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!HB VARIATIONS IN THE OONSTITUmNTS OF THE TIMOTHY AND 

WHEA! PLANTS IN THI VARIOUS STAGES 0' GROWTH. 
Historical. 

Muoh work has been done and muoh data published 

oonoerning the oomposition ot feed stuffs. Many reports 

ar& on reoord of the oomposition of ~imothy hay, Wheat) 

grain, straw, etc. but as this data is not aooompanied with 

information regarding growth Of the plant, condition and 

time of harvesting, it oonveys no idea as to how the plant 

appropriates and utilizes these oonst1tuents in the prooess 

o'f 1 tsdevelopment • It ~Ould be 1nteresting to know. what 

was the yield per aore, of the crop as a whole, and ot 1ts 

several oonst1tuents. Moreover, if we knew the amount of 

the oonstituents which are removed in taking off the orop, 

we oould estimate the 108s 1n ' fertility of , the soil due to 

growing the crop and what oould be done to replenish this 

loss. It is a fact well known that the time of harvesting 

will have something to do with the yield of the orop. 

This would be~ esPeQiall~ true in the oage ,of haystas the 

ttme admits of being varied oonsiderably as to the exact 

date. It has been found that the palatability of the ttm-

othy hay 18 olosely assooiated with its stage of growth 

when out. (1). In the literature also appears many reports 

upon ·hays and upon wheat oolleoted and analyzed for aome 

sp.eoial oondition of growth or use. Besides this, other re

ports have been made upon a part or all of the wheat or ttm-

, othy plant oolleoted at d1fferent dates, and these furnish 

Valuab~8 into,rmatiort as to the variation. whioh are oooanon-



oed by growth. 

Kellner (a) was one of the first to report th.e 

analyses of a series of outtings of grass or hay. He does 

not st.ate the kind of hay upon whioh the experiment was 

oonduoted, but simply states it to be grass out from meadow 

land. ' The outtings were made May 14, June 9, June 2D, and 

the report gives the per oents ot nitrogenouB material, fat, 

fibre, ash and non-nitrogenous extraot for eaoh outting. 

· His results show that the nitrogenous material deoreases in 

per oent as the grass grows older. The per cents of 'fat 

and.ash also deorease as ripening progresses, while fibre and 

non-nitrogenous extraot inorease in pwr oent. He estimated 

also the amount of amido nitrogen oompounds present in eaoh 

outting, whioh cannot be regarde.d as a nutritious form of 

n1t,rogen. In the first cutting 31.6 per oent of the total 

nitrogen was found as ac1d amides. 

oent and the third 2.5 per oent. 

In the seoond 13.4 per 

Jordan (3) in 1882 makes a report upon the analyses 

of timothy in different stages of growth. For the experiment 

two, plots were planted to timothy. Ona of these was manured 

and the other was planted without any fertilizer. The hay 

was out at three different stages and the hay analyzed. The 

results show the .per cents of fat, nitrogen and ash ; dimin
while 

1s1:1 as the plant ~8~.1oJ),~jUj..ifthe per cents of f1bre and ex-

traotlves inorease. Comparing' the' manured ahd the urunanured 

Plots, it appears that the per cents of nitrogen ash and 
) 



fibre are inoreased by manuring. 

Wilson (4) experimented with timothy and Borne 

other meadow grasses. The plot of timothy was divided into 

two parts} A and B. '.rhe hay was harvested from A June 3, 

1885, then from B on July 13. The hay which had made a 8eo-

ond growth on A was out August 25, the "seoond growth on B 

September 25, The third growth on A was out October 12. 

Tl1e hay analyzed was the first and third cutting of' A and 

the second outting of' B. The three stages of growth ropre-

$ented by these outtings were timothy in bloom, first A, 

overripe timothy; second B and young suooulent shoots, third A. 

The timothy in bloom oontained the highest per oent of moist

ure and the lowest per oent of' Nitrogen free extraot, the 

other oonstituents being intermediate in per cent between the 

other two stages. The overripe t'1mothy contained the least 

~ mOisture, fat and protoin and the highest per oent of fibre 

and nitrogen free extract. The young suooulont shoots 
. . . \ 

showed the highest per oent of ether soluble ·material, ash 

and pl!t>tein, the lowest· per oent of fibre and an intermediate 

value for the per cents of moisture and nitrogen free ex-

traot. These outtings do not represent one single growth 

but a distinot part of three separate growths, whioh may ~n

~roduoe some irregularity in the rosults. 

Ladd (6) reports the analysis of the timothy plant 

out at four different periods of growth. Aooording to his 



results the per oent of water decreases rapidly after bloB-

Boming. Suga~ also decreases, while starch on the other 

hand, inoreases substantially in per oent. The albuminoids 

beoome less digestible as the plant approaches ripening. 

He ' oonoludes that albuminoidB pass on from the stems to the 

seed during ripening. and it is therefore advisable to mow 
I 

the plant for fodder at the time of blossoming, to procure a 

uniform distribution of nutritious material throughO.ut 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 series of experiments 

with timothy 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 outtings in-

dicated were made for five suocessive seasons exoept that in 

.one or two seasons oertain cuttings were not obtained. The 

results ,were averaged for those years when a ':full series 

were as follows: 

1. Cut when plant was in full head, usually about June 12. 

2. Cut when plants on average were in full bloom, usually 

about June 18. 

3. Out when the Beed 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: ~. 

5. Cut when the seed was ripe but not shattered, about 

July 16. 



The first factor to be studied was the yield of 

oured hay per aore. As the hay of one outting has more 

water than another and oorresponding cuttings of different 

seasons may also have different amounts of mOisture, there 
"was no o.onstituent agreement in the yield thuB found. The 

outtings which gave the largest yields were a.s fOJ;!OWBt;l 'st .~year, 

88cond ~· out.t;~ng.~ ·2'nd -y;,g"a:t: ,fit.t·b ·. Olitt1!Jilg;.: :! .lld iy~ear ,f':om't.h ~~ ;Qutt1ng; 

I'th~~ear ,fou.rtlJ outt·1ng · ;~ . !5tli ~i,~a~~ 'ti.h11z'tt1;()tltt1ng. A more re

liable guide to yield is found in the results for yields of 

dry matter per aore. Taking the average of all the yoars 

in whioh all five outtings were obtained the y1elds of dry 

matter· per aore were in their order, the maxtmum first;-the 

third cutting, the fourth cutti~g, the second, the fifth, 

the first. To ascertain the digoAtibility 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 out-

t1ng was the most digestible and that the digestibility stead-

ily deolined wi.~h eaoh outting until the last. Averaging 

all t?e digestion trials, the yield of digestible dry material 

per acre for the different outtings stood in the following 

order; second outting, maximum; third outting next, first 

o~tti?g, fourth outting, fifth outting. The palatability 

of the cutttngs was tested by placing one hundred pounds of 

oured hay from each cutting, side by side in a long raok;~d 

allo~1ng two steers, whose feed was exolusively timothy hay~ 

to eat from the raoks ab libitum. In all oases the animals 



ate the youngest cutting of hay first. Moreover, the first 

three cuttings were cleaned up before the last two were hardly 

touched, showing plainly that the hay had lost considerably 

in palatability when the Beed 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 easily 

damaged by rainfall, than tae later cut timothy. When hay 

is cut before the seed is 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 is g'athered, the stand of the plant is maintained much 

better. 

One of' the first re:ports upon wheat constituents of 

int~rest to us in this study was made by Sorby (6). He 

studied the sulphur and phosphorus content in grassos, veg

etables and vaDious grain crops. The amounts are given in 

per oents of dry substance, for entire wheat plant after 

flowering, ear of wheat and straw in the milk stage, and ear 

of wheat and strav.r 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 greater proportion than the total 

weights, and d1rntn1shes in the straw, the grain abst1'8cting 

that constituent from it". 

Llebecher (7) groups the work of tho investigators 

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

other orope in different stages of growth giving the amount 
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of paoh oonstituent present at any st~ge, in ,per cent of the 

maximum amount found in the course of the experiment. On 

wheat the work of Wolff (8) from 1854 to 1857 1s grouped with 

the work of Pierre (9) 1861 to 1864. The Bubstances reported 
1 

are dry substance, organio substance nitrogen, aRh, potassium 

oxide. caloium oxide, magnesium ·oxide and phosphorio anhydride. 

Tho analyses were made upon the plant above the ground only, 

and are given for six periods of growth as follows: 1. 1he 

sprout or young blade before spring growth. 2. The bogin-

ning of the growth in the spring. ' 3. The formation of the 

head. 4. From the formation of the head to the end of bloB-

Boming. 5. From the clo B e Q,f the blo sBoming un t 11 the begin-

ning of ripening of the grain. 6. From the beginning of 

ripening until the grain was fully ripe. The'results show 

that during tho first period the plant is collecting much 

nourishment,especia11Y nitrogen. Potassium oxide and cal-

cit~ oxido come next in order and lastly phosphoric anhydride. 

As large a part of the dry substance is not producad as any 

o~ these substanoes above mentioned. In the second poriod 

the same changes aro going on but rather less rapidly. 

Rather more dry matter is being formed now than before. In 

the thirdatage the plant is still taking in plant food but 

at a slowly deoreasing rate. Considorable organic matter 

is likewise boing formed at this stage and a large amount o~ 

ash 1s stored up due to greater amounts of the minor oon

stituentS(silioa. ohlorine, iron, Bulphurio anhydride, eto.) 

being added. In the fourth stage praotioally all of the 



nitrOgen;potassium oxide, calcium oxide and phosphoric anhy

dride has b~en laid up. There has been at the sarne time a 

large production of organio and total dry matter. The plant 

is apparently working over the nourishment alroady in store. 

In the fifth . stage the formation of organic and dry matter 

reaohes its maximum and nearly all the food conat1t~ents have 

been received. In the sixth stage the storing of food con-

st1tuents is complote. 

Deh~rain and Keyer (10) roport water, dry matter, 

nitrogonous matter, fat and ohlorphyll, ash, nitrogen, phos

phorio anhydride, cellulose, starch and sugar in kilos per 

heotare. The materials for analysis were. cOllo'cted May 31, 

JU4e 13, July 16, July 23 (harvest) and July 30 and the s~-

pIes used were whole plant, stoms, ' ears and roots. Concern-

ing the entire plant n6h6rain and Meyer assert the following: 

an incroase in dry matter was observed up to harvest time; 

some loss. occurred when it stood beyond the harvest. Th1s 

gain 1n weight was mostly starch and cellulose, the nitrogen 

and ash romaining constant in the last two months of growth. 

Bright days favored the building up of carbohydrates and drougbt 

retarded the assimilation of nitrogen and ash by the roots. 

conoerning the roots, the per oents of nitrogen, ash and phos

phoria anhydride are highest in the young plant, after a 

~b~~ decline in the per cent of ash in the second stage, it 

again slowly rises. Nitrogen declines steadily in per oent 

to the end, while phosphoria anhydride beoo~es a constant 

value before the end • The roots of the wheat plant are ral-
.". 

ativalY a ~arger . part of the entire plant when young than 



in the ripe stage) and it seems probable that the roots store 

up nourishment at the first) to give it up later to ·the grow

ing and riDening grain .• 

Lawes and Gilbert (11) have oomp~et"ed a large amount 

of work upon the oornpositionof wheat through different sea

sons as affedted by manuring in oomparison with no manuring. 

In 1882 the analyses of the ashes of the wheat and straw for 

sixteen conseoutive 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,depond upon the seasons and tho fer-

tilization of the orop. From one-fourth to one-third~ of 

the assimilated pot~ssium oxide, and three-fourths of the phos-

phoric anhydride, are collected in the grain. A series of 

analyses upon tho wheat grsin was reported upon by "Heinrich 

( 12) in 1871. The grain was oollected (1) when tho plant 

was in 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 out (seven 

days later), (5) when the wheat was over ripe (fourteen days 

1 at or ). 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) t the ·" phosphorio anhydride to the nitrogen 

(1 to 1.8 o"r 2). The staroh had no fixed ratio but oontinued " 

to increase relative to tpem all. That the compositi~n of 

the wheat plant will vary according to fertilization of the 

soil has been shown by Lawes and Gilbert's work (11). The 
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per cents of ash, nitrogen and phosphoric anhydride on the 

green Plant/the straw/and the grain are given by Ritthausen 

and Potts (13) who experimented wi th manured and unmanured 

spring wheat. Their results show an increase of the nitro-

gon content due to manuring. 

Hebert (14) cut wheat in four stages the first two 

before the plant headed, the third when the plant was bloB-

soming and fourth when the grain was riponing. On account 

of loss of grain ~om the heads at ripening tim.e~the ripe 

heads were not analyzed. NitrogenouB matter accumulated 

in the straw and later passed on to the grain. starch is 

not formed in the early stages of growth~but is formed in 

the ripening stage,and mostly in the head. Sugar and dextr1n 

are transported to the head.,and there ohanged into starch 

during ripening • 

. The variation in tho carbohydrates of wheat is re-

ported upon by Jessen - Hansen (15). The samples of wheat 

were collected in three stages, July 4, J~ly 13, July 31. 

The starch increased from 26.45 per cent to 65.90 per cent, 

the pentosans from 5.4 to 6.4 per cent, the dry matter 27.85 

to 55.20 per oent. 

Some interesting re'sul ts are furnished by the Vlorks 

of Berthelot and Andre (16) reported in 1896. Seed wheat 

was sown April 10, 1893. Plants were gathered for analysis 

May 3, May 25, June 14, July 1, August 24. The roots, stems, 

leaves, flowers and seeds were separately analyzed. In the 

first outting of plants the potassium oxide had , increased 1- :, 
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but the phosphoric anhyrlride had diminished from the amount 

originally present in the grain planted. In the next three 

weeks the plant increased in woight about four times. The 

roots were 11.4 per cent by weight of the plant and contained 

the greater amount of mineral matter. Potassium o%ide in-

creased more in the sterns than elsewhere. In the next three 

weeks the plant increased more in organic than in mineral 

matter, which showed an actual decrease in per cent. The 

roots decreased in per cent of the total plant, and the ash 

constituents were most abundant in the loaves. In the next 

two weeks the plant increased in weight more slowly most of 
. } 

it being mineral matter. In the last period when the fruit 

was ripe, tho 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 tho leaves the most. 

The weight of the plant was divided ae follows, roots 11.2 per 

cent, leaves 3.7 per cent, stems 40.7 per cent, fruit 44.4 

per cent. The works of Pierre (9), Dehorain and Meyer (10), 

and Bertholot (16) soem to show that .tho total nitrogen of a 

wheat crop does not increaso after commencemont of maturation, 

but that nitrogen migrates from the lower ~.<> the uppor leaves 

and is then concontrated in the grain. 

Deherain and Dupont (17) in 1001 contribute further 

work on the starch of the wheat grain. Unlike certain veg-

etables auch as the potato., thore is no roserve of starch at 

any time in the wheat plru1t. The rapid accumulation of staroh 

in the ripening stage is the result of the working over of 



other substanoes,suoh as the dextrims and non-reducing sugars. 

The reduoing sugars and nitrogen remain,at this time~in the 

upper part of the stem. Tho upper portions of the stem~ 

which remain green the longe,at J have the sarne function as the 

leaves in decomposing CO2• In Sohulze I s (18) re.port on the 

development of Wheat,he showed that nitrogen i3 assimilated 

from the end of April to the beginning of grain formation. 

Potassium oxide at the time of tho production of oarbohydrate~ 

is present in large quantit1e~ while phosphoric anhydride is 

taken up during tho growth ~ermpc! ~1_ 1n spring and after blossom

ing also. 

Adorjan. (19) has a most intorosting report upon 

the analysis of the wheat plant above the ground. 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 dovelopment of the plant 

is not definitely stated but it appears to be shooting be

tween the third and thirteenth of May, and boginning to blos-

80m about tho end of May. Analyses are reported upon the 

stem, leaves, chaff and grain. No separation oould bo made 

upon the young plants until the spike was formed, and no sep

aration of this into chaff and kernel was made until after 

blossoming. The determinations which may be studied in this 

report are woights of the parts, per oents of water, of dry 

Bubstance, of nitrogen, ash and phosphoric anhydride. Tho 

weight of grain steadily inoreases Wltil at ripening it equals 

one-third the weight of the plant. The ohaff inoreasos 



slightly in weight but shows a loss in absoluto amount at 

ripening due to some falling off from the plant. The max-

1mum weight of the leaves oocurs at blossoming time, after 

which it decreases 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 its greatest value, in the youngest plants. Dry 

matter steadily increases in amount up to June 30, after 

which a 10BB in amount occurs due to falling off of parts 

of the plant. 

The nitrogen results are given in per cents of the 

dry substance and is reported for all parts of the plant. 

Tho 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 st arch - is afterwards 

stored up. A little later the per cent of nitrogen becomes 

almost constant, indicating thgt the nitrogen and dry mat-

tor are being stored up in the sarne proportion. The regular 

storing up of nitrogen in the grain, is assisted by other 

parts of the Plant} which give up a part of their ni trogen to 

the grain in the ripening stage . However, even w11ile the 

storing up of protein and starch goes forward regularl~ 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 lE8ves contribute 
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50 per oent of their nitrogen, the stems and chaff 40 per 

oent 80 that the grain takes up 8carcely 40 per cent of its 

. nitrogen from the ground directly. If the time of the rip-

ening of the wheat bQ short due to a scarcity of rain, the 

amount of protein with respect to starch will be greater. 

The grain as before stated draws upon the other parts for its 

protein during ripening; this does not dOJ,)ent upon nloist-

ure, but the starch formation depenas upon the. C02 aSBim1la~ion 

in the presenoe of water, and is therefore retarded by dry 

weather. The per cent of nitrogen fulls off in the chaff 

as the ripening progresses, whioh 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 
heads 

wh'6a.1/has 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 10s8 of nitrogen in the entire 

plant, which is due to the falling away of the blossom parts. 

At the eame time the sterna undergo a loss of nitrogen due to 

the steady drawing away of the nitrogen and to the loss by 

falling parte. A rainfall 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 appear to playa transition role in the collection of 

the nitrogen in the grain. The loss which gmounts to 40 

per oent fluctuates considerably. In the whole plant the 

per cent of nitrogen is highest in the young stages, due to 

the protoplasm in the young oells. At the beginning of the 
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development of the grain the 'Per 'cent Df 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 

proportion as the dry substance • At the beginning of growth 

. the plant develops slowly, forming about 2 per cent of its 

dry matter while forming 5to 7 per cent of its nitrogen. 

The ash content is high at the beginning of the 

grain formation, as the hull which is first developed contains 

much ash. The p~r cent of ash remains quite constant during 

the ri'Pening 'Process. The collection of mineral matter goes 

forward, somewhat more ra~idly than that of d.ry matter, in 

the early stages, but this deviation oeasos with fUrther growth. 

