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i VTHE VARIATIONS IN THE GONSTITUEﬁTS.OF THE TIMOTHY AND
WHEAT PLANTS IN THE VARIOUS STAGES OF GROWTH.
Historical.

Much work has been done and much data published
concerning the composition of feed stuffs. Many reports
are on record of the composition of timothy hay, wheapl
grain, straw, etc. but as this data 1s not accompanied with
information regarding growth of the plant, condition and
time of harvesting, 1t conveys no idea as to how the plant
appropriates and utilizes these constituents in the process
of its development. It would be interesting to know what
was the ylield per acre, of the crop as a whble, and of its
several oonstituénts. Moreover, 1f we knew the amount of
the oonstifuents which are removed.in taking off the orop,
we oouid estimate the loss in fertility of the soil due to
growing the crop and what could be done to replenish this
loss., It 15 a fact well known that the time of harvesting
will have something to do with the yield of the orop.

This would be. especiglly true in the case of hays,as the

time admits of being varied considerably as to the exact |
date. It has been found that the palatability of the tim-
othy hay 1s closely associated with its stage of grbwth

when ocut. (1). In the literature also appears many reports
upoﬁ~hays and uponhwhaat collected and analyzed for some
eﬁeoial condition of growth or use. Besides this, other re-
ports have been made upon a part or all of the wheat or tim-
othy plant collected at different dates, and these furnish

valuable information as to the variations which are ococasion-
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‘'ed by growth.

Kellner (23) was one of the first to report the
analyses of a series of cuttings of grass or hay. He does
not state the kind of hay upon which the experiment was
conducted, but simply states it to be grass cut from meadow
land. The cuttings weré made May 14, June 9, June 29, and
the report gives the per cents of hitrogenous matefial, fat,
fibre, ash and non-nitrogenous extract for each cﬁtting.

-His results show that the nitrogenous material decreases 1in
per cent as the grass grows older. The per cents of fat
and:agh also decrease as ripening.progreeses,while fibre and
non-nitrogenous extract increase in per cent. He estimated
also the amount of amido nitrogen compounds present in each
cutting, which cannot be'regardad as a nutritious form of
nitroéen. In the first cutting 31.6 per cent of the total
nitrogen was found as acld amides. In the second 13.4 per
cent and the third 2.5 per cent.

' Jordan (3) in 1883 makes a report upon the analyses
of timothy in different stages of growth. For the experiment
two plots were planted to timothy. One of these was manured |
and the othér was planted without any fertilizer. The hay
was cut at three different stages and the hay analyzed. The
results show the per cents of fat, nitrogen and ash. dimin-
1sh as the plant @awalopéﬂZﬁfi;e per cents of fibre and ex-~

- tractives 1ncreasé. compafing‘the-manured and the unmanured

Plots, 1t appears that the per cents of nitrogeq}ash and
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fibre are increased by manuring. _

Wilson (4) experimented with timothy and some
other meadow grasses. The plot of timothy was divided into
two parts A and B. The}hay was harvested from A June 3,
1885, then from B on July 13. The hay which had made a sec-—
ond growth on A was cut August 25, the second growth on B
September 26, The third growth on A was cut October 12.
The hay analyzed was the first and third cutting of A and
the second cutting of B. The three stages of growth ropre-
sented by these cuttings were timothy in bloom, first A,
overripe timothy, second B and young succulent shoots, third A.
The timothy in bloom contained the highest per cent of moist-
ure and the lowest per cent of Nitrogen free extract, the
other constituents being intermediate in per cent between the
other two stages. The overripe timothy contained the least
. moisture, fat and protein and the highest per cent of fibre
~ and nitrogen free exgract. The young succulent shoots
showed the highest per cent of ether soluble material, ash
and pzotéin, the lowest per cent of fibre and an intermediate
value for the per cents of moisture and nitrogen free ex-
tract. These cuttings do not represent one single growth
but é distinet part of three separate growths, which may in-
t4roduce some irregularity in the rcsults.

Ladd (5) reports the analysis of fhe timothy plant
cut at four different peribde df growth, According to his
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results the per cent of water decréases rapidly after blos-
soming. Sugar also decreases, while starch on the other
hand, increases substantially in per cent. The albuminoids
become less digestiblé as the plant approaches ripening.
He concludes that albuminoids pass on from the stems to the
seed during ripening, ahd it is therefore advisable to mow
the plaht for fodder at %he time of blossoming, to procure a
uniform distribution of nutritious material throughout the
plant.
President H. J. Waters of Kansas State Agricultural
College, while Dean of the College of Agriculture at the
University of Missouri, carried on a serles of experiments
with ﬁimothy for the purpose of studying the yield; digesti-
bility and palatability of the hay in the various stages of
growth and in different seasons. (1). The five cuttings in-
dicated were made for filve successive seasons except that in
.one or two seésons certain cuttings were not obtained. The
results were averaged for those years when a full éeries
were as folldws: _
1. Cut when plant was in full head, usually about June 12.
2. cﬁt when plants on average werc in full bloom, usually
about June 18.
3. OCut when the seed was formed or when the bloom had
all been shed, usually about July 1.
4, Cut when the seed was in the dough, about July §
6. Cut when the seed was ripe but not shatfered, about

July 1l16.
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" The first factor to be studied was the yleld of
cured hay.per acre. As the hay of one cutting has more
water than another and corresponding cuttings of different
geasons may also have different amounts of moisture, there
was no constituent agreement in the ylield thus found. The\
cuttings which gave the largest ylelds were as foilows;lstfyear,
second cutting; .2nd year,fifth cutting; 3pd yeéar,fourth gqutting;
4th~yeaf,£ourth dutting; 5th year,thirdidutting. A more re-
liable gulide to yleld is found in the results for yields of
dry matter per acre. Teking the average of all the years
in which all five cuttings were obtained the ylields of‘dry
matter per acre were in thelr order, the maximum firsf;—the
third cutting, the fourth cﬁtting, the second, the fifth,
the first. To ascertain the digestibllity of the differ-
ent cuttings, the hays were fed to one and two year old steers
_in a digestion trial. The results show that the first cut-
ting was the most digestible and that the digestibility stead-
11y declined with each cutting until the last. Averaging
all the digestion trials, the yleld of digestible dry material
per acre for the different cuttings stood in the following
order; second cutting, maximum; third cutting next, first
cutting, fourth cutting, fifth cutting. The ﬁalatability
of the cuttings was tested by placing one hundred pounds of
cured hay from each cutting, side by slde 1in a long rack;qnd
allowing two steers, whose feed was exclusively timothy hay,

to eat from the racks ab libitum. In all cases the animals
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ate the youngest cutting of hay first. Morcover, the first
three cuttings were cleaned up before the last two were hardly
touched, showing plainly that the hay had lost considerably

in palatablility when the seed had reached the dough stage.
Considering the convenience in harvesting and the keeping
qualities of the hay, the advantages were in favor of the later
cut hays. Young hay takes longer to cure, and is more eaéily
damaged by rainfall, than the later cut timothy. When hay

1s cut before the seed 1s produced the field is liable to
become less productive, due to the plant drying out. If

cut at a time when the heads will partly shatter when the

hay 1s gathered, the stand of the plant is maintained much
better.

One of the first reports upon wheat constituents of
intorest to us in this study was made by Sorby (6). He
studled the sulphur and phosphorus content in grasses, veg-

.htables and vatious grain crops. The amounts are given in
per cents of dry substance, for entire wheat plant after
flowering, ecar of wheat and straw in the milk stage, and ear
of wheat and straw when ripe. Concerning his data upon
phosphorus, he states that "it may be inferred from these
analyses that when grain is growing and ripening the amount
of phosphorus increases in grcater proportion than the total
welghts, and diminishes in the straw, the grain abstracting
that constituent from it",

Liebscher (7) groups the work of the investigators

who had studied the growth of barley, oats, wheat and some

otnher crops in different stages of growth giving the amount
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of egach constituent present at any stage, in per cent of the
maximum amount found in the course of the éxperiment. On
wheat the work of Wolff (8) from 1854 to 1857 is grouped with
the work of Pierre (9) 1861 to 1864, The substances reported
are dry substance, organic substancejnitrogen, ash, potassium
oxlide, calcium oxido, magnesium oxide and phosphoric anhydride.
The analyses were made upon the plant above the ground only,
and are glven for six periods of growth as follows: 1. The
sprout or young blade before spring growth. 2. The begin-
ning of the growth in the spring. 3. The formation of the
head. 4. From the formation of the head to the end of blos-
soming. 5. From the close of the blossoming until the begin-
ning of ripening of the grain. 6. From the beginning of
ripening until the grain was fully ripe. The rcesults show
that during the first period the plant is collecting much
nourishment,especially nitrogen. Potaséium oxide and cal-
cium oxide come next in order and lastly phosphoric anhydride.
As large a pért of the dry substance is not produced as any
of these substances above mentioned. In the second period
the same changes arc going on but rather less rapidly.

Rather more dry matter is being formed now than before. In
the third stage the plant is still taking in plant food but
at a slowly docreasing rate. Conslderable organic matter

is likewise being formed at this stage and a large amount of
ash 1s stored up due to greater amounts of the minor con-
stituents(silica, chlorine, iron, sulphuric anhydride, etc.)

being added. In the fourth stage practically all of the
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nitrogen;potassium oxlde, calcium oxide and phosphoric anhy-
dride has beenllaid up. Therc has been at thec same time a
large production of organic and total dry matter. The plant
is apparcntly working over the noﬁrishment already in store.
In theo fifth.stage'the formation of organic and dry mattef
reaches 1ts maximum and nearly all the food constituents have
been received. In the sixth stage the storing of food con-
stituents is complete.

Déhérain and Meyer (10) roport water, dry matter,
- nitrogenous matter, fat and chlorphyll, ash, nitrogen, phos-
phoric anhydride, cellulose,‘staroh and sugar in kilos per
hectare. The materials for analysis were collocted May 31,
June 13, July 16, July 23 (harvest) and July 30 4nd the sam—
ples uscd were whole plant, stems, edrs and roots. Concern-
ing the entire plant Déhérain énd Meyer assert the following:
an incroase in dry matter was obsgrved up to harvest time;
some loss occurred when it stood beyond the harvest. This
gain in weight was mostly starch and cellulose, the nitrogen
and ash romaining constant in the last two months of growth.
Bright déys favored the building up of carvohydrates and drought
retarded the assimilation of nitrogen and ash by the roots.
Concerning the roots, the per cents of nitrogen, ash and phos-
phorie ahhydride'are highest in the young plani, after a
sharp decline in the per cent of ash in the second stage, it
agaln slowly rises. Nitrogen declines steadily in per cent
to the end, while phosphoriec anhydride becomes a constant
value before the end. The roots of the wheat plant are rol-

atively a larger part of the entire plant when young than
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in the ripe stage}and 1t seems probable that the roots store
up nourishment at the firstlto give 1t up later to the grow-
ing and riyening grain.

| Lawes and Gilberf (11) have completed a large amount
of work upon the composition of wheat through different sea-
sons as affedted by manuring in comparison with no manuring.
In 1882 the analyses of the ashes of the wheat and straw for
sixteen consecutive seasons are given. These analyses are
of course those of the ripe grain and straw at harvesting-
time. These results show that the total amount of nitrogen,
ash and ash constituents depend upon the seasons and the fer-
tilization of the crop. From one-fourth to one-third of

the assimilated potassium oxide, and three-fourths of the phos-
vhoric anhydride, are collected in the grain, A series of
analyses upon the wheat grsin was reported upon by Heinrich
(12) in 1871. The grain was collected (1) when the plant
was 1in flower, (2) when the blossoming was completod (four-
teen days later), (3) when the wheat began to ripen (fourteen
days later), (4) when the wheat was ripe and was cut (seven
days later), (5) when the wheat was over ripe (fburteen days
lator). The potassium oxide remained in fixed ratio to

the gummy matters (1 to 10 or ll))the lime to the cellulose
(1 to 41 or 43), the phosphoric anhydride to the nitrogen
(1 to 1.8 or 2). The starch had no fixed ratio but continued
to increase relative to them all. That the composition of
the wheat plant will vary according to fertilization of the
801l has been shown by Lawes and Gilbert's work (11). The
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per cents of ash, nitrogen and phosphoriec anhydride on the
green plant,the straw, and the grain are given by Ritthausen
and Potts (13) who experimented with manured and unmanured
spring wheat. = Thelr results show an increase of the nitro-
gen confent due to manuring.

Hévert (14) cut wheat in four stages the first two
before the plant headed, the third when the plant was btlos-
soming and fourth when the grain was ripening. On account
of loss of grain from the heads at ripening time, the ripe
heads were not analyzed. Nitrogenous matter accumulated
in the straw and later passed on to the grain. Starch 1is
not formed in the early stages of growth but is formed in
the ripening stage, and mostly in the head. Sugar and dextrin
are transvorted to the head)and there ohanged 1into starch
during ripening. |

- The variation in the carbohydrates of wheat 1s re-
- ported upon by Jessen — Hansen (15). The samples of wheat
were collected in three stages, July 4, Jily 13, July 31.
The starch 1lncreased from 26.45 per cent to 65.90 per cent,
the pentosans from 5.4 io 6.4 per cent, the dry matter 27.85
to 565.29 per cent.

Some interesting results are furnished by the works
of‘Berthelot and André (16) reported in 1896. Seed wheat
was sown April 10, 1893. Plants were gathered for analysis
May 3, May 265, June 14, July 1, August 24. The roots, stoms,
leaves, floﬁers and soods were separately analyzed. In the

first cutting of plants the potassium oxide had increased .
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but the phosphoric anhyiride had diminished from the amount
originally vpresent in the grain planted. In the next three
weeks the plant increased in welght about four times. bThe
roots were 1ll1l.4 per cent by weight of the plant and contained
the greater amount of mineral matter. Potassium oxide 1in-
creased more in the stems than elsewherc. In the next three
weeks the plant ilncreased more in organic than in mineral
matter, which showed an actual decrease 1n per cent. The
roots decrecased in per cent of the total plant, and the ash
constituents were most abundant in the.leaves. In the next
two weeks the plant increased in weight more slowly,most of

1t being mineral matter. In the last period when the fruit
was ripe, the absolute weight of dry matter fell off one-third.
Most of this loss was organic although some was mineral matter.
The roots contained the least ash and the leaves the most.

The weight of the plant was divided as follows, roots 11.2 per
cent, lcaves 3.7 per ceont, stems 40.7 per cent, fruit 44.4

per cent. The works of Pierre (9), Déhérain and Meyer (10),
and Berthclot (16) seem to show that thec total nitrogen of a
wheat crop does not increasc after commencemont of maturation,
but that nitrogen migrates from the lower o the upper leaves
and 1s then concontrated in the grain.

Déhdrain and Dupont (17) in 1901 contribute further
work on the starch of the wheat grain. Unlike certain veg-
etables such as the potato, there is no roserve'of starch at
any time in the wheat plant. The rapid accumulation of starch

in the ripening stage 1s the result of the working over of
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other substances,such as the dextrims and non-recducing sugars.
The roducing sugars and nitrogen remain, at this timqlin the
upper part of the stem. The upper portions of the stem,
which remain green the longest have the same function as the
leaves in decomposing COg. In Schulze's (18) report oﬁ the
development of wheat}he showed that nitrogen 13 assimilated
from the end of April to the beginning of grain formation.
Potassium oxide at the time of the production of carbohydrates,
is present in large quantities, while phosphoric anhydride 1s
taken up during the growth peripd’' in spring and after blossom-
ing also.

Adorjan'(19) has a most interesting report upon
.the analysis of the wheat plant above the-groﬁnd. Fifteen
cuttings of the wheat plant were made/beginning April 4, and
every ten days thereafter until blossoming time, when cuttings
were then made five days apart. The dovelopmont of the plant
is not definitely stated but it appears to be shooting be-
tween the third and thirtecnth of May, and beginning to blos-
som about theo end of May. Analyses arc rcported upon the
stem, leaves, chaff and grain. No separation could bec made
upon the young plants until the spike was formed, and no sep-
aration of this into chaff and kornel was made until after
blossoming. The determinations which may be studied in this
report are weights of the parts, per cents of water, of dry
substance, of nitrogen, ash and phosphoric anhydride. The
weight.of grain steadily 1ncreases until at ripening it equals
one-third the weight of the plant. The chaff increases '
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slightly in weight but shows a loss in absolute amount at
. ripening due to some falling off from the plant. The max-
imum weight of the leaves occurs at blossoming time, after
which 1t decrcases as the leaves dry out. The weight of
stem increases up to blossoming time, then remains fairly con-
~ stant to ripening. The dry matter has its lowest, and the
moisture i1ts greatest value, in the youngest plants. Dry
matter steadily increases in amount up to June 30, after
which a 1059 in amount occurs due to falling off of parts
of the plant.

