
These properties are often if not always accompanied by poor keep-
ing qualities.  The molasses produced are characterized by very
large amounts of nitric nitrogen. Our experiments demonstrate
that these properties in the beets are produced by nitrates applied to
the soil and that the beets so produced are identical in composition
with many, if not with the greater portion of the beets delivered to
the factories. Further, our investigations have proven that these
soils contain varying, often very large amounts of nitric acid or
nitrates, much larger than we have shown is necessary to produce
exceedingly poor beets. Further, our experiments show that while
the beet is probably most susceptible to the prejudicial effects of
larger amounts of nitrates in June and July an abundant supply in
August and September will affect the beets prejudicially.

Our conclusion is that the increased production of nitric nitro-
gen in our irrigated soils over large sections is the chief cause for
the deterioration of our beets.
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