In the chaff a large amount of mineral matter is laid up 

which amount is at its lijaximum 'at ripening. A large 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 contain a high per cent oft 

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
4

indioates 
I 

that but a small part of the mineral nutrients pass from the 

leavas to the' grain. The ash oontent of the stems is also 

quite oonstant, and reaohes its maximum at blossoming. The 

fluotuation which oocurs while the stem is transferring a 

not1oeable amount of phosphorio anhydrtde over to the grain" 



may be caused by the faot that the collection of mineral 

matter has not coased, although it is possible that the stem 

has ceased to tak~ up more for itself but is only passing it 

along to the grain. On the whole plant we find thoe PCI' cent 

of ash greatest 1n the young stages, falling off to blossom

ing time, then becoming constant. The otaking 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 becomes tho same as for dry matter. The plants need for 

. mineral matter in the early stages while quito strong is not 

as its need for nitrogen. 

Borning. 

Both reach their maximum at blo8-

The per cant of phosphoric anhydride of the grain 

in regard to the later stages is higher at the beginning of 

the grain formation. 

bar~y at this stage. 

This 1s due to the protoplasm in the 

The amount taken in is large, although 

the per cent remains quite constant during gro\~h. Compared' 

to dry matter formed the amount 1s irrogular. At tho last 

stage an increase in POI' cent takes place. In tho chaff 

the reduction in per cent of the phosphoric ~hydr1de, is 

proportional to tho reduotion in absolute amount, and as the 

table shows, the chaff gives over to the grain more than one

half of its phosphoric anhydride. Thus the chaff plays the 

same part with ~he phosphoric anhydrido in roferenco to the 

grain, as it does wi th the n1 trogen. The he 'o~ ds show a oon

tent of phosphoric anhydride intermediato betweo~ that of the 

chaff and the grain. The leaves reach their maximum runount 
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of phosphoric anhydride at blosRoming time, after which the 

per cent and the amount of·phosphoric anhYdrlde) step by step 

decreases, the difference going to the grain. The last 

two trials show an increase in the per cent of phosphoric 

anhydride as was seen in the case of the grain. As was ap

parent with the nitrogon an abno:fmality visible in the plant 

may warn us to look for another in the leaves, which may be 

called the workshpp for the ~working over of the plant food. 

While this 10es not explain the matter we observe that this 

coincidence exists. The stoms show the maximum amount of 

phosphoric anhydride at Plossoming) after which this constit-

uent passes over to the grain. The phosphoric anhydride 

content of' tho whole l)lant reaches its maximum with tho be

ginning of blossol'T!ing, and remains almost constant to the end 

of growth; and only in the last two trials, due to the before 

mentioned abnormality in the grain and loaves, does it incroase 

again. This variation is proven by the rogularity of its 

absoluto amoill1t during the previous poriod. . Omitting these 

last two abnormal periods, we conclude the following in regard 

to the taking in of phosphoric anhydride: The plant in the 

earliost stages oollects the phosphoric anhydride along with 

wi th other plant food ral>idly. This con'tinuos at a varying 

rate and reaches its maximum at blossoming time. As was 

apparent with the nitrogen and other plant food the phosphoric 

anhydride is stored up in the early stages of growth in order 

that the plant may oontribute it to the growing grains later. 

An experiment upon growing wheat made at Michigan 
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Agricllltural College (20) gives the per cents of protein, fat, 

crude fibre, ash and nitrogen free extract in wheat grains 

and -stra~made on a series of forty-six daily cuttings of 

growing whoat of uniform appearance and quality, so as to S0-

cure a represont 'ltive Saml)lo of tho crop. Each- cutting of 

wheat was hung in a dry) v/ell ventilated room until it had 

'roached the air 0.1'Y oondi tion. The kernels wero ' then separ-

ated by rubbing out by hand, and ' \~rero finally grolll1d for 

analysis. Tho tabulaterl ·rosul ts of the a.'1alysis-, which are 

per cents in dry m~torial)vary as follows: 

The protein v~ries from 36.2 per cent at the begin-

ning) to 11.7 per cont at the end of tho d.ouGh st ago, then 

risos to about 13 per cent at tho close. The ether extract 

h9.8 the highest value at the begillnine;'--2.42 per,'oent; ~8.1l

tng to 1.07 par cent in tho milk stago then increasing with 

some irregularity to 2.24 POD cent. The crude fibro begins 

with a value of about 5 per cent, falls in value with some 

flu~tuation through thirty-five cuttings to 1.83 per cent 

thcn rises bqck to about 2 per cent. The ash has .its high-

est value at tho boginnin~4.72 per cen~ and decreases in 

value to the dough stage, 2.14 per cent}af'ter which it remains 

quito constant. The nitrogen freo extract begins at 51.7 

' p~r cent)1ncreases to about 82 per cent 1n the dough stago
J 

after which 1 t remaj.l1s fairly constant. In the analysis of 

the straw, the protein shows 1ts highest value,2.96 por oent, 

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

at the thirty-sixth outt1ng)and then romains fairly constant 
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to the olose of the experiment. The ether extract begins 

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

cutt1ng (milk stage), inoreases to 1.39 per cent at the twenty

sixth cut ting, "falls again to 1.06 per cent at the th1rty-

ninth cu~ting and closes at 1.12 per cent. The crude f'ibre 

begins at 41 per cent, falls to 37.44 per cent at the f'ifthen~h 

cutting, then rises steadily to 48.21 · per cent at the close 

of' the experiment. The nitrogen free extract increases but 

slightly through the first fifteen cuttings, 48.2 per cent 

to 53.6 per cen~then decreases .to 44.12 per cent at the close. 

A study of' these results shows that the grain has 

gatherod a large par~ of' its nitrogen and ash bef'ore the 

grain has begun to fill 111 the ripening process. The ether 
largely 

soluble material Which·; iJI/ chlorophyll at blossoming~ . · ·falls ~ . :-i 

off' at first but increases due to the storing up of oil in 

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

ble material, crude f'ibre and ash arc all formed. or stored 

during ripening but decrease in per cent at first becausS 

of' the more rapid formation of nitrogen free extract which, 

however, decreasos in its ratd toward tho last so that the 

per cents of the other const 1 tuents again increase. j . , _" : ~ . .' 

In the straw the nitrogen ap~ears to be gradually 

removed as the ripening goes on. The variations in other 

soluble material first up then down, indicate that this mater

ial is passed along to the head and replaced by matorial 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 is due to increase in nitrogen :free oxtract while the 

production of fibre in the straw haR practically cenRad. 

The straw becomes more fibrous in the laRt stages and at the 

sarne time sugars and other carbohydratos are being transferred 

from the straw to the grain. 

Among other articles on wheat of r.lore recent date 

may be mentioned that of Thatcher and Watkins (21). This 

article is into:resting in that it shows variations in COID-

position between parts of the wheat head itself. The analy-

ses were made upon vrheat kernels grown' from a single seed. 

It is whown that the outer kernels contgin more nitrogen then 

the innor, and that the per cent of nitrogen increases ~n 

value as we pass from the top to the bottom of the spike. 

Bronchley and Hall (22) in 1010 have rop.orted upon the results 

of some experiments wtth wheat at Rothhamsted Jlxperiment 

station. The wheat was cut every three days, the grain 

examined microscopically and then 'ffi1alyzed. They conclude 

from their analysis that tho material delivered to the grain 

by the plant always shows e certain. ratio of nitrogen to 
. . 

non-nitrogenous materials and ash. Variety, tho kind of 

soason and soil) will affoct the character of theso r.'laterials. 

White they say that sug 9.r does chango to starch in ripe~ing, 

they affirm that this is not tho principle operation in tho 

process, but that dosiccation · ts more il'1portant. 

The variation in tho pbosphorus, potassium and 

nitrogen content of wheat grain and wheat straw has recently 

been reported, upon by Ames (23). He shows that the compo-

sition ot the wheat .plant will vary in these constituents 
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according to the composition of the Boil, whether the crop 

be fertilized or not, the k.ind of fertilizer and the avail-

ability of tho plant food contained therein. In goneral, 

an tncre 3.se of these constituents to the soil will cause an 

increase in the proportion of these elements in ,the wheat 

plant. Aleo an addition of lime to the soil assists the 

assimilation of Phosphorus/and an addit'ion of phosphorus, 

tho assimilation of nitrogen, 
, (2-'11 
Stoklasa. ' fQ\U1d that ·IJotasHtlur. was chemioally asso-

ciated with the ohlorophyll and shows that a certain amount 

of staroh~B produced for every part of potassium present. 
, (; , 

Ivanovalta- as shown that phosphoric anhydride is changed 

over to an organic combination 1n the process of nutrition 

of the wheat plant. Phytin and nucleoprotein are formed 

which collect in the seed. 

To sum up the, results of past work on timothy; 

the young plant appoars to rllrnish the most palatable and 

dj.gestibla hay t but the older plant yields the largest amount 

of dry hay. The young plants show the highost per cent of 

protoin, mOisture, ether soluble material and ash a~d the low-

est amounts of fibre and nitrogen freo extract. As the plant 

ripons, nitrogen appears to cblloct in the head and nitrogen 
~~ 

:free extract is formod within the plant colIs at the sarna 

time. The plant oollects its nitrogen and ash rapidly in 

the young stage after whioh tho rate 'slowly decreases. At 

the same time tho rate of 'formation of fibre, 0 11 and extract

ives inoreases. 
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The work upon wheat sho\vs that the young plant and 

all its 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 you.ng 

plant, the cells appear to be filled with protoplasm and 

but little carbohydrate material. This protoplasm which oon-

tains a high per cent of nitrogen is not protein, for it has 

been shown that about 31 per cent of the total nitrogen (2) 

is present as amido bodies in the young plant; but as the 

plant ripens, these diminish in per oent and the nitrogen is 

. found combined as true protei~~~) Throughout the difforent 

stages, ash and total organic matter ~ppear to vary togother, 

apparently indicating that the mineral matter has something 

to do wi th the synthesis ·of" organic matter. The articles 

by stoklas~~)and IvanovSk~~arG interesting in this connection. 

The absorption of ash, and partioularly of phosphoric anhy

dride from tho soil, appears to continue longer a~ a uniform ' 

rate, or to diminish in its rate of assimilation more slow-

ly, than do the other constituents. The wheat plant thus 

takes up tho largost part of its food, - the nitr~gen, potas

sium oxide and phosphoric anhydride - in the young stagGs, 

and then in the ripening process, these assimilated constit

uents distributed about in the plant tSnd to collect in the 

grain. Coincident with this transferring of nutrients during 

ripening, organic material, su~h as sugar, .1s synthosized 

and afterwards converted into fibre,starch and cellulos~ lU1der 

the aotion of sunlight and moistur~ in the presenoe of the 



mineral constituents of the plant. Crude fibre and starch 

arc probably not transferred from one part of the plant to 

anothor,but are formed in the P82't where they arc stored. 

The results of the large amount of work upon wheat show quite 

conclusively the same facts that were sho\\'11 for t i rnothY
J 

namely.) 

that in the YOlU1g stages the he ads and straw show their highest 

per cent of protein,moisture, ether soluble material, and ash 

and their lowest per cent in fibre and nitrogen froe extraot. 

In general tho principal constituents of tho ash, - the 

potassil~~ oxide and phosphoric anhydride, - vary in per cent 

in the srune manner as the ash. The lo~ves show a rather 

higher per cent of ash, and the stems a higher per cent of 

potassimn oxide than other parts of' the plant in the same 

stage. It has been pointed out that tho leaves, and possibly 

the Ireen stem also, act as a workshop for t he l)roduction of 

orgg,nic matter, and any fluctuation in organic matter observed 

in any part of the plant, is liable to be accompanied by a 

fluctuation of mtnoral matter in the leaves. This is in 

agreement with tho similarity of the variations in ash and 

organic matter observed above. T:r~ e roots (10) show their 

high per cent of nitrog~n, aRh and phosphoric anhydride/in 

the young plantJa~d theBe values decline $8 ripening 

J)nqgr.eeS8e ~: -:',: : • 

The young stages of pla.'Ylt life arc tll o t i moA for 

the plant to obtain its food from the soil and 'the inve s ti
) 

gatj_ons show that the I>lant does -.this and Ii ttlo else. 

Apparently growth in size, for a time at least, i s meroly 

for tho l lurpose of l)roviding storeroom for tho rapidly accum-
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ulat1ng nourishment. It has been B.hown (10) that the ab-

sorption of ni trogon and ash. by the roots is d.ecidodly hinder

ed by d~oughtt by which we may infer that a lack of rainfall 

in this critical period.jis a strong prediction of a poor 

crop. Beginning before blossoming and continuing through 

the season, the function of the plant becomes more and more 

the production of plant substance and plant fruit. The need 

of moisture grows stoadily less, and the need of warmth and 
, . 

sunlight, greater. The investigations here cited throw much 

,interosting light 'upon the distribution and :function of the 

const~t,!ents in the plant, and serve to give a scienti:fic roa

son for :facts of plant life with which we arc :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 little work has been made 

upoh wheat roots, no report has been made upon timothy bulbs 

and no separation haa boen made of the timothy 'stalks and 

heads. Moroover, all o:f these reported results will vary 
and 

according to the season.t./the character ~n.dt~ea·tment . . o~,.tht) 8011 

\''; :. ' . ~ : ; : ~ : ,:~ !he ; Plan ofth1B Study. 

It seems advisable therefore to undertake the anal-

yses of a series of cuttings o~ timothy and wheat grovm in 

a single season and make these 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 ~ntire plant at eaoh 

outting and making. separate analyses of the heads, stalks, 
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roots, stubble and bulbs in each case. By making two or 

three cuttings out of the field at each stage we wore able 

to obtain a ~ore nearly average srumple at that stage of 

growth. It is obviously impossible to 8J[certain the compo-

sition of anyone plant, or single group of plants, in each 

stage of growth. Therefore, the analytical data obtained 

from each cutting must serve to indicate the composition of 

tilo other plants at that particular tlI!le, which are to be 

cut later and analyzed. Since wo have a fairly large number 

of plants in each area, and sinco we nay average the three 

areas cut in each series, tho results ought to represont a 

fair average for the entire field at that p9.I't.iculal' stage. 

The series of cutt ingA of timothy ~ .r ore taken from 

a field which lay upon a gentle slope. Tho strips of the 

field :fUrnishing plots 1 and. 2, of the various sories, .lay 

side by Ride near tho top 4f the Bwale) while the strip :fur

nishing the cutt ings of ( .p~ot ·· ~ ', . !. : ' , of' the diff'orent Bories, 

lay about one hundred foet away near the bottom of the Bwale. 

The more luxuriant growth from the cuttings of plot :3 s're 

thus explained by the location. At tho beg1.nning of the 

experiment, at the timo of cutting series one, the areas of 

each plot to be harvestod in the various serios, were seledt-

ed and marked off by corner stakes. Each of these areas 

was 2 x 6 feet and lay side by side in the order to be out, 

exoept that a foot or two of growth might bo omitted to avoid 

a bare spot or an unusual condition of growth. In seleoting 
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these areas the aim.was, of oourso, to securo as uniform a 

stand as possible in eaoh area. The strips or plots for 

wheat lay a few foo~ from eaoh other upon tho same levol, 

and the cuttings Vlore selected side by side for various serios 

of cutting, with tho same view of uniformity in stand. 

These cuttings were also 2 x 6 foet in area. Tho wheat and 

the timothy were dut off two inches above the ground. After 

removal of tho hay the bulbs.with the stubble wore dug up 

very carofully to obtain all of these within the given area. 

The first cuttings, (Serios 1), of timothy wero 

made May 23. The young plant was eight inches to ton inches 

high and growing-vigorously. The heads had not yet appeared, 

but wero inolosed by tho loaves of,tho stom. ·On June 6 t the 

series 2 of cuttings, was obtained. Tho plant was now be-

ginntng to head, but as seon from tho tal)los, tho hoads \70re 

allowed to remain with tho stalk.s as thoy wore not large 

enough to be made into a separate sample. Many new sprouts 

were growing out of the bulbs, and in the plot \"e're found 

many dead bUlbS/Which werorejoctad. Juno 18 was the date 

for Series 3. The plant was now in full bloom, and many 

sprouts were found upon the bulbs. On June 30, when series 

4 was harvested, the plant was just out of bloom ~~d the seed 

had just bean formed. Bulbs with side sprouts were still 

in evidence and uomowhat greater in number than in tho last 

series. In serioe 5, out July 9, the seed was in tho dough 

stage and' a 80mewhatlarger number of bulbs, havihg small 

sprouts than in sories 4 were found. The last outting ot 
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the season, Serios 6, was made July 20. Plot 1 appeared to 

be scant in . seod stalks as oompared to the others. About 

ten per oent of tho heads had dried out enough to shell. 

Scarcoly any green heads remained. This cutting ought to 

have been made about three daYB oarlier to obtain the heads 

in the proper condition. To cODneot for this condition these 

shelled hoads were roplaced by perfeot heads of tho same 

length, diameterJj" and degree of r:t -:,) O::lOf;S, from anothor part 

of the field. The stems were yellow for fully six inches 

below the heads. The stem leaves w'ers practically all dead 

but there was some greon foliago .of the second ' growth about 

the bottom of the stems, varying from a fow inches to eighteen 

inches high. Many of the large bulbs wore dead with a 

small bulb grown out at the sido, carrying a groen sprout. 

The small bulbs were saved, but the dead bulbs wero rejected 

as in the previous case. On Maroh 16, lD09 a 2 x 6 foot 
. J 

area in each of the plots w~s dug uP, to obtain the bulbs 

for the purpose of analyses, before tho growth of the plant 

had fairly begun. A green growth 'from tho bulbs was '~ormed 

above the grolmd, less than two inches hi gh and thorofore 

below the dead stalks of' the })I'ovioUA jo~r. This green, 

growth eo.lleoted w1th, ·the bill'be, ' ia .tabUlated. ~fB.·~ 8talk.8 ·. :and 

lJar-;. ~·~t.b.e dead . stalks · .we~e r .ej-eotoo j ·Thl~8 da,ta ' ~1s ·designa'bed!. 

1n · the tabl16 .8 88 , Series :.O ..• '. ' . . ' "- . .... ' J~: . . .i . ,~ . :; 

.. Th-e.,;f .irst011t'.t:Lng O:~ :lIheat '-:lf8S "ma'cle May. 23.: T,l'i1g 

'ItS -,w~nt~. _,whea .. t :,"o~ ,aboll't ._·O,ot_o,ber· ;.l~' ," 1907 .• . At·, 'ttfe ot1mey~1f' 



this ~ir8t Qutt1ng,the plants were well" headed out :; '; -( '~ 

and were about ten to twelve inches high. At the seoond 

cutting, June 4, the wheat grains were full size and nearly 

all in milk, the whole plant being leS8 green than in the 

:first stage. The third cutting, Juno 11, fi~ds the grains 

in the d:ough stage, and the whole plant changing more to 

the yollow appearance of the ripe plant. The fourth and 
.. 

last cutting- finds the grain ripe ·and firm a.l1d whole plant 

qui te yellow and dried .. out • 

PT.ellar1ng tlIe. Material at) the La.bCl1'atory 1 
and Methods of Analysis. 

As Boon as the t1nothyhay or wheat plant above 

ground was out, it was placed in a covered tin contatnor 

and weighed within thirty m1mtt'es, aocurately, to 0.1 gram. 

The heads were cut off closo, then weighed at once to 0.1 

gram. This gives us tho groen Vleight o~ ho ar-.s and stnlk.s. 