The nitrogen results are given 1in per cents of the
dry substance and 1is recported for all parts of the plant.
The amount of nitrogen in the grain is greatest at its form-
ation, the explanation being that the cell tissue 1s first
filled with protoplasm rich in nitrogen, and then the neces-
sary reserve food for the germ, - the starch - is afterwards
stored up. A little later the per cent of nitrogen bécomes
almost constant, indicating that the nitrogen and dry mat-
ter are being stored up in the same proportion. The regular
storing up of nitrogen in the grainiis assisted by other
parts of the plant)which give up a part of their.nitrogen to
the grain in the ripening stage. However, even while the
storing up of protein and starch goes forward regularly)the
two may vary considerably, for the plant takes little nitrogen
from the ground druing the kernel growth but principally from
the stem, leaves and chaff, The grain gathers about one-half

of the nitrogon of the plant for itself, the leaves contribute
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50 per cent of thelr nitrogen, the stems and chaff 40 per
cent so that the grain takés up scarcely 40 per cent of its
~nitrogen frdm the ground directly. If the time of the rip-
ening of the wheat be short due to a scarcity of rain, the
amount of proteiln with respect to starch will be greater.

The grain as before stated draws upon the other parts for its
protein during iipening; this does not devent upon moist-
ure, but the starch formation depends upon the COg assimilation
in the presence of water, and 1s therefore retarded by er
weather. The per cént of nitrogen falls off in the chaff

as the ripening progresses, which shows that the nitrogen.
passes over to the grain. The loss amounts to 40 per cent
of the total amount present. The nitrogen content of the
whea27%gz an intermediate value between that of the grain
and chaff respectively, The leaves lose nitrogen with much
fluctuation between blossoming and ripening and the amount
lost corresponds with the loss of nitrogen in the entire
plant, which is due to the falling away of the blossom parts.
At the same time the stems undergo a loss of nifrogen due to
the steady drawing away of the nitrogen and to the loss by
falling parts. A reinfall between blossoming and ripening
caused a rise in'the per cent of nitrogen and from this time
"until full ripening there is a steady decrease, The stems
thus appéar to play a transition role in the collection of
the nitrogen in the grain. The loss which ambunts to 40
ver cent fluctuates considerably. In the whole plant the

ver cent of nitrogen 1s highest in the young stages, due to

the protoplasm in the young cells. At the beginning of the
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development of the grain the ver cent of nitrogen remains
practically within 0.2 per cent of constant. This shows
that the nitrogen taken in at this time is about in the same
proyortion as the dry substance. At the beginning of growth
the plant develops slowly, forming about 2 per cent of its
dry matter while forming 6 to 7 per cent of its nitrogen.

The ash content is high at the beginning of the
graid formation, as the hull which 1s’first developed contains
much ash. The per cent of ash remains quite constant during
the ribening process., The collection of mineral matter goes
forward, somewhat more rapldly than that of dry matter, in .
the early stages, but this deviation ceases with further growth.
In the chaff a large amount of mineral matter is lald up
which amount is at its maximum at ripening. A largec amount
of this ash appears to be silica. The ash content of the
head shows quite naturally an average value of that of the
chaff and grain. The leaves contaln a high per cent of
mineral matter which value remains quite constant. A varia-
tion in the per cent of ash occurs simultaneously with a
variation in the nitrogen, which seems to indicate a connect-
ion between the ash of the plant and the assimilation of its
organic.food. The constancy of the ash per cent‘indioates
that but a small part of the mineral’nutrients vass from the
leaves to the grain. The ash content of the stems is also
quite constant, and reaches 1ts maximum at blossoming. The

fluctuation which occurs while the stem is transferring a

noticeable amount of phosphoric anhydride over to the grain,



nie

may be caused by the fact that the collection of mineral
matter has not ceased, although it 1s possible thét the stem
has ceaged to take up more for itself but is oniy passing 1t
along to the grain. On the whole plant we find the per cent
of ash greatest in the young stages, falling off to blossom—
ing time, then becoming constant. The .taking up of ash is
much faster than the formation of dry matter in the young
‘plant, but this rate declines until the blossom withers, when
it bocomes tho same as for dry mattor. The plants need for
mineral matter in the early stages while quite strong is not
as 1ts need for nitrogen. Both reach thelr maximum at blos-
soming.

| The per cont of phosphoric anhydride of the grain
in regard to the later stages 1s higher at the beginning of
the grain formation. This 1s due to the protoplasm in the
berxy at this stage. The amount taken in is largo, although
the per_coﬁt remains quite constant during growth. Compared’
to dry matter formed the amount is irrocgular. At thc last
stage an increase in pér cent takes place. In the chaff
the reduction in per cenf of the phosphoric anhydride, 1s
proportional to the reduction in absolute amount, and as the
table shows, the chaff gives over to the grain morc than one-
half of its phosphoric anhydride. Thus the chaff plays thg
same part with the phosphoric anﬁydride in reforence to the
grain, as 1t does with the nitrogen. The he:ds show a con-
tent of phosphoric anhydride intermediate between that of the

chaff and the grain. The leaves reach their maximum amount
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of'phosphoric anhydride at blossoming time, aftdr which the
per cent and the amount of-phosphoric anhydride}step by step
decreases, the difference going to the grain. " The last

two trials show an increase in the per cent of phosvhoric
anhydride as was seen in the case of the grailn. As was ap-
parent with the nitrogen an abnormality visible in the plant

" may warn us to look for another in the leaves, which may be
called the workshop for the.working over of the plant food.
While this Aoes not explain the matter we observe that this
coincidence exists, The stoms show the maximum amount of
phosphoric anhydride at blossoming,after which this constit-
uent passes over to the grain. The phosphoric anhydride
content of the whole »nlant reacnhes 1ts maximum with the be-
ginning of blossoming, and romains almost constant to the end
of growth; and only 1n the last two trials, due to the before
mentioned abnormality in the grain and leaves, does 1t incrcase
agaln. This variation 1is proven by the regularity of its
absolute amount during the previous period. Omitting these
last two abnormal periods; we conclude the following in rogard
to the taking in of phosphoric anhydride: The plant in the
earliest stages collects the phosphoric anhvdride along with
with other plant food rapidly. This continues at a varying
rate‘and roaches 1ts maximum at blossoming time. As was
apparent with the nitrogen and other plant food the phosphoric
anhydride is stored up 1in the early stages of growth in order
that the plant may contribute 1t to the growing grains later.

An experiment upon growing wheat made at Michigan
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Agricultural College (R20) gives the per cents of vrotein, fat,
crude fibre, ash and nitrogen froc extract in wheat grains
and'strav’made on a series of forty-six daily cuttings of
growing wheat of uniform appearance and quality,so as to so-
cure a reprasontative samplc of the crop. Each cutting of
wneat was hung in a drzDWell ventilated room until it had
 roached the alr dry condition. The kerncls were then separ-—
ated by rubbing out by hand, and were finally ground for
analysis. The tabulated results of the analysis which are
ver conts in dry matcrial,vary as follows:

The protein varies from 36.2 per ccent at the begin-
ning)to 11.7 per cent at the end of the dougnh stagce, then
riscs to about 13 ver cent at the'close. The ether extract
has the highest value at the beginning,--2,42 per cent, ﬁgll—
1ng to 1.87 por cent in the milk stage thon inereasing with
some 1rregularity to 2.24 per cent. The crude fibro bogins
with a value of about 5 per cent, falls in value with some
fluctuation through thirty-five cuttings to 1.83 per cent
then rises back to about 2 per cent. The 2ash has .lts high-
est value at tho boginning)4.72 per cent}and decreases in
value to the dough stage,2.14 per cent}after which it remains
qulite constant. The nitrogen freo extract begins at 51.7
por cent)incrcasés to about 82 per cent in the dough stage}
after which it remains fairly constant. In the analysis of
the straw, the protein shows 1ts highest value,2.96 por cent}

at the first cutting. It then decreases to 1.77 per cent

at the thirty-sixth cutting jand then remains fairly constant
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to the close of the experiment. The ether extract begins

at 1.66lper cent, drops to 1.06 per cent at the fourteenth

oﬁtting (milk stage), 1lncreases to 1.39 ver cent at the twenty-

sixth cutting,'falls again to 1.06 per cent at the thirty-

ninth cutting and closes at 1.12 per cent. The crude fibre

begins at 41 per cent, falls to 37.44 per cent at the fifteenth

cutting, then rises stcadily to 48.21 per cent at the close

of the experiment. The nitrogen free extract increases but

8lightly through the first fifteen cuttings, 48.2 per cent

tq 53.6 per cent}then decreases to 44.12 per cent at the close.
A study of these results shows that the grain has

gathered a largec part of its nitrogen and ash before the

grain has begun to fill in the ripening process. The ether

largely

soluble matcrial which: is/chlorophyll at blossoming, falls':

off at fifst but increases due to the storing vp of oil in

the grain. The variations show that nitrogen, ether solu-

ble matcrial, crude fibfe and ash arec all formed or gtored

during ripening but decrease in per cent at first because

of the more replid formation of nitrogen free extract which,

however, decreases in its ratec toward the last so that the

vper cents of the other constituents again increase, |

In the straw the nitrogen apvears to be gradually
rcmoved as the rivening goes on. The variations in other
soluble material first up then down, indicate that this mater-
ial is passed along to the head and recvlaced by material from
below. This takes place in a somewhat irregular manner prob-

ably due to weather conditions.' The falling value in crude
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fibre 1s due to 1lnecrease in nitrogen free extract while the
production of fibre in the straw has practically ceased.
The straw becomes morc fibrous in the last stages and at the
same time sugars and other carbohydrates are being transferred
%rom the straw to the grain. |

Among othervarticles on wheat of rnore recent date
may be mentioned that of Thatcher and Watkins (21). This
article is interesting in that it shows variations in com-
vosltion between parts of the wheat head itself. The analy-
ses were made upon wheat kernels grown from a single seed.
It 1s ghown that the outer kernels contain more nitrogen than
the inner, and that the per cent of nitrogen increases in
value as we pass from the top to ;he bottom of the spike.
Brenchley and Hall (22) in 1910 have reported upon the results
of some experimonts with wheat at Rothhamstcd EBxperiment
Station; The wheat was cut every three days, the grain
examined microscopically and then analyzed. They conclude
from thelr analysis that the material dellvered to the grain
by the plant always _shows a certain ratio of nitrogen to
non-nitrogenous materials and ash. Varioty,ftho kind of
scason and soil,wlll affoet the character of these materials.
While they say that sugar does change to starch in ripeping,
they affirm that thls 1s not the principle operation in the
process, but that desiccation is more important.

The variation in the phosphorus, potassium and
nitrqgon content of wheat grain and wheat straw has recently
been reported upon by Ames (23). He shows that the compo-

sition of the wheat plant will vary in these constituents
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according to the composition of the soil, whether the crop
be fertilized or not, the kind of fertilizer and the avail-
abllity of the plant food contained therein. In general,
an increzse of these constituents to the soil will cause an
increase in the proportion of these elements in the wheat
plant. Also an addition of 1lime to thc soil assists the

assimilation of phosphorus,and an addition of phosphorus,

)
the assimilation of nitrogen,
. 24 ’
Stoklasg:’éound that potassivun was chemlcally asso-
clated with the chlorophyll and shows that a certain amount

2, .
Ivanovakg- as shown that phosphoric anhydride is changed

of starchs%; produced for every part of potassium present.
over to an organic combination in the process of nutrition
of the wheat plant. Phytin and nucleoprotein aré formed
which collect in the seed.

To sum up the results of past quk on timothy;
the young plant appears to furnish the most palatable and
digostible hay, but the older plant ylelds the largest amount
of dry hay. The young plants show the highost per cont of
protoin, molsture, ether soluble material and ash and the low-
est amounts of fibrs and nltrogen frec extract. As the plant
ripons, nitrogen appears toc001loct in the head and nitrogen
free extract is formed within the vlant cells at the same
time. The pnlant collects its nitrogen and ash fapidly in
the young stage after which the rate slowly decreases. At

the same time the rate of formation of fibre, oll and extract-

ives incroases.
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The work upon wheat shows that the young plant and
all 1ts parts contain more moisture and less dry matter than
in the later stages. Desiccation is one of the most evident
changes going on during the ripening process. In the young
piant, the cells avpear to be filled with protoplasm and
but 1ittle carbohydrate material. This protoplasm which'con—
tains a high per cent of nitrogen is not »rotein, for it has
" been shown that about 31 per cent of the total nitrogen (2)
is vresent as amido bodies in the young plant; but as the
plant ripens, these diminish in per cent and the nitrogen 1is
found combined as true proteinéua Throughout the difforent
stages, ash aﬁd total organic matter appear to vary togethser,
apparcently indicating that the mineral matter has something
to do with the synthesis of organic matter. The articles
by Stoklasé?oand Ivanovekgsare interesting in this connection.
The absorption of ash, and particularly of phosphoric anhy-
dride from the'soil, appears to continue longer at a uniform
rate, or io diminish in 1ts rate of assimilation more slow-
ly, than do the other constituents. The wheat vnlant tﬁus
takes up the largest part of 1its food, - the nitrogen, potas-
sium.oxide and phosphoric anhydride - in the young stages,
and then in the ripening process, these assimilated constit-
uents distributed about in the plant ténd to collect in the
grain. Coincident with this transferring of nutrients during
ripening, organic material, such as sugar, is synthesized
énd afterwards converted into fibre,starch and cellulose under

the action of sunlight and moisture in the presence of the
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mineral constituents of the piant. crude fibre and starch
are probably not transferred from one part of the plant to
anothor)but are formed in the part where they arc stored.
The results of the large amount of work upon wheat show quite
conclusively the same facts that were shown for timothy)namely)
that in the young stages the heads and straw show their highest
poer cent of protein,moisture, ether soluble matcrial, and ash
and their lowest por cent in fibre and nitrogen frce extract.
In general the principal constituents of the ash, - the
~ potassium oxide and phosphoric anhydride, - vary in per cent
in the same manner as the ash. The lecaves show a rather
higher per cent of ash, and the stems a higher per cent of
votassiwm oxide thaﬁ other parts of the plant in the same
stage. It has been voilnted out that the leaves, and possibly
the g€roeen stem also, act as a workshop for the production of
organlc matter, and any fluctuation in organic mattcr obsecrved
in any part of the plant, is liable to be acconpanied by a
fluctuation of mineral matter in the leaves. This is in
agreement with the similarity of the variations in ash and
organic matter observed above. The roots (10) show their
high ver cent of nitrogen, =2sh and phosrhoric anhydridejin
the young plant and these values decline as ripening
progresses. .

The young stages.of plant life are the tires fo:
the plant to obtain its food from the soil)and'the investi-
gations show that the plant does.this and little else.

Apparently growth in size, for a time at least, is mcrely

for the urpose of providing storeroom for the rapidly accum-
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ulating nourishment. It has been shown (10) that the ab-
sorption of nitrogen and ash by the roots is decidedly hinder-
ed by drought, by which we may infer that a lack of rainfall
in this critical period)is a strong prediction of a poor

CIrop. Beginning before bléssoming and continuing through

the season, the function of the plant bccomes more and more
the production pf plant substance and plaﬁt frult. The need
of moisture grows stoad;ly less, and the need of warmth and
sunlight, greater. The investigations here cited throw much
interesting light upon the distribution and function of the
constituents in the plant, and serve to give a scientific rea-
son for facts_of plant 1ife with which we are familiar, in

a general way, through study and observation. Nearly'all

the investigations, however, have concerned themselves with

a part of the plant only. Very iittle ﬁork has been made
ﬁpon wheat roots, no report has been made upon timothy bulbs
and no separation has been made of the timothy stalks and
heads. Moreover, all of these reported results will vary
according to the soasoni?%he character and treatmentdof~thé:soil

g ¥ "o 7 The'Plan of this Study.

It seems advisable therefore to undertake the anal-
yses of a series of cuttings of timothy and wheat grown in
a single season and make thése analyses upon all the parts
of the plant. The present work was planned with this idea
in view. 'The timothy and wheat were harvested at certain
definite stages of growth, removing the entire plant at each

cutting and meking separate analyses of the heads, stalks,
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roots, stubble and Lulbs in each case. By making two or
three cuttings out of the fleld at each stage we were able
to obtain a rore nearly aversge sample at that stage of
growth. It 1s obviously 1mpossib19 to aicertain the compo-
sition of any onc plant, or single group of vlants, in each
stage of growth; Therefore, the analytical date obtained
from each cutting must serve to indicate the composition of
.the other plants at that particular time, which are to be
cut later and analyzed. Since we have a fairly iargc number
of plants in cach area, and since wé may average the three
arcag cut in each secries, the results oughﬁ to represcnt a
fair average for the entire field at that particular stage.
The series of cuttings of timothy *ocre taken from
a field which lay upon a gentle siope. The strips of the
field furnishing plots 1 and 2, of the various scries,.lay
side by side near the top d4f the swale)while'the strip fur-
nishing the cuttings of iplot S 4 5 of the different series,
lay about one hundred fecet away near fhe bottom of the swale.
The more luxuriant growth from the cuttings of plot 3 are
thus explailned by the location. At the beginning of the
experiment, at the time of cutting series oné, the areas of
®ach plot to be harvested in the various series, were seledt-
8d and marked off by corner stakes. Each of these areas
Wwas 2 x 6 feet and lay side by side in the order to be cut,
Gxcept that a foot or two of growth might bo omitted to avoid

a bare spot or an unusual condition of growth. In selecting
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these arocas the aim‘was, of coursc, to securce as uniform a
stand as possible 1n each area. The strips or plots for
Wheét lay a few foet from each other upon thc same level,

and the cuttings wore selected side by side for varioﬁs series
of cutting, with the same view of uniformity in stand.

