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A STUDY OF ALFALFA AND SOME
OTHER HAYS,

Wn. P. HEADDEN. A M.. Pa.D.

The following pages are not intended as a continuation
of Bulletin No. 335, although in a certain sense they form a
part of that study. The work done on Bulletin No. 35, was
pndertaken with the view of examining the changes pro-
luced in the soil by continuous cropping to alfalfa, and, as
bublished, claims to be a record of the work done on the
ant—a study preliminary to that of the soil proper. We
ave been compelled, so far, to content ourselves with that
pork as published.  There arose some questions in connec-
bor: with that study which could not be discussed at the
hme, because our observations had not been extended
Enough, and we could not draw upon the results of observa-
fons still to be made.  We shall, therefore, be compelled
{0 connect portions of this bulletin rather closely with por-
tons of Bulletin No. 35. The object of this bulletin, how-
Ever, is to present a study of hays, more especially, hays
ade from leguminous plants—alfalfa, clover, and pease—
hough we shall discuss other hays to some extent.

We have attempted in this study to go beyond the
outine methods of such investigations and to contribute to
better interpretation of the data obtained by the old meth-
pls in terms of much narrower and more definitely studied
i'oups whose chemical composition, at least, if not their
keding value, is either already better known or susceptible
Idetermination. In regard fo their feeding value. too, we
£ina more rational basis for evaluation than has been pos-
ble under our old methods and conventionalities.
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There are many things in this bulletin which are only
tentative, but they are the best results which we have ob.
tained, and we give them as such without any apology ex.
cept that we regret that our investigations have not bees
pushed so far as we have desired to push them.

I have no doubt but that some intelligent critic, with
strongly utilitarian proclivities, will ask what value such
work may be to the farmer; and possibly add, to any ons
else? There may also be a goodly number, other than the
farmers and critics, who have but little sympathy with the
class of effort recorded in these pages. 1 am aware tha:
cattle will feed upon hay just as in the past and that the
feeders will probably pay little heed to questions of compu-
sition as given in the fuller analyses ; possibly but little more
than the average man does to the same questions expressed
in the terms of the analyses now in vogue. In spite of this,
there 1s a satisfaction in finding out, with some degree of
definiteness, what we mean by the old terms, such as nitro-
gen-free extract, crude fiber, etc. These have been useful
terms, very convenient ones, under which to include much
that we did not know about a fodder. If this line of work
has no other commendation, itis an attempt to find out how
much we do not know, and to which we have made no pre-
tense of knowledge, and also some of our misconceptions.

In the closing paragraphs of Bulletin No. 35, I called
attention to the variations in the composition of alfalfa hay
grown in different localities, and the analyses given covera
period of about ten years—1886-18¢6. It would seem thal
the analyses recorded in this period ought to represent with
a fair degree of accuracy the composition of the plant @
grown in this country: but there is such a wide range in 1is
composition that the suggestion is near at hand that the
variation in composition is due to climatic conditions, and
not to differences in the soils. We have extended our ob
servations to observe these effects, and not simply tow
crease the number of analyses of alfalfa, which seems tous
altogether useless. ]

It is true that there are variations in the climate of a lo-
cality from year to year; still the climatic conditions of 2
given locality are, in the main, quite constant in their ger
eral character, and we reduce the climatic effects to ths
minimum by making observations upon the plant grownit
the same locality, and, contrariwise, we gain information o
this very point by taking our samples from the same plote
ground. . ,
" Our samples of alfalfa hay showed, in comparison with
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samples from other states, a great uniformity in composi-
tion. The crude proteinin the first cutting hay had a range
of less than two per cent——from 14 to 15.9 per cent. These
samples represented hay made from alfalfa grown with and
alsn without irrigation; also such as had been grown upon
high land as well as that which had been grown upon low
land.  The crude fiber in these samples had a very much
greater range in percentage—from 32 to 40 per cent.—than
the crude proteids. This may have been partly due to a
less degree of sharpness in the method of determination,
but we judge it to be due to an actual difference in the sam-
ples. These are narrow limits when compared with those
shown by analyses representing different states, in which
we have, for the crude protein, a range of 14.6 per cent.—
from11.1 to 25.7 per cent.; and for the crude fiber, a range
of 24.5 per cent., or from 15.4 to 39.97 per cent.

In the second cutting again we find a narrow range, but
~wider than in the first cutting,  The extreme range for the
crude protein is 5.6 per cent., and, excluding an exceptional
sample with 18.47 per cent., this range becomes 3.5 per cent.
‘The crude fiber for this cutting has a range of about 12 per
cent—from 26.16 to 38.08 per cent.

The range for the proteidsin the third cutting is 3.5 per
cent, and for the crude fiber, 10 per cent. These samples
vere all of hay as put into the mow or stack.
 Astudy of the analyses published up to 1896, fails to
furnish any general composition for this fodder, and we
cannot discern any patent and adequate reason for this. In
the New Jersey Experiment Station Report, for 1886, the
owest amount given for crude protein was 16 per cent., and
the highest for crude fiber was 335 per cent.: as given in the
Report for 1888, eight samples are recorded : the lowest of
these in proteids has 15.24 per cent., and the highest in
%crude fiber has only 24.34 per cent. The same observations
are true of the Texas samples, except that we find a greater
difference between the highest and lowest in the case of
both of these constituents: for the proteids, from 13.31 to
2575 per cent., and for the crude fiber, from 16.64 to 34.23
percent. [f we take the published analyses of Colorado
samples we shall ind a like variation.
iven the most unfriendly critic of the methods or the
Oberators using them, cannot possibly explain these differ-
tnces by the weaknesses of either or both of these. In
order to obtain light upon this point, we have studied the
three cuttings of 1894, the first cutting of 1895, and the three
‘attings of 3896. The methods employed in the analyses
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and the operators during the period of these experiments
were the same, so the results are comparable, and are free
from divers personal equations. There is, it is eviden,
much even in these results which would be more satisfac.
tory if more uniform; still they show that this fodder,as
grown in this State, has a pretty uniform value.  The sea
son of 1896 was not a very favorable one, and we judge that
we have as great a variation, due to seasonal differences, as
we have reason to expect. The samples for 1896 were alf
taken from the same piece of land with one exception, and
this one differs so slightly from the others in composition
that it is fortunate, rather than otherwise, that 1t was ob-
tained from another locality.

Some of the samples of previous years were taken from
nearly the same ground as those of 18g6, so that they alo
have value indicative of how much alfalfa hay cut from the
same land may vary in chemical qualities from year to year.

Three samples of each cutting were taken, representing
different stages of maturity, regard being had to theirre
spective influences upon the quality of hay produced.

The results of the analyvses are as follows:

Air Dried Hay. I Thoroughly Dried Hay.
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Average..|7.17| 10.76|1.24| 15.12| 34.73
s
w1l 17.63) 27.47] $6.01] 2.858] 13.23] 1.78] 18.50! 28.75| 7.6 2

Coroing in bloom.[4.43] 12.70[1
2 | In half hloom....|9. 18| 11.34/1.50] 17.14] 24.27| 36.27; 2.743(] 12.53] 1.65] 15.94) 26.81 10.08 3
1.780 16.41| 27.11| 36.24] 2.625(] 10.84] 1.0} 17.94] 2064 3u.64 >

[

In full bloom....;8.56] ¢.91

Average .. |7.48| 11.32[1 66| 17.08| 26.28| 36 17| 2.742|| 12.22 1.78] 18.45| 28.38] 39.13 &
3 | Coming in bloom.[8.64| 12.241.72) 16.53] 24.30) 36.57 2. 645|| 13.30] 1.88( 13.00 26.5G] 40.04 -
3 | In half bloom....|7.43] 11.07[1.532| 15.51| 30.55] 33.92] 2.482|| 11,96, 1.6¢ 16.76] 33.00] 36.65 2
3 | In full bloom ....[R.36] 10.66(1.83] 15.59| 30.13] 33.38] 2.405/| 11.83 2.00| 17.01] 32.94] 36.37

Average..[8.14] 11.32(1.69| 15.88) 28.34; 34 62} 2.540]! 12.33' 1.84| 17.29 30.84| 37.76; &

The analyses of the first cutting agree with those 0
preceding years, but the series representing the second ctt
ting is not concordant with previously obtained results. The
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most marked deviations are in the higher amounts of crude
protein and in the lower percentages of crude fiber. The
third cutting is far more representative of the plants than
the samples of the previous years, because this set of sam-
ples of the third cutting is complete in itself. The samples,
too, represent the whole plant, without loss of leaves and
stems, cut in the very best condition. The third cutting of
1894. the only previous year in which samples of this cutting
were analyzed, was represented by samples of hay as it was
taken from the field.