The stalk.s include therefore, the leaves and stoms, whioh 

when added to the hoads constitute tho hay. The st alks 

are now out into short pie.cos, and a.·fter thorough mixing a 

can with wire cloth sides was filled with the same, and the 

gross weight recorded at once. The heads were also placed 

in such a can and .the gr.oss weight recorded. These cane 

were plaoed where the air could oirculate freely about them, 

and were weighed at frequent intervals until their woight 

was constant. This givos us tho data for the ' amount of moist-

ure lost in passing from the green to tho air dry condition. 



The clods of dirt oontaining t ,he timothy bulbs or wheat 

roots were Boaked in water in tubs, ano. the bulbs or roots 

trer,-e,' ;then l:l washed. wi th tVtO or threo changes of wator, so 

that all adhering dirt was removed. The tirnothybulbs.w1th 

the stubble attaohed, were striped of their fibrous roots 

and outer dead covering, 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 clipped . " 

from the bulb8; L:both · , weretig81n i~spr8a~lout: ... on ~J)~~:.. amdc811owed 

. to lie exposod to the air until the weight was constant. 

The wheat roots and stubble. were transferred from the paper 
., ' ~ . 

to .tar.ed wire cloth cans, and allowed to come to the air dry 

condition as in the ' caso of the heads and stalks. As one 

objeot of this study is to determin~ what pari of the plant 

const i tu.~ts rema1n upon the ground, 1 t does not appear 

espe01ally necessary to separate the stubble from tho roots. 

However, 1n the case of tho timothy, the bulbs obviously 

perform a function .qui te .distinct from other parts, so these 

have been analyzed' by themselves. 

For the analysis theso air dry samples were com

posited so' as to make one sample of each kind 1n each 'ssrieel 

For example, the heads of timothy from plots l, 2, and 3 in 

Series 3 were ' al~ mixed to ' make one sample the sarne mixture 

being made of the three samples of stalks, of stubble and 

o~ bulbs. This was done for each series of cuttings of both 

the timothy and the wheat so that one sample eaoh of heads. 

8t. ~11t8t stub1>:le. and bulbs was analyzed toreaoh aeriee. 



These oO.mpos.1 ted samples were ground W1t1l the 

material would pass through 1 Mm. mesh sieve. To reduce 

the samples t~ this condition .they 'fere passed: first through 

a drug mill and then through a cofree mill with the burrs 

set close. If ·a sample proved to be' tough and very difficult 

to reduce it was dried at 1000 or less \vhen it became quito 

brittle and could then be ground :fine. By allowing the 

ground material to lieex:"posod to the air :for t1:YO or three 

days, it returned to its air drien condit:lon. 

Moisture was determined in duplicate samples by 

drying two grams of' the air dry sample, i11 a~l Oi~en aluY:1inum 

. dish in a partial vacuu..rn (about 60 om.) at 800 - 900 , until 

tho weight became constBnt. . The material thus o.ried '.Tas trans-

' f'erred to an S. and S. extraction capsule, and after drying. 

this to constant woight, it was extract'ad in a Soxhlet oxtract.

or for three days ~ith water free ether. . The loss in woight 

of the capsule and contents gave the weight of ether soluble 

material extracted from two gr~8. The crurl.c fibre Tlas de-

tormined upon the extracted residue in the rogular official . . 

method (27) by boilj.ng :first Yv"i th 1.25 per cent li2Sf14 9.l1d final-

ly with 1.25 per cent 861u~ion of NaOH. The washed ~1bre was 

colleoted and' v.reighed in a gooch orucible, the fibre "as then 

burned. off and the crucible again "eighed to d.etern,ine the 

lOBS. 

N1 trogcn "rae determined by the Kjolduhl method (27) 

slightly modified by ., this laborato~y for gonoral ni tl"ogon work. 
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One graIn of the material is heated. in trLc regular Kjeldah1 

f'l ,ask wi th 25 c.c. concentrated sulphurtc acid and 0.7 gr!"1!!1s 

mercury. After incipient frothing is over and. the mass has 

changed from a pasty to a more liquid condi t ion ~ about Boven 

gr~:.ms of' potassium sulphate are ad.d.ed and the heating con

:tinued until .the liquid is colorless or nearly so. The 

ftl.a~ i1>8 ~ :doQIed!.'.:~ anctJ.l 25 - 30 c. c. of' distillod. water are 

used to rinoa down the neck and inside of tho flask. Tho 

flask 1s then reheated for ono hour, cooled 2nd the contents 

dl1t1tM.· .~ ~~oc 500 c.c.; 80 c.c. of a solutioYl, containj_ng 40 
... 

pound.s of Greenbanks caustio soda and 375 grar.ls of potassium 

sulphide in 30 litors of water, arc added and tho a.rnmonia 
l 

is distilled off into tenth normal Hel' and. tho titration 

. mado with tenth norme~l arnrnonin. using cochineal as an indicator. 

Hitrogen multiplied by 6.25 gives the result as protein. 

Ash vras detorrninod by burning tl.ro grams of' the air dry mater-

ial at a low heat in a muffle until thoroughly charred; 

.. then raising the neat to produce as nearly a white ash as 

possible, or until thCTtoight y?as conAt .~u1t. No clirect do-

terminations of carbohydratos ·'tore rnn/to in thiB scr:tes of' 

analys~s. The nitrogen free extract aA given in tho table 

is tho difforence of' the Bunl of' the other connti tucnts and 

100 per cent. 

Tho amount of the const1tuentE have been given in 

pounds por .acre upon the dry basis in order that other da.te. 

may rea.dily be compared wi th it. The figures usod, in 0.18-

cussing the variations are tho average values for the three 

plote. As the outtings of plots 1 a.nd 2 were taken quite 
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olose to eaoh other,ther ought therefore to show about the 

same values for 'any oonstituent . in any stage. While the data 

from these plots ShowB .· ~n alJprox1mate uniformitY 00f growth, 

it will be SElen that plot 1, in the young stages" shows slightly 

greater vallteS than plot 2, for the oonstituents in all parts 

of the plant, while in the later stages thia condition is 
are , 

reversed for the hay or plant above ground'. Ther~exceptions 

to these statements, howevel', for these cuttings which represent 

the poorest growth have man~ fluctuall,ruons. The growth from 

plot 3 is much more vigorous than from the first two plots on 

aooount of location. ' In many cases the yield of the constituent 

under consideration equ'als the amount in plots 1 ~nd 2 together. 

This plot gives figures which vary in a more regular manner 

than does the average value in many o~ses. This data may serve 

therefore to illitstrate th<? trend of variation as point.ed out 

in the discllssion. 
,Discussion of the Data. 

The results in the last stage :th(;both timothy and wheat 

plants show losses whiQh are due to parts of' the J)lant, such as 

chaff f'rom the heads and leaves from the stem, drying up ana. '.l.' . ~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 Been the great flocks of birds which hover over t 

the fields at harvest, will realize that this error may be 

Considerable. H~bert (14) on acoount of this same difficulty 

Omitted his analysis of the wheat heads at this stage.' 



1t33" 

TIMOTHY " PLAIT. 

-Observe the v3.I'ia.tion in the per cent of' vlater in the 

grcon plant above gr01md through the different stages. 

~able I.) The data shows clo3rly tho steadily decreasing 

content of water in the timothy hay as the plant appro:lches 

maturity. The causa contributine to this rosult is f01.U1d 

by comparing tho avora.ge total groan woight per acre of the 

hay, (Table II) '~!i th tho avorage weight of dry m8.t tor in 

tho hay, (Table III) tl1~oueh the various staGos. The green 

woight incroasos but slightly after Sorios 2 and corrrrr!onces to 

dear'ease after. Series 4-.. On the other hand, tho dry sub-

stance of tho hay incroases stoadily in amount, sho~rine that 

tl1e loss of wator by drying out J takes place J110rO ral)ldly 

than t,}10 adnition of dry substa~1ce in the 1~1nt Gtagos of 

ripening. The moistu.I'o in ' the e~oon ';l(Jigllt o? Serios 0 is 

sliehtlY,loss th8J1 Scr'ie}3 1. Tlle groan gror!th of' Sertcs 0 

was somowhat wilted beforo 'tho groon woight could be taken r 

which accounts for this low rcsult. Wilson (4) reports 

the Y01U1g plant as having lOBS moisture than the -~)lant in 

bloom. But in 11:Lo experimont tho young 91'1nt was cut :Ln 

October "hil0 the plant in bloom VTas cut in o3.rly Slunnlor. 

Tho analyses do not 1"Ol)1"'C8cnt tho same st~nd of hay, YJ'hich 

may have somothing to 10 V'!i t,11 the 10\1 POl' (JCHlt of moisture 

in the young plant. 

A study of tho vH3ights of dI'Y mat tor in tho !)a.rts 

of tho -plant shows us that tho most rapirl incro8.3o is f011..11d 

in tho heads, or seed bearing part. (Table III.) The 



timothy heads double in weight from hlosBoming (Series 3) 

tomat'uri ty (Series 6) 1n a poriod of 32 days. The bulbs 
t 

of tho timothy RholV a tendenoy to increase their dry m:ltter 

rapidly in the first tlmes atagos, and moro slowly in tho 

fourth, fifth and sixth stage. The weight of dry ma:t,ter in 

the bulbs harvested in March,beforc growth had fairly started, 

(Serios 0) is also in acc.ordance wi th this, statem~nt. The 

tondency of the stalks to lose in dry mattor at t~e l~st 

stage or t"O) is probably duo to the lo\voJ:' loaves on the stem, 

wi thering and falling to ·tll0 ground as the plant ripons. 

These may contain 80 to no per cent of dry ma.tter. ,Many 

such detaohed leaves wero fOlmd in harvesting the last ~wo 

series of timothy. Beforo preparing the stalks for drying 

and subsequent a:-lalysis, the sta.lks of hay wore pioked up by 

hand :from the 'pile cut from the l)lot, the hcads Vlcre removod 

and the green '.'eights taken. The stalk.s ,'tore then cut up 

for drying and 8.Jlalysis. This left small 1)1oc08 Of'~e,taQhed 

Y11'11? dead leaves of vrh1ch thero l?erO rathel~ more in tho last 

stage than in the 1)recoding outtings. Tho stubblo g :t1n8 in 

dry matter as the · hay ripo'na fOllo~'"ing tho changes in the 

sta~k.s)excePt that there is less loss due to falling },)arta. 

Muoh of the data on tho stubblo rocordod in this paper vartoB 

in 'an irregular mannor)makine it impossible to discuss it like 

the other parts of the plant. 

Table · IV shows that the plant increasoR its woight 

in nl trogen bet?!een two and three t irnes ·-.'trom · inoipient 
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growth to' full ripening. Counting from Series 3, the heads 

and bulbs sho l the highest rate of g 3.1n, the st alks ann. stub-
per oent of' : 

ble the least. We see from Table XI that t~~prote1h re-

ma.ins allD.ost constant) B,O th~t dry matter and ni trogen are 

increasing in about the same r atio. The st alks are also 

storing up nitrogen, but at a slolfer rate, tiild·· w1lth ~ ; fJome ·. fi'ti6t·

uation. In the stubble the protein percent age varies irreg-

. ul arly for some roas.pn not easily expl ained (Table X.IV). 

The fairly regular figures fo r the "protein in the bulbs shoW' 

that d~v elopment of root system a.s well as plant above grotU1d 

goes onstead1ly th~oughout the plant growth. The ether 

soluble material,which inoludes'" oil and. chlorophyll, of" the 
' . between Sarles 2 . 3: & 

timothy plant (Table V) gains Tri th sharp t fluctuation/up 

to ripening ,falJ.1ng off" in amount at the l ast tri a l in the 

,same ·· mann.er as dry matter and probably due to the same c at.' se, 
. ) 

i.e. - falling of'f'of the lower de ad leaves of the s t ern. 
o · 

After a slight drop in the Heads at the end of' blo.ssom1ng 

(Series 4) it increases due to storing of oil in the seed. 
) 

Kel1qer .( 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 h1gh~r at the beg1nning . ! ~nft end 

of growth than in the intermed.iat e 'stages ~.(n~ably ~: 1ndlo'Jt'e8 

,n~: ~eXO\ea8 " of chlorophyll in the young heads and the larger 

amount of oil in the seede when ripe (Table XI). · The stalks 

on the whole gain i n ether soluble mater! al until just bef'ore 

r1~ening when the falling value in both amount and per cent 
J 

('. [ 

(Table XII) indicates that some of t h is pas8'8~/on: -to :: 'bt rJ88ed.S. 
"'-
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The bulbs rise ra~idly to the maximum amount ' stored uPj
wh1ch 

occurs at about blOssoming time {Series 3),aftcr which the 
praot1oal+Y' , 

amo'l:Ult remaiti.e/oOrla'te.nt, and~ ~th.J -pe~ ,oent .. t'all8; , d.ue to'tbe ' 
other ~17 matter. ' , 

ad,41,t1,on 'or; , T'ablo VI shows that the crud.e fibre increases 

' in amount as long as the plant is increasing i ,n weight; also 
', .. 

that it is not passed along to other parts,but romains where 

' it, ~as ' formed. The falling of some leaves from the stem 

expla.ins th~ aotual loss ' in the amount in the hay in the 

last stage. The f1bre increases in 'amount in the heads bu't 
, . , ./ 

owing to the rapi.d storing of other consti tuents it falls 

in percentage value after blossoming (Series 4, Table XI). 

In the stalks the crude fibre is proportional to tho growth, 

WhileJ>elow the ground) the maximum ~ount is reached befO,re 

the storing of other constituents is complet~as is evidenoed 
" ,of 

by the decreasing por cenl/orude fibre in the bulbs (Table XV). ' 

The ash of the total timothy plant (Table VII) gains in amount 

rapidly at first anel. more slowly toward the last, causing a 

drop in the porcontage valuos (.Table X), whioh faot has been 

noted by the investigators on timothy previously oited. 

The, falling of parts from the stom explains the 10Rs in amount 
• 

in ' the stalks and hay in Series 6. Tho storing up of the 

ash 1n the heads 1s morc pronounoadthan in any other part) 

although the mnount in the stalks inoreases appreoiablyalso. 

, The data seams to ShOlf that the bulbs and. stubb:J.e paso some 

of their mineral o9nst1tuents along to the plant above, and , 

ShOlf a partial reoovery of these oonstituents at full ripening 



· (se::rtes 6). The nitrogen free extract will include the 

gums. starohes, sugarsipentoses and pentosans of t he l)lant. 

We should expect thq,t these consti tuent·s '1I!ill show a sub

stantial increase as the plant developcs and ripens (Table VIII), 

Both the amount and percentage value incroJ.ses t11rougl1 the 

diffe~ent stage~ showing that the increase is · in a greater 

ratio than .the sum of the other constj. tn.cnts. All the Darts 

of the plant irloI'case their amount per acre JOf these n1 trogcn 

free constituents)but the heads show tho gro~~ost ~ato of 
I 

increase. The bulbs of the timothy continue to gnow and 

sto.ro up material throughout the ripening period) for their 

fUllotion is to carry the life of' the plant over the ~1iriter ' 

toru1other growing season. Just what these carbohydrates 

aro,which arc stored up in the Plant,cannot,bo dofinitely · stat-

ed from the results of this work. The bulbs, however, were 

tested .with muoh caro for starch. The result8 were in ev ary 

case negative, vf :i. "L no.~· u t0att, being given for staroh in tho 

bulbs obt ainod in any of tho seven stages of groTfth. The 

carbohydrate ;'material contained in the bulbs is more like 

gum as was proven by the difficulty in grinding these :for 
J 

analysis even after dryj.ng. The grolmd material would paok 

to a glue like mass upon tho bu.rrSjmaking it impo~sible·to 

continue the gr:tnding unttl the machine had been oleaned. 

Starch is, of oourse. the prinoipal donstituent in t11e ripe 

seed.,tlithough sugars. fibres, cellulose, etc., arc also 

present. Ladd (5) wi th timothy: Hebert (14), Deherain and · 

Dupont (17) wi th "heat have shown that sugar, during the rip

.aning period 1s 'ohanged into staroh ) in the plant above the 
) .'\ 
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ground. Table IX on tho distributton of' the riry weight of 

the timothy plant reveals tho folloTTing:- Tho heads and 

stalks gain quite uniformly in POl' cent of total QrY substanoe 

as growth procoeds.· The dry Bubstance stored by the hay is 

about equally divided betf.reen tho hO!lris a21ri tho· stqlks •. 

The stubble, wh1ch has gainod . but 11 ttle .dry Matter, has lost 

in pcrocnt :lge V'lluo one half. The IJulbs ~'!hich ha.ve gained 

substantial amountB of dry mattor through tho seven stages 

have f .!lllen off about one-seventh in percontage v·alue. 

Tho 'dry substance of the hay erOl) is about 57 per cent of 
·the 

tho total dry matter o.t:/l)lant l'.'hon young (Sorios I), and about 

6n POI' cent of dry m:3.t tor of tho ma.ture plant. 

To sum up tho composition of the ti:nothy plant as 

. a w']1ole, Y.'e Bee that the protein per Gont 11 ~lS 1 ts higil0st 

valuo in tho YOlulg })lant) which serves 1I"!011 to indicato that 

much nitrogen ,should be available for the YOlU1g plant to 

grot'.' vigorously. Kellner (2), Jordan (3) and Ladd (5) ro-

ports shoY, this saInO rc.sul t. Tho etller soluble matol'ial , ' 

(qil and ohloro})hyll) l'ea·ohe-s · ah1gh value1rt the . early · 

stage) l'1hen \10 should expect a propondoranc·e of chlorophyll. 

Thesubsoquent f~111ng ann thon risine in per cent as the 

plant developes ma, G be" : ~ eQl'1ned ~ bY /the~~ogre.11te :oli.ng8-1n 
of 

the.--:·natur..t! tho o11lorophyll and forma'cion of the vegetable 

011 as the · plant nears matur1 ty. The maxiMlun per cent of 

the 011 is reached about twenty days l ;cf'ore full maturi ty of 

the plant. The crude :fibre varies but little in per cent 

Which means that it 1s proportional to total dry substance 



'Present. If weather condit ions such as cloudiness, ,rhieh ' 

retard the cha.nge of sugar 1nt.o starches in the plant., should 

occur in the last stages, the crude fibre might increase in 

per cent al though not increase in arnolmt. Reports published 
) 

heretofore (2) (3) report the percontago as increasing in the 

laat .. .stages. Tak.ing the timothy plant as a whole t !". e ash 

and the protein decrease steadily ~n por cent. The rapid 

ratio of increase in tl:le . nitrogen free extr?-dt.Ji8 the cause 

of these decroasing values in the other constituents. 