Thesé cuttings were also 2 x 6 foet in area. The wheat and
the timothy were dut off two inches above the ground. After
removal of_tho'hay the bulbs . with the stubble werc dug up |
véry'oarofully to obtain all of these within the gilven areca.

‘ The first cuttings, (Series 1), of timothy were
made May 23. The young plant was elght inches to ten inches
high and growing-vigorously. The heads had not yet appeared,
but werc inclosed by the locaves of thce stem. On June 6, the
series 2 of cuttings, was obtained. The vlant was now be-
ginning to head, but as seen from the tables; tho hoads wore
allowed to remaln with the stalks as they wcre not large
enough to be made into a separate sample. Many new sprouts
wére growing out of the bulbs, and in the plot were found
many dead bulbs/which werce rejocted. June 18 was the date
for Series 3. The plant was now in full bloom, and many
spiouts wore found upon the bulbs. On June 30, when series
4 was harvested, the plant waé Just out of bloom and the seed
had just been formed. Bulbs with sido sprouts were still

in evidence and womewhat greater in number than in the 1ast4
series. In séries 5, ocut July 9, the seed was in the dough
stage and a somewhat larger number of bulbs, having small

sprouts than 1in scries 4 were found. The last cutting of
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the season, Series 6, was ﬁade July 20. Plot 1 appeared to
be scant in seed staiks as compared to the others. About
ten per cent of the heads had dried out enough to shell.
Scarccly any'green heads remained. This cutting ought to
have been made about threc days carlier to obtain the heads
in the vproper condition. To cormect for this céndition these
sholled hoads werc roplaced by peffeot hcads of thec same
. length, diameter, and degrec of ripcnoss, from anothor part
of the field. The stems were yellow for fully six inches
below tho heads. The stem lcaves wore practically all dead
but therc was some green foliage of the second growth about
the bottom of the stems, varying from a fow inches to eighteen
inches high. Many of the large bulbs were dead with a
small bulb grown out at the side, carrving a groen sprout.
The small bulbs were saved, but the dead bulbs werc rcjected
as 1In tho proevious case. On March 16, 1909 a 2 x 6 foot
area in each of the plots was dug up, to obtain the bulbs
for the purpose of analyses, before the growth of the plant
had fairly begun. A greon growth from the bulbs was Formed
above the ground, less than two inches high and thercfore
below the dead stalks of the »nrcovious voar. This grecn .
growth eollected with the bulbs, is.tamilated as stalks and -
hay; :the dead stalks wefe rejected. This data 1s designated.
in the tables aa Series 0. PRI e Sl A d G

The first cutting of'uheatfwaa made Mgy 23. This
was winter wheat sown about Ootober -1, 1907. At theotime of
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this first cutting,the plants were well headed out -

vand were about ten to twelvé inches high. At the second
éutting, June 4, the wheat'grains were fuli sizo and nearly
all in milk, the whole plant being less green than in the
first stage. The third cutting, June 11, finds the grains
in the dough stage, and the whole plant changing more to
the yellow appearance of the ripe plant. The fourth and
last cutting finds the grain ripé and firm and whole plant

quite yellow and dried. out.

Preparing the Material at the Laboratory,
and Methods of Analysis.

- As soon as the timothy hay or wheat plant above
ground was cut, it was placed in a covered tin container
and weighed within thirty mimites, accurately, to 0.1 gram;
The heads were cut off close, then welighed at once to 0.1
_ gram, This gives us the grcen welght of heads and stalks.
The stalks inciude therefore, the leaves and stoms, which
when added to the hoads‘constitute the hay. The stalks
are now cut into short piopos, and after thorough mixing a
‘can with wire cloth sides was filled with the same, and the
gross welght recorded at once. The heads were also placed
in such a can and the gross weight'recorded. These cans
were placed where the air could circulate freely about them,
and wore welghed at frequent intervels until their weight
was constant. This gives us the data for the amount of moist-

ure lost in passing from the green to the air dfy condition.
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The clods of dirt containing the timothy bulbs or wheat

roots were soaked in water in tubs, and the bulbs or roots
rembuthénzd washed with two or threc changes of water, so

that all adhering dirt was removed. The timothy bulbs with
the stubble attached, were striped of their fibrous roots

and outer dead coveriﬁg,'and they and the wheat roots and
stubble, spread out on a paper to dry until all visible

water was dried off. _The timothy stubble was then cliéﬁed
from the bulbsﬁbbdtn‘ware:againnapraadAOutaonymager;Hmﬂuﬁllowed
.to 1lle exposed to the alr until the weight was constant. |
The Wheay roots and stubble were transferred from the paper

| to_taied wire cloth cans, and allowed to come to the air dry
condition as in the case of the heads and stalks. As one
object of this study is to determine what part of the plant
constituenss remain upon the ground, it does not appear
especlally necessary to separate the stubble from the roots.
However, in the case of the_timothy, tho bulbs obviously
perform a function quite distinet from other perts, so these
have been analyzed by themselves.

For the dnalysis these air dry samples were cém—
vosited so as to make bne sample of each kind in each series.
For example, the heads of timothy from plots 1, 2, and 3 in
Series 3 were all mixed to meke one sample the same mixture
‘being made of the three samples of stalks, of stubble and
of bulbs. This was done for each series of cuttings of both

the timothy end the wheat so that one sample each of heads,
stalks, stubble and bulbs was analyzed for each seriles.
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These composited samples were ground until the
material would pass through 1 mm. mesh sieve. To reduce
the samples to this condition they were passed first through
a drug mill and then‘through a coffée mill with the burrs
sot close. If a sample pioved to be tough and very diffidult
to reduce it was dried at 100° or less when it became qulte
brittle and could then be ground fine. By allowing the
ground matorial to lle exposcd to the air for two or three
days, 1t roeturned to its air dried condition.

Moisture was determined in duplicatec samples by

"~ drying two grams of the alr dry sample, in an open aluninum

dish in a partial vacuum (about 60 cm.) at 80°- 900, until
the welght became constant. The material thus dried was trans—
ferred to an S. and S. extraction capsule, and after drying
this to constant wecight, 1t was extracted in a Soxhlet extract-
or fof three days with water free ether. The less in welght
of the capsuleland contonts gave the welght of ether soluble
méterial extracted from two grams. The crude flbre was de-
tormined upon the éxiracted residue in the rcgular official

method (27) by boiling first with 1.25 per cent HgSQGy and final-

ly with 1.25 per cent Solutién of NaOH. The washed Bibre was
collectod and weighed in a gooch crucible, the fibre was then
burned off and the crueible again weighed to deterrnine the
loss, |

Nitrogen was determined by the Kjeldahl method (R7) -~
slightly modified by this laboratory for goneral nitrogen work.
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One gram of the matorial 1s heated in the regular Kjeldahl
flask with 35 c.c. concentrated sulphuric acid and 0.7 groms
nmercury. After incipient frothing is over and the mass heas
_ changed from a pasty to a more liquid condition)about goven
.grqms of potassium sﬁlphato are added and the heating con-
 tinued until the 1liquid is colorless or nearly so. The_k
flask iis dodled - and? 26 — 30 c.c. of distilled water are
vsed to rince down the neck and inside of the flask. The
flask 1s then reheated for one hour, cooled and the contents
di&utaa-gpof 300 c.c., 80 c.c. of a solution, containing 40
pounds of Greenbanks caustic soda and 375 grars of potgésium
sﬁlphide in 30 liters of water, arc added and the gmmonia
1s distilled off into tenth normal HCl and the titration
‘made with tonth normal ammonia using cochineal as an indicator.
‘R1trogon multiplicd by 6.25 gives the rcsult asvprotein.
Ash was determined by burning two grams of the air dry mater-
1al at a low heat in a nuffle until thoroughly charred;
.then_raising the heat to produce as nearly e white ash as
vrossible, or until the weight was constant. No dircet de-
torminatlons of carbohydrates wcre made in this series of |
analyses. The nitrogen free extract as given in the table
is the difference of the sum of thce other constituents and
100 per cent. | '

The amount of thé constituents have been given in
: poundé per acre upon the dry basis in order that other data
may readily be compared with it. The figures used in dis-
cussing the variations are the average values for the three

plots. As the ocuttings of plots 1 and 2 were taken quite
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close to each Other,they ought therefore to show about the

same vaiues for any donstituent 1n'any stage. Yhile the data
from these plots shows an approximate uniformity.of growth,

it will be seen that plot 1, in the young stages, . shows slightly
greater values than plot 2, for the constituents in all varts

of the plant, while in the later stages this condition is
reversed for the hay or plant above ground. Therg7£§ceptions
to these statements, however, for these cuttings which represent
the poorest growth have many fluctuations. The growth from |
plot 3 is much more vigorous than from the first two plots on
acecount of location. In many cases the yield of the constituent
under consideration equals the amount in plots 1 and 2 together.
This plot gives figures which vary in a more regular manner

than does the average value in many cases. This data may serve
therefore to illustrate ﬁhe trend of variation as pointed out

in the discussion.
Discussion of the Data.

The results in tﬁe last stage in both timoth& and wheat
Plants show losses which are due to parts of the plant, such as
chaff from the heads and leaves from the stem, drying up ana . 1
falling away from the plant. An additional error in the data for
the wheat heads is caused by birds eating the ripe grain;
Anyone who has seen the great flocks of birds which hover over
the fields at harvest, will realize that this error may be
considerable. Hébert (14) on account of this same difficulty
‘mitted his analysis of the wheat heads at this stage.:
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IIMOTHY PLANT.

Observe the variation in the per ¢ent of water in the
green plant above ground through»the different stages.
(Table I.) The data shows cloarly the steadily decrcasing
content of water in the timothy hay as the plant approaches
maturity. The causec contributing to this résult is found
by comparing the average total grcen welght pof acrc of the
~ hay, (Table II) with the average welght of dry matter in
the hay, (Table III) through thc various stagoes. The green
welght inereasos but slightly after Scries 2 and conmrences to
decrease after. Series 4. On tho other hand, the drv sub-
stance of.the hay 1lncrecascs steédily in amount, showing that
tho loss of water py drying out,takes placc morc rapldly
than the addition of dry substaice in.the last stages of
riocning. The moisture in the grecn weisht of Serics 0 is
slightly'less than Series 1. The grceen growth of Seories 0
was somewhat wilted before the grcen wolight could oc taken,
which accounts for this low result. Wilson (4) revorts
the young plant as having less molsture than the planf in
hloom. But‘in his experiment ﬁho young plant was cut in
October while the plant in bloom was cut in caArly sSwumicI.
Tho analyses do not revresent tho same stand of hay, which X
may have somothing to 4o with the low por ccint of moilsture |
in the youné nlant.

A study of the weights of dry matter in tho vnarts
of the plant shows us that thoc most rapid inercasc 1s found

1n the heads, or seed bearing part. (Table III.) The
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- timothy heads double in weilght fromlblossoming (Series 3)

to maturity (Sofies 6) in a period of 32 days. The bulbs
'of the timothy show a tendency to increase théir dry matter
rapldly in the first theec stagos, and more slowly in the
fourth, fifth and sixth stage. The weight of dry maitter in
the bulbs harvested in‘March,before growth had fairly started,
(Serics 0) is also in acqordance with this statement. The
tendenecy of the stalks to lose in dry matter at the 1last
stage or two,is probably due to the lower lcaves on the stem,
withering and falling to -the ground as the plant ripens.
These may contain 80 to 90 per cent of dry matter. Many
such detached leaves.wére foﬁnd in hérvesting the last two
geries of timothy. Before preparing the stalks for drying
and subsequent analysis, the stalks of hay wore plcked up by
hand from the pile cut from the plot, the heads were rcmoved
and the green welghts taken. ' The stalks were then cut up
for drying and analysis. This left small piecesAof ggtaohed
yyyyyy dead. leaves of which therc werc rather morc in thqllast
stago than in the preceding cuttings. Thé stubble gains‘in\
dry matter as the hay ripons following the changes in the
except that thore is less loss dué to falling parts.

)
Much of the data on the stubble recorded in this paper varies

stalks

in an irregular mannor)making it impossible to discuss it like
the other parts of the plant.

_ Table IV shows that the plant inereascs its weight

in nitrogen between two and three times “from ineipient
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growﬁh to full ripehing. counting from Series 3, the heads
aﬁd bulbs show the highest ratc of gain, the stalks and stub-
‘ ver cent of
ble the least. Ve see from Table XI that the/protein re-
mains almost constant)so that dry matter and nitrogen are
increasing in about thé same ratilo. The stalks are also
storing up nitrogen)but at a slowér rato)and with some fluot—
uation. In the stubble thec protein percentsage varies irreg-
ularly for some recason not eagily ekplained (Table XIV).
The fairly regular figures for the-protein in the bulbs show
that development of root systém as well as plant above ground
goes on steadlly throughout the plant growth. Tre ether
soluhle material,which ineludes— 01l and chlorophyll, of the
‘ between Series 2 & &
timothy plant (Table V) gains with sharp’ fluctuation/up
to riponing)falling off in amount at the last trisl in the
same manner as dry mattor)and probably dve to the same cause,
i.e. = falling off of the lowver dead leaves of the stem.
ifter a slight drop in the Heads at the end of blossoming
(Series 4})1t inereases due to storing of oll in the seed.
Kellner (2), Jordan (3), and Wilson (4) make no mention of
this,increase of oil in the hay during ripening. The per
cent of ether soluble being higher at the beginning{and end.
of growth than in the intermediate ‘'stages probvably-indicates
an: eéxeess of chlorophyll in the young heads and the larger
amount of oil in the seeds when ripe (Table XI). The stalks
on the whole gain in ether solubtle material until just before

ripening,when the f£alling value in both amount and per cent

(Table XII) indicates that some of this passgszonftOnbhlxaeeds.'
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The bulbs rise rapidly to the maximum amount stored up, which
occurs at about blossoming time (Series 3) after which the

practioally
amount remaing/constant and.theiper cent fallsy.dué to the

other dry matter.

addition Tablo VI shows that the crude fibre increases

in amount as iong as the plant 1s 1ncreasing in weight; also
that 1t is not passed along to other parts;but rcmains where
"1t was formed. The falling of some leaves from the stem
expleins the actual loss in the amount in the hay in the
last stage. '.Tne fibre increases in amount in the heade,but
owing to the rapid storing of otner constitvents 1t falls
in percentage value after blossoming (Series 4, Table XI).
In the stalks the crude filbre is’proportional to thc growth,
whilepelow the ground the maximum amount is reached before ‘

the storing of other constituents is complete as 1s evidenced
by the decrocasing por cen_/crude fibre in the bulbs (Teble XV).
The ash of the total timothy plant (Table VII) gains in amount
rapldly at first and more slowly toward the last,causing a
drop in the percentage valucs‘(Table x),which faoct has'boen
noted by tho 1nveétigators on timothy previously cited.
Tho,falling‘of parts from the stom explains the loss in amount
in the stalks and hay in Seriles 6. .Tho storing up of the

ash in the heads 1s more pronounced than in any othervpart}
| although the amount in the stalks ilncrcases appreciably also.
The data seems to show that the bulbs and stubble pass some

of their mineral constituents along to the plant above, and

show a partial recovery of these constituents at full rivening
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(Series 6). The nitrogen free extract will include the
gums, starches, sugars}pentoses and pentosans of she wlant.
We should expect that these constituenté will show a sub-—
étantial 1ncrease as the plant developes and ripens (Table VIII),
Both the amount and perocntége value increases through the
different stages}showing that the increase is in a grecater
ratio than the sum of the othor constitucents. All the »narts
of the plant incrcase theilr amount per acro)of fhese nitrogen
frce constituents)but the heads show thc greatest »atoc of
increcase. The bulbs of the timothy continue to grow and

storc up material throughout the ripening poriod,for thelr
function is to carry the life of the plant over the wirter:

to énother growing season. Just what these carbohydrates
arc)which arc storod up in the plaut,cannot.bo definitély stat-
ed from thc results of this work. The bulbs, however, wereo
tested with mueh carc for starch. The results werc in evoery
cése negative, wiino.>testt belng gilven for starch in the

bulbs obtained in any of tho seven stages of growth. The
carbohydrate: material contained in the bulbs 1s more like
guﬁ)as was proven by the difficulty in grinding these for
analvsis even aftor drying. The ground material would pack

to a glue like mass upoh the burrs)making it impoésible‘to
continue the grinding until the machine had boen cleaned.
Starch is, of course, the principal donstituent in the ripe
seed)although sugars, fibres, cellulose, etc.,'are also
present. Ladd (5) with timothy, Hebert (14), Deherain and .
Dupont (17) with wheat have shown that sugar,during the rip-

ening period}is changed into starch, in the plant above the
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ground. Table IX on the distribution of the dry welght of
the timothy »lant reveals the following:- The heads and
- stalks gain quite uniformly 1in per cent of total dry substance
as growth procoodé.' The dry substance stored by the hay 1s
about equally divided between the heads and the stalks. -
The stubble,which has gained but little drv matte?,has lost
in percentige value one half. The bulbs winleh have gained
substantial amounts of dry matter through the saeven stages
have fallen off about one-seventh in wercentage value.
The‘dry substance of the hay cron 1s about 57 per cent of
the total dry matter Qﬁ}%iant whon young (Sories l),and about
69 poer cent of dry matter of the mature vplant.