There is, in the 1896 samples, a superiority in quality
over the samples of 1894. This is most marked 1n the third
cutting, but, as has just been stated, a portion of this differ-
ence may be attributed to the fact that the samples were
more nearly comparable to those of the other cuttings. The
crude protein is higher for each of the three cuttings and
the crude fiber is lower, while the nitrogen-free extract is
slightly higher, though not so much so as one, at first glance,
would think. .

The season of 1894 was favorable for the making of
heavy crops.  The first cutting was very heavy, the stems
were exceptionally stout, and the growing period was long.
These conditions were reversed in 18g6, and 1 am inclined
to attribute the differences observed almost wholly to this
cause. The second crop of 1896 grew quickly and resem-
bles in composition samples of the first cutting, cut on May
sth, 1895, rather than the other second cutting samples.
Both samples matured rapidly; they were both high in ash,
high in crude protein, and low in crude fiber. The first cut-
ting of 1895 (May s5th). is even higher in protein than the
second cutting of 1896, and quite as low in crude fiber. This
seems to me to indicate that the rate of maturing which, of
course, depends upon the seasonal influences, determines,
very largely, the composition of the hay produced. Itis
quite evident that a quickly maturing crop will probably be
less in quantity than a more slowly maturing one of the
same kind. In 1894 we collected samples from a variety of
soils to see whether any differences in the quality of the hay
were to be attributed to this cause. The results are in fa-
vor of an afhirmative answer, but in no very marked degree.
I speak of soils which have received no fertilizers. Itisa
demonstrated fact that these have an effect upon the qual-
ity of the hay, and [ have elsewhere noted the susceptibility
of the alfalfa plant to the direct application of manures. A
fertilized soil, or one naturally rich, which, under ordinary
couditions, 1s equivalent to a vigorous growth extended



over a longer period, tends to increase the percentages of
ash, protein, and crude fiber. In the second cutting of 1896,
the ash and protein are higch, but the crude fiber is low and
the crop was light.

The conditions obtaining later in the season of 18¢6,
were more nearly normal for our locality and the third cut-
ting grew for a longer period, matured more slowly, and,
while the proteids are high, we have an increase of about
six per cent. in the crude fiber of the later sample. There
is no such increase in the other series for this or for preced-
ing years. While there is in general an increase in the per-
centage of woody fiber, with the development of the plant,
we have found it neither so great nor so regular as is shown
in Bulletin No. §, of this station, and also by others. We
speak of the plant during the period in which it is fit for
making hay. In this instance, however, we have a decided
increase which, I believe, is fully accounted for by the ex-
planation offered, i. e., the season conditions which deter-
mine the rate at which the plant matures. If this view be
correct, it follows that the same piece of ground will pro-
duce hays of different qualities in different years even when
we take hays of the same cutting, and the total of these
seasonal influences is correctly indicated by the differences
in the composition of the respective samples. This influ-
ence seems to be large enough to determine the relative
desirableness of the different cuttings which, under ordi-
nary conditions, stand pretty close together. In speaking
of the crop of 1894, we state that the first and second cuttings
are about equal in value, so far as the proteids are con-
cerned,and subsequently we call attention to the fact that,if
we reject an entirely green sample because of its immatur-
ity, the results are then in favor of the second cutting. The
seasonal effects do not have to be very great to determine
which of the cuttings shall have the more desirable compo-
sttion.

The following table, presenting the averages for the re-
spective cuttings for the years 1894, 1895, and 1896, will
serve to make these differences plain and show that fora
given district there is a comparative constancy in the com-
position of this fodder. '

These averages, to which is appended averages forvthe
usual three cuttings, taken from Bulletin No. 48 of the Utah
Agricultural Experiment Station, which I have recalculated
tn a common water content of 7.5 per cent., instead of 12 per
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cent., to facilitate their comparison with our Colorado sam-

ples, are as follows :
é Source of Sample. gg E ;‘;: .SE ’9; g‘g
5 z° | =2 < | & &) 8] zE
1 1544 Laboratory samples........ ..... 4o 6.21 10.03 | 1.55 14.85 | 26.28 31.08
i i jEU] Farm department................ 3 7.59 11.19 |*3.54 14.92 28.10 34.61
11189 Laboratory samples ............. 4 6.49 10.61 | 1.50 15.13 34.03 32.24
111885 Laboratory samples........... ... 31 7.17 10.76 | 1.57 | 15.12 34,73 | 30.65
11 1896(7) 3 7.50 9.98 | 2.54 14.29 28.41 37.43
Average .. ................. 22 6.99 10.47 | 1.80 14.86 32.31 38.57
218494 Laboratory samples ... ......... 5 15.94 ] 1024141 14.43 34.15 33.73
1] 1894 Farm department................ 3 1805 1048 {1.53 | 13.99 | 31.97 33.48
[ARL Laboratory samples.............. 7491 1132 11.66 | 17.08 | 25.28 | 35.25
IRy Utah ..o 3 7.50 8,781 2.13 15.23 31.18 35.28
Average .........o...... ... 83 7.2¢ 10.21 | 1.68 15.18 36.90 34.79
3] 1894 Laboratory sumples.............. 2 | 5.03 9830 1.45 | 13.01 | 37.01| 32.74
51894 Farm department................ 3 15.63( 10.07 | 1.43 | 13.47 | 33.90 | 35.90
3 1848 Laboratory samples.... .. ...... 3 8.14 11.82 | 1.6¢ 15.88 28.34 34.62
VISOG(7) Utah.......oooooiiii i 3 7.50 8.58 | 1.73 11.95 32.79 3745
Average ..........oooill 11 6.80 9.95 | 1.58 13.81 32.98 34.90
* Not included in the average.
+Taken from Bulletin No. 48, Utah Expt. Sta., and recaleulated to a basis of 7.5 per cent.

Galature,

- We see from the preceding table that, for the first cut-
mg, representing three years and four soils, the composi-
tonis practically constant, the greatest variation being in
the percentage of crude tiber. This difference, however, is
?0 greater than may be found in different samples collected
om the same field on the same date. The results for the
‘tcond cuttings are not so uniform, and I think that we have
‘ere exhibited the maximum variation, which may reason-
ibly be attributed to differences in the seasons, amounting
0 three per cent. for the protein, and eight per cent. for
the crude fiber.

The averages for the third cuttings show the same irreg-
-arities that are observed in the second cuttings. My sam-
les for the season for 1896 are consonant with the general
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results in showing the second cutting to be, in point of com
position, the preferable one.  While these samples are t)
tarthest removed from the general averages, they differ
from these less than samples of the same cutting in any
year may differ from one another. I am convinced that thy
variation in the different cuttings from year to year is ded
pendent mostly upon the seasons, and is in no case very
large, very much smaller in fact, than I had supposed.

CHANGES IN COMPOSITION OF OLD HAY.

That fresh hay, 1. e., hay which has been 1n the mowo
stack from one to nine months, is preferable to hay whid
has been there for a longer time, is generally conceded
whether there is any good ground for the general belieto
not. The samples which we have used to study this ques
tion were prepared for analysis, put in glass bottles, an
from one to two years allowed to elapse between the tw
determinations. These samples were stored in a dark cup
board in a dry room which was as close an imitation of th
conditions prevailing in a mow as we could produce. Th
samples were air dried when put away, but they evidentl
changed in the amount of moisture present, as it was foun
necessary to redetermine the moisture in all of the sample
I expected that the crude protein would be most suscept
ble to changes, and therefore determined upon making
series of nitrogen determinations from which to judge
the amount of deterioration. We found that we wer
wholly wrong in our idea that the nitrogen would be th
most sensitive measure of any changes, at least for the co
ditions under which our samples were preserved. Itma
be noticed here that every sample had increased in th
amount of moisture contained; only one remained u
changed and this was the only sample which showed
diminution in the amount of nitrogen present.
changes, with this one exception, were all in the same d
rection—to an increase in the percentage of nitrogen.
examined seventeen samples and tound but one exceptd
to this rule. The bottles containing these samples we
stoppered and sealed with paraffin, so it would seem v¢
improbable that the whole seventeen should fail to keep?
the atmospheric moisture. We give the moisture detern
nations to show how marked this increase was and he
general the rule, there being only one pronounced exct
tion to it. The first column contains the figures represe!
ing the hay in 1894, and the second in 1890.
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If this increase of moisture had not been accompanied
by an increase in the percentage of nitrogen in the dry mat-
ter, I would have attributed it, in spite of the fact that the
bottles were sealed, to the absorption of moisture.
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In the above table the percentages are calculated on
the dry material. The two series, of course, represent the
same samples. There is no recrularlty in the amount of the
increase in case of either the water or the nitrogen.