As ,(as stated before )many soft, cte r>..d bulbs rroro 

found on washing the soil a"ray from tho bU.lbs. TheRo were 

rejected and only firm bulbs savod for anatYBis~ Th.ese firm bulbs 

.l'tC're count 00. in each plo t • Begtnnine; at Reries :3 ma..YlY RT:lal1 

green sprouts were founct, gro'fring from tho side of tho large 

bulbs, and in some cases ~he8e sprouts had noveloped. :far enou.gh 

to show the formation of' a bulb at ·tho base. A count ,{as 

mado o:f these neli.r sprouts) which Ttere retained wi ttL the bulbs 

to be ground for .analysis. In the table tho average !1U!l1E>er 

in t 'ho threo plots in oach sorios is givan, both for the large 

bulbs and the sma.ll sprouts. starting ltri th tho small ntUnber 

of··bulbs (586) in the 2 x 6 area d.ug up in March, the number 

:found incroases up to sories 4 at about which time the piant 

attains its maximum size, after which the numbor found do-

creaBeB~ At tho same time the number of amall sprouts 

somo w1thbulbs, which began to appear in Sorics 3 is found 

to increase "and with B'orno fluctuation ~ this number continues 

to increase. At the same time the numbor of dead bulbs re-

j eoted continues to increase. . From this count Y!e conclude 
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that tbe life development of the bulbs works i n the following 

cycle. The bulbs in the ground over 'tinter sond up the stalks 

in the spring, and after a time small sprouts bud out from 

tho sidoof those and ' produce a sl'Tla~1 uulb, 'fhiCh. furnishes 

tho second groTtth of the plant in late Ru.r--::r:er) ancl accounts 

for the th,~ck.enlngof growth Of the timothy meado'!! 8110. the 

small immature heads 1':1'11ch are sometimes found e.sRociated 

l,ri th the rtpe heads at harvest. T~e number of these small 

bulbs increases stead.ilY, and as they are formed tr.o l!lrec 

parent bulb turns soft and docays. , These s 1" 'all bulbs carry 

the plant through tho 'tinter. 

A cou.nt T!aS also made of tho timothy headA of all 

plots fron Series 5 and ~. Although headA were obtained . 

and lIToighoct from Rerios 4 anti. 5 tho probable v ell'tlO of having 

the number of thosA 'did not occur to tho f:ritor until tt ' f as 

• 
too Into to make this count. In Table XVa is given tno 

number of bulbs. and. heads for each plot in Series 5, 6 and 0 

anc1. also the avercge ll1mlbor. Tho number of' sIjrOt1,t s found 

shooting out f'ronl the solid bulb aro also onumcr!?c to0, for 

Series fi and 6. T~ose servo as an indication of' the nUDlbor 

of' small neY' bulbs lthicn arc produced. durtne the groY,ring 

soason t() ca.rry. the plant through tr'Q ,rtnter. At tho point 

whore thoso sprouts groll out from the parent bul b) a no,! bulb 

forms, somot imes as mp.JlY as t:hrec or four , rler,cnd1ng upon tho . 
numbor of' sprouts.. The sharp variations ir.. the nurllber of 

sprouts of' the differont Plots, aho~ the dif'fictllty of' dralfing, 

any exact ,conclusion from the data. Each serios of course 

repre8e~ts an ent1rely difforent lot of bulbs dug uP,and th1s 
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alone woUld po reason for some varia.tion • We may also expect 
... 

that many more new sprouts would be produced between July 

20 and the following MarCh .. ,WhiOh would explain the lncre.ase 

in bulbs of :plot 2 and. 31 Or some sJ;>rout!:; might "i t11er 

away and produoe "no na~ bUlb,lfhl0h would account for a de-

orease in number. It would have been interesting to have 

obtained some proof for :thfs progressive inorease or decrease ' 

inths .number of bUll1S, bY. removing and counting the bulbs 

and ·sprouts two or three times between July 20 ~~d the end 

of the season. It may be .noted, howover, tha~ most of the 
'. 

bulbs whioh start out the .season in Maroh apparontly l)roduce 

one head in the first growth of' the season as their nmnber . , 
, . 

shows some relation to the heads produced. It has been 901nt-

ad out that plant food ,and nitrogen in parti()ular, soem to 

be ato.rod up qui to atE)adily in . the bulos during the growth 

~d' riponing period. It would seem likely that most, if 

not all,of thi~ addition of plant food goe~ to the new sp~outB 

and bulbs after theso begin ~o farm,and that the ·old bulbs 

givo up their plant food to the other growing parts as they 

turn, soft arid deoay. NO separation was made 'of old and 

new bulbs for analYSis and 110 dead bulbs wore analyzed at 

all. . We 'laok, therefore, . ana.lytioal proof of this ohange 

in the bulb •• 
WHEA! RANT. 

T }: · · ~~· ~.J ' : ~. ) : ."\ \::J. ... l] ~; .~ :. r!l~) · ~.~ ~-. " '- l~ '~-j :~~: : • . c~': · ; ', ~ _ -~ Y.·.~ I~: ) 'v iJ 

!he .. we1,ht of green wheat plant per ' aore shows a ten-
-7. \J(;~ .. ~ ' ~ ~"" . . _; ~~~ 1 ' -~}1~) ~~ · lt/ ·.: :: ~ ~· . ~) .t 1, .~. :~ ' i ,·: ,- '. ~ f. " ' ... j '.:, ~:~ ) "~.~~: .. - '; ~." ~. ~ c. _ " ~ . ·r <\ ..... 'i. -t 

den~y . to~eorea8e 'tr~m Ser1~8 ~ to Se~~.~8 4:,~ .w.hi1.~ .~lte dry matt~r 
c~:)~r~ :.:1,,1, I ~! . ~ : ,.:.::' : .·. ; ~U~ .:' :L1. ··~ ~ .. l) . .. ' ! ' ,~ ( .' ... . , ... , ... , ~ .' '1 .1. , .\ ' .. :" ' , .\ , ' l .1. J. ). ' , 

Wh10h it .Qontains inoreases .1'n a2Dount (!ables XVI, XVII, XVIII.) 

,. J\' 

.. ' 

. '.J 
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Thu~ the per cent of dry matter rise6 ral)idly due to addition 
, . 

of solid substance and loss of .rat er by d~ying Qut. Tl1is 

large content of moisture 1n the young 91ants has been point~ 

cd out in nearly all the publications heretofore c1ted)and 

may be regarded as a normal oondi tion of ll l ant gro 9{th. 

Again the "rheat heads ShOVf a morc rapid g ~l in in dry substance 

than any of the other parts; gaining five to six ttmes in 

"ve1ght in about 27 dayrs. The st ~lks, roots and stubble 

have g~ined their maximmn runoill1t of dry matt er by the time 

the milk stage (Saries 2) is reaohed,after which t hey lose 

steadily to the end. A part of this loss ~t t he last stage 

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

total pl 8.nt is seen "to be less. The loss in amourlt in the 

stalks, roots and t ubble) indicates t hat the dr ! mat t er is 

being· transferred to t he he ad as it ri1)ens. The 'constituents 

h10h are tr< neferred d.uring t he 0 st ages ,~r ill be i n rLlc a ted 

as 1a follo "if the d'ta. The young plant above gro 1d contains 

about 79.1)91' cent of the ry matter, -Y11ile t he ripe plant 

cont ains 86 per Ce"1t. The t otal [heat p lant g3. in8 conti 1-

uou8ly in amount of nitrogen from the st (~t (Table XIX). 

The per cent (Table XXV) is ' highest in 'the young pla.nt sho -

ing it to be taken up the most rapidly at this stage. 

L1eb8~,he:rr (7) places nitrogen as a constituent..>as first in 

ordor in rumount of all 'the material absorbed by the plant in 

its young ' stage. As re should exp ot ,the great gain i n r 1-
, . 

trogen occurs 1'n the he ,= cls of the wheat :plant. The peroen.tage 
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·-:l .... v.allie . falling alJ.ghil, tndicates that addi tion of other 

substanc.e is somewhat greater. Again .we see from the de-

creasing amount and per cent in the Btal~s, rocts ' and stubble 

(Tables XXVI and XiIX)) thata~:t J..eaBt a··'-'part · of~; the" nitrogenouB 

sub8tal1~e is being transferred from these parts to , the head. 

Tho .variations in the amount ' ef ethe~ soluble in the wheat 

plant (Table XX) aI'e much the sarne in kind as for t"inothy. 

Al though high at f'irst in the ' tot al 111a..l1t, clue to excess of 
. . 

chlcrophyll in theyo.ung stages, tt drops quickly and again 
. . 

risos. ·The eil is apI)arently formed ra>idly tn tho head 

aftor the head is formed as evidenced. by tho rapid rise in 
. . . 

amount present. Tho drop in amount at, tho l aRt at ago is 

due to i'alling parts · and to loss of' ripe grain by l)irds. 
-

The falling amount pOl"' acre and percentage v'llne of tho ether 

soluble of the :Dccts (Table XXIX)) indicates that this mater

ial is passing on t'rom the roots to. the plant abcve ground. 

The crude fibre in the ltrheat plant (Table XXI) appears to 

increase in amount while gro'Vtth is going. on. It reaches 

its maximum in quanti ty in all parts of the plant about the 

second er milk stago,aftor wh1.ch it rema ins practic211ycon-

nt ant. That tho amount doos not decrease in the Rt 2.1ks, 

roots and stubbleJexcept ,rhan l>arts falloff shoT.'s that crude , . 

• fibre is not transferrod from ono part of the p lant to anothor 
• 

but remains y!hero it '!as formed. The dropping off of the 

chaff from · the hoad.s in the last sto.ge,accounts for itR 10S8 
... 

hel:'e at this porioo.. Ash is abs orbed by tho plant (Table 
. the . 

XXIl) .1n oonsiderable quanti t1'es durin.£/ero"th poriod Imt i. ~ ·, , 



appears to be' oonstant durifig.-·the ripening period, exoept 

r@~ ,\t~:~.,e8·1- §l~~ ,~-~t~:" t.81.1~ng i~@r~S:'· :!J)i~~_. ' Plot I, of Scr'icf; 2 

and 3) B~OW8 this more clearly than the e.verage. During 

ripening (Series . 2, 3, and 4) the roots . and. stubble are con

tributing mineral corist1tuents t~ tho stalks . and heads. 

Tho stalks store some ash durtn~ r1pen1~g) 1wl111iB -the- headB-'.cadd 

m1neral"'matter" -qu1te steadily. The starches, p ent.oses, pen

tosana and sugar-:-like bodies arc included tn the nitrogen 

free extract of the plant. (Table· XXII). Those constituents 

increase more than all the othersjeBPeCiallY in the heads, 

,rhere . the increase goes on r~PtdlY throughout tho groYling 

and ripening period. The stalks, the roots and the stubble 

pass on these constituents to tho heads during ripening • 

The roots. have practically ceased to contr)_buto of t lloir c :.~

.bohydrate material by the time the dough stage (Series 3) is 

roached,for at thts time tho amount present In the plant 

above tho stubble has become constant. 

The rapid. storing up of' dry mattoI', n1 trogcn and 

ash in the young plant ,.rhtch has boen l)ointcd out ~n thts 

report is in accorclanco wi th tho Y[ork of Pierre (g), Wolff' 

(8), Berthelot (16) ru1d Adorjan (19). That the roots and 

stalks contribute nitrogen and- starch forming Tllc.torials to 

tho grain while ripening, has been mentioned or proven by 

Dehera1n, Meyer(lO)~ Dupont (17), Hebert (14), Adorjan (19) 

and perhaps others. SO~'r~~,e" (2-8) working l','i th plants and 

young shoots 'of trees, ,states that the nitrogen and m.ineral 

consti tuohts ~e mos't abundant in the young growth -or ends 
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o'f the shoots; that tho 'lower part . of' the plant or old growth 

. loses about one-half of' ' its phosphoric .pcntoxide. one-tl1ird. 

of its pota.ssium oxide, and one-fourth of' .1 ~s ni trogen, t 'o 

the . young shoots. Thus these constituents tond to colloct 

in the newer and uPler extro~ity of the pl~~t growth, (29); 

the wheat plant shows the analogous proporty in collecting 

these donstituents in the heads. Hanst een (2D) 'forking Tv i t h 

a :faw tY') ical :plant~ of difforent ordors/ points out that 

there is a correlation between ·different OI'G'111 S of a plant 

in regard to the distribution of' the potassium and ;)hos·phorlls. 
, I 

; . 
He pl)-1nt·., ··,ou. , ':1,endeoo¥, of tbe ,_·Illani ~·O ·'.; 8tore , 1ta - a8h ~" oon8t1t-

~en,:te 1n tM.:,J.aaves :.snd·! 'blo·8eom8.~ ;~ .. Th1s . aocOrds·'.:w1 th S'oMGeder 18 

(2:8 ,). 8tat:etnent. ,.~ the't: ; thee-e oQn8tituen~B oolleot " 1n ~,. the ' extremities 

Considering the tiMothy and 1heat p l ant side by 

, side we find oharacteris~~1csof growth and composi tio~) If:hioh ' 

vary similarly in both })l ants) and others ~ t11 ich arc unli~o. 

In both the timothy and wheat plant the moisture in the green 

'plant is highest in the YOU::l g st agos and this moisture dim-

1n18hes by cvaporat~on as the plant ripons . The heqds of 

both plants gain r ay idly in dry matt er during growth and . 
riponing , the timothy heads doubling in weight and t ho wheat 

heads incre asing five or six times in' thoir we i ght of dry 

matter. ,The stafKs ,stubble and bulbs of' timothy increase 

in weight of dry 8ubBtance)bot~ in the gro .rth and r ipening 

':period of the plant. Tho heat stalks, roots and stubble 

increase in weight during the growth period)and then yield 
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up Elora or less of this substance during the ripening l)oriod. 

N1 trogon and '1sh arc ,'3.bsorbed ral)idly in the YOlulg stagos 

and mora slowly 'by tho older plant. The nitroeon is usod 

by all parts of the timothy 1)la:L1t} but , elrPecially by tho 

head ann bulbs. The wheat heads 'absorb mo~t (')-f' tho ,nitro-
Borne of 

go n 0 f tho 1) 1 an t, t h cot 11 or l) 3.r t S con t r i bu t i l1Kjt 11 is C(Ll:, ~ i t-

uont to tho hearts. The ash in both 'plant,s accumulates ,es-

pccially in tho heads but also in, ti'lo stalks.' The root 
} 

systems of" both plants yield minoral In 'ltter to tho l)lant 

above ground durine ripening. Ethor solulJlc l~atorial as 

clllorOl)hyll ) is high in tho yourlg ~)lant )1.n~l 3.3 011 is high 

in tho ripe ~)l " l£1t' 1.~ld.) ~1.rtioul :lrly in tho hO '::lJis. ' :)omo of' 

this matorial is trG-nsforrori fl"'om tho roots a~l (l stub:)lo of 

t3.iYling its maximum about blos8oming time. Most of the 

fi bra is found in tho ~3 t, alks • Nitrogcn froG Qxtractincroasos ' 

r'1~)idly in the heans of both yla!1tB) ann. ill the bulbs of' the 

timothY} during gJ:'oYTth ~l llci. ri)oning. It '11so 1~1CrO ~3.Sof3 in 

til0 timothy st :11ks dUl"ine tho lifo of the ·l)lant. With 

"J!hoat tho stalks, root!') a.~ld f3 'cubble pass th08C consti tnonts 

to tll0 hoan. riuring r.ipening. 

" 1 
I " ' 

, , 
') ( )~ ' ': ' )(anY , ' 1nveBt'1gato:rBi. have ; rf;)po~ted analyaes ' Of 'plent ashes 

. potaBB:tum~ , 
giving : their , oontent ,of. : Pl1o-sphOrus any Storor (;~n ) " aho~s 

that the amowlt of ~otassi~~ oxide obt~1neri from different 

l)lant asl1es V'lI'iOB oonsiderably in amount. Some' l)lants show 
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a 11tgh pel' oent 'of potassium oxide. The ,waste pa~ta of tobac-

00 leaves and the stalks are used as fertilizer; tho dry stalks 

contain about 5por oent of "potash" (30) besidos much phos-
" 

phoria ac~d and nitrogen. ' These oonstituents are readily 

available aBfood for othor crops, as is s110wnby the ready . , 

response in growth of tha,orop after their addition to the 

land. Wood ashes or any kind of, plant ashes may be used 

with good results on any soil with many kinds of crops. 

- \ The value of potassium oXi,de for' the 'growth of the timothy 

plant has been shown by Lyon and }.forgan (31). Timothy was 

grown upon experimental fields and was followed by corn orops. 

The 8011 o~ the plote was ~ silty, cl~y lorum. Some plota 

• received no fertillzation,while ot~er plots received potash, 

phosyhorlc acid, nitrogen or mixed fertilizer applied to the 

, t1mothy. All of these fertilizers produced an increase in 

both the timothy and corn Cro'PB but ,the potash fertilizer in-
\' . 

'croased the yield of ear corn moro than any other .'simple 

fertilizer. The increase in the y1.eld. of' hay, in every casa, 

paid for tho 'oost Of fertilizeruaed. Another interQsting 

experiment which has 'shown tho responsiveness of timothy ,to 

potash fortilizer wasporformed at the Rhode Island Station. 
) , " 

(32). ' Two unmanUl'edrotation plots, i11 grass for t~r!o yoars, 

wore seleoted, one was dressed .with wood ashes, the othor 

received no treatmont. , Whon tho grass had headod out) a def

ini teal'ea. wae cut from oach of the plots and ,.the plants sorted 
~ ' , ~ 

and oounted. Only a '''R&Oe'' of timothy plants wore fotmd , 
! 

on. 'the plot , whloh 'ha(\ reoe1v~d , no, ,tr~atmentl but from tho 
. '-:: ~ . 
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other Plot, the ntJnber of timothy plants found was 22 - 23 

per cent of the total. 

Composition o~ the Ash of the ~imothY Plrult~ and 
D1aouBs1on of the Data. 

The composited B~ples furnishing the analytical 

data previously discussed, wore bUl"ned in })latinum ~isl:es 

over .a 10" flamo untj.l thoroughChy charred., then loacr,ed and 

'lashed wi th distiliod.' water on an ashlesR f'il ter 'Lu1tfl all 

soluble material was romoved; the insoluble residue con

tainit:1g the carbon was burned ina platinum dish in a muf'fle, 

until all carbon 'fas removed. The solution of the soluble 

ash Tlas e .. ddod to tht) I)latinurri dish and eV :11)Oratod to dryness. 

Thf) resulting rocol,)"lbined ash furnished the mEttorial for 'the 

samples for the determinations of potassilun ox1d.e 8...l1d phos-

phoric anhydride. The potassIum oxide l'lD- S determined. l >y 

the regular Lindo-Gladding method' as carried 'out for ' :potasb 

in fort 111zere (27). ~h~. s~.le: ·us·ad':· \vas . OJ.5 gl'aDr'1nst:eadr' ~ :.cl. 

of 10 grams. This determination gives the water soluble 

potassium oxidc1Which is 00 to 99 per cent of the total amount 

pres.ent) as was -proven by some preliminary work. on the total 

potash. It is tlle intention of the ' .rri tor to make a· complete 

set of determinations of' the total ~otaRsium oxide for com-
, J 

parison with water soluble potassium oxide. The phosphoric 

anhydride was determined by fusing 0.5 grams of the ash with 
. ) 

5 grams of a mixture o~ potassium ruld sodium carbonate in 

moleoular l>~op~rtionst until the mastj\ was uniform and action 

The fused mass was dissolved from the ' crucible 



with hot ~ater, made acid' with HN03 and after gontle boiling 

for ton. or , fiftoen t1inutoB was oooled to ' room tomI)erature 
.J 

,made up to 250 c. c ~ and 50 c. c ~ 88l11plef? v,rere dra,,'l1. These . ' 

portions ,.rore evaporated to dryness anrJ. :heated. at 110°-1200 

for two to three hO'urst~ dehydrate siltca, then · taken up 

with ,rater and HN03Ja..l1d.after ,-'ar ming the solution to 600 , 

.A]'rmDnium Molybdate solution was add.ed to prcoip1 tate the 

phosphorus. , Following the usual procedure the yello,: pro;

ctpttate 'was flltercd off', washed, dissolved i Yl arnrr:onia, wag

nesia mixture added to procipi tate the 8.r.'\T1".onium magnosuim 

phosphate t .which .after at and1ng is f'11 tercd off', ytasncd, 

driod, ign1 ted nnd' "roighed. as magnesium pyrOl)hosphato. 