To sum up the compwosition of the timothy plant as
‘a whole, we sce that the protein per cent has its'highost
valuo in the ybung plant)whid1servedwell to indicatc that
rmuch nitrogen .should be available for the yvoung plant to
grow vigorously. Kellner (2), Jordan (3) and Ladd (5) re-
ports show this same result. The ether soluble matcrial
(011l and chlorovhyll) reabhes a high valué 1in the early
stage,when we éhould expect a preponderance of chlorovhyll.
The subsequent falling and then rising 1in perAcent as the
plant developes mavube“explaiﬁed’bvfthésprogresoiﬁéicﬁéﬁgé*in
| Dhegnatu:g;fthe chlorophyll and formation of the vegetable
oll as the plant nears maturity. The maximun per cent of
the o1l 18 reached about twenty days before full maturity of
the plant. The crude'fibre varies but 1ittle in per cent

which means that it is proportional to total dry substance
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preeent. If weather conditions such as cloudiness, which-
retaid the change of sugar into starches 1in the plant,hshoulad
occur iﬁ the last stages,the crude fibre.might increase in
per cent}although not increasé in amount. Reports published
heretofore (2) (3) report the percentage as inecrcasing in the
last stages. Taking the timothy planf as a whole tre ash
~and the protein decrease stoadlly 1n por cent. The rapid
ratlo of incroase 1n the nitrogen free extradt is the cause
of thesse decrcasing values in the other constituents.

- As‘was stated bofore)many soft, de~d bulbs wero
found on washing the soll away from the bulbs. Thoso were
rejected and only firm bulbs saved for analysis. These flrm bulbs
were counted in each plot. Beginning at Series 3 many snall
green sprouts were found, growing rrom the side of the large
bulbs)and in some cases these sprouts.had developed far enough
to show the formation of a bulb at the base. A count wes
mado of these nev sprouts)which vere retained with the bulbs
tq be ground for analysis. In the table thc average number
in the three plots iﬁ oach scries is gilven, both_for the largo
bulbé and the small sprouts. ‘starting with the small number
ofrbuibs (586) in the 2 x 6 area dug up in March, the number
found increcases up to scries 4 at about which time the plant
attains 1ts maxirum size, after which the numbor found de-
creases., At the same time the number of small sprouts
somo with bulbs, which beéan to appeér in Series 3 is found
to.increase”and with some fluctuation, this number continues

to incresase. At the same time the number of dead bulbs re-
Jjected continues to increasse. - From this count we conclude
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tﬁat the life devolopﬁent of the bulbs works in the following
cycle. The bulbs in the ground over wintei send up the stalks
in the spring,and after a time small sprouts budvout from

the slde of these and‘prodﬁce a small bulb,which~furnishes
the second growth of the plant in late suﬁmor’and accounts
for the thickening of growth of the timothy meadov and the
small immature heads which arc sometimes found associlated
with the ripe heads at harvest. Trhe number of these small
bulbs increcascs stoadily’and as they are formed the large
varent bulb turns soft and decays. These small bulbs éarry
the plant through the winter. .

A count was also made of the timothy heads of all
plofs'from Serles 5 and 6. Although heads were obtalned
and weighed from Series 4 and 5 the probabvle value of having
the number of thes@ did not océur to the wvriter until it was
too late to make this count. In Tabio XVa is given the
number of bulbs and hecads for each plot in Series 5, 6 and O
and also the average number. The¢ number of surouts found
shooting out from the solid bulb arc also cnumerstcd for
Series & and 6. These scrvo as an indication of the number
of small new bulbs which are vroduced during the growving
season'to carfy,tho plant through tre winter. At the point
whore fhese sprouts grow out from the parent bulb)a new bulb
forms)sqmetimes as many as three or fouridepending upon the
numbéf of sprouts. The sharp variations in the nunber of
sprouts of the difforent plots,show the Aifficulty of drawing
any exact conclusion from the data. Each series of course

represents an entirely different lot of bulbs dug up,and this
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alone would‘be reason for somé variation. We may also expect
th#t ﬁény more neﬁ sprouts would be produced between July
20 and the following March}whioh would explaln the increase
in bulbs of plot 2 and 3! Or some sprouts might wither
gway aﬂd produce‘no néw bulbiwhich'would account for é de-
crease 1n nﬁmber. It would héve been 1ntoresting to have
obtained some proof for this progressive inereasc or decrcase’
in the number of bulﬁs)by reﬁoving'and counting the bulbs
and -sprouts two or three times between July 20 and the end
of the season. It may be noted, ﬁowever, that most of the
bulbs which start out the seaéon in March apparently produce
one héad in the first growth of the'geason,as their number
shows some rclation to the heads produced. It has been voint-
ed out that plant food and nitrogon in partioular)séem to
be stored up quite steadily in the bulbs during the growth
and ripening period. It would seem likely that most, 1if
not all}of this addition of plant food goes to the new sprouts
and‘bulbs after these begin tB form’and that thé-old bulbs
give up thelr plant food to the othor growing parts as they
turn. soft and deoay. No separation was made of old and
new bulbs for analysis and no dead bulbs were analyzed at
8ll. We -lack, thercfore, analytical proof of this change
in the bulbd. | -

WHEAT PLANT.

Thiey el oR o F Po0 3 LI 5 o 5 S S MR TR
i 1The we%ght of green wheat plant yer aore shows a ten-
GOGT e i g A PRI ; g ’ AR A
denocy to deorease rrom Seriea 1 to Series 4, uhile the dry matter

20: lJ "'.‘\iw ) “i & —dk le

which it oontains 1noreases 1n amount (rables XVI, XVII, XVIII.)
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Thus_tho per cent of dry matter rises ranidly duec to addition
of solid substance and loss of wator by drying qut. This
large content of moisture in the young nlants has been point—
ed out in nearly all the publicailons herctoforc cited,and
may be regarded as a normal condition of plant growth.

Again the wheat heads show a morc rapld g2in in dry substance
than any of the other parts, galning five to six times in
welght in about 237 days. The stalks, roots and stubble
have gained theilr maximum amount of dry matter by the timé
the milk stage (Series 2) is reachod,after which they lose
steadlly to the end. A part of this loss at the last stégg

is due to falling chaff and leaves,as the amount for the

)
total »lant 1s seen to he less. The loss ia amount in the
stalks, roots and stubole  indicates that the dry matter is
~belng transferred to the head as it ripens. The constituents
which are transforred during thesc stages will be indicated

as we follbw the data. The young plant above ground contains
about 79 per cent of the dry matter,wnile the ripe plant
contéins 86 per cent. The total wheat plant galns contin-
uously in amount of nitrogen from the start (Table XIX).

The per cent (Table XXV) 1s highest in the young plant show-
ing it to be taken up the most rapldly at this stage.
Liebseher (7) places nitrogen as a constituent)as first in
order in amount of all'the materlial absorbed by the plant in

its young stage. As we should expect,the great gain in ni-

trogen occurs in the he=ds of the wheat plant. The percentage
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‘1. value falling slighfly indicates that addition of other
éubstance is somevhat greater. Again we see'from the de-
crecasing amount and ver cent in thé stalks, roots and stubble
(Tebles XXVI and XXIX),thatat: least a part of-the’ nitrogenous
substance is being transferred from these parts to the hoad.
The veariations in the amount of ether soluble in the wheat
plant (Table XX) are much the same in kind as for tirothy.
Although high ét first in the total plant, due to cxcess of
chlorophyll in the ydﬁng stages, ip drops quickly and again
rises, "The oil is apparently formed ra:.idly in the hecad
after the head 1s'formed as evidenced by the ravid rise in
amount present. The drop in smount at the last stage is

due to falling parts énd to loss of ripe grain by virds.

The falling amount ver acre and percentage value of the exhor
soluble of the doots (Table XXIX))indicates that thils mater-
ial 1s pessing on from the rdots to the plant above grouhd.

| The crude fibre in the wheat plant (Table XXI) appears to
inerease in armount while growth is going on. It reaches

1té maxirum in quantity in all parts of the vnlant about the
second or milk étagd)aftor vhich 1t remeins practically con-
stant. Thai the amount does not decrease in the stolks,
roots and stubble,eXcopt whon parts fall off)shows that crude
fibré is not'transfqrrod from one part of the vlant to another
but roméins wvherc it was fo:med. The dropping off of the
»chaff from the hoads in the last stage7accounts for its loss
here ai this périod. Ash 1s absorbed by the plant (Teble

the , '
XXII) in considerable quantities duriqg/growth poriod)but A7
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appears to be constant durihg the ripening period, except
tor.loaseS-ﬁue;toyféllingipgrpe;10&. Plot 1, of Scrics 2
and Sjspows this more clearly'thén the =zverage. During
ripening (Series 2, 3, and 4) the roots and stubble are con-
tributing mineral constituents toithe stalks and heads.

The stalks store sorme ash durinq ripening[mhiré the heads @add
mineral matter quite steadily. The starches, pentoses, pen—
tosans and sugar-like bodies are included in the nitrogen
free extract of the plant. (Table'XXII). These constituents
increase more than =2ll the othorslenpecially in tﬁe heads)
vhere the increase goes on rap;dly throughout the growing

and ripening period. The stalks, the roote and the abubble
pass on these constituents to the hesads during ripening .

The roots. have practically ccased to contribute of their car-
,bqhydrato material by the time the éough stage (Series 3) is
rbached)for at this time the amount present in the plant
above the stubble has become constant.

The rapld storing up of cdry maﬂtor, nitrogen and
ash in the young plant which has been pointed out in thié
report is 1in accordance with thc work of Pilcrre (9), Volff
(8), Bortholot (16) and Adorjan (19). That the roots and
stalks contribute nitrogen and starch fdrming neterials to
the grain while ripening, has been mentioned or yroven by
Dchorain, Meyer (10), Dupont (17), Hebert (14), Adorjan (19)
and. vrerhaps others. Soﬁ:oéder (28) working with plants and
young shoots of trees, states that the nitrogen and mineral

constituents are most abundant in the ycung growth or ends
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of the shoots;that the lower part of the plant or old growth

loses about one-half of its vhosphoric pentoxide, one-third

of its potassium dxide.and one—fourth of its nitrogen,to

the young shoots. Thué these constituents tend to collecet

in the newer and upper extronitv of the pPlant growth, (29);

the vheat plant shows the analogous property in collecting

these constituents in the heads. Hansteen (29) working with

a few tyvical piants of difforent oxrders,points out that’

there 1s a correlation between different organs of a nlant

in regard t0 the_distributiqn of the rotassium and phosphbrus,

He points ous a tendency of the plant do0:store its-ash constit-

uents in thowleaiésﬂandcblossoms,: This accords with Schroeder's

(28).statement that these constituents dollect in' the extremities

of.plant gLYOWLN .t : ~ollact i shv sitrac i of Liant Cmogth.
Congidering the timothy and wheat »lant side by

'8lde we find characteristilecsof growth and composition)which'

vary similarly in both plants)and others which arc unlike.

In both the timothy and wheat wlant the moilsture in the green

plant is highest in the youang stages and this moisturc dim-

inishes by evapofation as the plant ripons. The heads of

both plants gain rapidly in dry mattor dpring growtﬁ and

ripening, the timothy heads doubling in woight'and the wheat

heads incrcasing fivo or 81x times in their welght of dry

matter. .Tho stalks,stubblo and bulbs of timothy incrocase

" in welght of dry substancc)botn in the growth and ripening

poriod of the plant. The wheat stalks, foots and stubblo

increase in welght during the growth period)and'thon vield
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up more or less of this substance during the ripening poriod.
Nitrogen and-ash arc 2absorbed rapidly in the young stages
and moro‘slowly'by the older plant, The niltrogen is uscd
by all parts of the timothy plant,but-eapecially by tho
head and bulbs. The wheat heads 'absorb most of the nitro-
' : ' some of

gen of tho »laant, thec other varts contributing/this corsoit—-
uent to tho hoads. The ash 1n'boch plants accumulates,es—
"pecially in tho heads)but also 1n.the stalks. - The root
systems of voth »nlants yleld minoral matter to the plént
above ground during rivening. Ethor solublo inaterial as
chlorophyll)is high in the young piant)anﬂ 28 oll 1s high

in the rine plant'aad_partioularlyiin the hcads.  Some of
this material is transforroed from the roots and stubdle of
the wheat to the »lant abovo ground; - In woth wlants, crude
filbre is formed in 3ll »arts of the »Hlant duriag growth}at—
taining its ﬁaximmn about blossoming time. Most of the
fibre 1s found in the stalks. Hitrogen frec extract 1lncroascs
rapidly in thQ heads of both plants)and in the bulbs of the
timothy,during growth 2ad rivening. It 2lso incroases in
tho timofhy stalks durlng the lifc of the plaat. With
wheat the stalks, »o0ts 21l stubble pass these constitiuents
to the head Auring rivening.

"> - The Ash of 'Plantsi - - -~ . =, -

Do Many - investigatorsihave reported analysés of plant ashes
. potassium. ,

glving their content of phosphorus and/ Storer (29) shows

that the amount of potassium oxide obtained from different

plant ashes varies considerably in amount. Some »lants show
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a high.ﬁer cent of potassium oxide. The waste parts of tobac—
'co 1éaves and the stalks are used as fertilizer; the dry stalks
contain about 5 per cent §f "potash" (30) besides much phos-
phoric aéid and nitrogen. - These odnstituenté are readily
available as food for ophpr crops, as is shbwn'by the rcady
rosponse in growth of the orop after thoir addition to the
land. Wood ashes or any kind of plant ashes may be used

with good resﬁlts on ény sdil with many kinds of crops.

- The value of potassium oxide for the growth of the timothy
plant has been shown by Lyon and Morgan (31). Timothy was
grown ubon expoerimental fields and was followed by corn crops.
The soil of the plots wes a silt&fclqy loam. Some plots
recelved no fer{ilization,while other plots received votash,
phosyphoric acid, nitrogen or mixed fertilizor applied to the
~timothy. All of these fertilizers produced an inerease in
both the timothy and corn crops but'the potash fe;ti;izer in-
‘ecreased the yield of ear corn more than any other;simple
fortilizer. The increase in the yield of hax,in every case,
pald for the cost of fertilizer usod. Another intergsting
experiment which has shown the responsivencss of timothy to
pofash .fortilizer)was'porformed4at the Bhode Island Station.
(32). ' Two wmanured rotation plots; in grass for two yoars,
wore selected, one was dressed with wood_ashes,‘the other
recolved no treatment. . When the grass had headod oup)a def-:
inite area was cut from each of the plots andwfﬁe plante sorted
and oounied. Only a‘"trao:" of timothy plants wereo found

on"the_plot which had received no treatment but from the
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other plbt,the number of timothy plants found was gz - 23
per cont of the total.
Composition of the Ash of the Timothy Plant. and
Discussion of the Data.