This
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study 1s not suthiciently extended to justify fuller discussion,
buta study of my notes indicates that the samples cut in
early bloom have suffered the least change; also that the
change is less in one year than in two years. The last three
samples were only one vear old at the time the analyses
were made.

The increase in the percentage of water in the sample
and the increased percentage of nitrogen in the dry matter
seem to me to point to a transformation in the constituents
included under the term nitrogen-free extract. [t is cer-
tainly beyond question that the nitrogen cannot be in-
creased by absorption, and it is improbable that the material
which we class as crude fber will break down rapidly
epough to account for the formation of so much water,
some instances four per cent., especially when we remember
its ability to resist the action of dilute acids and alkalies.

QOur experiments indicate that there is no loss of the
proteids, but that chemical changes take place to a con-
siderable extent in some of the other constituents, probably
in those complex and less stable compounds grouped under
the head of nitrogen-free extract and frequently spoken of as
carbohydrates. The apparent increase of nitrogen is easily
accounted for by the elimination of water and probably of
other compounds also, as oxides or hydrides of carbon,

We have in the above explanation of our facts, [ think,
a full and satisfactory explanation of such facts as have
been observed relative to the saving of hay, for instance, by
putting it ina mow, in which case the loss of weight is much
less than when the hay is kept in the stack. Our applica-
tion of the observed facts would be, that, other things be-
ing equal, hay preserved in the stack is more freely exposed
to influences which promote these changes in the less stable
constituents of the hay: and the loss due to these changes
becomes noticeable.

[ understand that it is found almost impossible, in prac
tice. to feed out anywhere near the amount of hay for a ton
put in a stack, that is usual to feed out when the same
weight is put into a mow. Itis evident that some hays may
age very much faster than others, due to kind of hayfal-
falfa, clover, timothy, etc—also due to development at time
of cutting, manner of storing, and other conditions.

There is, perhaps, a suggestion in the figures represent:
ing the percentages of water found in 1896, that the sam
rles in 1304 did not really represent air dried hay and that
in the course of the intervening year and a half, or more.
they had really become such. This recejves support fron
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those samples prepared in 18g6, which have about the same
percentage of water. But this compels us to assert that
the sealing of the bottles was of no avail at all and disre-
gards the increase in the percentage of nitrogen in the dry
matter, which seems to us fully established. The differ-
ences cannot be attributed to the different methods of de-
termination, nor yet to the operator, as the same person,
my assistant, Mr. Ryan, made the two series of determina-
tions by the same method and always in duplicate.

While this subject may be more interesting to the in-
vestigator in the domain of agricultural science than to
the practical agriculturist, we regret having been unable to
pursue it to no greater extent.

ARTIFICIAL DIGESTION OIF ALFALIA TAY.

It is not our purpose to discuss the relative merits of ar-
tifictal compared with animal digestion, but if we confine
ourselves to the question of the pepsin digestion of the albu-
minoids, it is certainly more agreeable, more satisfactory in
that 1t can readily be apphed to a much larger range of
samples in a short time, and has the further adv antage that
the different samples can be subjected to the same conditions.
The commercial pepsin preparations may vary in quality
very greatly, but the pepsin can be tested before it is used
quite as eas1ly as any other chemical reagent.

We undertook the investigation to discover whether
there is any difference in the dwestlblllt) of the three cut-
tings of alfalfa hay or in alfalfa hay of different ages. The
\amples cmployed in this work were new hay, one-year-old
hay, and two-year-old hay. These terms, new hay, one-year-
old hay, and two-year-old hay, are to be understood intheir
ordinary sense, and not that a sample of alfalfa was made
nto hay and its digestibility determined forthwith, for such
was not the case. The samples were taken in the yvears of
1304, 1893, and 1806, and the determinations were made in
the last year.

THE METHOD.

We followed the method in general use-—digestion wit!
a dilute hydric chlorid solution of pepsin. After an ex-
tended series of experiments with coagulated egg albumen,
we adopted the following method as giving the best results.
Ve dissolved five grams Sof scale pepsin in one litre of two-
tenths per cent. h)duc chlorid and to five grams of alfalfz,
ground as fine as possible, we added 150 cc. of the pepsin sc-
ution, and digested it for eight hours at forty degrees C.,
ad(lmn during “the eight hours, 7 grams of hydric chlotid.



After the digestion was completed, the alfalfa remaining
was fitered off, washed free from chlorid, and the residual
nitrogen determined by Kjeldahl's method.

The period of eight hours was decided upon, because we
found in experimenting with the egg albumen that we ob-
tained a complete solution in this time and seldom in a
shorter period, and if we allowed it to stand longer a precipi-
tate began to form which was not very readily gotten into
solution again.  This method contains an error in that it
shows any soluble amids which may not be assimilated by
the animal as digestible.  As the amount of amids is quite
large in some of the samples, this may give rise to compara-
tively large errors. This error is not wholly eliminated in
the case of animal digestion. The amount of amids had
been previously determined in the samples of 18g4 and 1395.
They amounted to 10.85 per cent., for the first cutting, 19.93
per cent., for the second cutting, and 5.03 per cent. (one sam-
ple only) for the third cutting.  The amids were not deter-
mined in the samples for 13g6.  The co-efficients of diges-
tion obtained do not show any variation corresponding with
the amids found. The sample of second cutting in half
bloom shows a lower digestion co-efficient than the one fol-
lowing it in full bloom, and still lower than the one preced-
ing it 1n half bloom, and yet it contains amid nitrogen corre-
sponding to 29.47 per cent. of its crude protein. The others
contained much less nitrogen 1n this form, the amount cor-
responding to 18.84 per cent., and 17.82 per cent. of the crude
protein in the respective samples.

The co-efficients of digestion for the proteids in alfalfa,
as determined by animal digestion, are as follows:

In green alfalfa, 78-83; mean of six trials, 81.

Carefully dried alfalfa, 70-83; mean of six trials, So.

Alfalfa hay, early bloom, best quality, 71-83; mean ol
twenty-six trials, 76.

Alfalfa hay, full bloom, 66-73; mean of ten trials, 68.

Alfalfa hay, carefully dried, 78; mean of two trials, 78

Alfalfa hay as given in Colorado Bulletin No. 8, 77.

Alfalfa hay as given by N. Y. Exp. Sta., 60. _

Considering these seven averages, we observe that hve
of them fall between 76 and S1 per cent.

The only statements that I recall to have seen conceri-
ing the relative efficiency of animal and pepsin digestion s
to the effect that the pepsin is rather higher, usually dis-
solving from 2 to 6 per cent. more of the crude protein than
istaken up by the animal. If we take the average of the
fve most nearly agreeing means, given above, we obtain 754



or the co-efficient of digestibility for crude protein in al-
zlfa hay, or 75.6, if we include all the means given. Itseems
robable that the five closely agreeing ones are nearer to
§he truth than the two whose average is ten per cent. below
he average of the five,and 1 take it that the 75.6 1> a less

epresentative co- efficient than the 78.4.

he three cuttings of 18g6.