The study of the amounts ,of these t lfO consti tu.ents 

in the ash ShOllS some interest ing varia t ione. The ffiY1.otJ.nt. 

of' potassium oxide and phos'Phoric anhydride removed 'Par 

aero, wi th the crop of hay, ia dir-oot1y proport iona1 to ' the 

age when cut • (Tables fXXI and XXXIII). ThuB the amount of 

pot~3siurn oxiq.e in the ripe h.ay has boen incre~sed 75 per 

cent above tho amount in tho youne hay ",r}lile tho amount of 

'9ho3 ~)ho r :lc anhydride haa increased abo:ut 130 per cent. 
the 

IJl/ripo timothy plant 177 per cent of t ho potassitL'1l oxide 

and 81 per cent o,:f the phosphoric a.nhyctride in tho 11'1101e 

plant are carried off ll'i th the hay, the a.1)ount being respeot-

lvely 61 ' and 41 pounds per aere. The amounts loft behind 

with the bulbs and stubble,(18 and 9 pounds ' per acre respect

ivelY) are probably morc available as P1a'1t food for the next 
. ) 

orop, than ,. t116Y " ere beforo the timothy was grown. ' Nevertheless, 
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the romoval of the hay crop entQils a largo lo ss to t he soil 

of these mineral ' cons t i t uonts. The most rcm.'1rkaole point 

in the above dat a is . the large i ncrease moth in amount and 

~Gr cent of the phosphoric anhydride at the time of ripening 

of the plant. The formation of' phoSl)horized pr ot e i ds i iT 

the seod is probably t he ex) lanation. This i mport ant 1'010, 

wh ich has been sho ~'l1 to' be · played by p~ os")horus i n t he '~.rheat 

gr a i n at t his time.; is doubtless occurr i ng i n t he timothy 

aeed also (25). Adorjan (.10) observed t he same phenonenon 

but ascribes it t o wet "eather. The st alks show tho s ame 

variation in : otassium oxide and phosphoric anhydride as they 

do i n the hay. The l)or ceni remains awout the ~ ame, 111ch 

shows t hat it i s t aken U P at t ho s ame r a t e as tot a l dry matter 
- / 

, 
and is due thore~ore to t ho incre ase i .1 size of' 1 t he pl ant. 

In the stubble t ho amoilllt of -potassium oxide and phosphoric 

anhydride fluctuates considerably, but on the .rhole t he 

amount does not vary gr catn.y. The per cent, ho rever, tends 

to inoroase, by ,hich we conclude t hat t hese miner al nutrients 

are being passed along to the UP1:) O;r growi ng parts. Thts 

lo.ss is 1.'0 :)laced, howover, from the :coots below, 8J1?- . the 

steady drying and withering of ·t he stUbble tend to raise 

the value in per cent-. In the bulbs the amounts of potassium 

oxide and phosphoric anhydride vary somowhat, bu t in tIle main 

the supply of thes e mineral substances remains oons tant 

throughout t he growth period. The bulbs t hus mai nt ai 11 t he ir 

own supply of mineral mat t er, hila contr ibuting large amolmts 

to the gro lng plant abova. 



"51" 

If " e reduce the weights .of the various constit

uents to the basis of one ton of dry hay harvested, tho later 

crops do not exhaust the Boil,. at least to the extBnt in 

f)o .tassium oxide,. as tho younger crops would • For one ton . 
of dry hay obtained at· the time of cutting Series 2, we would 

remove 43 pounds of potassium oxide and 17 pounds of phos-

phoric anhydride ,while if cut when in the dough' stage (Series 

5), we would remove 27 pounds of potassium oxide and 18 pounds 

of phosphoric anhydride. Perhaps the most 8Url)rising rosul t 

of ' the analysis of the ash of timothY is the large amolll1t of 

this ' mineral food which it requires for grovth. These miner-
• t 

a1 nutr1ents,es-peciallY the potassium oxido, are in a roadily 

soluble ·form as found in the plant ash and therefore avail-. ) . . 

able for plant food. One ton of air d;ry timothy hay" cut 

when nearly ripe, will contain 25 pounds of potassi~ oxide 

or 1.25 per oent, and 16 pounds each of pho~~hor1c anhydride 

and nitrogen, or 0.8 per oent each. The value of these 

mineral nutrients in terms of the coat of fertilizer may be 

figured as follows: 

1.25 per ' cent KaO at 1.20 per unit 

0.8 p~r oent Pa05 at '$1.20 per unit 

Fertilizer value of mineral nutrients $2.46 

The yield of t11s air dry hay was about two and ono-halftone 

to the a·ore., therefore the fert.ilizer value in "potash" and 

ttPhos'Phoric aoid" abstracted frotn the land was a little over 

$6.00 por acre. If to this 1s added tho fortiliz~r value 

of the nitrogon the value removed amounts to $a.oo more to 
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the acre or about $14.00. The smount of available potas-

s~um oxide in ttmothy hay is therefore as much or more than 

the sarno weight of ordinary 'mixed fertilizers contain. 

A whole crop of timothY' hay trampled flat and turned under 

would contribute much available potassill."Tl oxide, and probably 

phosphoric ' anhydride to succeeding crops. But . this could 

hardly be adopted as a practi.cal procedtU'e. The nitrogen 

rOquired by the c~op could doubtless be all replaced by oc-.. 
oas1onal manuring, and if' ~he farmer could_ get ~ 5. 00 or $6.00 

per ton for his hay on the field his yield of t 1',~O and 0110-

. half tons "ould bring him $12.00 - ~13. 00 per acre. It 

thus' follows that timothy is not a profit yie,lding cr"op) on 

soil which requires reinforcement of the mineral elements to 

give a good yield. For a large crop of timothy hay an 

ab\.U1dance of potassium oxide nnlst . be present in the so tl. 

Some analyses of tho ashes of timothy reported by Wolff (33)and 

meadow grasses by stutzer (34) al).ow ttJlt large arnountA of 

potassium oxide have boen stored up. It ,[o.uld. thus appeal' 

that clay loam 80i18 which contain 1 .• 5 to 4.0 :per cent. , 
potasstU1Il oxide (-29), ought to pl'ioduce the best crops of' tim-

. othy. . The investigat ions of Morso and Clll"'l'iY, ' of' ~Tew' Hamp

shire EXI)or1rnent Station (35) upon clay IO~ BOils,shOl'! that 

thero are large amounts of' potassium oxide available "in those 

8011s) which are sufficiont for. large crops of' grass wi thout 

add1 tional fertilization. They do . not find that the (J.rO~B ---
are materially incroased by the addition of' potash f~rtilizer • 

.. 
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This last statement is contrary to the findings of Lyon and 

Mo.rgan) who, obtainod substantial ' :l:ncroascs in both the timothy 
'in ' 

ana/the corn crop following ' the timothY, by tho add i tion of 

potash fertilizer to a clay loam so.il. ' If 'te recluc~ the ,!eights 

of the materials to the basis of one t6n of dry hay for each 

cutting, 'TO Bee that the amount of constituents taken from 

tho land steadily declines in amo~mt. The ash decre ases fro"m 

261 pounds in the first ,stage to 131 pounds in the last Atage, 

the potassium 'oxide "from 61.7 pounds in the B~colld stage to 

, 35.2 pOtU1(l_S in the fifth and in tho saDO interval tho phos-
I'l 

phoric anhydride ~ ,de()reaSe8 '-f:rom ' 25~~6 ~ :tQ ~ '22"2 ;'J)ouJl(te-.-:, : ( r~ • 

The amount of matorial left tn the ground :per ton is n 8.turally 

less in overy case. The roots arc always a lareer per cent 

of the total plant in its young stage than ".then ripe. Vfl1.i Ie 

tho amount of total and organic matter inc:reases in ar."tolJnt 

abov~ gl'ound, the ' amount loft in tho ground per ton of' dry 

hay will grow steadily :le88. 

'" 

StnolARY. 

1.- The timothy plant takes up its plant :food, - nitrogen 

and :ash 'consti t'uents ,- at the most rapid rate 1.n the young 
, ' 

at ages '. It continuos at a decroasing rate to abr.::orb plant 

food during growth and in about the srune rate as this gro,rth , 

proceed's. The per cent of moisture in green plant is aleo 

the highost .in the young ~tageB. 

~.- The heads of' timothy increaso in dry matter through-
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out the growth and ril)ening period .• This increase includes 

all the plant const1tlients,of' which nitrogen free extract 

1sadded at the ereateat rate. . As tho heads a-J!)roach fUll 

r1:pan1ng,a large increase or phos1)horic anhydride occurs. 

3.- The stalks of the timothy increase in dry matter 

during groyrth anrl .riI)cntng; this dry matt~r 3.ddcd c()~· lsist1ng 

chiefly of crude fibreJnit~ogen free extr~ctJlJota3aium oxido . 
and phosphoric anhydride. Nitrogen rlna othor solublo mater-

• 
ial increase during growth J but decreaso dUJ:'ing rt)c:'1ing. 

'1 . 

4. - The bulbs 1ncro::is () in dry rna t tor t lu-oug~'lOU t the 

gr<n,-th_ poriod, but the mnount bocomes constant bof'oro ri·:.,)oning 

of tho hay. The matoriat stored up is principally ni t::."ogen-

QUB matter and ni trogon frat) extract. no starch is ) J:"orlucod 

in' the bulbs during t }10 storing process. PotasGium ox1do .' 
,and l)hosphoric anhydride are maintained at .. ~)ract ically oon-

. sta:Yc,' value during growth a.nd riponing. 

acid" are required :for a orol) of timothy. Timothy would 

not provo a profi t yiolding crop on land W}1ere these c0l1f3t1 t

ucnts would hav~ to be suppliod in tho form of fortilizer 

to produce a ,good 1101(1. 

6.- The wheat plant· a.1Bo t ,'lkes u-p its Prinoipa.l plant 
.." 

'" food,- nitrogenous and m1jl0ral m1.ttor,- a.t the greatos·t 

, ra.te in the YOl.Ulg · atq,gos. Absorption [';008 on at a ciecrcasing 

rata tiur1ng growth. The highest POI' cent of moisturo 1n 

the groan -plant is found in the young stages. 

7.- The hea.ds of Wh0'9.t gain more uniformly , anri rip1dly 
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in their amoW1t of dry' matter than any other part. 

Nitrogen free extract is -produced and stored at a greater 

rate thrul any other constituent)but ni~rogen, ash and othor 

soluble mattBl' arc added in some quantity also. Fibro is 

,practically all. formed by tho time o.r the fal~inO" blossom and 

remains oonstant to ripening • 

.8.- The wheat stalks oontain their mo.x irmun amount of 

dry matter at blossoming time, after which they -pass florne 

of this material along to the ripening hoads. NitroGonous .. 
'. 

substance and nitrogen froe extractJapp~ar to be the constit-

uents whioh the st alks yielri u-p io tho h08.ds. 
/ A-' 

9.- The wheat I'o'ots .and stubble incro '130 in dry matter 

up t,o the milk , sta~eJ after whioh it decreases i n arnount.l being 

-passod .along to the plant ab.ove ground. Fibre present in 

the roots does not deorease in amount)but nitrogenous '1nd 

ether soluble rna terial} ash and nl trogen free extract, pass 

out of the roots into the growing plant abov~ ground ' during 

the ripening of the heads. ----This study was undertaken at the suggestion of 

President H. J. Waters, Man~attan, Kansas, formorly Doan of 

the College of Agriculture of the University 0f Missouri. 

The ' details of the work, as presented in this paper,were 

Qarried OUb unde.r the general d1rectio~ of ProfessorP. F. 

Trowbridge of the DeInrtII!ent. of Agricultural Chemistry. 

The author desires .. to e:oknowledge his indebtednedd to these 

men and- also to his assooiates in the Department of Agricul

tura~ '.O.hemistry. 
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Table I. 

No. 
Cuttinb o 

'. Ser.ies ·. 0 0 

" 1 . . 

It 2. 

tt .3. 

" 4. 

It 5. 

" 6. 

"58 11 

MOISTUR~ and DRY SUBSTANCE. of the : TIMOTEY PLANT. 
. A verag~ .Q_f . 9.11 pl0 t So 

Total 
Green Weight 

per Acre 
of the Hay 0 

(pound s) 

v 
6506.20 

17101.70' 

28617060" 

29089.80 ' . 

25752.70 
'. 

21671.30 
./ 

Total 
Dry Wei gh t Per Cent Per Cent 
per Acre Dry Substance Moisture 

of the Hay. in Green Hay. in Green Hay. 
(pounds) . 

1799.61 27.66 72.34 

v 

4416.37 
) 

85 .82 74.18 j 

6281.84 85.44 J 74.56 J 

9862. 64 65.54 

11927.46 41.02 

13526.50 47.48 

12344.50
1 

56.97 v 
i 43.03 ; 



DesiJnat10n of Cuttings . . 

Series 0 Plot 1. 

It o It 2. 

It o It 3. 

Total. 

Average. 

Series 1 Plot l~ 

It 1 " 2. 

" 1 " 3. 

Total. 

Average. 

Series 2 Plot 1. 

It 2 It 2. 

" 2 tr 3. 

Total. 

Average. 

Series 3 Plot 1. 

n 3 II 2. 

Total. 

Average. 

Series 4 Plot 1. 

" 4 " 2. 

tr 4 " 3. 

Total! 

Average. 

Series 5 Plot 1. 

It 

It 

5 

5 

It · 2. 

It 3. 

Total. 

Average. 

Series 6 Plot 1. 

It 6 " ~. 

" 6 It .3. 

Total. 

Average. 

T~blvJL 
WEIGHTS OF TH~ GR~EN TIMOTHY PLANT HARV~STED. 

Green Weight 
per Plot 
of Heads. 
( grams ) 

7 8. 6 0 '" 

1 0 5 .40 Y 

_ ~ _~, ~ , . t 
..L v ~ . _) v 

'347. 3d Y 

115.80 r 
/ 

76.90 

94.60 V
I'" 

185.50 

357.00
Y

. 

J/ 
119.00 

1 0 8. 50 V'" . 

133.30 t 
/ 

231. 10 
t/ 

472.90 
v 

157.60 
;/ 

95.00 
V-

1i7.00 
Y 

179. 00 

391.00
v 
v 

130. 30 

Green Weight 
per Plot. 

ot" Stalks. 
( grams ) 

y 
195.00 

/' 
176.00 

442. 00 yI 

813.00 t/ 

271. oa t/' 

535.00 V' 

v 
526.00 

/ 
i 076.00 

2 137.00 
1-" 

712. 30 
v 

788.00 
r-

815.00 
JI 

1 482.00 

3 f085. 00 / 

r 
1 028. 30 

1/ 
8 21.40 

913. 6 0 ' 
__ , .. _. v 

-J... .:-1- .7./. 'I· 

. t/ 
3 228. 7 0 

y 
1 07.6.20 

;/ 

842.10 

9 0 1..40'" 

1 534.50 Y 

3 278.00 y 

P" 
1 092.70 

1/ 
754. 50 

/ 
777. 70 

f-/ 

1 429. gO 
/' 

2 962.10 
j/ 

987.40 

574.00 
V 

582.00 
" Y 

1 161.00 

2 31. 7. GOv-
}, 

772.30 

Green i':.T eight 
l)er Acre 
o f HeRd s. 
(pounds) , 

6 29. oj 
8 43. sI 

.1. j .JO, H ~' \ 

/ \. 
2 '7 7 9 _ 3 ~ 

.r' 

926. 4'" 

6 i5. 4t/ 

757.1"''-

1 484.5 / I 

2 857.01 

952.3/ . 

868. 3 / 

1. 066. 8 '''' 

1 849. 41 
3 784.5 1 

I 

1 261.5/ 
/ 

I 

760. 3 :t' 

936.3"1/ 

1 432. 5 v / 
/ 

3 129. 1 v' 

1 043.0 I 

Green Weif"ht 
per Acre 
of Stalks. 
(pounci s) 

1 506.5 J 
1 4 lJ8. 5'/ ' 

3 5 37. '2/ 
6 5 0 6.2/ 

2 168.7/ 

4 281.4/ 

4 2 09.4/' 

8 61()- 9/· 

17 101.7) 

5 700 .. 6 ·./ 
I 

6 3 0 6. 1" 

6 522. 2J 
11 86 0 , 0 J. 
24 688. 3/ 

8 2 29. 4) 

6 5 7 3.4 1 

73 1 1. 3 ) ' 

J_ ~ 9 S:3. 6 .I' 
25 838. 3/ 

8 612. 8/ 

6 739. 1) 

7 2i3. 6) 

J 12 28 0. 1

J
: 

26 2 3 2 . 8 " 

8 744. 3 v/ 

6 038. oj 
6 223. 7j 

11.443.1 j / 
23 7 0 4.8/ 

7 901. 6-) 
4 593. 5 --

4657.6 J ' 

9 291.1 j 
/ 

i s 542 .. 2\'/ ' 

6 18
" 7 ) ', 
\.) . . 

Total 
Green Weight 

l)er Acre 
of the Hay. 
(l)Ounds) 

:1 5 :)6 . 5 ';/ 

1 4 0 8. 5 ! 

3 5 3 7. 2 / 

6 5 u 6.2 / 

2 1 6 8. 7 ' ~/ 

4 281. 4./ 
/ 

4 2 u9. 4.:/ 

'8 61 G, 9 / 

17 1. 0 :L 7 ( " 

5 70 0 - 6/ 
6 3 u 6. 1/' 

6 522. 2 / 

11 86 0. 0/ 
.I 

2 4 688 . 3 / ~ 

8 2 29.4/' 

.... . I ~ 

8 1 5 '4 . 8 / 

13 26~j 4 / 

,-: } "'·17 6-/· NO 0 . • 

:;; :> 3 !1. ';? / 

7 354.5 / ' 

7 97 0 , 7~/ ' 
13 764. 6/ 

29 089.8/ 

9 696.6) 
~ 1op,3 
5 169 . 9'-

7 29 0 , 5 ,/ 

13 29 2. 5 / . 

I') , - 7'5r. 7r1' /c. :> ;G. . 

11 ~ 3. , ,/_ 
-8 . 58Tf. ~ 

:> 35 3. 8/ 

5 593. g/ 
. I 

1. 0 7 :2 3 . 6 v ' 

2 1 6 7:L 3 / , 

"7 <l2 3 .SJ 



Dry V/~ight of t]1~ Plant Por Ac-:c-:-: 

in Pounde (Water Free) 
Def;ign~tion 

of cuttinge. 