The composited samples furnishing the analytical
data previously discussed,were burned in platinum dishes
over a low flame until thoroughdy chﬁrrod)then lecacked and
wvashed with distilled water on an ashless filter until all
soluble matcrial was romoved; the insoluble residuc con-
taining the cerbon was burned ina platinun dish in a muffle,
until all carbon was removed. The solution of the soluble
ash was added to the platinum dish and evavorated to dryness.
The resulting recombined ash furnished the material for the
samples for the doeterminations of vpotassiwm oxide and phos-—
phoriec anhydride. The potassium oxlide was deteormined by
the rogular.Lindo-Gladding method as carried out for potash
in fertilizers (27). The.sample used was 0.5 gram'instead '
of 10 grams. This determination gives the water soluble
votassium oxide/which is 90 to 99 per cent of the total amount
prosont)as was proven by some preliminary work on the total
votash. | It is the intention of the writor to make a complete
sot of determinations of't@e total potassium oxlde for com—
parison with water soluble potassium oxlde. The phosyphoric
anhydride was doterminod)by fusing 0.5 grams of the ash with
5 grams of a mixtﬁre of potassium and sodium carbonate in
moleouiar propqrtions, until the massi was uniform and 2ction

had ceasmed, The fused mass was dissolved from the crucible
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. with hoj; wator, made acid Wit'h HNOz and after gentle boiling
for ten or. fifteen minutes was cooled to room tomperature)
‘made up to 250 c.c. and 50 c.c, samples vere draym. These
portions were evaporated to dryness anc heated at 1100—1200
for two to threec hours to6 dehydrate silica, then taken up
with weter and HNOg,and-aftor warning the solution to 600,
.Ammonium Molybdate solution was added to preeipitate the
phosphorué.. Following the usual probedure the yellow preé;-
cipltate was filtered off, washed, dissclved in ammonia,mag— y
nesia mixture added to procipitaﬁo the arronium rmegnesuim
phosphate, which after standing is filtered off, washéd,
dried, ignited and‘woighed as magnesium pyrophosyphate.
The study of the amounts of these two constituents

in the~ash shows somc interesting varlations. The armount

of potassium oiido,and phosphoric anhydride rerioved per
aoro,'with the crop of hay, 1is dirootly proporiional to thé
| age when cut. (Tables KRXI ahd XXXIII). Thus the amount of
potassium oxide in the ripe hay has beocn incredsed 75 per
cent above the amdunt in the young hay while the amount of
wnosuhorice anhydride has increased about 130 por cont.
In}ggpe timothy plant/77 ver cent of the notassium oxide
and 81 per cent of the phosvhoric anhydride in the whole
Plant are carried off with the hay, the amount being respect-
ively 61 and 41 pounds per acre. The amounts loft bohind
with the bulbs and stubble'(ls and 9 pounds per acre rcspect-—
ivélys)aro provably morc available as plani food for the next

orop,than they were hoforc the timothy was grow. Nevertheless'
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the romoval of the hay crop entails a largo loss to the soil
of these mineral constituents. ' The most rcmmarkavle point

in the above data 1s.the large increasc both in amount and

nor cent of the phosphorie anhydride at the time of rivening
of the plant. " Tho fommation of phosphorized proteids in

the seed is probably the expianation. This important rolo)
which has been shown to be piayed by phosphorus in tho wheat
grain at this time)is doubtless occurrcing in the timothy

sced also (25). Adorjan (19) observed the same phenonenon
but aseribes 1t {o woet weather. The stalks show the same
variation in votassium oxide and phosphoric anhydride as they
do‘in the hay. The ﬁor cent romains about the same, which
shows that 1t is taken up at the same rate as total dry matte%,
and 1s due therefore to the ilncrease in size of ‘the plant.,

In the stubble the amount of potassium oxide and phosphoric
anhydride fluctuates considerably, but on the whole the

amount does not vary groatny; The per cent, however, tends
to inerocase, by which we conclude that thesc mineral nutrients
arc being passed along to the upper growing parts. This

loss is roplaced, howover, from the roots below, and the
steady drying and withering of the stubble tend to raise

the value in per cent. In the bulbs the amounts of potassium
'qxide and phosphorle anhydride vary somewhat, but in the main
the suppl& of these mineral substances rcmains constant
throughout the growth period. The bulbs thus maintain their
own supply of mineral matter, while contributing large amounfs

to the growing plant abova.
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If we reduce the weights of the various constit-
uents to the basis of one ton of dry hay harvested, the later
crops do not exhaust the soil, at least to the extent in
potassium oxide, as the younger crops would. For one ton
of dry hay obtained at the time of cutting qOrios 2, we would
remove 43 pounds of potassium oxlide and 17 pounds of phos-—
phoric anhydride,while if cut when in the dough stage (Series
5), we would removs 27 pounds of potassium oxide and 18 »nounds
of phosphoric anhydride. Pefhaps the most surﬁrising rcsult
of the analysis of the ash of timothy is the large amount of
this mineral fqod which 1t requires for growth. These miner-
al nutrishts}especially the potassium oxide, are in a recadily
soluble form as found in the plant ash}and therefore avail-

. able for plant food. One ton of alr dry timothy hax,cut |
vhen nearly ripe, will contain 25 vounds of potassium oxide
or 1.25 per cent, and 16 pounds each of phosphorie anhydride
and nitrogon, or 0.8 ver ceit ecach. The value of these
mineral nutrients in terms of the coat of fertilizer may be
flgured as follows:

1.25 per cent K30 at $1.20 per unit $1.56

0.8 pBr cent Py0s at $1.20 per unit .96

Fertilizer value of mineral nutrients $2.46
The yield.of this alr dry hay was about two and one-half tons
to the acre, therefore the fertilizer value in "potash" and
"phosphoric acid" abstracted from the land was a little over
$6.00 por acre. If to this is added the fertilizer value

of the nitrogen the value removed amounts to $8.00 more to
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the acre or about $14.00. The amount of available potas—
sium oxide in timothy hay is thereforc as much or more than
the same welght of ordinary mixed fertilizers conteain.

A whole crop of timothy hay trampled flat and turned under
would contribute much avallable potassiuﬁ oxide, and probabiy
phosphoric anhydride to succeeding crops. But this could
hardly be adopfed as a practical procedure. The nitrogen
'required by the crop could doubtiess be all replaced by oc-—
caslional manuring,and if the farmer céﬁld got $5.00 or $6.00
per ton for his hay on the fleld his yicld of two and one-
_half tons would bring him $12.00 - §13.00 por acre. It

thus follows that timofhy is not a profit yvielding crop,on
soil which requires reinforcement of the mineral elements to
glve a good yileld. For a large crop of timothy hay an
abundance of potassium oxide rmst be dresent in the soil.
Some analyses of the ashes of timothy revorted by Wolff (35)and.
neadow grassos by Stutzer (34) show that large amounts of
potassium oxide have been stored up. It would thus avvear
that clay loam soils’which contain 1.5 to 4.0 per cent |
potassium oxlde (29), ovght to produce the best crops of tim-
-othy. ,The'invostiéations of Morse and Curry, of New Hemp-
shire Experiment Station (35) upon clay loam soils)show that
therc are large amounts of potassium oxide aveilable in these
solls)which are surficiont for large crops of grass without
additional fertiligzation. They do not find that the Crops

are materially increcased by the addition of potash fertilizer.

-
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This last statement 1s contrary to the findings of Lyon and

Mqr%an)who obtained substantial iIncreascs in both the timothy
n .

ang/the corn crop following the timothy, by the adcition of

potash fertilizer to a clay loam soil. If wve reduce the welghts
of the materials to the basis of one tén of dry hay for each
cutting, vwe see that the amount of constituents taken from

the land steadlly déclines in amount, The‘aéh decreases from
261 pounds in the first étage to 131 pounds in the last stoge,
thé potassium'&xide’from 61.7 pounds in the second stage to

" 35.2 pounds 1in the fyfth and in the same interval the vhos-
phoric anhydride ;decreasesffraﬁ-zsas:mQ'zzczprun@s:;:n.

The amount.of matorial left in the ground ver ton is naturally
less in every case. The roots are always a larger pner cent
of the total plant in its young stage than when ripe. Vhile
the amount of total and organic matter increases in arount
above ground, the amount left in the ground per ton of dry °

hay will grow stcadily less.

SUMMARY .

l.- The timothy plent takes up its plant food, - nitrogen
and.ash'conétituents,— at the rmost rapid rate in the young-
stoges . It continues at a decreasing rate to absprb plant
food during growth and in about the same réte as this growth .
proceeds. The-per cent of moisture in green plant is also
the highest in the young stages.

2.- Tho heads of'timothy inercase in dry matter through-
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out the growth and ripening period. This increase includes
all the plant constituents,of which nitrogen free extract |
is added at the greatest rate. .As the heads apwroach full
riponing’a large increase of phospohoric anhydride occurs.

3.- Tho staiks of the timothy increase 1n dry ﬁatter
during growtih and.ripening; this dry mattor added cousisting
chiefly of crude fibre/nitrogen froe extract)potassium oxlide
and phosphoric anhydride. Nitrogon and cther solﬁblo matoer—-
ial inecrcassc dufing growtﬁ’but decreasc during risening.

4.- The bulbs incroase in dry mattecr througnout the
growth_pbriod)but the amount becomes constantvbefpré rivening
of the hay. The mater;al stored uo 1s principally nitrogen¥
ous mattoer and nitrogon froc extract. No starch 1s »roduced
in the bulbs during 1o storing process. Potassium oxide
aﬁd phosbhoric anhydride are maintained at & oractically con-
-8tant value durlag growth and riponing.

5.~ Laprge amounts of available "potash" and "phosphoric
acld" are required for a crop 6f timothy. Timothy‘would
not brove a profit ylolding crop on land whore theso constit-
uents ﬁould havo to be suppllied in the form of fortilizer
to produce a good viold.

6.- Tho wheat plant also takes u» 1ts principal vlant
food,~ nitrogenous and minoeral mattor,- at tﬁé greatest
.rate in the young~stagos.. Absorption gsocs on at a decroeasing
rate during growth. Tho highest per cent of moisturc in
the groen plaat 15 found 1an the young stages.

7.~ The heads of wheat gain more uniformly and ranidly
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in their amount of dry'matter than any other part.
Nitrogen free extract is produced and storcd at a2 grcator
. fato than any other constituont,bui nitrogen, ash and ethor
goluble matter are added in some quantity also. Fibro is
practically all formed by the time of the falling blossom and
remains constant to ripening.

8.~ The wheat stalks contain thelr maximum amount of
dry matter at hlossoming timo,after wnhich they pass gome
of this material along to the ripcning hecads. Nitrogenous- -
substance and nitrdgon froo extract)appoar to be the constit-
uents which tho stalks yield up to the hoads,

9.- The wheat roots and stubble incrcisc in dry matter
up to the.milk stage}after which 1t decrecases in amouny,boing
passed along to the plant above ground. Pibre present in
the roots does not decrease in amount}but nitrogenous and
ether soluble material/ash and nitrogen freo extraet)pass‘
out of the roots into the growing plant above ground during
the ripvening of the heads,

Amm%This study was undertaken at the suggestion of
President H. J. Waters, Manhattan, Kansas, formerly Dean of
the College of Agriculture of the University of Missouri.
The'detéile of the work, as presonted in this paper,wére
carried out under the general direction of Professor P. F,
frowbridge of the Department of Agricultural Chemistry.

The author desires to acknowledge his 1ndebtedn§dd to these
men and also to his associates in the Department of Agricul-

tural Chemistry.
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Table I.

No.
cutting.

Series 0.

" 4.

n 58 n

MCISTURF and DRY SUBSTANCE of the TIMOTEY PLANT.
Average of all plots.

Total

Green Weight

per Acre

of the Hay.

(pounds)

6506.20

17101.70

24688.30"

28617.€0°

29089.80

257652.70

21671.30

Total
Dry Weight Per Cent
per Acre Dry Substance
of the Hay. in Green Hay.
(pounds) -

1799.61 27.66
4416.37 25.82‘/
6281.84 25.44 /
9862.64 34,46V
11927.46 41.02 Y
13526.50 52.52J
12344.50 56.97 -

Per Cent
Moisture
in Green Hav.

72.34

74,18 /

74.56"Y

65.54 "

58.98

47.48"Y

43.03-



T ble

WELGHTS OW THR GRFEN TIMOTHY PLANT HARVFESTED.

Deslgnation of Cuttings.. Grggg gﬁ%ht erfg? gié%m Grgg? Kgiim Gr;;? i’gight Gr;ggt?{é;ght
Cerans ) Cerans ) (pounas))  iosyalbs.  of the iay.
Series 0 Plot 1. A 195. OO/ i5u6. 5/ 1 5uve. 5"/
moo0 Tmo3, 176. 00" 14u8. 5/ 1 408, 5/
"o v 3. | ' 442.00" 3537.2/ 5 557,27
Total. 813. 00" 6 su6. 27 6 50627
Average. | 271. 00”7 2 1638 7/ z 168 7
series 1 Plot 1. » | 535.00 © 4 281. 4/ 4 281. 4//
w1 v 2, 526. 00" 4 209 4/ 4 209. 4
T - i 076.00" 8 610 o 8 610 o
Total. 2 137.00 " 17 101 7Y 17 10177
Average. ‘. 712 30" : ‘ 5 700. 6/. 5700 6/
Series 2 Plot 1. 788. 00 p’ 6 306. 14 6 306. 1V
o2 v o3, - 815.00 6 522. 24 6 522 2/
" g "oz, 1482 ooy 11 860 0/ 11 860G, (‘:\/‘
| Total. 3'085. 00” 24 688. 3V 24 683,37 -
Average. 1 028 30/ A 8 229. 4\/ 8 229. 4/'
Series 3 Plot 1. 78. 60° 821. 40" 629, o/ 6 573. “/,. K 2u% 4/;
w3 om g, 1G5. 407 913 607 843 5/ | 7 341 34 § 154 8/
gt 153 50 L assrY L3oe av \| 14 955 6 13260 4/
Total. 347. 30/ % 228, '7()/ 2 97 391/ =5 835, 3\/ <o 017. 6‘/
Average. 145. 80 4 1 076. 20'/ 926; 4v ‘ 3 61 8\/ 9 53y, ?.‘/
Series 4 Plot 1. 76. 90 4 842. 10/ 615, 4v 6 739. 1/ 7 354. 57/
noo4 o g, 94.60" 901. 407 757, 17 7 243, 6v/’ 7 96 7 -
"4 w3, 185.50 © 1 534.50" 14845/ 1z 28017 13 764 6
| Total, 357. 00 © 3 278 007 2 857. o/ 26 232, 81 29 089, 87
Average. 119 00" 1 002.70° o523/ s 74437 9 696. 6/
Series 5 Plot 1. 108,507 754. 50 " 868 3/ 6 038. 0/ £1383
o5 vog, - 133300 797,70 1 066.8Y 6 223. 7/ 7 296G 5/
w5 w3, 231. 10" 1429 60" 1 849, 4/ 11 44317 13 298 5/
Total. 472.90 2 962 10" 3 784. 5/ 23 704. 8-/ 25752 7/
Average. 157. 60" 987. 40 g 1261 5/ | 7 901. 6/ -315"83#‘-/9/
Series 6 Plot 1. 95. OO/ 574. 00 g 760. 3(/ 4 5973, 5/ 5 8575, 9/
" 6 * a, 1417. 00 d 582. 00 ¥ 936. 3\/’/ 4 657 6\-'/ 5 595 9\/
"o no 3, 179, 00" 1161.00° 1432 5/ 9 291. 1/ 10 723. 6.
Total. 391. 00 2 347. 00~ 3129 1v 18 542 2/ 21 671. 37
Average. ~ 130.30 g 772 30 1 043.0v & 180. 7/' 7 223, 8'\»‘/



Ta/éze .

Dry Weight of th= Plant Per Acrc

in Pounds (Water TFrec)

Designation
of Cuttings. HRADS STALKS HAY STUBBLE
Series 0 Plot 1. 431. 64 431 64"
rovo0 ", g, 389. 58 " 389 58 ¥
" ®r 0 " 3, 978. 39‘/ 978. 39 ©
Total 1799 61 4 179S. 61 ’
Average 599. 87 / 599 87 7
Series 1 Plot 1. 1179 30" 1179 30" 665.18 "
moo1 n g, 1153.54" 1153 547 414.78 "
w1 w3, 2083537 208353 " 529. 46
Total 4 446.37 " 4 416.37 7 1609 42"
Average 1472127 1 472.12 7 536. 47 "
Series 2 Plot 1. 1679.04" 1679. 04" 780.74 7
w2 v 2, 1640957 164095 682.23 7
moog w3, 2961857 296185 629.17 7
Total 6 281. 84 6 281 84" 2 092 .14 ~
Average 2 093.95" 2 093.95"7 697.38 7
Seriss 3 Plot 1. 21414 226056 2 474.70" 7i1.52 ¥
v 3 v o3, 28155 e 2 464 02" 2 746 47" 77018
T s e s wnosa Y 188137 aednav” 754,09
Total 949 03" 5 913.61"7 5 862 647 22457
Average 3i6. 34" 2 o71.20 " 3 287 547 738. 60 ¥
Series 4 Plot 1. 244.92"7 274217 " 2 987. 09" 867.33"
w4 v 3. 3060.97°¢ 2 931.85" 3 232827 67319 *
w4 w 3. 60351 5104 047 5 707. 557 748.09 *
Total 1 149, 4G 10 778.06 " 11 927. 46 2 288 61 7
Average 381.13 350260 3975827 762.87 "
Series 5 Plot 1 420.75" 2 983.09 3 403. 84% 55%. 95" .
" 5 w3 5u8. 007 3 063.30" 3-576. 30" 766.34 "
m 5 v 3 89407 565229 6 546.36" 829. 08 "
Total 1822827 11703 68 13 526.50" 2 149,37~
Average 607.61 © 3901 23" 4 508 83" 716.46 ¥
Series 6 Plot 1. 492 87 / 2513 12" 3040 99° 875.18 7
m o6 v 2, 676.327 2 733 87" 3440197 555.39
w6 v 3. 978738~ 4 944 04" 5923 32° 855. 81 v
Total 2147.57 7 1019693 12 344.50" 2 286.38
Average 715. 86 4 3 398. 98 83 4

4
4.1214. 76<. 13

1 066.77

BULBS

23L83V
21¢G. 29 7
v

485.19
927,317
‘ v
309, 40 .