We record in the following table the results obtained
by pepsin, or artificial digestion, of the first,
third cuttings of the year 1894 the first cutting of 1895, and

second, and

ARTIF ILIAI DIGESTION OF PROTEIDS IN ALFALFA HAY.
Condition at Tirme of Cutting. g :fn,gf | ii 3 ;30
ECHIECI
& |22 2 |3S%
Samples gathered in 184 —
1] Plantsnotin bloom..........ooo0 ooeiio oo | 2,878 0.574 1 2.304 | 80.07
11 Plantsnotinbloom ... o] 2182 0420 1.712 ] 80.30
L Plants in haldf bloom.... oo o 2,504 1 G520 0 1984 | 79.30
1 Plants in fall bloom.. ... ... o] 2089 0.ng0 | 2399 | 80.26
! Plants in fell bloow............ .. 2770 | 0.522 2.248 | 81.15
; Il Plants in earlyseed. ... 3051 | 06431 2.408 | 78.92
l 1| Plantsin full seed............................. 0 2500 0585 | 1.905 ] 76.02
21 Plants comingin bloom ... ... ... .. ... ... 301 052!l 2515 82.81
24 Plants in half bloom........o.o.oo ] 26571 0542 2,115 | 79.60
217 Plantsin fall bloom.........ooooooo b 2621 0502 | 2125 | s0.89
i 2] Plantsin fall bloom..... ..... 2382 | 0.495 7 1.887 | 79.18
2] Hay, College farm... ... ... 1912 | 0514 | 2.308 | 8260
1. | Bamples gathered in 18495-—
. 1 Plantsin full bloom.. 2588 | 04981 2089 | §0.72
) 1‘ Plants in full bloom.................................1 2702 0508 2194 | 81.20
. U Tlants in full bloom......... 2.650 | 0.510 | 2.170 | 80.97
| 1 Plants in fall bloom.. 2657 | 0.540 | 2117 | 79.68
‘; 3amples gathered in 1896 -
U Plants coming in bloom . ... .. ... .| 262¢| 0380 2 o044 77.89
LU Vlants in half bloom ... 2514 | 0512 | 2002 | 79.60
LU Plantsin full bloom.... | zes| oams| 280 siee
*. Plants coming in bloom ... ... .. 200 | 06564 | 2,326 | 77.79
| 8 Plants jn half bloom. .. ... ... 3032 | 0.664 | 2.358 | 78.10
. Plants in fall bloom ... ... ... .1 280 0.5 2.311 | 80.87
Plants coming in bloon: e i e . T894 0635 0 22591 78 uB
Plants in half bloom. ................ ... ... .| 2.68| 0567 2.114 78.83
"1 Plants in fall bloom.... ... ... 29 0.596 | 2126 { 78.15




[t is observable throughout the series that the sample
in full bloom have a slightly higher co-efficient than th
other cuttings with only one exception, which is in favorc
a very early cutting. The third cutting hay (No. 12) is nc
an exception, as the plants were near or at full bloom whe
cut.

We have already given the average co-efhcient of 4
falfa hay of all kinds, determined by animal digestion,a
78.4. The highest and lowest individual results in the ey
periments which we have accepted as most representativ
are far apart, ranging from 70 to 83, a maximum differenc
of 13 per cent. of the proteids. The maximum difference ii
our series, debarring No. 7, because it was too ripe for hay
1s five per cent. of the proteids, or, including all samples, |
1s approximately ten per cent. of the proteids. The co-eth
cients given by cuttings are as follows: For 1894, first cut
ting, 79.43; second cutting, S80.62; third cutting, 82.69; fo
1895, first cutting, 80.64; for 1896, first cutting, 80.14 ; second
cutting, 78.81 ; third cutting, 78.85.  The average for all the
cuttings, made in the three years, is 79.79, which is in excel
lent agreement with the results obtained by animal diges
tion.

The results taken by years are as follows: For 18
hay two years old, 8o.91; tor 1895, hay one year old, Q0.4
for 1896, new hay, 79.27. from which it is clearly apparen
that the proteids have not lost any of their digestibility.
and from this standpoint hay which is one or even tw
years old, is quite as good as new hay. The nitrogen de
terminations given on page 11 show a relative increase d
nitrogen, so that whatever changes take place in hay in the
mow, during the course of one or two years, they do not
cause any deterioration in either the amount or digestibility
of the proteids. The importance of this wiil be more ay
parent to the average feeder when he considers that th
proteids make up between 1-7 and 1-6 of the total weight o
the hav, and that in value it is equal to over one-third of the
hay. This is based upon two and three-tenths cents nef
pound for proteids, one and fourteen-hundreths cents pd
pound for fats, and ninety-four hundreths cent per pounl
for crude fiber and nitrogen-free extract. (Conn. Iixp. St
1893.)

PENTOSANS,
It has been customary until very recently, and 1s st

the general practice, to divide the food elements of plat
into the four groups. fats, crude fiber, nitrogen-free extred
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and crude protein. We have known how to divide the pro-
tein into two classes of nitrogen compounds, which are
probably of very unequal value as food constituents, and,
while we have been accustomed to speak of nitrogen-free
extract, as though it had some definite individual character,
we have done so with the understanding that it included
gums, starch, sugar, etc., etc., and the same has been the
case with the term crude fiber. We know that it contains
cellulose and other allied compounds which differ from one
another in composition, and probably to even a greater ex-
tent in their physiological value. Several of these com-
pounds give, under similar treatment, a characteristic pro-
duct which becomes the measure of the amount of them
present.  While it is exceedingly improbable that there is
in the hays, to be mentioned later, only one furfurol-yield-
ing complex, I have, for the sake of greater simplicity, cal-
culated the results obtained in terms of xylan, as this i1s
probably the predominating group yielding the furfurol.
These substances are given in the present prevailing
method of stating fodder analyses, partly as crude fiber and
partly as nitrogen-free extract. The former, according to
our results, contains from one-half to three-fourths of them
and the latter the rest.  We frequently speak of the nitro-
ven-free extract as almost equivalent to carbohydrates
soluble in water: this custom has the merit of easy expres-
sion and convenience. It is not our province to determine
the relation of these constituents to the economy of the
plant, and it does not effect our object in the least to deter-
mine this, but simply to determine the quantity of them
present. It seems highly probable that, as they are more
reactive than the celluloses proper, they play a more impor-
tant part in the nutrition of animals than these, but are in-
ferior to the carbohydrates proper.

We have followed in our furfurol determinations the
method as laid down by the Association of Official Agricul-
tural Chemists, except that we dissolved the hydrazone in
ether alcohol.

The samples of alfalfa hay used in these determina-
tions were the same samples of which fodder analyses have
been given in Bulletin No. 35 and in the early part of this
bulletin. The results in the following table are calculated
on dry matter. The crude fiber found in these samples
s also given,
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XYLAN IN ALFALFA HAY.

No. | Cat- Condition of Plants. Xylan. Crude
o ting. Fiber.
Samples gathered in 1844-—
1 1 Plants not in bloom .................. 9.4 3704
2 1 Plants in full bloom .. ... ... ... 9.86 3550
3 1 Plants in foll bloom.. ... 10.94 42.7%
4 1 Plants in earlyseed. ................ ... 18.97 10,13
5 1 Plantsin full seed...............coiiii i 14.42 488K
6 2 Plants coming in bloom....... ... o 14.03 3403
7 2 Plantsin half bloom............ ... ..o 12.43 3414
8 2 Plants in half bloom................. ... 14.50 3948
) 2 Plantsin full bloom............ooo 12.48 39 .64
1) 3 Hay, from College farm.... ..........ccooiv i iiiinn . n. 10.54 34,36
1 3 Hay, from Rocky Ford . ................ ... . ... . 12.34 M.
Samples gathored in 1896—
12 1 Plants coming in bloom.. ... .. ... 14.24 Rt
13 1 Plants in half bloom ............ ...... 11 oy 3561
14 1 _Plantsiufull bloom ... i 9.12 37.24
15 2 ) Plantscomingin bloom ..., ... ... S8R IR
18 2 i Plantsin half bloom........ ... ... 910 2681
17 2 Plants in full bloom ... ... o 11.01 24,64
18 3 l Plants coming in bloom ... ... ... ..o .11 26.54
14 3 Plantsin half bloom.. .. ... ... 11.76 13,00
20 3 Plants in fall bloom ... ..o i 12.91 32,94
j Parts of Plants—
21 3 3 Leaves ................ ) Q24 13.00
22 3 } Upper partof stems....... ... ...l 13.32
2 13 1 Lower part of 8tems ... ... e 11.25
| Crude Fiber- -
24 3 From theleaves. ........ ... ... ... .. ... ... 12.73
25 3 ! From the upper part of the stems ........ ... ................ 13 .46
26 3 ‘ ¥rom the lower part of thestems ... ........ ............... 15. 41 3307
i I

The percentage of crude fiber is given in the frst
twenty analyses to show that there is no constant relation
between it and the xylan in the whole hay. This becomes
more apparent when we examine the results of 24, 25, and
26. [f we calculate the xylan found in 24, to percentage of
the total xylan in the original sample, assuming thirteen
per cent., as the average for crude tiber in leaves, we find i



corresponding to 17.69 per cent. And in like manner for 25
and 26, assuming 33.07 per cent., as the percentage ot
crude fiber in the stems we find the xylan in 25 corre-
sponding to 33.33 per cent. of the xylan in their original
sample and in 26 it amounts to 45.29 per cent. The method
of preparation of the crude hHber was not the same in
each case and these samples are not strictly comparable as
far asthe method affects the question.