Sert.e 0 Plot 

" •• 0 tt 

tt tt 0 tt 

Total 

Average 

S€rios 1 Plot 

tt 1 " 
tt 1 " 

Total 

Av"rage 

Series 2 Plot 

tt 2 tt 

" 2 tt 

Total 

Average 

HJ;j ADS 

1 -. 
2. 

3. 

1. 

2. 

3. 

1. 

2. 

3. 

STALKS 

v' 
431.. 64 

389. 58 y 

978. 39 v 

1 799.61 v 
.; 

599.87 

1 179. 30 v' 

i 153.54 t 

2 083.53 .~ 

4 416.37 v ' 

1 472.12 v 
1. 679.04 1" 

1. 640. 95 ./ 

:2 961. B~ ~ 

6 28:1. 84 
j,/ 

2 093.95 
v' 

S'orlas 3 Plot 1. 214.14 V 2 26(,.56 r 
. ~ . ~ 

" g It 2 • 2 8 i. 5 5 :2 4 6 4. 9:2-

~---'-~ 3 --'-~~~~---3~~~o" --4 E)~. 3 4 T~~-'-"~ - 4 '~~ 88. -13 V ' 

Total 94Si. 03 i 3 9i3.,.61 " 

Average 316. :3 4 v :2 9 171.. 20 v 
Series 4 Plot 1. 244.92

V 2742. 17 ~ 

" 4 tt '::> 
N. 

" 4 tt 3. 

Total 

Average 

Seriee 5 Plot 1 

tt 5 " 2 

" 5 tt 3 

Total 

Average 

Series 6 Plot 1. 

tt 6 " 2. 

" 6 'f 3. 

Total 

Average 

300. 97 ~/ 

v 

603.51 

1. 149. 40 v 

38:1. 13 
i" 

r . V 
42d. 75 

5 1..)8 . .()O / . 

894.07 
'/ 

1 822.82 ( 

607.61 Y 

492.87 Y 

676.32,r 

978.38 
Y 

2 147. 57 
v 
y' 

715.86 

29~1.85Y· 

5 1 0 4.04 V-

10 778.06 I 
;/ 

3 592.69 
;-/ 

:2 983.09 
t/ 

3 063.30 
~ 

5 652.29 
I 

11 7 0 3.68 

3 90:1.. 23 ( 

2 518.12'-', 

I 
2 733.87 

I ' 
4 944.94 

,/ 
10 196.93 

I 
3 398.98 

HAY 

t/ 
4'5:1. 64 

389.58 / 

978. 39 v 

r 
i 799. 61 

599.87 r 

1 179. 30 ~ 

1 153. 54 ,/ 

:2 083. 53 V' 

4 416. '37 ~. 

1 472.12 v' 

1 679.04 y' 

. y 
1 640. Q5 

:2 96:1.. 85'" 
. . . y' 

6 281.84 

:2 093. 95"Y 
~ 

:2 474.· 70 
v' 

2 ·74 6. 47 
.. ,/ " 

4641.4.7 · 

9 862. 64'Y 

3 287.54 Y 

2 987. 09t' 

3232;' S2V' 

5 707. 55 ;/ 

11 927. 46 V 

3 975.82,/ 
, 

3 40'3. 84 v 

. 3 '576. 30~ 

6 5 .. 46.36 v 

13 526,,' 50 i/ 
v 

4 508.83 

v 
3 010. 99 

3 410. 19 y 
_ v 
=> 923. 32 

12 344.50 y 

v 
4.114.83 . 

~ '~TUBBLE 

ObS. 18 r 

414. 78 ~ 

529. 46 y" 

1 6 09. 42 V 

536.47 r 

780. 74 a/ 

682. 23 ,,-

629.17 r 

2 0'92. 14 : J/' 

697.38 / 

2 2 ~ - r 
J. ~). 79 

738.6.9 V 

867~ 33 v 
~ 

673.19 

748. 09 

2 288. 61 V 

762. ~7 

553.95 ( 

766.34
V 

829.08 (' 

2 149. 37 ;/ 

' v 
.716.46 

~,/ 

875.18 
y/' 

555.39 
/ 

. 855.81 
f" 

2 ·!286. 38 
. .:.. ~/ . 

762.13 

BULBS 

231.83
V 

210,29 y 

vi 
485.19 

'927.31 y 

~/ 
309.10 ," , 

627. 37 ,j/ 
' y' 

490.37 1 
i 

55:L75(' . 

1 669. 49 
y" 

556.50 y 

v 
888. 38 

,/ 
812.70 . 

. 786.501' 

. 2 · 487. 58 V 

2 9 85.44 Y 

-- ;/' 
99:::>.15 

v 
1 062.61 

/' 
859. 03 

1 1u9 .. 59 y 

:3 031.23 y. 
r " 

1 010. 41 

'rOTAL PLANT 

663.4/" 

I ' 5 9~. 8 ' 

i 463.5/ , . 

2 726.9/'· 

9vd.9/ 

·2 471..9/ . 

2 058. ?/,' 
:3 164.7/ 

. 7695.3/.' 

2 565.1/: 

3 348. ~./ 

3 1 13r- c/ . :::>. J 

4 377.5./ 

10 861.~ 6 / 

15 063. c;/' 
5 021. S/ 

4917. C/ 
. . /' 

4 765. C . 

7 56~.·2. ·,1 
1 7 2'47'. 3'./ 

5 749.1 '/ 

877. 98 r- 4 835. 81 

977. 35Y 5 320. C V 
v~ .I 

1 344~ 9B')~, 8 720. 4 " '0 

3 200. 3i:. '····;·113 ·'6:'7 6. 2<1 
. 1 066. 77

Y 
6 2~2. 1}. 

1 112.78'/ 4 999. ;/ 
/' j 

670. 64 4 6:3 6. 2 . 

1 5 0 7.27
1 

8 286.4,./ 

:3 Y 1'7 921 .. -<'.~j 2 51 g.~ ~9 :. ~ .. _ ' 0 -,. • J._. c l/ 

v 
1 096.90 



D.~ignation 

of cut tine~ • 

o Plot 1. 

" o " 2 . 

" o " 3. 

Total 

Av erage 

Sories 1 Plot 1. 

" I tt 2. 

" I tt 3. 

Total 

Av erage 

Seri (J s 2 Plot 1. 

" 2 . tt 2. 

" 2 " 3. 

Tot:al 

Av e rage. 

Series 3 Plot 1. 

tt :3 tt 2. 

" 3 tt :3. 

Tot al 

Average 

Seri.s 4 Plot 1. 

" 4 tt 2. 

" 4. tt 3. 

IfEAD8 

~~ 5. 82 V 
/ 

~3. 93 ~ 

5 4.63 v 

114.38 v' 

3 8.13 
v 

27.80 

34. 17·
v 

68 .. 50 v 

Tot al 130.47 'v' 

Averag e 43. 49 
,,/ 

Serios 5 Plot 1. 47. 73 .t/ 

" 
It 

5 

5 

tt 2. 
v 

57.63 

" 3. 1 0 i.41 ( 

Total 

Av ar ago 

Series 6 Plot 1. 

2 0 6. 77 

68.92 

58.03 

tt 

" 

6 tt 2. 79.63 

6 tf 1i5.21 y 3. 

Total 

Average 

252.87 I 

84.29 V' 

v 
7i. 83 

64.82 v 

1.62. 80 s/ 
,/ 

2 9 9.45 
,,/ 

9 9.82 

119.97 
~i 

v 
117.35 

21:1.. 95 v 

. v 
449.27 · 

v 
149.76 ... 

1.34.66 y 

v 
13:1. 59 

237. '55 

503.80
v 

v 
1 6 7.93 

1
,) (,. ' f J C V 

__ "_ . . _ 10_ \.) . ~J ~) ___ _ 

y ' 
1. 5 1..1 5 

1-/ 

2 2 2. 84-
. ~/ 

4 7 4.27 
/ 

1. 58. 09 
./ 

129. 52 
I 

138. 47 
Y' 

241.07 
. y' 

5 U9. 06 
r" 

169. 69 
11''-

124.36 
y' 

127. 91 
I 

235.63 
,/ 

487. 90 
II 

162.63 

9 6.01
r 

1. 04. 23 v
.; 

188. 54 
. v 

388.78 
V 

129. 59 

:La b 1 e .lIZ. 

We i ght of the Protein 

Per Acro in Pounde. 

HAY 

71..83 
(/ 

t/ 
64.82 

.,,; 
162. Sa 

299. 45 v 
/ 

9 9.82 

119.97 j 
117.35 v 

211. 95 ,/ 

449. 27 v 

149. 76 ./ 
v 

134 .. 66 
r,/" 

1~i. 59 . ~ 
ol 

237. 55 v 

5 0 3.80/ 

v 
1 6 7.93 
. _ v 

1. 46._ j. Q 
Y 

1 6 5. 08 
Y 

277. 47 

588.651'" 
v 

196.22 
v 

157.32 

172.64 II' 

3 U9. 57 [,,' 
y 

639. 53 . 
,/ 

213.18 
v 

172.09 . 

185.54/ 
(/ 

. '337.04 
y 

694.67 

231.56 y 

y' 

154. 04 
~ 

183.86 
J/ 

303.75 
/ 

641. 65 
,/ 

213.88 

S'fUBBLE 

i8. 85 vi 

1:1.. 76 v 

15.00 v 

45.61 r-

15.20 ,/ 

15. 33 1/ 

13.40 t/ 

12. 36 ,/ 

41~ 09 t/ 

13.70/' 

_ 1 ~. 8 C t/' ~ 
- - ~ . 

i~. 77 ,/ 
1/ ;-

i2. 17 y 

36.74 v 

12.25 v 

i8.05 v 

14. 01 t/ 

15.57 y 

47. 63 yI 

15.88 ,,/ 

11..03 / 

15.26 V I 

16.51 v 
42. ~O y 

14.27 / 
~ 

24.99 
/ 

15.86 

24. 44 ;/ 

" 65.29 

21..76 

J 

BULBS 

1 0 , 94 
I--

9.93 y 

22. gO Y 

43. 77 y" 

v 
14.59 '. 

12. 60 1/ 

9.85 
v 

1"1. 09 v 

33.54 v

ii. 18 y 

14.52 
,,/ 

13.28 y 

12. 86 ,,/ 

r 
4 0.66 

1 3.55 y 

19. 01 r

i6. 5 0 (~ 

·2 (.,. 75 

56.26 v 

18.75 
V' 

25.78 

20, 84 ¥'" 

V' 
26.91 

73.53 / 

24.51 V' 

25.58 ,/ 

28. 47 y ' 

39.18 v 

93. 23 ~ 

31. 08 ·~ 
V' 51.80 . 

31.22 ./ 

70.17 ",/ 
,., 

153.19 

51.06 
,.// 

" ~ 

TOTAL PLAN' 

74.7 1 

185.71 

343. r;;, / : 

114. ~ '/ 

151 .. 4 /~ i .' 

139. C" 

'238. o j . 

528. 4./ ' 

176.1/ ' 

164. 5 j 
158. 3 j 

262. 8/ 

585.6J 

.- ,1 9 5.2/ 

. ·· ~ :L 76. 91-
I. 

1 9 4 . 4- ,j 

3i O. 4 / ' 

68i. 7 j 
227. ~ J 
2 0 1. 2 ,J 

207.5 j . 
3 ·52.1 ./ 

760. 7 ·:/ 

253.6 1 
208. '; / 
229.3/ · 

. j 
392_. 7)" ... 

830. 7'· 

276. 9·j ,. 

2 30, E J' 
230 9) 
3 98. 4/ .. 

86 0 i / 
286. 71,.{ ,: 



Designation 

of Cv_t t t ne~ • 

Sorie" 0 Plot 1. 

o " 

" o 

Total 

Average 

~Seri.e 1 Plot 1. 

" 1 tt 2. 

"1 tt 3 

Total 

Average 

Ser185 2 Plot 1. 

tt 2 " 2 

tt 2 " 3. 

Total 

Average 

Series 3 Plot 1. 

tt " 2 

It 3 .t _ 3 

Total 

Average 

Series 4 Plot 1. 

If 4 " 2. 

" 4 " 3. 

Total 

Average-

Sories 5 Plot 1. 

tt 

tt 

5 

5 

tt 2. 

tt 3. 

Total 

Average 

Seriee; 6 Plot 1. 

tt 

6 tt 

6 tt 

Total 
Average 

2. 

3. 

7. 0 8 V 

-;;. 3V~ 

- - r;< V" 
l4 .. 9 { 

31.. 35 v 

iO- 45 v 
( 

)/ 
5.38 

V' 
6.61 

13.27 v 
,,/ 

25.26 
1"/ 

8.42 

iO- 98 
y 

y ' 
13.25 

l 
23.32 

y' 

47.55 
v 

15.85 
y" 

23.17 
,/ 

31..79 
. v ' 
45.99 · 

/ 
1 GO. 95 

t! 
33.65 . 

Weicht of the Ether Solublo (Fat) 

i2. g5 Y 

11. 69 II" 

29. 35 a/ 

53.99 
v 

18. 00 v 

54.41 v 

53.22 v' 

96. 12 v' 

. II" 
2U3. 75 

67. 92 v 

6 8.41 v 

66.87 II" 

II' 
12 0. 68 

255.96 .
v 

y 
8 5.32 

5 -'1. 83 1/ 

-!TQ."5C--f.-

~; 6. () 1 Y 

So" 
. 2~)4. 34 

,/ 
68.11 

v 
87.96 

/ 
94.07 

v 
163.76 

/' 
345.79 

115.26 {/ 

8 6.68 t/ 

89.15 
v 

;/ 
164.22 

340. 05 
v" 

v 
113.35 

v" 
58.73 

63.76 v 

115.32 

v 
2-37. 81 .; . 

79.27 

HAY 

12. 95 J/ 

f 
1:1.. 69 

29. 35 ,/ 

53.99 
v ' 

18. 00 v 

54. 41 ¥ 

53.22 / 

. 96.12 ' 

2 J3. 75 ,/ 

. y 

/ 
67.92 

68. 41 ,< 

66.87 v 

1 2 0 68 r 

255.96 
,/ 

8 5.32 v 

,/ 
1i '~} 9 8 

235.69 v 

/ 
78.56 

9 3.34 1/ 

~ 
1 0 0 .. 68 

v 
177.03 

v 
371. 05 

:1.23.68 II' 

,/ 
97.66 

v 
102. 40 

·187.54
v 

387.60
v 

_ v 
129.20 

v 
81.90 

Y 
9 5.55 

v 
-161.31 

3 j 8. 76 

112. 92 
r ' 

STU BBLE 

9.95 

6.21 
v 

7.92 

· 24. 08 // 

8.03 

17. 56 y 

y 
15.34 

14.15 
J/ 

47.05 
v 

15.68 

4: 46 

4.6 G 

~ 
13.89 

4.63 

6.57 

5.10 

5.67 

17.34 J 
/ 

5.78 
. V 

6.64 

9.19 

9.94 

25.77 

8. 59 ,/ 

8.74 v 

v 
5.56 

v 
8.54 

2 2- 84 t/ 

vi 
7.61 

BUL BS 

.~ 

1.18 
1/ 

1.. 07 
,/ 

2.47 
i/ 

4.72 
y 

1.57 

4.96 ,/ 

3. 88 i/ 

4. 36 J/ 

13.20 

4.40 

8.07 
y 

7.38 

7.15 

7.53 

11.69 v 

/' 
" 1 2. 76 

1 ' 

\ 

f 

v 
' 3 4.60 

v 
11. 53 

,/ 
8.44 

~ 
6.82 

y 
8.81 

y' 

24.07 
Y 

8. 02 

8 .. 93 Y 
~ 

9.95 . 

13. 68 ~ 

32.56 ,/ 

10, g5 y 

10.77 / . 
1:' 

) \ ./ 

. 6.49' 
11. < II" 

14.59 

31..85 v 
/ 

10. 62 

i4.1/.' 

i2. 7/ 

,_.. / 
_j1.8 . 

5 3.7/
1 

i9. 5/ 

69. 31 

6 3.3J 

:iU8. 4/ 

241.0/ 

8 0 31: 

9 4. oj 
8 9.6j 

142. o1 

~25. 6/ 

1 U8.5..( 

75.1/ '. 
(.:~ r: . . e j.~ 

1 28. :3'; 
284. 2/' 

9 4.7 .) 

1 G8. 4./ 
112.6 / 

191. 5./ 
", 

412, 5 '( 

137.5/ 

11 '~ r/ 
.J. ~ _, 

121.51 

211. 2 / 

445. 9 //:' 

148. 6 :os; 

10i. 4 1 · 

1 ~,7. 6~ 
1" , 4. i . . 

3- · · ·~ ,--,. 5/ 
_:J _::>. ~ 

1 :3 :1. 2/ 



Designation 

of' Cuttinge. HEADR 

, S~ri~8 0 Plot 1. 

It o " 2. 

It o It 3. 

Total 

Average 

Seriee 1 Plot 1. 

" 
It 

1 

1 

It 2. 

tt 3. 

Total 

Average 

Seriee, 2 Plot 1. 

It 2 tt 2.' 

It 2 " 3. 

Total 

Average 

. , b- h: . 6 -3 'v ,S,ar1es ' 3 ~lot 1. --' 
~-' - -~':.---. ~ :.' -

" 3 It 

It " 
Total 

2. 

3. 

- -' 3 ' .,r ;:';0. l 

138, 96' 
y/ 

290; 90 

Average , 

Seriee 4 'Plot 1. 

V 
96.97 

y/ 

69.67 

" 

4 

4 

It 2. 85.63 v 
v 

" 3. 1.71..67 
V" 

Total 326. 97 
y 

Average 108. 99 

Ser1ee 5 Plot 1. 8~05 
y 

It 5 
,/ 

It 2. 10G.29 
11'/ 

" 5 It 3. 1.76.50 

Total, 
v" 

359. 84 

Average 1.i9. 95 
y 

77.62 Y Series 6 Plot 1. r 

tt 

It 

6 It 2. 106. 53~ ' 

6 tt 

Total 

Avera.ge 

V 
3. 154.10 . 

, 338. 25 f 
J 

112.75 . 

STAI.lKS 

v , 
94.88 

85. 63 'V 

215.0Stl' 

3
.- V 

9!>. 56 
1/ 

13:1.. 85 

. 1/ 
310. 32 . 

tI' 
303.55 

548.28 "" 
~ 

i 162.15 

387.38 
v 

523.06 
v 

51:1. 20 
~ 

, 922.69 
~ 

i 956.95 

652. 32 y 

7 ·r- " J 94 v 00. 
.. -'- '~ -'~--" ' - -·-'v 

8j,_~ . 45 

~ 
i 424. 61 

, ", 

3 032.00 
v

i Oi (j. 67 

884.66 Y 

945.86 v 
v 

1646.64 

3 477.16 

:1. 159. 0.5 ~ 
y 

945.27 

972.27 v 

1 791..08 V 

3 7 0 8.62' 

1 236. 21,v 

857. 88 ~ 

931.38 t/ 

i 684.65 v 

3 473.91 y/

, , .,/ 
i 157.97 ' 

Ta. b le .JZZ, 

Vieight of' the Crl)(l.e Fi~re 

HAY 

V' 
94.88 

85.,63 / , 

215.05 t/ 

395. 56 r 

131.85 y 

31 Cj. 32 

303.55 

548.28 .,/ 

i 162.15 

387. 38 
v 

523.06 
." 