850.

1 010. 41
877. 98”
977.35V,

4
1344.98

A

3200 31

1142 .78
670. 64
1 507.27

S 0~ N N

3 290G. 69 . -

4

1 0v6. 90

'TOTAL PLANT

663

< 7<6.

. 4
595, S\/
i 463.5/

o/

Qua. 9\/

garro/

2 058.7

3 164. '7/

.7 695. %

3 348 <
3135.¢
4 377.5

10 861. 6 /

3 620

4 194. ¥
4 zszﬂzv//

i A

/
2 56517
/
/
/

15 063. ¢

502137
4917. ¢/
4765 c7
7 56557
17 247. 3¢

5 749. 1/
4 835. F»/

5 326
8 720.

18 876.2¢
4 '1'. ":1‘
6 292 3/

4 999. o/

4 6306. 2—:/

8 286.

17 921 €V

5 975 ¢V



Designation

of Cuttings.

Series 0 Plot 1.
" o v,
" 0 *r 3.
Total
Average

Series 1 Plot 1.

Total
_ Average
Series 2 Plot 1.
" 2 " 2.
" 2 3.
Total

Average
Series 3 Plot 1,

" 3 2.
" 3 " 3.
Total
Average
Series 4 Plot 1.
" 4 " 2.
" 4, " 3.
Total
Average
Series 5 Plot 1.
" 5 " 2.
" 5 * 3.
Total
Average

Sqries 6 Plot 1.

" 8 " 2.
" 6 " S.
Total

Averagoe

AEADS

252. 87

84. 29

< X

<

v

y.'

STALKS

71.8%
64. 82"
162. 80"
299, 45
99. 82 "
119 97 "
117. 35
211. 95"
449.27"
149.76 " a
134.66"
131. 597
237.55
503 80"
167. 9%
oV

v

1u4.23v
188. 54"
388.78 "
129, 50"

Zadle IV,

Weight of the Protein

Per Acre in Pounds.

HAY
71.8%"°
R v
64. 82

v

162. 80

- 299, 457

99. 82
149 97 /
117.35 ~
211.95 ~
449 27"
149 76
134.66
131. 59
237, 55 v
503. 80
167.93

14510

165, (&

277. 47"
588. 657
196. 22
157. 32
172. 64
309. 57°
639. 573
213.18
172.09
185. 54
337. 04
694. 67
231. 56
154. 04
183. 86"
v
303.75
641. 65
213. 88

STUBBLE

<4.

21,

51

. 80
.27
.99
. 86

44

.29

76

X

AN x X X

~ ¥

BULBS

10 94
9.93"
22.907
43. 77"
14.59
12.60 ©

9.85 "7
i1.09 "
33.54
11.18 ©

13.28
12. 86
4i0. 66
13. 55
49,01 ¥
16. 50

20.75

X

56. 26

~

18.75
25.78
20. 84
26. 91
73.5%

. \ %

25. 58
28. 47
39. 18
93.23 ¥
31.08 ¥
51.80%

31,22
70.17

15349
51.06

345,
114,

- 154

139,
2733.
528.
176.
164.

158. °

26%.
585.
195,

176,

194,
310.
681.
_R_7.
201
207.
352.
760.
253,
208.
229,
392
830.

_76. ¢

230

230

(¢ VN
o O
Y

- TOTAL PLAX

AN R B 0

= ;N

g fon

N W

n m W0 _\"l
SRR RGO ER NN

R
~o S



NDesignaticn

of Cuttings.’

Scries 0 Plot 1.

"

"

Series

"

Series

"

"

Series

"

"

Series

"

Series

Series

(&)
2]

Total

Average

1l Plot 1,
1 ® 2.

1l 3

Total
Average

2 Plot 1.
2. L
2 * 3.
Total
Average

3 Plot 1.
3 *ro2
3 r .3
Total

“Average

4 Plot 1.
4 " 2.
4 " 3.
Total
Average

5 Plot 1.
5 ® 2.
5 v 3.
Total
Average

6 Plot 1.
6 " B
6 " 3.

Total
Average

14

51

i0.

_0\

100

STALES

i2. 95"
11. 69"
29. 357
53.99 "
18. 00 ¥

54. 41"

53 22 "7

4

96.12

20%.75 "7

67. 92 °

68. 41"
66.87 "

¥

120. 68

v

255.96.

85. 32 ¥

Tabdle

Veight of the Hther Soluble (Fat)

v

per 2cre i younds.

HAY

12.95 ¥

11. 69

<9.

B3,

i8.

203,

93.
100G

177.

. 2R
.12

14

35 "

99
00 ¢

.41 7

75

34
%

68
v

03

i v
371.05

123.

S7.
10%.
187.
387,
129.

81.

G5,
161.
358.

lize.

68"
¥
66

v
40

54"
60"

20"

14
90

v
B

p
31

14

76

v

9c

STURRLE

BULRS

1.18
1. 07

XX

I
O
o\
N

TOTAL PLANT

i4 s
ig 7/
516V
55 7/
is. 5/
65.3/

88. 6~/,_
142 o/
325.6V/
1u8.5“/’

<J
)
noR

128.30/
284.2¢/

94.7u/{
108, 4
112.6¥/

191.
412

o

8]

135%.

&

113

A

121.

o

211,

A

LLRERAARRARNRAL

445,
148

o))

104,

~

107.
1&4

o))

~

W
\{

™~
§]]

134, 8



Designation

of Cuttings.

- Series

"

" Series

Series

'Sqrios

Series

Series
ﬂ_.

Series

L

0 Plot 1.
0 * 2.
o r 3,
Total
Average
1l Plot 1.
- r 2,
i * 3.
Total
Average
2 Plot 1.
3 2.
2 " 3.
Total

Average

3 Plot 1.
3 v o2,

&8 r 3.
Total
Average

4 Plot 1.
4 v 2.
4 " 3,
Total
Average

5 Plot 1.
5 " 23,
5 " 3.
Total

Average

6 Plot 1.

6 L
6 "3,
Total

Aversge

HEADS

0.

133
290.
96.
69.
85.

&3¥

.34

g6”
v’
90
QY7
67
g5

v
171. 67

108.

83.
100,
176.
359,
119

77.
i10e.
154,
. 338,
1i2

. 97

99
05

A

29
50
84
95
62

\‘\\\\

53
10
25
75

STALKS

v
S4. 88

85. 63"/

215, 05"
395.56"
v
131 85
340,32 Y
v
30%3. 55
548 28"
v

1162 15

v
387. 38

Vv
523. 06

v
511. 20

7
92%. 69

, v
1 956.95

v
652 32

- 763 94"

= , y— V‘
3 Do, 45

| v

1424 61

3 032. 00"
B

1046 67

884.66 "

945.86 "

. I
1 646. 64

347716
1159 05 "

Vv

945. 27
972.27Y
1791.08"Y

3 708, 627
1 236.21%

857. 88"

9%1. 38 "%

1 684.65"
3 47391

» v
i157.97

8354 °F

'TaZZe, 7,

WVelght of the Cruce Fibre

Per Acre in Pounds

HAY

54.88 "
§5.63 7
215. 057
395. 56
131. 85 "
310 32
30U3. 55
548 .28 v
1162 15
387. 38
523 06 °
54,4. 20
922 69
1 956.95
652 32"

5
424f76
15635
3 322. 90
1107 63
954. 33
1 034, 49
1 818. 31Y
3804 13
12638 04
1028.32%
1 072.56
1 967. 58
4 068. 46"
1356 15"
935. 50
1037 01
1838 75"
3812 16"
r'd

1270 72

STUBBLE

®
O

(Y
@]

n
o)
L

[
~

R

0O 0 NV W W O W
N 6 W o B 0 ® O
DN N A X

W
o)

\\\\\\'\\Jl\

35
45
33
85
89
07

BULBS

54

49,
113,
217,

7e.

133
104.
117.
355.

118,
170.

156.
151.
478.
155

185.

1064.

20U
549,
183.

- 184.

149,
192

526.

175.
137.
152.
209,
499.
166.
180.
108.

244.

534. 2

178.

v
36
34 ¢

74
78

v
45
48
3
52

v
61

4
v

X

X

86

» U W W OO
B ot € 2 R © ) DR ~NN¢ o IR NV}
~ N Y Y ox ™

W
K
N X N %, X

8%
95
32
40
07
55
02
34
01
52

p
=
A U U O O RN

o &
RS
x

00
©
N\

~
=
\

A
U1

o)
(04)
X

TOTAL PLANT.

/

J/

328.80/

613.c¢/ﬂ

2u4.3//;
.6

145

L2
154. 6

.5“/‘

¥
!

665

54e6.

20

-

842.

2 054.

=

6 84.

~

931.

L33

37 4.

W,

X 265

W

074,

§]

1 0%,

L S N ==
W W U W W
® B W o W
ST T
(U > U ?:‘\'2"33 \C
‘\\;\\\35 S~ ‘\\‘\\Q\\'\\.&\\S\\?\\s;\

C W
~! o)
SIS 8
N »

W
[
N
[

N
R R B A e b B

O S
o
U
2

N
W
01
iKY

».
C
IS
~
\

156.99/



HEADS

8C.

<26.
24.

<9,

5.
106.
<1
<6.
36.
52.

Destpngation
of Cuttings.
Series 0 Plot 1.
B 0 * 3.
» 0 Ll
Total
Average
Series I Plot 1,
R 1 t* &,
" 1 L.
Total
Average
Series 2 Plot 1.
" 2 » oa.
vz v o3,
Total |
- Average
Series 3 Plot 1.
Lo oA B o
" 5 3.
Total
| Aversge
.Series 4 Plot 1.
" 4 v 2.
" 4 " B
Total
Average
Sqrips.s Plot 1.
" B " 3,
" 5 v 3.
Total
Average
Series 6 Plot La
" 6 2.
" 8 v B.
Total

Avorigo.

115.

38.

.14

o X S T
ko0 © &

0
N
N U S K\\'\ NN VN N YN Yy

& A O W W N W T O
® O © B © N B > b W
N N

373,38

-176. 65

STALKS

37. 94
34. 24
86. 00

14

158. 18

52.73 ©

X x N

'
g89. 16

v
97. 00

v
175. 22
v

123.79"*%

127.78"°

4

124. 89
225. 407
’d
478. 07
159. 367
139 337
V-

151. 92

B

, v
253 .14
_ v
549. 39

v

183,13

148, 30"

158. 58°
276.06"
’ v

582. 94
v
194. 31"
= * V

158. 60
v

163 12
3G0. 49 %
. v

622 21
'
207. 40~
7

130. 87
142 09"
256.99 7

529. 95 7
v

Tadle TIC

Taight of the Ash Per Acre

in Pounds.

HAY STUBBLE
37.94 "7
34.24 7
86. 00 ¢
158.18 ¥
52.73 7
99.16 ~ i7.93 "7
97. 00 g 29. 89
175. 22 d 38.15’/
371.38 ¥ 115. 97"
123.79 ¥ 38. 66
127.78"% 39, 32 7
124.89"° 34.36 ©
‘b25. 40" 21 68 ¥
478. 07 7 105. 36 *
159 36 % 3512
156 937 27.00 ¥
167.18° . 2923%
282.700/ 27_86’/4v
. 60c 81" 84.09% |
200.27 ¢ 28,03 !
165 54/' 34 91V'y
179.77"Y 27. 09"
318 54 7 30. 41 ¥
663. 85" 92 11 ¢
221.28% 30,70 ©
183.23% ig 14"
192.86 % 25. 10
352 83 * 27 16"
728.92‘{ 70,40( i
242.97 Y 23 477
157.37 " 32937
178 44 * 20. 457
369.59'/f 31.51 %
645407 . g4 497
215.13 ¥ 28. 06 Y

_ 30 82

BULBS

11.15%
i0. 12

23347

44 61"
14.87%
33.87°
26. 47 ©

29.79 "%
90.13 “
30.04 ©
36.16 ¢
33.08
32.02
101. 26
33.75

35.50

N

58, 76
105. 68
35.0%
34.56
27. 94
36. 08
98. 58
32. 86
23.14

<

25. 75
35. 44
84. 3%
28. 11
30. 88
i8. 61

T V Y Y ¥

Ay

41. 81

X

91. 30

. ! "
30. 43

YooY N

883,

TOTAL PLANT,

BN R
ORI N
N wuw
SRS T VET N

-
O
0
Wl

(V)
(03]
©
>

684.

~

228, 2/
213 4"

349.3,

790. ¢
263."

W

235. C
234,

®

384.

~J

854.

Q O

284.
224.
243.
415.

D I Y

~

294.

fs))

SOSARR SRR AR K

22C.

O O

217.
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820.
273.



Ta.526 M

Wolght of the Nitrogen Free

Bxtract P~ Acras in Pounds

.Designation'
of Cuttings HEADS - STALKS HAY STUBBLE N rOTAL PLAT
. Seriss 0 Plot 1. ~ 214.01" 214.01" S 154.19 7 368 27
" 0 v 3 193.15" 193.15 ¥ S 139,87 ¢ 333 ¢
B % = 485. 09" 485.09 © T 807§
— 892. 25" 892.25 "~ | cie mE ¥ 4 809 gud
Average R97. 42" - R97.427 " 205.58 7 503, ~/
Series 1 Plot 1. 595. 42 7 595 42 366. 92 % 442.21 . 1404 e/
5 1 v 3, 582 41" 58%. 41/ 228 80 345. 64 ¢ 1156 9. ¥ k
w1 w3, 1051977 105197 292.02° 388.92 ~ 1 7329»/"’
 Total 2 229.80 "7 2 229 80 7 887.74* 117677 © 4 294, 3/‘
- Average 74327 " 743.27 g 295. 91 7 ; 392.26 Y 1 431.4Y
Series 2 Plot 1. 825. 14 825.14 * a71.28%  658.60 © 19551/
v 2 v g, 806. 42~ -?06. 42" R Tha 4 602.60 ¥ 1820 8/
no2 v 3, 1 455.54 "7 1455 54" 3o n3g ¥ 583.16 “ 2 4is. 4-./'
Total 3087.10 -3 087 107 126275 © 1844.45 7 6194 3/
Average 1 029. 03" "1 029. 03 v 420 92/ ~ 614. 82 d 2 064, 8/
Series 3 Plot 114 04 1180 177 1 284. 21 o 4ss 83 756.65 2 496 ’7/
AR I A S A A 1 gﬁo e T R ¥ P 656.96 5574 1/
" 3 v 3220 227 2 186.50 2 4u6.72 ¥ 470 32~ 825.97 U 3 7us. o/
Total 461.03 " 4 653 54 5114.57 © 3 45 a8 " s 235 56 ° 8773 8\/
Average 153.68 g 1 551. 18‘{/ 1704.86 % 473, 03 Y 746 527 2 9rg4, 6‘/’
Series 4 Plot 1.1%4. 827 1491 70" 1616.52 % 564 4% © 8us. 45 ¥ 2990 i/
" 4 © 3153 40‘/ 1594 90‘/ 1748 30 g 438 07" 654.37 © 2 840 '7‘/
w4 w 3. 307.56 2 776,527 3 084.08 486.88 ¢ 84523 “ 4ate 9/
Total 585.78 5863 12" 6 448.90 " 1 489 38% 2 309.05 © 10 247 3/
Average 195.26 /.7 1 954. 377 2 149 637 158 46" 769.68 ¥ 3415 g/
Series 5 Plot 1.254.37 g 1 668.18"7 1922557 366. 35" 68333 7 2972 ?\/
v 5 w g2.307.10" 1715.847 2022 94 506. 73" 760677 . 32003/
e 5 % 3.540.50 3 1606.87° 3701 37 548, 25/ 1 046.807 5 296. 4/
Total 1101077 6 544. 8% 7 646.86"° i421.357 249080 11550 c/
aerage 367327 218163 2548.05° 473.78" 830277 3353 (/
Serlies 6 Plot 1.307.54 1374.63° 168217 T 838 68" 5115 2
w & = 3.422.00" 1 492 40~ 1914 407 37525  505.45%° 2795 .
» g6 " 3.610.48"% 2 699.°44 7 3 309 92°7 578 gé e 1136.01 < 5 024. 2\/
Total> 1340 02 " 5-566. 47 g 6 9u6. 49" 1544, 85/ 2 480. 14 J 10 931 5'//
| . _ 35 | /

| ' v
Average 446.67 1855 49 2 302 16 514. 95 3 826. 71 3 643 8Y,



Ta,&ZcI—

Distribution of the Dry Weilght

of the Timothy Plant.

Av erage

% %
HEADS STALKS.