If we express these results in the more direct manner
of stating the percentage of the total xylan removed by the
successive digestions with sulphuric acid and caustic soda, we
find that in the case of the leaves $2. 31 per cent. of the \ylan
was-removed ; in the upper part of the stems, the small
ends, we have 66.66 per cent. removed, and in the lower and
more woody part we find that 54.71 per cent. has been re-
moved. While it may not be rigorously correct that the
amount of those substances which yield the furfurol are
proportional to the furfurol obtained, it may be assumed to
be true for the aggregate which we have in hay, and an ex-
amination of the percentages of xylan shows that they, like
the proteids, depend probably not so much upon differences
of seil, as upon seasonal differences. Taking the three cut-
tings of 1396, the second and third show an increase in the
xylan as the plant matures, but the frst cutting shows the
opposite. The samples collected in 1894 are equally indefi-
nite. We are, however, justified by analyses 21 to 26, in
concluding that there are several complexes present which
yield furfurol, and they offer different degrees of resistance
to the alternate action of acids and alkalies. The com-
plexes yielding more readily to the action of these agents
predominate in the leaves, forming nearly nine-tenths of
the whole amount, whereas in the stems they form only
about one-half.
~ Analyses to be given subsequently indicate that there
isstill another distinction, for some of them are removed by
extraction with alcohol and water, while others are not.
The conditions, under which the work recorded in these
paragraphs was made, were as uniform as possible, for it is
evident that thisis necessary in order that our results shall
have the same significance.

COMPARISON OF LEGUMINOUS 1IAYS BY NEW METHODS,

. It has long been felt that our methods of fodder analy-
sisleave much to be desired, and, while they are very help-
ulin forming a judgment of the value of a hay, they have

not been conclusive. 1 do not claim that the present effort



leads to much more satisfactory conclusions, but it is ap
effort to get a more definite and detailed view of the com.
ponents of hay. Heretofore we have been accustomed to
speak of carbohydrates and water soluble substances as
though starch, sugar, etc., were present in abundance. We
may not be able to show what the substances are which we
have been calling by these names, but we can show how
much sugar and starch are present and that we must find
some other names for the rest. Asan example of the in-
adequacy of a fodder analysis to enable us to judge of the
value of a grass as a fodder plant. [ may cite the case of
Stipa viridula var. robusta. My attention was called to this
grass by Professor C. 5.'Crandall, who requested me to an-
alyze it.  The grass is one familiar to people of the Wesl,
growing in bunches among the foothills. For comparison
we give an analysis of a hay taken from the Year Book of
the Department of Agriculture for 1894 :

Hay, mixed grasses, Stipa

and clover. viridula.

Per cent. Per cent.
Water.............. L. 13.20 5.53
Ash.o oo 4.40 5.76
Protein ................... ... 5.Q0 S.91
Fiber.........................29.00 39.60
Nitrogen-free extract.......... 45.00 38,29
Fat........ P 2.50 1.96

The analysis of the hay is an average analysis, while
that of the Stipa is a single analysis of a small sample;but
it suffices to show that hay made from this grass ought to be
preferable to a mixed hay, thatis the average artiqle, but
cattle will not eat the Stipa, and horses feed on it with
great moderation. The analysis is correct in regard to the
composition of the fodder, but stock do not like 1t, and hay
which animals will not eat, except when driven to it by ex
cessive hunger, does not answer the purposes of a hrst-clafﬁ
todder, however good an analysis may show it to be. We
have a parallel in the composition of our native hays andol
alfalfa. All stock, so far as I know, eat alfalfa greedily
and its analysis shows it to be an excellent fodder for ger
eral purposes, and yet it possesses qualities which makeit
in general estimation, a poor fodder for work or ro
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horses, and 1t sells in the market at about one-half the price
of native hay.

It is not probable that chemical analyses will ever be
able to discover these properties which are, partly at least,
physiological ; still we may yet learn more about the subject
and become able to form a better judgment than we canat
present.

In the following I have endeavored to obtain a better
knowledge of the hays made from alfalfa, clover, the field
pea, and native hay.

For the methods followed I am indebted mostly to the
work of Cross and Bevan, but I have also drawn upon what-
ever literature has been accessible to me.

The process of analysis is almost identical with that
proposed by Professor Stone, i. e., successive extraction
with boiling alcohol, cold water, diastase, boiling dilute acid,
boiling dilute alkali, and treatment of the residual fiber
with chlorin. The reducing power of the products of hy-
drolysis were determined by means of Fehling’s solution
and estimation of the copper by means of potassic cyanid
solution.  The chief difficulties arose from the large
amounts of coloring compounds presents in some of the ex-
tracts. The reducing power of some of these solutions was
diminished by treating them with basic lead acetate, though
Icould find no sugar in the precipitate.

The preparation of the sample of hay for this process is
of considerable importance. If there are larger pieces of
stems, it is difficult to free the cellulose from lignones and
the cellulose will give the phloroglucin-hydrochloric acid
reaction. | found this markedly the case with alfalfa,
clover, and the pea vines, but not so with the native hay. If
the sample is ground to a uniformly fine powder this is not
the case, and the cellulose will not react with the phlo-
roglucin solution.  That thisis the correct explanation of
thf; cause of the reaction, and that it is not due to the ina-
bility of the chlorin to remove the lignone groups. is clearly
observable when the reaction is watched under the micro-
scope. The small pieces will remain uncolored, and the
large ones will be observed to have an outer uncolored por-
tion inclosing a colored nucleus.

The alfalfa selected for this analysis was a sample of
new hay made from plants coming into bloom.

The following are the results obtained :



Per cent.
Invert sugar....... . ... ... ... ... ... ... none
SUugar ... trace
Dextrin ... .. trace
Starch. ... ... .. 1.11
Xylan, inverted by dilute acid ........ ... 3.76
Nylan, soluble in alkalisolution......... 0.15
Lignones, rendered soluble by chlorin.... 6.66
Cellulose ... ... ... ... . ... ... . 25.59
Motsture. ... ... ... ... . i3
Ash oo o 9.81
Ether extract............ . .. ... ... .. ... 1.15
Proteids ......... ... . ... ... ... ... .. ... . 15.16
Soluble in alcohol.... ... ... .. ... ... .. 13.87
Soluble in water (starch, etc., deducted) .171.88
Not determined. ... ... ... ... ......... 3.65

100.00

The substances dissolved by water are only partly pre-
cipitated upon the addition of a large excess of alcohol.
The amount precipitated was S.2 per cent. of the sample. It
did not prove to be dextrin.  This caused me some trouble
and I increased the amount of hydric chlorid used in invert-
ing and increased the time of heating, at the temperature of
boiling water, to one and a half and even to two hours. |
did the same with the starch solution. .

A portion of the sample was extracted successively with
93 per cent. alcohol and cold water—two grams of the sam-
ple, 24 c. ¢. alcohol, and subsequently 40 c. c. cold water—
the residue was washed with cold water and the remaining
nitrogen determined. We found 1.554 per cent., calculated
on the air dried substance; whereas the total nitrogen was
equal to 2.426 per cent., a difference of .672 per cent., which
is over 27 per cent. of the totalnitrogen. Thisis rather more
than we have found 1n any sample in the form of amid ait-
rogen ; but inasmuch as some samples have furnished nearly
as much as this, we are led to believe that it is the amids,.
principally if not wholly, which are soluble in water: There
ts in this no oxidation and fermentation such as take place
in the weathering of hay, and the two processes are not
equivalent, though they may be similar to some extent.

The crude fiber contained, in this instance, .33 per cent.
nitrogen, or, roughly calculated on air dried hay, about .1I
per cent. This was neglected in the further calculations.
Of the crude fber itself 78.96 per cent. was cellulose, and
21.04 per cent. was lignones.
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The sample of clover hay was two years old. The
plants were cut when the heads were half turned, and the
whole plant was cured without the loss of any leaves or
stems. The sample, as judged by physical properties, is
somewhat above the average of clover hay in quality. The
ordinary fodder analysis of this sample was,forthe drymatter:

Per cent.

Ash oo 10163
Ether extract........................... 2.07
Crude protein.......................... 11.18
Crude fiber............ ... ... ... ..... 30.52
Nitrogen-free extract.................. 42.60
Total ... ... ... 100.00

The average percentage of nitrogen, as determined in
the fresh sample, was 2.268, and two years later it was 2.287.
There is no apparent change in the nitrogen content caused
by its aging.