5~. 20 
l'. ' 

" 922. 69
V 

i 956.95 
v-

v 
652. 32 , 

y 

83 4. 57' 
- ' - ~-,- , - - --..,'.--. -"y -

0 24. 76 
~, 

1 563.57 

3 322.90 'V 

1 107. 63 v 

9'54.33 v 

1 031.. 49 V 

1. 818. 31 Y 

v 
3 804. 13 

1 268.04 " 

i 028. 32 J/ 

1 072.56 v 
1 967. 58 ~-
4 068.46 Y 

, i/ 
1 356. 15 

935.50 yo 

1 037. 91 
Ii" 

. y 
1 838. 75 

./ 
3 812. 16 

STUBBLE 

221.5.6 v 

138. 17 v' 

v 
176.35 

t/' 
536. OS 

178. 69 
Y'" 

237.31 
,/ 

207 .. 36 
/ ' 

191.23 

635.90 ,/ 

v ' 
211.97 

212. 36 j/ 
"- -~'- , - :-: ": ~7 ~-'- ,~ , 

2 ;J ;I. '89' . ' 

"" 2i9. 10 
" ./ 

661. 35 

220~ 45 

243.33 
.v' 

1.88. 85 

'209. 89 ~ 
~ 

642.07 

214.02 Y' 

151.81 
y 

v 
2 \J9. 99 

227. 20 
v 

",. 
589.00 

v' 
196.33 

217.87 Y 

138.26 v 
v 

213.05 

569.1S
Y 

v 
189.73 

BULBS 

54.36 
v 

, 1 v 49.3 
v 

113.78 
v 

217. 45 

72. 48 1/ 

133.73 y' 

104.52 v-
,,/ 

117.61 

355.86 y 

118.62 ;' 

'170. 94 J/' 

156.38 V' 

151.34 y-

478.66 t/ 

~ 159. 55 

1 85. 81 1/ 

161.31 'y 

v 
2 u~. 83 

549. 95 
V 

183.32 

, 184.40 y 

1. 49~07 i/ 

192. 55 v 
,' . , 

526. 02 v' 

1. 75. 34 ,/ 

137.0i 

152.52 V 

209. 88 V' 

V' 
499.41 

166.47 1/ 

180. 66 II" 

lU8. 88 ,/ 

244. 71 ~ 
r 

534.25 
V 

178.08 

TOTAL PLANT. 

1.49. 2 J.., 
1:54. g./ ' 
:328~ 8 :) , 

613. oj · 
2U4.3/; 

665.6/ v : 

546.21 : 

842. 2/ "-

. 2 654. tJ. · . 
j 

684.7 .-, 

931.3 :/ 

. 874.9)' 

1. 265. 31. 
3 071.51 

1 0 23,8/ : 

.-1 2" ;- ', 7) ' ..L , -, :jIG. . , 

i -ji6~ & 
1. ':/ 8 5 . 5) 

4 534.2) 

1. 511.4/ 

i 382. 1.1: 
i 369.41 

2 22 G 8) 

4 972 2/ 

1.657.4'/ 

1 317. 1j 
1 433. i) 
2 4 .04.71 

5 ' 15~. ~i 
1719.C}( 

1. 334. c/ 
1 285.1',/ 

:2 296" -5 / 

4 9iS. 6 

i 638.5 j 



of' Cut t j.ngs. 

Seri.e. 0 Plot 1. 

tt 0 tt 2. 

tt o 

Total 

Average 

Series 1 Plot 1. 

" 1 tt 2. 

It 1 tt 3. 

Total 

Average ' 

Seriee 2 Plot- '1. 

It 2 tt 2. 

" 2 " 3. 

Total 

Average 

Sar1ee 3 Plot 1. 

HEADS 

J/ 
i:1. 60 

STALKS 

v 
3'7. 94 

34.24 y 

1/ 
86.00 

1.5a 18 1/ 

52. 73 
v 

99.16 
y 

97.00 
y 

175.22 

, 371. 38 1/ 

123. 79 /V 

/ 

127.78 v 

124.89 
v 

,/ 
225.40 

v 
478.07 

159. 36 v 
f 

139. 33 y 

Waight of tha Ash Per Aora 

HAY 

37.94 
y 

,/' 
34.24 

86.00 v 

158.18 y 

52. 73 ", 

99.16 Y 

97.00 

175. 22 

371.. 38 v 

123.79 II'" 

127.78 v 

124.89 v 

.! b25. 40 ~ 

478. 07 ".. 

159. 36 Y 

150 93 Y 

i~1 POlUlds. 

STUBBLE 

47.93 
y 

29.89 Y 

38.15 y 

115. 97 t,; 

38.66 v 

39 .. 32 / 

34.36 Y 

31.68 Y I 

,/ ) ' 

105. 36 ;,; 
y l 

35.12' 

27.00 v 

BULBS 

11. 15 t-' 

iO. 12 t./ 

23. 34 t/ • . 

44.61 v 

14. 87 t/ , 

33.8'7 v 

26. 47 J/ 

29. 79 y ' 

90. 13 v 

30 .. 04 
v 

36. 16 I,r 

33. 08 r"' 

32. 02 '" 

101. 26' t/ 

33.75 v 

35.50 y 
y y' ; 

. S- :, .. __ ,~,_., . ~~j~._ • • _c- ;L-"?':"h~_~ ::~.~~_ ~._ .,~",.,_~~"., ~l·.5. =b- 9~?.,~. ,. ___ ~._,.~_~,~_1:2Z~ ~£~~,,_ .. ~_" . ~~~~ -,-~;.~.:..:9.j:.PL~ ) .~_ " _ .... -. . :~J'~J32- _ ~ .. • ~.::~ .... r~ ..... 

tt 3 • 3. 2 4 . 56 y 25d. i4 v 28270 v 27.86 y" i . ::;,-3. 76 v 

v 
Total 51.42 

Average 

.Series 4 Plot 1. 

1'7. 14 .,/ 

17.24 V ' 

2:1. 19 ,,/ It 

" 

4 tt 

4 " 

2. 

3. 
,./ 

42.48 
y' 

Total 80. 91 . 

Average 26. 97 
,,/ 

'/ 
Se.ri,ea 5 Plot 1. 24. 6 ·3 

.. 5 " 2. 

" 5 " 3. 

. Total 

Average 

v 
29.74 

52. 34 r: 
106.71/ 

y 
35.57 . 

Series 6 Plot 1. 26. 50 .,. . 

36.35 v tt 6 .. 

6 " 
Total. 

2. 
./ 

I. 52.60 

115.45 V 

Average. 38.48 ./ 

v ' 
549. 39 

. , v 
183. 13 

148. 30~/ 

158. 5SP' 

276. 06t:" 
y 

582.94 
v 

194.31 .,' 
v 

· 158.60 

163.12 

300.49 v 
v 

622.21 
, ,/ 

207.4·0 
/' 

130.87 

142.09 V · 

256.99 y 

,/ 
529 .. 95 

-J/ 
""', 600, 81 84. :09 y t 1 0 5.08 I' 

200. 27 t/ 28. 03 V. .1: 

165. 54 ,/ 34.91'" :I-

1 79. 77 t/ 27. 091/ 

318.54 Y 

663.85' ,... 

22:1. 28 v' 

183.23 Y 

192. 86 I" 
Y' 

352.83 
/ 

728.92 

' 242 .. 97 V 

157.37 ,/ 

178. 44 v-" 
'. y / 

3 L9. 59 

645.40 ,/ 

21.5.1,3 iii' 
I 

y . ', 

30.11 

92.11 J,--

30 .. 7'0 v 

18. 14 v 

25.10 

27;. 16
Y 

, 
70.40 . 

23.47 
11' 1 

., ' 

32. 23 1'" 

20. 45 ,/ 

31. 51 y . 

84. 19 y" 

1/" : . 2aQ·6 . ." ~ : 

35.03 

34.56 y 

"" 27.94 
y 

36.08 

98.58' v 

y 
32.86 

y 
23.14 

25.75 v 

v 
35.44 

84. 33 

. 28. :t.~ ( y 

30.88 v-

18.61 

41.81 

91. 30 

30~ 4~. v 



Designation 

of' cuttings HEADS 

I 

...."),, Se,riGs I) Plot 1. 

" o tt 2. 

tt o tt 5. 

Total 

Avorage 

Series 1 Plot 1. 

, tt 1 tt 2. 

" 1 " 3. 

, Total 

. Average 

Series 2 Plot 1. 

" 2 " 2. 

" 2" 3. 

Total 

Average 

Series 3 Plot 1.104. 04 ,1/ 

y~ :JiP~ '·':£- " "'-:':;- -'~ :2-'.1:'·"3't5., ,·..,t7 ··'- :···' 

" 3 tt 3 .2 2 \) 22 v 
v 

Total 461. 03 
v 

Average 153.68 

Series 4 Plot 1.124. 82
V 

v 
tt 4 tt 2 .153. 40 

v ' 
" 4 tt 3. 307. 56 

v 
Total 585.78 

,/ 

Average 195.26 ' 

Series 5 Plot 1. 254.37 
,/ 

.. 5" 2. 307. 10 
. yI" 

" 5 tt . 3. 5 4. O. 50 

Total 1 10i. 97 
y" 

Average 
./ 

367.32 
,/ 

Series 6 Plot 1. 307. 54 

" 6 " 
. f ' 

2. 422. 00 

It 6 
, v 

3.610 .. 48 

Total 1 340, 02 
( 

/ ' 
Average 446.67 

214.0i 
,-

193.15 
; 

485.09Y' 

892.25 v 

297. 42'-

yr 
595.42 

v 
582. 41 

i/ 
'1051.97 

V' 

2 229 .. 80 
v 

743" 27 

825.14 

806. >42 ~ 

v 
1 455.54 

3 087.10 
v 

1 029.03: . 
~ 

1 18 c 17 
. ; . '/. 

" .l ~"'~:; 6 ; '8 1{" 
• 

1/ 

2 186 . 50 
v 

4 653.54 
t/ 

1. 55:1. 18 
v' 

1 49i. 70 
~ 

1. 594. 90 
t/ 

2 776.52 
v 

5 863.12 
" v

i 954.37 

, 1. 6 68. 18 y' 

1 715 .. 84 Y 

3 160.871/ 

6 544. B9~ 
v 

2 18i. 63 
, .. 

v 
1 374.63 

~' 

1 492.40 

2 699. '44 

5 -566.47 

1 855.49 

v 

Woight of ~h. Nltrogdn Fre. 

Extract i3 ,':!:;~" Acr" ::tn Pounds 

HAY 

J/ 

'214. ·01 

193. 15 i/ 

485. 09 ,/ 
y 

892.25 

297.42 y 

595.42 
v 

582.41 

1 051.. .97 
~ 

2 229.80 

743.27 
v 

825.14 
. t/ 

o'r u6. 42 

1. 455.54 y' 

, 3 087~ 10 "" 
' 1/ 

"1 029.03 
J;' 

1. 284. 21 

2 4 u 6. 72 r 

5114.· 57 y 

1 704.86 y 

. y ' 

1 616.52 

1 748.30 
y' 

3084. OS 
y 

6 448.90 
I'" 

2 149.63 
",. 

1 922.55 
~ 

2 022. 94 
"",. 

3 70:1..37 

7 646.861/ 
,/ 

2 548.95 
~ 

i 682.17 . 
. v 

3. 914. 40 

3 3 U9. 92~ 
. y 

6 9V6. 49 
Ii"" 

2 302. 16 

STUBBLE 

-. 

366. 92 J"" 

228. 80 v-

292.02 

887.74 y 

295.91/ , 

471.28
Y

; 

411..74 
,,-

379. 73 v

i 262.75 y 

",. 
420 92 

" 

. . Y , 
4 55. 83 ,~. ' 

._' . , _, ~ " c . .,/ ~;~ 
4 93.53 . 

47(). 32 

i419.6S
Y 

473.23 v ' 

564.43 y 

438'- 07 Y' 

486.88 v 

1 489. 38 II' 

496.46 v 
V' 

366. 36 ,. 
506.73 

Y 
548. 26 

. " i 421.. 35 
,,/ 

473.78 
y 

591.32 
"r 

. 375.25 
' f/' 

578.28 
,,-' 

1 544. 85 
/ 

514.95 
I. t~ · 

( ' 
I ' 

154.19 
v 

139. 87 1/ 

322.70 y 

616.76 v 

205. 58 v 

442.21 , 1/ 

345.64 v 
,/ 

388.92 

1 176.77 v 

392. 26 

658. 69 
y 

602.60 v 
y 

583.16 

1 844. 45 ~ 
. J/' 

614. 82 

756.6 9 

6 5 6. 9 0 

825.97 
",-

~ 
2 239. 56 

746.52/ 
v-

8 U9. 45 
v 

654. 37 

845.23 

2 3()9~ 05 v 

769. 68 
" , 

,/ 
683.33 

~ 
760. 67 

1 046.80 y

, , 
2 490. 80 

v 
830

c
27 

. Y 
838.68 

505.45 y 

.v". 
1 136.01 , 
2 480. 14 

1/' 

826. 71 

368. 2 ,/ ' 

3 '-'3· . ( \ / :> . J , 

807.'/ 

1 509.0/ 

' . . / ' 503.,c ,,: 

1 404. ~ '.I 
1156.9 1 

17329} 

4 294.3/-

1 431.4/ 

1 955.1) 

1 820. 8./.' 

. :<: 418.4/' 

6 194. 3'/. I. 

2 064. f,J 
'"'4 9' [ -~, ! 
:.c: . o . rr./:J"" . ~ I 

.::"\.. "''':" ,-, .- 7 /, ' , , : ~ , 
tV :' t+. 1. ' . 

3 70 3. oJ. 
8 773. 6j 

( . j 
2 9~4~ 6 ' .. v 

2 9~O, 4j'· 
2 840 .71 

4 416. 2! 
/ 

10 247. ~.! 

3 415.8 ./ , 

2 972. 2./ '<: 

3 290. 3/!~~ 
5 .296.4/ : 

11 559. ~l, 
3853.0/ 

3 1~~. 2/ 

2 795. 1/ 

/ 5 024, 2 . 
j 

10 -931. 5 t/ 

3 64 3 . 8 / 



S.ri.~ 0 Plot 1. 

" o " 2. 

" o " 3. 

Average 

Series 1 Plot 1. 

" 

1 

1 

" 2. 

" 3. 

Average 

Series 2 Plot 1. 

" 2 " 2. 

" 8 " 3. 

Average 

Serles 3 Plot 1. 

'" , 3 .. 2. 

" :5" 3. 

Average 

Ser1es 4 Plot 1. 

.. 4 " 2. 

.. 4 " 3 • 

Average 

Series 5 Plot 1. 

" 5 ." 2. 

" 5 " 3. 

Avorage 

, ,~"~;'<-

Saries S", Plot 1. 

" 6 " 2. 

" 6 " 3. 

Average , 

Table8~ 

Di~tribution of the Dry Woight 

HEAD;:) 

5.111/ 

of the Timothy Plant. 

8'rAIJKS . 

65. 06 ,,/ 

64.94 v 

66. 85 v 

65.99 v 

47.71 v 

56.03 v 

65.84 v 

57.39 v ' 

50.15 v 

52 .. 33 v 

67.66./' 

57.83 v 

53. ,89 V 

JiAY. 

65.06 v 

64.94 .,. 

66.85 v ' 

65.99 v 

47.71 V ' 

56.03 v 

65.84 v 

57.39 v 

50.15 v 

52.33 v 

67.66 v 

57. 83 V' 

58. 99 V' 

d.. ' 
I" 

S:TUBBLE 

26.91 v 

20. 15 vr 

16. 73 t/ 

20.91 v 

23.32 v 

21.76 v 

14.37 v 

19 .. 26 V' 

16.96 V' 

5 6. i2 v _~_~ 6 2..· 2~, .,r,. ~,_ ,~ ,,+ __ ~~ , , ~L.7_ .,54, ¥ _ 

- 7.00 v ' 

6.30 v 

4.98 v 

6.32 v 

7. 98· v 

6.66 v 

8.70 v 

9.55 v 

10.25 v 

9.66 v 

9. 86 e/ 

14.59 v 

11.81 ../ 

11. 98 v 

6 4.6·7 v 

59. 17 v 

55. 77 ,,, 

6L 53 v 

67.47 v 

62.49 v ' 

6:1. 69 v 

57. 68 ../" 

64.82 t/" 

62.00 v ' , 

50.37 v 

58.97 v 

59.68 v 

56.90 v' 

7 1. 67 v ,; 

65.47 v 

60. '75 v 

97.84 v 

75. 45 ~ 

69.16 v ' 

, 
70.39 V 

67.22 v 

75.07 v' 

71. 6,6 ."", 

• ~t. 

60~ 23 ~ 

73. 56 ./ 

71. 48 ./ 

68.88 V' 

I" 

", 

i1.33."". 

14.71 v 

17 .. 64 v 

14., 13 ~ 

9.89' .r 

13.27.,/ 

11 .. 46 v 

14.41 v 

9 .. 51 ., 

17 .. 51 ./ 

.11. 98 ,,/ 

10, 33 ./ 

12.76 '/' 

d, 
r' 

~4. 94 v 

33.1 5 'v 

3 4.01, v 

25. 38~ 

23. 82 ~ 

17.43£,r 

21.69 v 

26. 53.r' 

25.92......-

, 17.97t/ 

22. 90 ......-

2 4.05 v 

i 7 .00 v 

19.82 v 

21. 6:1 ':"'" 

18. 03 t/ 

14. 67./ 

17.58v 

18.16 v 

18.37 v 

15. 42 v' 

16./ 95 v 
• ,,;r... _. 

14. 4 r; t/" 

18.3 6 / 



: Dea1gnation of tho Cuttinee~ 

S e ries 0 Plot 1 

It 

o tt 2 

o " 3 

Average 

1 

1 

tt 2 

tt 3 

Average 

Seriee 2 Plot 1 

tt 2 tt 2 

2 tt 3 

Average 

Seriee 3 Plot 1 

" ·3" 2 

3 " '.3 

Avera.ge 

Seriee 4 Plot 1 

" 4 tt· 2 

" It 3 

. Average 

Seriee 5 Plot 1 

" 5 " 

5 It 

Average 

2 

3 

Sertee 6 Plot 1 

" 
It 

6 " 

6 t. 

Average 

2 

3 

.12. 48 v 

12.46 t, 

12. 69 J, 

12.59 L.-

6.13 " 

6.75 j,. 

7.52 '" 

6.87 v 

4.91 .... 

5 . .05 I.-

6 .. 00 y' 

5.39 " 

. 4.22 v 

4.43 y " 

4.79 v 

4. 53 j,-

4.09 v 

4.35 v 

4.65 v 

4.41 v 

4.32 I 

4.31 v 
4.50 v 

4.40 v 

4. 62 \./ 

4.98 v 

4.80 v 

4.80 v 

Con1-;)osition of' the Dry ' 

I 1J Ether :;'') Crude Fl bre 
Soluble( Fat) 

2.13 v 

2.13 c,.. 

2.17 t.. 