65. 06 v

Series 0 Plot 1. 64. 94 v
8 & 66. 85 v

J c * 3, 65. 99 v

Averagse

Series 1 Plot 1. 47.71 «
" 1 * 3. 56. 03 v

" 1‘ "3, 65. 84 v
Avsrage 57.39 v

Series 2 Plot 1. 50. 15
" 2 " 3. . 52.33 «
» 3 " 3. f 67. 66 v
Average 57. 83 v

Series 3 Plot 1. 5 11% 53,89 v

P il M 3 = 641V 56. 48 s . -

" 3 3. - 7. 00vY ©4. 67 v
Average 6. 30 v 5947 v
Series 4 Plot 1. 4.98 v 55 77 ~
# 4 " 2. 6. 3= V 61. 53 v

" 4 v 3, 7.98.v 67. 47 +
Average 6. 66 Vv 62.49 Vv

Series 5 Plot l 8.70 v 61. 69 v
" 5 v 2. 9.55 v 57. 68 «

" 5 3. 10. 25 v 64. 82 v
Average 9. 66 v 62. 00 v
Series & Plot 1. 9. 86 v 50.37 v
) 6 " 2. 14. 59 v 58.97 v

" 6 " 3. 11. 81 ¥ ' 59. 68 v
i1.98v 56.90 v

%

- HA¥.

o5.
64.

06
94

66. 85

65.

47.
56.
65,
5.

50C.
5e.
67.
57,

70.

67.
75.

99

71
03
84
39

i5
33
66
83

.75
. 84

. 45
.16

71. 66

60. 23

73.56

71.48 v

68. 88 v

et e A I i 65 A

i G2

<26.
<0.
1e.
20.

23,
21.
14,
19,

16,

id.
14.

17.
i4.

« % W
14.

91
15 v
'7.3 v
91
32 .

76 .
37 .

26

64_¢
13 o

. 89
i3,

27
46
41
51

11.39

- 47.
14,

10

ie.

51 _

98
33 o
76

¢
I)

BULBS.

B4 G4 v

55, 0o

<1,

<6.

<2.

24,

17.
1S,

e 18
4. 01

53~

. 9% o

-17.

Q7v

o0 v

21. 61 «

i8.
i4.

17.

18.
is.
15,

16

2. 2

14. 4

ia.

03 v
67 v
58



Table X,

Cormosition of the Dry

~ Timothy Pl=at.

‘Dealgnation of the Cuttings. % Protein Soéigiz?ﬁat) :> Crude Flbre % Ash ﬁrﬁitgifgﬁci
Series 0 Plot 1 iz 48v <13 v 22. 49 v 7. 40 7 BE. 5O
y g % = 12. 46, 2.13, 22. 49 U 7.39 © 55,53 ¢
w0 v 3 - 1269 . 217 v 22,47 ¢ 7. 47 55. 20 ¢
Average .‘ 12.59, 2.15 / 22.48 v 7. 44 ¥ 55. 34 +
Seriec 1 Plot 1 6.13. 2. 80 v 26.93 v 7.32 v 56.82 %
" i v 2 6.75, 3.08 v 26.53 v 7.45 ¥ 56.19 «
v 01 w3 7. 58 , 3.43 v 26.61 Y 7.68 Y . 54.76 P
Average 6. 87 . 3.13 v 26.69 7.50 55. 80 “
Series 2 Plot 1 4.91 2. 81 v R7.82 v 6.07 Vv 58. 39~
" 2 v 2 5.05 . ., =-86v 27.90 v 6.13 v 58. 06 +
w g3 v 3 6. 00 » ' 3250 28. 90 v 6.60 v 5525
Average 5.39., 3.00 ~ 28.28 v 6.30 7 57.03 v
Series 3 Plot 1 4.22 v 179 v 29. 39 v 509 v 59, 52+ .
T R T - YL o A Bh v By 96 547 ¥ 56,607
" 5 v o5 | ’ 4.79 » .98 v  3(.66V 5.39 v 57.18 v
Avsrage 4.53 + 1.89 v 30. 10 v 5.24 v 58. 24 v
Series 4 Plot 1 4.09 v 2.20 v 28. 11 v 4,78 v 60. 82 +
" 4 v 2 4.35 v 236 v 28. 74 v 4.93 ¥ 59. 62 +
i 4 v o3 4.65 v 2.53 v 29. 36 v 509 ¥ = 58.38s+
" Average 4. 41 v 2. 39 v 28. 83 v 4,96 ¥ 59. 41 o
Series 5 Plot 1 4.32 . 2. 34 v 27. 24 v 4.64 ¥ . 61. 460
w5 v 2 4.31 v 2.29 v 26.98 v 4.58 * 62.15v
" 5 v 3 4. 50 v 2. 42 v" 27. 58 v 4,76 v 60.74 V
Average 4.40 v 2. 36 v 27.32 v 4.68 ¥ 61.24 v
Series 6 Plot 1 4. 62 o 2.03 v 26.69 v 4.41 v 62. 26 .
" 6 » 2 4.98 v 2.32 v 27.72 v 4.69 ¥ 60. 29 v
" 6 v 3 4.80 v 2.23 v 27. '}1 v 4. 62 v 60.63 »r
4.58 ¥ 61. 00 v

Average  4.80 v 2.20 v/ 27. 43



ngg
Table XI. Composition of the Dry Substance of the Timothy Heads.
Average of all plots.

No. % % ‘ % %
cutting. Protein. Ethefpgzﬁuble Crude Fiber. Ash. ngtt%;%igct.;
Series 0. i ipefy ———— —— S—

TR DUR—— ottty ¢ s A SN—

v 9. ekt A | g bt L AT s e

"o 3. 12.05 " 3.50 30.65 5.42 48.58

"4, 11.35 2.20" 28.45 7.04 50.97

" 5. 11.34 2.61" 19.74 5.86 60.45

" 6. 11.78° 4,900 . 15.75. 5.38 62.40

Table XII. Composition of the Dry Substance of the Timothy Stalks
Average of all plots.

No. % ‘ da ; % ‘}"o" %
Cutting. Protein. Fther Soluble Crude Fiber. Ash. Nitrogen
(Pat) Free Extract
Series 0.  16.64 3.00 21.98 8.79 " 49.58 7
" 1. 10.18 4.61 26.32" 8.41" 50.49
g BLR 4.08 31.15 7.61 49.14"
" ’ v g 5. \
3. 5.32 2.29 34.02 6.16 52.21°
" ' “ ’
4, 4.72 3.21 32.26 5.41 54.40
" ‘/ y \
5. 4.186 2.91 31.69 _ 5.32 55.93
" . v J \ " .
6. 3.81 2.33 34.07 5.20 54.59
. Table XIII. -Composition of the Dry Substance of the Timothy Hay.
- Average of all plots.
cuatting. Protein. Ether Soluble.Crude Fiber. =  Ash. Nitrogen
. 7 (Fat)v " . Pree Extract.
Series 0. 16.64 3.00 21.98 8.79 49:58 "
"1, 10.18 4.61 26.31 8.41" 50.49
noog, 8.02 4,07 31.15 7.61" 49.14"
"oz, 5.90 2.38 33.74° 6.10 " 51.89 °
"4, 5.27 " 3,13 31.95 5.54 " 54.12
n & 5.06 2.87 30.21 5.38 ° 56.48

w8 BudB " L B R 31.07 5.23 55.87



ngon

Table XIV. Composition of the Dry Substance of the Timothy Stubble
Average of all plots.
No. % . % % %
cutting. Protein. Fther Soluble.Crude Fiber. Ash. Nitrogen.
(Fat) Free FExtract
Series 0. ———— = @———— St s —_—
: . 85 1,5 37,71 ) e B
L 2.83 1.50 © 33,31 7.1 55.18 *
v 4 4
v 2, 1.96 2.25 V 30.40 5.04" 60.36 "
"3, 1.66 0.63 V 29.85 " 3.80" 64.07 "
"4, 2.08 " 0.76 7 28.06 ' d v
. .06 4.03 65.08
"5 1.99" 1.20 ¥ 40" v v
. . .20 27.40 3.28 66.13
"og, 2.86V 1.00 " 2 - ¥
. " 4,90 3.68 67.57
Table XV. Composition of the Dry Substance of the Timothy Bulbs.
Average of all plots.
No. % % % % %
Cutting. Protein. Ether Soluble.Crude Fiber. Ash. Nitrogen.
‘ . (Fat) | Free Extract.
Series 0. 4.72 0.51 23.45 4.81 6€.51
* «+1. 2.01 10.79 21,32 5.40 70.49 °
v L \
"2, 1.64 0.91 19.24 4,07 74.14
m 3. 1.88 1.16 18.42 " 3.52 75.02 "
"4, 2.83 " 0.79 17.35 3.25 76.18
"5, 2.91 1.02 15.61 2.64 77.83
Vv
" 6. 4.65 0.97 1 Y '
6.24 2.77 75.37



nyon

Table XVa. TIMOTHY RULRS, SPROUTS, and HFADS.
GL" 1 ;.1: i.“‘f. % : .’. § “I.- . NO. NO. . Nd. .
Cutting & Plot. Bulbs Average. Sprouts Average. Heads Average
found. found. found.

v

Series 0, Plot 1. 407

" 0, " 2. 301 586
w0, " 3, 1051

Series 1, Plot 1. 999"
v 1, " 2, 1386 ° 1206

" 1, " 3. 1234

Series 2, Plot 1. 1444

" 25 Y 3. 1173 1238

w9, v 3. 1099~
series 3, Plot 1. 1467~ 300 ”
w3, v 2, 1097 1297 200 © 191
noo3, w3, 1329 75
Series 4, Plot 1, 1644 ~ 255
w4, v 22,1089 1318 163 ¥ 229
"4, n o3, 1223 Y 271 ~
Series 5, Plat 1. 975" ‘ 158 V- 378
" 5, " .2, 1227 1080 123 v 177 398 * 480
"5, " 3, 1040 250 " 663 '
Series 6, Plot 1. 1401 559 352
"6, " 2. 757 1176 175 7 314 385 439

" og, v 3. 1370 209 580



Pable XVI.

No. Cutting.

Series 1.

"

4.

"71 n

MOISTURE and DRY SUBSTANCE of the WHEAT PLANT.
Average of all plots.

Total Total
Green Weight Dry Weight A %
per Acre per Acre Dry substance - Moisture
of 'the Plant of the Plant in Plant in Plant
Above Ground.Above Ground.Above Ground.Above Ground.
(pounds) , (pounds)
24680.30 6844.61 27.73 72.27V
v v v
23399.90 9500.18 40.60 59.40/
v . _
24408.20 11054.48 45.29/ 54.71"

) |
16509.60 10476.67 63,267 36.54V



T'a8le XVIT,

WEIGHTS OF THE GREEN WHEAT PLANT HARVESTED{

Green Woight Green Weight Green Weight Green Weight .
per Plot per Plot per Acre. per Acre.
Designation of Cuttings. of Heads. of stalks. of Heads. of stalks!
. ' ( grais ) ( grams ) (pounds) | (pounds)
Series 1 Plot 1. 200.00" 1 290. 00" 1600.54] 1032348
w1 w3, 213. 00 1 381. 00" 1704 57 11 051. 737
Total. 413. 00" 2 671. 00" 3305 44" 21375 21
Average. | 206.00" 1 335. 00" 1652.56" 10687 60V
Series 2 Plot 1. | 393, 00" 1033.00° 3 145.06 8 266.79"
w9 g, 40150 1 09e6. 50/ 321308 ' 8 774 96
Total. | 794.50 2 129 507 6358 14 17 041.75 |
Average. 397. 00 1 065.00 3176 07 852087
Series 3 Plot 1. 548. 00" 1072.00 4385 48 "7 & 575 80
w3 w2, 51250 917. 50° 4101 38" 7 $42.48°
Total. 1060 50 1 989. 50° 5 486.86° 15 921.37
Average. 530 20" 995. 00" 424%43° 7960 68"
series 4 Plot 1. 427.00° 616.00 " 3 417,15 © 4 929,66
w4 w3 432 50" 587. 50 346117 4701.58
Total. 359, 50" 1203507 6878 32 J 651 24
v k v

Average. 429 006" 601 70 5 435,16 4 315 62

Total
Green Weight
per fcre of
Wheat Plant
above ground

(pounds)

11 924 (/

12 756. 3/
24 686 3/
12 340 2\/:3
11 411 0/
11 988 0¥
23 399 6/
11 699 ¢/
12 964. 4V
11 443 0/
<4 408. 2/
12 204 17
3 346,87
s 162 8/
16 505 6V
& 254 8¢



Designation of Cuttings.

Serie= 1 Plot 1

"

i " 2

Tot=1l

Series = 11in

Series

”

L

Series

"

Average
3 Plot 1
3 2
Total
Average

4 Plot 1.
4 " 2.
Total

Average

L U S~ T = ST B S Y

Y

I8}

HEADS

4 306.
465.

9uU%.

451.

123.
152
281.
140
992.
863.
856.
928.
211,
240.

452

< R

95 v
35 v
30 v
15 Y
44 Y
86 v

65
76 v
67 v
43"
24 "
92
41

7z V
7

Tabdle XVIOT

Nrv Welight of the Plant

Per Acre in Pounds, (VWVater freg

ROOTS - .

AND TOTAL
STALKS PLANT STURBLE PLANT.
2 869.93 " abo%.3%2u§§ v 941.78 v 4 248 7/
307238 ¥ 3 537.73 v 879. 99 v 4 417. 7/
5942 31 Y 6 844. 61 Vv 182177 v 8 666. 4/=
2971.16 ¥ 3 422 .31 v 9106. 88 v 4 333 2/0
3501.81 " 4 636 25 v 1132 99 v 5763 2
3717.07 Y 4 869.93 v 1 057.70 v 5927, 6Jf
7 218.88 v 9 500.18 2 190.69 v 11 69C 9~/’
3609, 44 4 756. 09 v 109534 v 584547
3 878.52 " 5 871.28 + 892.75 v 6 764 o/
33419 53" 5183 20+ 919 12 Vv 6 1Ug 3/
7198.05"% 11 054.48 1811.87 ¥ 12 866, 4/,
3599 03" 5 527.24 ¢ 9U5.93 Vv 6 433, ?»/
3 083. 50 7 5 295, 42 858. 99 v 6 154 4/
2940 84 Y 518125V 782.55 59635 8/
6 04 34 Y 1G 476. 67 Vv 1641.54 v 12 1i83. 2/
% 045 .17 ¥ 5 253 33 820, 77 v 5 05139/



Designation of cCuttings

Seriss 1 Plot 1
. 57‘
" 1 "2
“Total
Average

Series 2 Plot 1

%'g . 9 " 5
Total
Average

Series 3 Plot 1
" 3 2
Total
Average
Series 4 Plot 1.
" 4 v 2.
Total

Avarage

HEADS

43.

51.98
100G.

50.
107.
110G
217.
108
200.
187.
387.
195.
245.
2440,

4973,

81 v

79 v
39 7

77 v
10 v
87 v
93 v
47 v
49 v
96 v

08 v

08 v

32V

&. 66 V7

Taldle XIX

Weight of the Protein

Per Acre in Pounds.

STALKS PLANT - ROOTS AND
ABOVE GROUND. STUBBLE _ TOTAL PL}M‘
224.71 v 273.52 v 26. 46 v 300. 0
240.57 v 292.55 v 24.73 v 317. 3/
465.28 v 566.07 v 51.19 v 617 ZJ{
232.64 v 283.03 v 25. 60 v 308 6/=
182 44 v 290. 24 v 27.87 v 318 1/;:1
193.66 vV 303.76 v 6. 02 v 329 '8./
376.10 vV 593.97 v 53.89 v 647 9»/
188. 05 V 296.98 V 26.95 v 323.9/,
188.50 v 388. 97 v 19.10 408 1/
161.33 vV 34882 v i9. 67 v 368. 5/
349. 83 v 737.79 v 38.77 v 776. e/‘
174.91 v 363.89 v i9. 39 v 388, 3‘/‘
9. 60 34468 vV 16.92 v '36_1.6\/
S4.99 Vv 343 23 v i5. 42 v 358 '7v/,
194.59 v 687.91 v 52 34 730 3/
27.29 v 545 05 16.17 v 366



T 37e XX,

Weight of the Ether Soluble

7 Per Acre in Pounds.

Designation of Cuttings. HEADS STALKS PLANT 538&%‘“’ TOTAL PLAI
ABOVE GROUND.

Series 1 Plot 1 7.73 v 90. 69 v 58.42 v 20.16 v 1i8. 6 /
o1 2 8.24 v - 97.09 v 105.33 v i8.83% . 124 2V
Total 1597 v 187.78 v 203.75 v 38.99 24z 7V
Average 7. 9¢ v 93.89 v ivi.88 i9. 49 121. 4 ‘/.:1 '

Series 2 Yiot 1 i3. 43 v 48.67 vV 62.10 Vv 23.23 v 85. 3 }?
" 2 n 2 13.72 v 51. 67 Vv 65.39 21.68 57.4
Total 27.15 V 10G. 34 - 127.49 ¥ 44.91 172 4V
Avorage 13. 58 v 5017 63.75 v 22. 45 ¥ 86. 2 v

Series 3 “iot 1 . 58.68 v 19%.76 + 281. 44 v 10 74 + 292. < /’
" . S 82.93 V 164.98 v 247.91 v 11. 03 258 9
Total 171. 61 Vv 357. 74 v 529. 35 v 21. 74 551. 1\/

Average 85.80V 178 87 + 264 67 ¥ 10.87 ¥ 275. 5 /

Seriss 4 Plot 1 77.49 v 74.93 v 152 12 v 6.36 v 1583 5/!'
" 4 " 2 78.19 v 71. 46 Vv 149 65 v 5.79 v 155. 4/
Total 155 38 v 14639 v S0 77 ¥ 12 15 v 513,67

3 i 156. Q'/'/

Averags AR, V0. 16 150 8~ vV 6. C8



SZQ.ZHZCu;KJEZ;

Weignt of the Crude Fibre

Per Acre in Pounds.