The co-efficient of digestion, as determined by pegsin
solution, was found to be 76.43 per cent., which is rather
higher than the maximum for red clover hay, 71, and even
higher than that of the green clover, 76. This hay was going
on three years old at the time the determination was made.

The amount of xylan found was 16.54 per cent., which
ismaterially more than the maximum found in alfalfa hay.
The average nitrogen-free extract in alfalfa hay is close to

2 per cent., while the clover has 43 per cent.; and it seems
probable that the excessive xylan found in the clover, owes
itsorigin to the non-fibrous celluloses included in the nitrogen
tiree extract. The fuller analysis of the sample was as follows:

Per cent.
Invert sugar...... . ... ... .. 1.33
SUGAL . ot i 0.21
Dextrin. ... ... . . i 4.03
Starch . ... ... 0.76
Xylan, inverted by dilute acid. ... ..... .. 4.03
Xylan, soluble in alkali solution....... .. 0.72
Lignones, soluble by chlorin.......... . . 4.99
Cellulose ............... ... .......... 18.70
Motsture ... ... 5.36
Ash ..o 10.17
Ether extract............ ... ... ... ... 1.88
Proteids ....... .. ... .. ... ... ... ... 13.143

Soluble in alcohol, sugar, etc., deducted( ; _
Soluble in water, dextrin, etc.. deducted | 2939
Not determined . ... ... ... ... ........ 4.80




The total loss upon successive extraction with g5 per
cent. alcohol, cold water, and then hot water, was 37.8 per
cent. Theamount extracted from alfalfa hay was, in round
numbers, 28 per cent. [ did not in this case determine the
amount of nitrogen removed by the extractions.

The crude fhber in this case contained 77.88 per cent.
cellulose, and 22.12 per cent. of lignones; practically identi-
cal with the composition of the crude fiber prepared from
alfalfa.

The nitrogen-free extract, however, differs both quan-
titatively and qualitatively from that of the alfalfa. To
what extent this difference is due to the difference in the
development of the plants at the time the samples were cut,
would be interesting to know. The absence of the sugars
in the alfalfa sample and their presence in the clover may
be wholly attributable to this. Alfalfa is our principal
hoiiey plant and yet this sample which was just coming into
bloom yields only traces of the sugars.  That they are sub-
quently present cannot be doubted; but whether they are
ever present in sufficient quantity to constitute more than
a fraction of one per cent. of the hay is a question.

PEA-VINE HAY.

As the quantity of pea-vine hay made in this state ag-
gregates a large amount, I shall, at the risk of digressing
too much, give a brief presentation of it in comparison with
the other hays, particularly in comparison with alfalfa and
clover hays. The variety of pease here dealt with, is what
is designated the Mexican pea. It is a strong grower and
quite prolific. I am indebted to Mr. James A. Kelley, of
Monte Vista, Colorado, for one of the samples of hay and
to Mr. R. E. Trimble for the other. Both samples are from
the San Luis valley, where the pea-vine hay, to a certain
extent, takes the place of alfalfa and clover hay of this por-
tion of the state.

I am informed by Mr. Kelley that experiments in feed-
ing pea-vine hay to horses, steers, and sheep have given
very satisfactory results, especially so with sheep. Mr. Kel-
ley’s statements of its effects upon horses indicate that they
are similar to those of alfaifa, but are much milder and he
makes no mention of its producing any cough or the
heaves. This hay even when cut, after many of the pease
have ripened, is an acceptable fodder to cattle and one on
which they do well.

The sample furnished by Mr. Kelley was in perfect
condition ; the plants were almost at full bloom at the time



of cutting, and the pods had merely formed in the older
bloom. The leaves were well preserved. The sample ob-
tained for me, by Mr. Trimble, was of hay cut when the
plants were quite mature and a goodly number of the pease
were ripe. The hay, however, was in good condition. The
samples were ground to a coarse powder, from which
smaller samples were prepared for analysis.

COMPOSITION OF PEA-VINLE HAY.

[y
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Cut at time of full bloom............... | 5.871 | 11.273 | 3.200 | 20.200 | 26 428 ’ 20.028
Waterfree. ..............cooiiin oo 11,977 1 3,398 | 21.460 | 31.264 | 41,401
Cut whenin fuall pod.......... ......... | 6.028 | 7.135 1.834Y | 16.581 | 20.013 1 38.404
. i
Waterfree............. ..o oo T892 1.957 | 17.645 | 31.038 | 40.888
i |

We give, in the subjoined table, analyses of pea-vine
ensilage, first cutting alfalfa, and clover hay. The analyses
of the ensilage and clover hay are reproduced from Bulle-
tin No. 35.
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Pea-vine cusilage ... ... ... ...l | 4710 | 14,910 1 3.240 | 10.950 I 30.060 35.130 7 1.752
I : .
Water frec .........oooooois oo o 15,630 | 3.400 | 11,300 | 31.390 ' 38,540 | 1.839
|
Alfalfa, average of first cutting...... .. $.210 | 10.030 1.530 | 14.850 ! 36.2580  51.0%0 2.378
|
Waterfree ............oo L Lo 10.684 1.653 | 15.833 | BR.6%2 43,138 2.533
|
{'lover hay, water free 10630 | 2.070 | 14.180 l 30.520  42.6800 |........

297 pounds, while the pea-vine hay, cut in full bloom, con-
tains jo4 pounds per ton; and it is only a little higher than
the clover hay in crude fiber.  We also observe a decrease
in the ash constituents and the proteids with the ripening
of the plant, so that the pea-vine hay forms no exception to
this rule

It will be noticed that it removes a large amount of ash.
the hay containing an average of 9.204 per cent. of ash or
mineral matter.



These ashes were submitted to analysis and the results
are given below, together with an analysis of an alfalfa ash
made from plants of first cutting, full bloom.

The composition of these ashes is as follows:

’

Pea Vines | Pea Vines Alfalfa

o full Il)llloom. fullmpod. full ll;l]oom.
€arbon. ..o o Trace Trace 0.112
Sand ..o 5.033 1.524 0.82¢
Silicie acid.......ooooo 2.620 3.203 0.881
Phosphoric acid .............. ... ... 6.726 7.0%0 5.984
Sulphuricacid ............. .. 4.767 2.620 5.608
Carbonic actd. .......oviiii i e 18.825 21.453 23.730
CRIOTin .. oo e 6.231 3.765 8,300
Calefc oxid.... ..o 11.614 16,630 27.620
Magnesic oxid .........ooo i 3.6569 4,192 3,798
Ferric oxid......ooooiiiiiiiiiii 0.654 J 0.560 0.269
Aluminic oxid ...oooon 0.366 ! 0,545 0.089
Manganic oxid, brown.... ... ... ... 0.262 } 0.560 0.168
Potassic oxid,potash.............o ] 316 30,917 24,200
Sodic oxid, 808 ...euii e 1365 | 3.620 0.943
Moisture ............... .. o oo Notdetd 0.856 0.000
SUIML ..o 100.862 100,939 102.021
Less oxygen, equivalent to chlorin................... 1.188 0.855 1.920

Total oo 49.614 100.084 100 101-

These results show that the pea is a still heavier feeder,
particularly upon phosphoric acid and ;potash, than the
alfalfa plant, which, in the aggregate, removes very large
quantities of these substances. The phosphoric acid in the
alfalfa ash is quite the maximum found in fifteen samples
prepared from alfalfa hay, but is less than that in the ashes
of the nea vines.  On the other hand, the sum of the lime
and magnesia in the ashes of the pea vines is onlyfrom one-
half to two-thirds of the amount found in the various sam-
ples of alfalfa ashes. The ashes of the pea vines compare
with those of red clover in the same sense and almost in the
same degree as with those of the alfalfa. In regard to the
total nitrogen in the plant, it will be observed that the pea
vines contain materially more of it than alfalfa does.  lor
the purposes of green manuring, they are easily and quickly
enough grown to deserve the attention of our ranchmen.
They will serve admirably to add organic matter and nitro-



gen to the soil and to render other plant food more avail-
able.

CRUDE FIBER AND NITROGEN-FREE EXTRACT.
Our subsequent analyses of these samples, of pea-vine
hay, with the object of getting more definite information

concerning the composition of the crude fiber and the nitro-
cen-free extract, resulted as follows:

1n full bloom. Infull pod.