ROOTS AND
PLANT ~ STUBBLE TOTAL PLANT.
Designation of Cuttings. HEADS STALKS ABOVE GROUND
deries 1 Plot . 136.28 v 920 10 ¥ 1 056.38 © 326.14 ¥ 1 38%. n/
mo1 v 2. 145.14 v 985.00 ~ 113C.44 504.74 Y 1434.¢/
—— . 281.42 Y 190510 v 2 186.52 * 630.887 2817 4 /
Avarags 140 74 952.55 ¥ 109326 v 345. 44 Y 1408 7R
Series 2 Plot L 237.88 7 122178 ¢ 1459 66 ¥ 364. .48 i 1 824 1\‘5
" 2 v 2 ' 243.02 vV 1 296.88 v 1539.00 v 340.26 V¥ 1880 2
Total 480.90 v £ 518.66 ¥ 2 999. 56 ¥ 704.94 Y 3 704 3\/
AV 3T 240. 45 v 1259 33 Y 1499 78 ¥ 352. 37 1852 2/
Series 3 Plot 1. 248 50 v 1 378.43 v 1626 93 * 324.96 ¥ 19510
I D 232.39 v 1179.76 ¥ 141215 v 3%4.56 1746 '7/
Total 480.89 v 2 558 .19 3 039.08 * 659. 52 - 3 698. e/
Averags 240. 45 v 1279.09 Vv 1519, 54 + 329. 76 v 1 845. 37/
Series 4 Plot 1. 227.38 v 123525 * 146263 ¢ 34506 v  1807.7V,
L - 236 31 v 117816 ~ 1408 41 v 3144, 35 v 1722 9/
Total 457.70 v 2 443.35 % 287105 « 659. 46 v 3 530 5/
Averags 24+ 85 v 1206.68 Y L 435 53 v 329, 70V i 765 2».\;/



Tadle XXI[

Weight of the Ash
Per Acre 1in Pounds.

ROOTS AND TOTAL PLANT.
Designation of Cuttings. HEADS STALKS PLANT STUBBLE
ABOVE GROUND

Series 1 Plot 1 22.02 ¥ 256.00 ¥ 278.02 ¥ 108.12 v 386. 1/,
w1 w2 23. 46 v 274.05 v 297. 54 ¥ 101. 02 v 398 57/
Total | 45.48 v 530. 05 v 575.5% v  209.14 v 7847/
Average R22.74 Vv 265.03 vV 287.77 v 104.57 v 392. 3&
Series 2 Plot 1 79. 44 v 285.75 v 365.49 +  195.21 ~ 560. 4
» 3 3 . 81.16 v 303.31 ¥ 384. 47 182.25 v 566.7/_
Total 160. 60 ¥ 589. 06 V 749. 66 v . 377.46 ¥ 11271/
Average - 80.30 v 294.53 V¥ 374.83 vV 188. 73 v 5673. 6/
Series 3 Plot 1 , 108.20 v 343.64 v 451. 84 vV 108. 56 v 560. oV,
L 101.20 v 294.41 v 395.31 v 111.76 ¥ 507. 1/
Total 209. 40 v 637.75 v 847.15 v 220.32 v 1067. S\f'i

Average 104. 70 ¥ 313.87 ¥ . 423.57 v 110.46 ¥ 533. 7/

Series 4 Plot 1 109 49V 259. 32 v 368. 81 ¥ 8178 v 450. 6v//
" 4 v 2 110.90 v 247.33 V 358.23 V . 74.49 7 432.7V
Total 20, 39 ¥ 506.65 v 727.04 ¥ 156.27 ¥ 883.3/

Averags 117 46v . 253 3% ¥ 363 52 v 78.14 7 sa1. v



Designation of cCuttings.

Series 1 Piot 1

Average

2 Plot 1

(o ¥

(&)

=
[
(]

/]

”2"2
Total
Average

Series 3 Plot 1

"3 n 2
..Total

Average

Series 4 Plot 1

" 4 ¥ 2
Total

Avarage

S S =

O

W
(S %1
o N

Ul

HEADS

222.
2736.
458
229,
689,
704,
394.

697. "

340.
259,
6U6.

~
A\

N
2O

TaZle XXIT:

Waight of the Nitrogen Free Extract

Per Acrs in Pounds.

STALKS PLANT
ABOVE GROUND

1373 43~ 1 600.53

1 475.66 v imiz 20
2 854.09 ¢ 331273 7
1 427. 04 v 1656.36 7
176316 vV 2 453.09 Y
1871.54YV 2 576.40 Y
3634.70 V 5 029.49 7
1817 35 v 2 514.74 ¥
1775.20"Y 3422 141 ¥
1549 35 ¥ 2 779.00 v
3 294.55 "7 5904.141 ¥
1647.28 ¥ 2 950 56 ¥
1414 40 2 967.17
1348.96 ¥  2921.73 Vv
2763 %6 ¥ 5 888.9C ¥
1351. 68 7 L 944 45 Y

- ROOTS AND
- STUBBLE

460.90 Y
430.67 Vv

891.57 Y
445 79 v
522.19

487.50 v

1009.69 Y
50U4. 85 ¥
429 41 "
442.10"
871.51 v
435 75"
408.88 ¥
372. 49
781.37 ¥
357 68

TOTAL PLANT.

< 061.4/

2142 0/
4 204. 3/



Table XXM

Distribution 6f the Dry Weighit of the Wheat o4+

Designation of Cuttings. % HEADS 4 STALKS % PLANT % ROOTS &
ABOVE GROUND  STUBBLE
Series 1 Plot 1 10.28 7 67.55" 77.83 Y 22 17 ¥
w1 v 3 10.53 " 69. 55 © 80.08 ¥ 19. 92 ¥
Average 10. 417 68. 57 * 78.98 ¥ 21.01 ¥
Series 2 Plot 1 19.58 ” 60.76 © 80. 34 Y i9. 66"
w2 mog 19. 45 62. 71 " 82.16 Y 17. 84 3
©
Average 19. 54 7 61. 75" 81.26" 18. 742
Series 3 Plot 1 29. 46 57.34 7 86.80 Vv 13. 20"
s £ % B 30.54 7 54. 40 84.94 ¥ 15. 06"
v v
Average 29. 97 55.94 85.92Y 14. 08+
Series 4 Plot 1 35.94 50.10 86.04 Y 13.66"
" 4 v 2 37.57 7 49, 31 ¥ 86. 88 ¥ 1342
36.74 45,71 " 86. 45" 13. 55

Average



Téble XXV. Composition of the Dry Wheat Plant.

1 1 1 / /

Designation of cuttings.’ -Pro%ein. Ether (;goluble. CrudefJFiber. A?;h. Nit;ogen

(Pat) ' Free Extract

Serics 1, Plot 1. 7.06 " 2 79/ 32. 54V 9. 09 J/ ig. 527
v o2, 7.18 | 2. 81" 32. 48 v | 9. 02V 48 517
Average. 7.12" 2. 80v 32. 517 9. 05V ' 438. 51

-

Series 2, Plot 1. 5. .52V 1. 487 34. 657 9. 72V 51. 63‘7
"3, "o, 5.56 147V 31. 72V 9. 56" 51. 69V
Average. 5.5h" 1.47v 31. 69 9. 64V ‘51.66j

series 3, Plot 1. 6. 03 4. 327 28. 867 8. 29/ 52 51V
w3, "ol 6. 04" 424" 28. 627 8. 31" 52. 76"
Averago. 6. 04" 4.28" 28. 75" 8.30" 52. 647

Series 4, Plot 1. 5. 88" 2.58" 29. 37V 7. 32" 54. 86V
"4, "3, 6. 01" 2. 61 <8.89" 7. 26" 55. 24
5.94. 2. 59 29,13« 7. 29" 55. 04"

Average.
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Table XXVI. Composition of the Dry Substance of the Wheat Heads
Average of all plots.

Nt "‘-"r .
: B

No. % % % iper Aﬁh Nitrogen
cutting. Protein. Ethefpi:%uble.Crude Fiber. . Free Extract
series 1.  11.17 "~ 1777 31.19 * 5.04 " 50.83
" 2. 9.55Y 1.19 ¥ 21.08 7.04" 61.14
v 5. 10.06Y 4.45 " 12.47 7 5.43  67.59 j
" 4. 11.08Y 3.49 Y 10.28 4.95" 70.20

Table XXVII. Composition of the Dry Substance of the Wheat Stalks.
‘ Average of all plots.

No. % ¢ S % d

Cutting. Protein Ether goluble crude’ Fiber. Ash. Nitgogen
- (Fat) ' Free Extract
series 1. 7.83" 3.16 32.06 8.92 ” 48.03
"o 2. 5.21" 1.39 34.89 8.16 50.35 ~
"3, 4.86 4.97 35.54 ° 8.86 ° 45.77"
" 4. 3.33° 2.3 40.06 8.41 " 45.87

Table XXVIII. Composition of the Dry Substance of the Wheat Plant.

Above Ground. Average of all plots.
- No. % % /) % %
cutting. Pro;ein. Fther Soluble.Crudé Fiber. Ash. Nitrogen.

(Fat) ' Pree Extract

Series 1.  8.27 ° 2.98 31.95 8.41 = 48.40

" 3, 6.25 * 1.34 31.57 7.89 52.94

" 3. 6.67 " 4.79 27.49 7.66 53.38

v y v
"4, 6.57 2.88 27.40 6.94 56.21

Tavle XXIX. Composition of the Dry Substance of the Wheat
Roots and Stubble. Average of all plots.

¥o. % % % . %
Cutting. Protein. Ether Soluble Crude Fiber. Ash. Nitrogen
(Fat)_ Free Extract
o " v
Series 1. 2.81 2.14 34.63 - 11.48 " 48.94
"2, 2,46 " 2.05 32.17 17.23 ¥ 46.09
"8 2.4 1.20 * 36.40 12.16 ¥ 48.10
"4, 1.97 0.74 ° 40.17 9.52 v i

47.60
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Table XXX. Per Cents of K%O in Parts of TIMOTHY PLANT.

Average of all plots.

No. % Kg0 ¢ Kg0 % Kq0 % Ka0

cutting. in ash in ash in ash in ash
of heads. of stalks. of stubble. of bulbs.

Series 1. 29.31 * 25.03

" 2. 28.44 VY 15,99 ¢ 40.65

" B ' 27530 ¥V 17.32 39.30

Y 4, 27.23 VY 21.23 ~ 42.57
" 5. 21.36 25.93  25.40 42.76 °
" 6. 14.58 22.92 42.33 "

Table XXXI. Weights of K50 in Parts of TIMOTHY PLANT.
Average of all plots.

wgt. of
No. Wgt. of wgt. of Wet. of wgt. of {50 per
Cutting. Kg0 per K50 per K20 per K50 per acre in
acre in acre 1in acre in agre in total
the heads. the stalks.the stubble. the bulbs. plant.
( pounds) (pounds) (pounds) - - (pounds) (pounds)
Series 1. 36.28 ° . 9.68
" Ba . "45.32 7 5.62 ° 13.72 ~ 64.66
Y 3. ' 49,99 4,85 " 13.77 68.61;
8 4. 52.91 6.52 V 13.99 ° 73.42#
n 5. 7.60 - 53.77 5.96 - 12.02 ° 79.35
. 6. 5.61 ' 6.43 12.88 v

# Does not include the weight of K50 in the heads.
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Table XXXII. Per Cents of P%05 in Parts of TIMOTHY PLANT.

Average of all plots.
Cutgiﬁg. ?npggg ~?npgg ?npggg ?npggg
of heads. of stalks. of stubble. of bulbs.
Series 1. 12.70v 6.83 ~
no 3, 11.20 7 11.85  14.48
" 3. 10.34 10.15  14.91 ¥
"o 4. 12.54 13.57 °  18.68
" 5. 20.42 v  16.26 12.81 " 22.00

" 6. 20.75 16.21 18.73

Table XXXIII. Weights of P50g in Parts of TIMOTHY PLANT.
Average of all plots.

' ' Wgt. of
No. wgt. of wgt. of wgt. of Wgt. of Ps0g ver
Cutting. P_O0. per P05 per  Py0g5 per Pg0g per acre in
gc e in acre in acre in acre in total
the heads. the stalks.the stubble. the bulbs. plant.
(pounds) ( pounds) (pounds) (pounds) (pounds)
Series 1. - 15,72 7 2.64
u 2. . 17.85 ° 4.16 4.89°"  26.90
" 3. 18.94 ' 2.85 ° 5.22 ¥ 27.01#
"o g, ' 24.37 4.17 6.12  34.68#
" 5. 7.26 V 33.72 " 3.01 6.18 ¥ 50.17
" 6., 7.98 “ 4.55 5.70 "

#  Does not include thé'weight of P50g in the heads.
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Table XXXIV. ﬁéights and Percentages ot K0
carried off with the TIMOTHY HAY and left on the field.
Average of all plots.

" y g
Wgt.of Ko0 Wgt.of K0 Wgt.of K50 o %
NoLo. par:aerga per acre per acre of Kg0 of K50
cutting.in the hay.in the bulbs in the total of plant of plant
( pounds) and stubble. plant. in the hay.in the bulbs

(pounds) ( pounds) ‘and stubble,
T
Series 1. 36.28
W 9. 45.32 °  19.34 64.66 70.09 “ 29.91
w3, 49,99# "  18.62 68.61# 72.86 27.14
" 4. 52.91#  20.51 73 .42 72.07 27.93
‘, / \
" 5. 61.37 17.98 79.35 77.34 22.66

5 6. 19.31

# Does not include the weight of K,0 in the heads.

Table XXXV. Welghts and Percentages of P,0g :
carried off with the TIMOTHY HAY and left on %he fleld.
Average of all plots.

Wgt.of PpOg Wgt.of Pg0s Wgt.of Py0. % %
No. per acre per acre per acre of P50 of P50g
cutting.in the hay.in the bulbs in the total of plan% of plant
(pounds) and stubble. plant. in the hay.in the bulbs.

( pounds ) (pounds) and stubble.
Series 1. 15.72
"2, 17.85 9.05 26.90 66.36 33.64
" 3. 18.94% 8.07 27.01% 70.12 29.88
" 4. 24.37#  10.31 © 34,684 70.27 29.73
" 5. 40,98 ° 9.19 50,17 81.68 18.32
"6, 10.25

# Does not include the weight of Po05 in the heads.



Table XXXVI. Weight of coNSTzFUENngﬁ Ton of Dry PIMOTHY HAY.

Jeries 1. serdes 2. Series 3. Series 4. Series 5. Series 6.

Total weight of dry Timothy Plant yielding

one ton of dry hay, | 348409 3458.1  -3167.7# 2987.2#  2791.0
Subtracting one ton of dry hay, 2000.0 { 2000.0  2000.0#  2000.0¢  2000.0
Total weight of dry bulbs and stubble found ' y -
per ton of dry hay, 1484.9 1458.1  1167.7 987.2 791.0
Welght of Ash of total Timothy Plant which yields . S Y y >
one ton of dry hay, . P6L.51 218,00  165.69# 143.56¢  130.664
weight of Ash in one ton of dry hay, 168.17 1562.22 125.2@#'b 108117%\/ 167 78 d
Welght oi Ashlaf bulbs and stubble of plant : , :
vielding one ton of dry hay, _ 93.34 65,78 42.45 ©  35.89 22.88  28.43
Weight of K50 of Timothy Plant yielding " £ g o L ' v
Sne Ton G STy BEY, - 5 G1.76 46.22#  40.88#  35.20
Weight of KBO in one ton of dry hay, 49,29E 43.39/ 35.6&#V 29 46%L 27 ?2‘
Weight of XK,0 in bulbs and stubble of plant » o .
yvielding one ton of dry hay, 18.47 12.53 - 11l.42 7 98V 9 3;
Welight of P50g5 oOf Timothy Plant yielding  3 . ~ -
one ton of dry hay, : 25,69 18,187  19.31#  23.26
. | v -
Welght of P05 in one ton of dry hay, 81 .56 17.05 19,754 13574 18.18 b
- ref o . e e /e . e ;7: 3 e
Weight of P50g in bulbs and stubble of plant 3 v 5 - :

vielding one ton of dry hay,

LR e
0
M
H
A
S
[}
N
<X
N
[1-8
L]
Q
(0+]
N
L ]
Yo
o)

# TPigures do not include the heads of Timothy. )
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