Per cent. Per cent.
Invert sugar ................ 0.000 .000
Canesugar.................. 0.000 050%
Dextrin..................... 0.738 705
Starch ...................... 0.000 53

Xylan, inverted by dilute acid. 3.157

A= L0 O w 0w O
1
Ne)
N

Xylan, soluble in alkali solut’'n 0.816 659
Lignones, soluble by chlorin.. 6.466 I
Cellulose ... ............... 1S.646 1S8.199
Moisture. .. ................. 5.871 028
Ash .o 11.273 135
Ether extract ............... 3.200 S39
Proteids ............... .....20.200 16. 581
Soluble in alcohol ! 28 4% hz 8
Soluble in water § "~~~ 7 -345 25.841%
Not determined............. 1.258 .000

100.000 I100.100

I was quite surprised at the absence of starch in the
sample in full bloom, but no more so than at the small
amount of this substance in the alfalfa and the very small
amount in the clover hay. The result for the alfalfa is en-
tirely consonant with the results of the following experi-
ment: A portion of the alfalfa was digested with alcohol
and subsequently with cold water, to remove as much of
the coloring matter and extractives as possible and then
examined under the microscope, at last with the addition
of a solution of iodin in potassic iodid, the reaction with
the lignocelluloses was very strong, and if there was any
reaction for starch it was entirely masked. [ at no time
succeeding in obtaining a satisfactory test for starch in this
manner, though some of the tests might have been inter-
Preted as showing its presence, and I think this interpreta-
ton 1s correct; but it was not clear enough at any time to
ndicate a large percentage of starch, even after boiling

‘A second determination gave 2.4 per cent. T Sugar. dextrin, ete., deducted,
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the sample with water. The extract of this sample of pea
vines obtained by first boiling it, after having previously
freed it from gums and fats, with fifty times its weight of
water for an hour and a half, subsequently digesting with
diastase for two hours at 55-60 degreesand inverting with
10 c. c. of concentrated hydric chlorid at a temperature of
0o-95 degrees, failed to give any more sugar than was
added with the diastase though tested three times.

That starch should be found in the other sample is in
accord with the condition of the plant at the time of cut:
ting, i. e., in full pod with many ripe pease. The large per-
centage of lignones in the crude fiber of the hay made
from the maturer vines may be due to the relatively large
quantity of pods in the sample and suggests a great differ-
ence in the quality of the samples.

The pea-vine hay made from the less mature vines
resembles the alfalfa samples not only in the amount of
lignones present in the crude fiber, but also in the amount of
xylan yielded upon distillation, 11.17 per cent. The amount
of the lignocelluloses present varies with the maturity of
the plant, especially those which are not susceptible to
hydrolysis by dilute acids and alkalies increasing with ma-
turity, while the cellulose remains nearly constant.

The furfurol yielding complexes, expressed as xylan,
are less abundant in the mature plants than in the younger,
but the difference is probably within the limits of error due
to the method, and not conclusive as regards their variation
in the plant. The sample made from plants in full bloon
yielded 11.17 per cent. xylan, and the one cut, when the
plants were in full pod, gave 10.23 per ceat. The rangemn
the percentage of xylan found in our alfalfa sampless
from 8.9 to 14.50 per cent., butfluctuates so irregularly that
no evident relation can be discovered between the develop-
ment of the plant and the amount of xylan found and the
same would probably be the case with the pea-vine hay I
our series of samples were only slightly extended. It
true, too, that our method is not very sharp and small differ
ences in percentages have so slight a significance that the
range of only about six per cent. may be taken as establish
ing the xylan content of alfalfa and pea-vine hays at abotl
ten or twelve per cent. Therelation of the lignones to the
xylan found is not made apparent by our results, if a0f
exists at all ; the ratios obtained are approximately as fol
lows : for clover, 0.30:1; for alfalfa, o.47:1; for pea-vine hay
cut when the plants were in full bloom, 0.42:1; but for pe
vine hay cut when the plants were in seed, the ratio fout



is 1:1. There is evidently no approximation to a uniform
ratio shown by these fgures.

The residue cbtained from the mature sample by suc-
cessive extractions with alcohol and cold water yielded,
upon distillation with hydric chlorid, xylan equivalent to
'So1 per cent. of the air dried hay, or 78.2 per cent. of the
total xylan. This seems to indicate a greater difference
between the pea-vine hays, in regard to the character of
the lignocelluloses present, than in regard to the other
constituents.  The deportment of the hay from the
vines in pod toward heat, i. e., the readiness with which it
browns, is probably due to the large amount of these ligno-
celluloses present. I have not observed so great a sensitiv-
ness in any sample of fodder which I have analyzed. The
roots of alfalfa alone have exceded it in this respect.

Accepting the phloroglucin reaction as indicative of the

amount of these lignocelluloses, I began a series of obser-
vations on samples of alfalfa taken from the same root, at
intervals of seven days, the first sample being taken when
the stems were only four or five inches high.  The inten-
tion was to continue the taking of samples from this plant
atthe stated intervals until the plant was fully ripe, and to
study the development of the lignocelluloses in thin sections
under the microscope for each internode of stems through-
out the whole period of growth. An accident to my chosen
plant, it having been cut up, brought this experiment to a
sudden end. My observations indicated the absence of
these in the very young joints, and their subsequent devel-
opment in two rings, the first continuous with the fibrovas-
cular ring whose outer margin was fluted, while the second
one lay outside of this and was composed of individual
bundles, sometimes, but not always, coalescing so that the
ring was broken.
['he co-efficient of digestion of the proteids in these
pea-vine hays, as determined by artificial digestion, are
rather higher than, but not very different from, those found
for the proteids in alfalfa hay. = They are, for the pea-vine
hay, cut when the plants were in full bloom, $4.71; and, cut
whentthe plants were in full pod, 81.61.

I'can not find that the co-efficient of digestion of such
hay has been determined by experiments with animals,
though such experiments have been made with pea straw,
the proteids of which have a digestion co-efficient of 61;
31§O with pease in which the cp-erﬁcient is, for ruminants,
%9, for horses, 86; and for swine, 88, from which it would
jappear that the wroteids in such pea-vine hays are of nearly

|
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|
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as much value as the proteids in the pease them-
selves. In this statement. the amount of amids which may
be present in the pea vine is not considered.

The crude fiber of the pea-vine hay, sample in full
bloom, was composed of 74.25 per cent. of cellulose, and
235.75 per cent. of lignones. This is quite close to the con.-
position of the crude fiber from the alfalfa and clover hays
in which the cellulose was 79.96 and 77.8S respectively.

Whatever the value of the lignones may be, this seems
to be true of these three leguminous hays, cut when the
plants are in full bloom or earlier, i. e, that there is about
six or seven per cent. of them present which resist the ac
tion of dilute acids and alkalies, even when the soluble por-
tions of the hay have been removed by previous extractions
with alcohol and water. Inthe sample of pea-vine hayin
pod these lignones increased and the cellulose in the crude
fiber amounted to 63.82 per cent. I have already suggested
the presence of a large percentage of pods as a possible
explanation. This, however, only means a particular stage
in the development of the plant.

UPLAND AND MEADOW HAY.

These names are applied to hay made from grasses
growing for the most part onlevel grounds along streams
or where water courses have been.

The grasses making up this class of hay are numerous.
Prof. C.S. Crandall, of the Department of Botany, kindly
determined those presentin the sample analyzed. The first
two in the list made up the major portion of thesample. They
were as follows: _4udropogon scoparius, Mich.; Carcx marcida,
Booth.; Elvieus canadensis, L., Panicune virgatum, L., Spor
bolus asperifolius, Thurb.: Sporobolus cryptandrus, Gray, Pu
tennifolia, var. rigida, 1ascy, Andropogon furcatus, Mull,
Chrysopogon avenacrus, Benth.; Calamovilialongifolia, Hack:
Aeropyrun: tenerum, Vasey: Bouteloua oligostachya, Torr.

This hay was made in the latter part of August, 1890; I
was cut from land belonging to Mr. J. J. Ryan, and Iy
close to the Big Thompson river, near the town of Love
land, this county. ' _

This hay was considered to be a good quality of this
class which is in large demand, at all seasons. The market
value of such hay is always greatly in excess of that of al
falfa, usually a little less than twice that of alfalfa hay, aﬂq
often fully twice. I am, myself, not in position to expre
an opinion as to what extent this difference in price 1s due
to the difference in the supply of the respective hays, bl
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persons who keep horses for road purposes, liverymen and
others, will not use alfalfa hay. On the other hand, feeders
of cattle and sheep use alfalfa principally, if not exclusively,
in this section. Ido not know how this matter stands rela-
tive to pea-vine hay, but the pea-vine silage has been fed
with very satisfactory results.

It would seem that the low esteem in which alfalfa is
held as feed for horses, is mostly due to its action upon the
kidnevs and bowels of the animal and also to the fact that
the loss in feeding horses alfalfa hay is very large, due to
their not eating the leaves readily, and lastly, because the
alfalfa is sometimes dusty. It may be that this is in part a
practical recognition of the fact that the nutritive ratio of
the whole hay is rather a narrower one than is desirable.
Be this as it may, an average alfalfa hay has a much larger
percentage of proteids than the upland hay, also less crude
fiber, and the proteids in the alfalfa have a higher co-effi-
cient of digestion. The same is in a measure true of clover
hay, but the upland hay is preferred for feeding animals at
work.

The composition of the upland hay was as follows:

Per cent.
Moisture............ ... ... . .. 3.047
Ash ..o ~. 886
Ether extract......... ... . ... .. ...... 2.219
Proteids........ ... ... ... . . ... ... ... 6.131
Crude fiber. ... ... ... ... .o J0.372
Nitrogen-free extract.................. 10.351

Total ... ... 100 .000

The co-efficient of digestion for the proteids found by
artificial digestion was 45.77, about equal to that given for
the proteids in late cut timothy. 1 gave on a preceding
page an analysis of hay made from Stipa viridula, in com-
parison with an analysis of a mixed hay. In that analysis
the proteids are given as 8.91 per cent. We see that it is
richer also in this constituent than our native hays, which
are 1n great demand at all times. Not only i1s the amount
Of the proteids larger in the Stipa, but their co-efficient of
digestibility is also higher, being 64.71. It would have been
heresting to have studied the Stipa hay still further to see
i we could solve the question why this grass is not eaten,
ut we were compelled to drop the comparative study at
H‘{S point, and all that we are justified in stating is that, in
pite of the fact that cattle do not eat it, it has, according to



analysis, the composition of a good fodder, better in some
respects than mixed hay, and that the co-efficient of diges.
tion for its proteids is higher than that of our native hay,
which 1s considered a very desirable one. ’

The native hay yields, when analyzed according to our
method, exceedingly different results from the leguminous
hays.

\While the following analysis may not be so exact as
one might wish, it is not far from the truth, and shows that
there is a very great difference between the two classes of
hay—hay made from leguminous plants and hay made from
the grasses. Subsequent investigation may, it 1s true, mod-|
ify these results somewhat, but we think that this difference:
exists and that it is fully as great as appears from the re|
sults of our analysis. [know of no analysis of hay made in
a similar manner: a single determination of sugar—sucrose
—in a sample of timothy hay, by Professor Stone, is all that
Ican find. He gives the sugar in his sample of timothy hay
as 2.53 per cent.

ANALYSIS OF UPLAND TIAV.

Per cent.
Invertsugar... .. ... ... .. ... ... ... 0.00
Cane sugar ... ...ttt 0.98
Dextrin . ... 0.00
Starch ... .. 0.40
Xylan, inverted by dilute acid........... 1.77
Xylan, soluble in dilute alkali............ 0.79
Lignones, dissolved by chlorin. ......... 3.12
Cellulose............ . .. ... .. .......... 27.93
Moisture. ... ... ... 3.05%
Ash ... 7.89
Etherextract...........................2.22
Protelds. ... ... oo 6.13

Soluble in alcohol, sugar, etc., deducted |{

Soluble in water, dextrine,etc., deducted { 1979
Not determined.... ... .. ... ... ... .... 35.97
100.00

The reaction of the original sample and also the crud
fiber prepared from it with phloroglucin is very mu
fainter than that given by the leguminous hays. [ regrt
that we did not determine the total xylan by distillation,?
that might have added something to our knowledge of th
thirty-six per cent. which is missing.  But the comparat¥
faintness of the phloroglucin reaction indicates that th
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‘ pentaglucoses are not present to the same extent as in the
- alfalfa and other leguminous hays.
| In the usual fodder analysis the two most striking
' points are the high percentages of crude fiber and nitrogen-
free extract. In the second analysis the most remarkable
percentages given are for the cellulose and those things
embraced under the term ‘‘not determined,” which includes
substances soluble in dilute acid and dilute alkali, but in-
soluble in alcohol and water. The portion soluble in alcohol
and water is low and a large portion of the 40.3 per cent.
nitrogen-free extract is included in the 36 per cent. *‘not de-
termined.”

In order that the comparison of these analyses may be
facilitated, we bring them together in the following table:

; = T1& 1 2< | =
22 | &2 | = 23 | E
Tw. | BSg o o & =
.5 8 B aZ g == =
HES gz8 | §ES =8 g
£82 | 2xB | g8% g4 Z
- ] ] ~ ~ [
IRVOrt SUEAT ... e 0.00 1.33 0.00 0.00 0.00
LHDe SUZAT ... ot civier oot e e e anivenne.... | Trace 0.21 0.00 3.05 0.98
DEXEFIR L et e Trace 4.03 0.7 0.71 0.00
NIATCH. .o e 1.11 0.76 0.00 2.53 0.4¢
Xvlap, by acid ... ... 3.76 1.03 3.16 7.24 1.97
Ilan byalkali...... ......... ... 0.15 0.72 0.82 3.66 0.74
Lignones.... ... ... ... .. 65.66 4.99 6.47 10 30 3.12
Cellulose 25,59 18.70 18.65 1R.20 2793
Soluble in aleohol, sugar, ete., deduteed. .. ... 13.87 ?
) ) 20050 | w835 | 2.8t 19.75
Boluble in water, dextrin, ete., deducted. .. .... 11.88 S |
Hodsture . ...oooi e L 21 5.36 581 L v 3.0
Mo em | 0 | o T 7.0
Bher extract... ... ... 1.15 1.88 3.26 1.84 2.22
|
Proteide. ... ... .o 15.16 13.48 20.20 ¢ 165.58 6.13
Not determined. ... ... ... 3.65 4.80 125 | 0.00 | 35.97
10000 | 100.00 | 100.00 | 100.16 | 100.00
Coefticient of digestion for the proteids...... 79.15 76.43 8+.71 81.61 15.%7

This shows the pea-vine hay to contain the largest per-
tentage of proteids, with the highest co-efficient of digestion,
with the alfalfa next in both respects. The pea-vine hay has
the lowest percentage of cellulose and the upland hay the

ighest ; in this respect the pea-vine and clover hays stand
quite apart fsom both the alfalfa and upland hays. The



sugars and starch, which we have tor the most part under.
stood by carbohydrates, are present in small quantities. The
sample showing starch to be present in the largest quantity
contained some mature seeds, which contain from 48 to g
per cent. of starch. The sugar found in the same sample
may be correct, but I think it admits of a doubt.

CONCLUSIONS.

~ First.—That the composition of alfalfa hay grown under

the same climatic conditions does not vary from year to

year, more than samples of the same year, which is withi
“fairly narrow limits. :

Second.—That climatic or seasonal differences do affect
the composition of the hay. This, however, affects the dif
" ferent cuttings of the same year, rather than the crops fora
whole year, but this effect 1s comparatively small and ex
presses itself most pronouncedly in the percentage of crude
fiber.

Third—That the amount of the proteids in alfalfa hay
does not decrease with, but rather increases, with age, if the
hay is kept in a close mow.

Fourth.—That the changes in the hay probably affect the
amount and character of the nitrogen-free extract.

Fifth—That the proteids of the different cuttings ait
about equally digestible, as determined by means of pepsin-
hydrochloric acid. There is, however, a slight differencein
favor of the hay cut when the plants were in full bloom.

. Szath—The digestibility of the proteids does not vary
materially from year to year, nor is it affected by the age of
the hay, if well kept.

Sevent/i—That the lignocelluloses in alfalfa increast
with the age of the plant, but there are exceptions which
can not be justly attributed to methods of determination.

Fightl—That the presence and amount of sugar,starch,
etc. depend upon the development of the plant at the time
of cutting, and is at all times comparatively small. .

Ninth.—That the lignocelluloses are more abundant "
the leguminous hays than in those made from our nati
grasses, but that the cellulose is much more abundant in the
latter.

Tenti—That the soluble portion of leguminous hay
is greater than that of the little hay made from the grasses
which accounts for their susceptibility to weathering
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