2.15/ 

3. 08 L--

3.43 v 

3. 13 l/ 

2. 81 a, 

2.86 v 

3.25 v 

3.00 v 

1. 79 v 

1. 98 v 

:1. 89 .V 

2.20 v 

2. 36 II'" 

2. 53 v' 

2.39 v 

2. 34 v 

2.29 v 

2. 42 ..,. 

2. 36 v 

2.03 v 

2.32 v 

2. 23 v 

2. 20 ~ 

22.49 v 

22.49 v 

22.47 v 

22. 48 1I 

26.93 v 

26. 53 v 

26. 61 ./ 

26.69 ../ 

27. 82 v 

27.90 v 

28. gO ,,-

28. 28 V' 

29.39 v 

30- 66 v 

30. 10 &.-

28. 11 v 

28 .. 74 v 

29. 36 v 

28.83 v 

27. 24 v ' 

26. 98 v' 

27.58 V ' 

27.32 v 

26.69 v ' 

27.72 V' 

27.71 v 

27.43 v' 

10 Aeh 

7.40 1" 

7.39 
v 

7.47 t.-

7. 44 v' 

7.32 v 

7.45 v 

7.68 v 

7.50 ./ 

6. 07 ",. 

6.13 v . 

6.60 v 

6. 30 ,/ 

5.09 v 

5. 17 ~ 

5. 39 tI' 

5.24 v 

4.78 v 

4.93 v 

5.09 v 

4.96 v 

4.64 Y 

4.58 v 

4.76 v 

4.68 v 

4.41 v 

4.69 v 

4.62 v ' 

4. 58 ./ 

10 Nitrogen 
Fr.. Extrac1 

55.50),-

55.53 v '. 

55.20 Y 

55. 34 ~ 

56.82 y 

56. 19 ~i 

54.76 v 

55.80 """ 

58.3·9 "... .. 
'! 

58.06~ 

55.25 V I 

57.03 .,. 

59. 52"'" .i 

. , 
57. 18 .,., .,; 

58. 24 t/ . 

60.82"" : 

. 59.62 y 

58. 38 ~ 

59. 41 ., 

61. 46., : 

62.15v · ~ 

60.74 V i 

61.24 v . 

62. 26 .,/ 

60.29 v 

60.63 .,. 

61. 00 v 
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Table XI. Compos! tion of the Dry' substance 

. Average of all plota. 

No. 
Cutting. 

to . lo , 10 
Prolie1n. Ether Soluble Crude Fiber. 

(Fat) 

Series o. ------ ------
11 1. ----- ------ ------
n 2. ------ ------ ------ . 

II 3. 
vi": v II 

12.05 3.30 30.65 

II . 4. -
v' 

1// 

11.35 2.20 28.45 
v vi' v 

" 5. 11.34 2.61 19.74 
j v 

" I 6. 11.78 4.70 15.75 
'-

of the Timothy Heads. 

10 10 
Ash. Nitrogen 

-.----
-----
----

5.42 

7.04 

5.86 

5.38 

v 

v 

1/ 

v 

Free Extraot. · 

v 
48.58 

1/ 
60.45 

62.40 

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

No. 
-Cutting. 

Seriee o. 
II 1. 

" 2. 

" 3. 

" 4. 

" 5. 

It 6. 

Table XIII. 
... 
l ~" . No. 

~I: ~ ell t ~ 1 ng • 

Series o. 
It 1. 

11 2. ' 

It 3. 

II 4. 

" 5. 

It 6. 

40 . 40 tJt 
I I "fO 

Prote~n. Ether Soluble Crude Fiber. ' 

16.64 
v-

10.18 
II' 

8.02 

v 
5.32 

v 
4.72 

4.16 v 

3.81 v 

(Fat) 
..;/ 

3.00 
./ 

4.61 

4.08 ,. 

./ 
2.29 

'vi 

3.21 

2.91 

. 2.33 

21.98 

26.32 
· V 

31.15 

34.02 ' 

32'.26 

. 31.69 

34.07 

\ 

·v 
8.79 

v 
8.41 

7.61 I-

6'~ 16 v 

:/ 
5.41 

I .. 

5.32 

5.20 

10 
Nitrogen 

Free Extract 
./ 

49.58 

50.49 
,- / 

49.14 v
, 

52.21 v 

v 

54.40 

55.93 
v 

54.59 

,COMposi tion of the Dry Substance of the Timothy Hay. 
Average of all plots • 

. 10 10 · 10 
Protein. Ether Soluble. Crude Fiber •. 

J ( Fa t ) 
16.64 ·'·3-.-()O 

1/ 

iO.18 

8.02 
v 

5.90 

5.27 
.. / 

5.06 
./. 

5 .12 

4.61 

4.07 

2.38 

3.13 

·2.87 

2.72 

v 
21. 98 

v ' 
I-

31.15 
\/ ---- ...... 

53.74 

31.95 

t/ 

10 
Ash. 

. 8'.79. 

8.41 II . 

7.61 

6.10 I 
.; 

5 •. 54 

../ 
5.38 

5.2.3 

00 
I 

N1trogeh 
Free Extract '. 

49';' 5S -- v 

50.49 v 

54.12 

56.48 

55.87 
- ~ '. . _.~ . "' I . -
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Table XIV. Composition o·f the Dry Substance of the TiI!lothy Stubble 
Average of all plots. 

No. 10 10. % 
Cutting. Protein. Ether Soluble. Crude Fiber. 

Series o. 

It 1. 

1 ... 2. 

It 3. 

4. 

II 5. 

It 6. 

Table XV. 

.No. 

1.96 

v 
1.66 

2.08 v 

, j 

1 .• 99 

V 2.86 

(Fat) 

, J v 
1.50 

2.25 v 

0.63 v 

0.76 / 

1.20 v' 

1.00 v 

Composition of the 
Average 

.,' 

Dry 

,3 ~ • -,' 1 ./ 
33.31 

I' 
30.40 

29.85 v 

28.06 \' 

v 
27.40 

... / 

24.90 

Subatance 
of all plots. 

& ,If) 
,Ash. 

( 1 -, ' . - . .; 
7.21 

3.80 v 

1/ 
4.03 

3.28 
,/ 

3.68 

~ 
Nitrogen. 

Free F.xtract 

55.16 ,/ 

../ 
60.36 

64.07 I 

65.08 v 

66.13 v 

\/ 

67.57 

of the Timothy BUlbs ~ 

6;~ 10 ' 10 10 10 I Cutting. Protein. Ether Soluble. Crude Fiber. Ash. Nitrogen. 
(Fat) Free Extrao t .1 

v v' 

Series o. 4.72 0.51 23.45 
.. ,/ v 

4.81 , 66.51 

v 

" • 1. 2.01 0.79 21.32 l,.-

v 
70.49 v 5.40 

~ \...- v II 2. 1.64 0.91 19.24 4.07 74.14 v-

I , ~, \/ II 3. 1.88 ~ 1.16 18.42 \.-
3.52 75.02 v 

2.42 ~ 
v .. 4. 0.79 l,' v 

'v 17.35 3.25 76.18 

v t, tt 5. 2.91 1.02 15.61· 2.64 ' 77.83 

It 6. 4.65 0.97 1/ \.' v 16.24 2.77 75.37 
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Table XVa. TIMOTHX BULBS, SPROUTS, and HEADS. 

e1 tt 1n~ ~<_ r; t . No. No. N~ ;;. . 

outt1ng" & Plot.' Bulbs Average . Sprouts Average. Heads Average . 
. found . found. found • 

Series 0, Plot 1. 407 J 

'--
It 0, tI 2 • . 301 586 

v 
II 0, n 3. 1051 

Series 1, Plot 1. 999 \/ 

" 1, It 2. 1386· I,' 120e 

It 1, " 3. 1234 
v 

:v 
Series 2 ·, Plot 1. 1444 

It 2, It 2. 1172 1238 

II 2, It 3. 1099 ./ 

Series 
v 

30'0 V' 
3, Plot 1. 1467 

" .3 , " 2. 1097 \; 1297 200 191 
./ II 

It 3, . 11 3. 1329 75 

Series 4, Plot 1, ' 1644 ./ 255 
v 

v 
\I tt 4, It 2, 1'089 1318 163 229 

It 4, It 3. 1223 \I' 271 
v 

Series 5, Plat 1. 975 ' · 158 V. 378 v 

tt 5, " . 2. 1227 '- 1080 123 J 177 398 .. I 480 

It 5, " 3. 1040 250 
v 

663 

Series 6, Plot 1. 1401 559 
v v' 

352 

" 6, " 2. 757 \. 1176 175 II 314 385 
v 

439 

" 6, 
v ../ V' It 3. 1370 209 580 
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Table XVl. -YOiSmURE~ andrt DRY~ ·. SUBS!AaCE of the WHEAT PLANT. 
Average of all plots. 

Total .~ Total 
Green 'Weight -" 'Dry Weight 40 10 

per ,Ao~e .',-. per Acre Dry Substance . Moisture 
of '\ the ' Pl~fit :~(1)f .the ~lant in Plant in Plant 

No. CU,tt1ng·. Above' Ground~lAbove Ground.Above Ground.Above Ground. 

<-

.Ser-ies 1. 

It 2. 

It 3. 

It 4. 

(poundB) J (pounds) 

. \ ./ 
24680."50 

23399.90 J 

24408.20 
./ 

16509.60 
v-

6844.61 v ' 

./ 
9500.18 

11054.48 v 

I/' 
10476.67 

27.73 j 72.27 J 

40 .• 60 J 59.40) 

45.29 J 54.71 J 

63-.46) 36.54 J 



Designation of Cuttings. 

Series 1 Plot 1. 

n 1 it 2. 

Total. 

Average. 

Series 2 Plot 1. 
tt . 2 " 2. 

Total. 

Average. 

Series :3 Plot 1. 

tt ;3 tt 2 

Total. 

Average. 

Series 4 Plot 1. 

tt 4 It 2 

Total. 

Average. 

T~bl~-:XWI , 
WEI~G.HT:g- OF TH]<· GREEN WHEAT PLANT HARVESTED r 

Green W(~ight 
per Plot 
of' Heads. 
( grams ' ) 

y' 

2 0 0 . 00 
v 

213.00 
r 

413. 00 
y 

2 0 6.00 
/ 

393.00 
v 

401.50 
J/ 

794. 50 
f 

397.00 
t/ 

548. 00 
y 

512. 50 
v-

i 060. 5·() 

530. 20 
y 

"" 4 27.00 

432. 50 [, 
v 

.:3 5 9. 5 0 
v 

4 29. 00 

Green Weight 
per Plot 

of stalks. 
( grams ) 

v 
i 290. 00 

1 38:1. ~ov 
r' 

2 67:1.00 
I 

1 335.00 
j/ 

:1 033.00 
1/ 

i 096.50/ 

2 129.50 v 
v 

:1 065.00 
y 

1. 072. 00 
t-

917.50 
v 

1 989. 50 
y 

995.00 
,r 

616.00 

587.50 v

i 2 () 3. 5 0 j/ 

v 
6lJ1 . 7 C) 

) 

Green Weight 
per Acr~. 

of Heads J 
(pounds) I 

v 
1 6 0 0 . 54 j 

1 7 0 4.57
' 

3 305.11 
," 

II 
:1 652.56 

v 
3 14.5.06 

v 
3 213.08 

6 '3 58. 14 "" 

3179.07~ 
y 

4 385.4.8 
I' 

4 1Ui. 38 
J,.-

8 486.86 
v" 

4 243. 43 
",. 

3 417.15 
/if 

3 461.17 
t o> 

6 878. 32 

" 3 4 : )~. 16 

Green Weight. 
per Aore. 

of' 8talks~ 
(pounds) 

II 
10 323.48 

v 
11 051.73 

y 
21 375. 21 

·i O 687~ 60/ 
v 

B 266.79 

'" 8 774.96 
y 

17 041.75 
y " 

8 520 .. 87 
f/ 

8 578. 89 
v' 

7 342.48 
yo 

15 921.37 
v 

? 96 0 68 
r 

4 929.66 
~ 

4 7 Oi. 58 
v 

-) 6'.) 1 . 24 
V 

4 f3J_-) f) 2 

Total · 
Green weight 
p er 40re of 
"hea t Plant. 

above ground 
(pound.s) .' 

il. 924. 0/' 

12 756. 3 '/ ' 

24 68 0 31 
12 34 0. 2A 

t\) 

11 4i1~ 9/ 
11 988. 0/·' 

23 399. 91 

11 699.9 / 

12 964.4/ 

11 443.9 / 

24 4 0 8 .2/ 

12 2 0 4 , 1/ 
~ . / . 8 346. 8 . 

8 162. 8/ 

1 6 5 u 9. 6 / 

8 25 '4, 8/' :-



Designation of Cutting~. 

Ser1ee 1 Plot . l 

tt 1 " 2 

Totp.l 

AV(;J'ilp:r; 

S e r 1 e f: ~~ J l ot 1 

tt C) " ( , 

.r;:~, v ':: 1 

Aver ag 

, ~ 
I- " 

S ~r1=~ :3 Plot 1 

" :3 •• 2 

Total 

• Av e rage 

Sf!l rioe 4 Plot 1. 

tt 4 tt 2. 

Tot al 

Av erage , 

HEADS 

436.95 v 

465.35 v 

902. 30 v 

45:1.. 15 J 

1 12-3. 44 v 

i 152.86 v' 

2 28:1.30 v 

. l ' r , 5 v i 1. 4 \ ). 6 

1 992.76 v 

1 863.67 v 

3 856.43 \I 

1 928. 21 t , 

2 211.92 J 

2 240. 41 -./ 

4 452. '3:3 v 

:.c, 226. 1 6 v 

Ta,ble .:x Vlll, 

Dry . W.~ght of the Plant 

Per Acre in Pounde. (Water fr.~ 

ROOTS 
AND TOTAL 

STALKS PLANT STUBBLE PLANT. 

2 869.93 ./ 
above ground 

'3 3u6. A8 v' 941.. 78 v 4 248. 7/ 

3 072.38 v' 3 537.73 v 879.99 1/ 4 417~ 7) 

5 942.31 v 6 844.61 v- 1 821.77 v ' 8 666.4/' 
:: 

2 971.16 v 3 422. 31 ~ 910.88 v 4 333. 2A 
3 50i. 81 v' 4 630. 25 v 1 132.99 v' 5 763.21 

I 

3 717.07 v 4 869. 93 1/ i 057.70 v 5 927. 6J 
7 218. 88 ..; 9 500. 18 v ~ 190.69 v- i:1. 690. 9) 

3 6 u 9. 44 v- 4 750. 09 v 1 095. 34 v 5 845.4 / , 

3 878.52 v ' :5 871.28 I- 892.75 v " 6 764.0/ 

3 319.53 " 5 183. 20 \r' 919. 12 v .- 1 '- r 3)' b U~ . 

7 198.05 I- 11 054. 48 ~ 1 811.87 v 12 866. 4jl 

3 599.03 v 5 527. 24 ~,. 9U5.93 v 6 433.2) 

3 083. 50 ./ .5 ~95. 42 V ' 858.99 v 6 154.4) 

2 940 84 t/ 5 181.25 v " 782.55 \,.. 5 963.8) 
" 

6 C24. 34 v- 1 C 47 6. 67 V" ~ 641.54 v '12 iiB. 2/" 
j 0 i :;,. 1 '7 J :> 2j3. '3 3 v B2 (, 77 v 6 05\.). j.1 



Dcs ienat1o~ o f cuttings HEADS 

S~ria8 1 Plot 1 4B. 8~ ./ . ~:-:, 

" 1 .. 2 51.. 98 1/ 

.... ~ ':"~Total 1 00. 79 v 

Av~rag~ 50. 39 ./ 

.S e rieA 2 Plot 1 1 0 7.77 v 
,' , .'~:" :~'-
~~' ':' , ~.; " tt 2 tt 2 110. 10 v 

Total 217.87v 

Aver a.ge 1 U8. 93 v 

Seri ce :3 Plot 1 2GO. 47 ." 
,. :3 tt 2 187. 49 v 

Total 387. 96 v 

Av erage 1 93. q8 v 

Serie s 4 Plot 1. 245.08 v' 

tt 4 tt 2. 243. 24 v 

Total 4 93. '32 v 

A v·'' "!} j,tgc ~ 4 b, f)6 V 

-Tab le xoc . 
Woight of the Protein 

P~r Acre in POund8. 

STALKS PLANT 
ABOVE GROUND. 

224.71 ./ 273.52 v 

240. 57, v ' 292.55 v 

465.28 v 566.07 v 

232.64 v 283.03 v 

182.44 v 29 0. 21 t/ 

193.66 v 303.76 v 

376.10 v 593.97 v 

188.05 V 296. Q8 V 

188.50 v 388.97 v 

161.33 L.-/ 348.82 v 

349.83 v 737.79 v 

174.91 v 368.89 v' 

99. 60 ./' 344.68 v 

94. 99 v 343.23 v 

194.59 v 687.91 v' 

~ 7. 29 V ::J 4 'j . q 5 ./ 

ROOTS AND 
STUBBLE - TOTAL PLi 

26. 46 II' 3 00.0 

24.73 t/ 317. 3 1 
51. 19 >/ 617. 3 j 
25. 60 -./ 308. 6/" 

27.87 v 318. 1/~ 
26. 02 ~ 329.8)' 

/ 

53. 89 til" 647.9) 

26.95 v 323.9/.' 
'" 

408. 1) 19. 10 v 

19.67 V' 368.5/ 

38. 77 v"" 7?6. 6 / 

i9. 39 t/ 388.3/ 

i6.92 v . '561.6/ 

i5.42 v 358_ 7 j 
' -' r 34 ./ -) <:; . 

j / 
7 2 (; 3 / 

16. 17 v ,- ~ - r 1..) 
~ O \' / -



n.signatlon Of Cutt1ng~. HEADS 

Serie t1 1 Plot I 7.73 v 

" . 1 tt 2 8. 24 v . 

Tot;t>..l i5.97 v 

AV tfJ-;'·8.£,e 7.99 v 

S e :('i(~ ~ ;:~ ~ : lot l ' '13.43 v' 

tt 2 " 2 13.72 v 

Total 27.15 v 

Average 13.58 v 

Series 3 Plu: 8 8.68 v 

" :3 " 
'J 
( ) 

8 2.93 v 

Total 171.61 v' 

Av e rage 8 5.80 v 

Ser103 4 Plot 1 77.19 v 

t' 1: " 2 ? B. 19 ",/ 

Total 1 S .S. '38 v 

Av ~rae· '17. nS v 

Ta,Zle XX; · .~ 

Weight o~ th. Ether Soluble 

P~r Acre in Pounde. 

RTALKS 

90.69 v 

9 7.09 v 

187.78 v 

93.89 v 

48.67 v 

51. 67 v 

10C. 34 ~ 

5G, 17 v 

19 2. 76 ~/ 

164.98 v 

357.74 ,,/ 

1. '78. 87 l / 

? 4. 93 f ;"~ 

1'1.. 46 v 

146.39 ./ 

'/ :3. 1 G ,/ 

PLANT 
ABOVE GROUND. 

9 8.42 ,/ 

1 0 5.33 v 

2 ()3.75 v 

10:1. 88 ' ./ 

62.10 v 

65.39 v 

127.49 v' 

63. 75 v 

281.44 v" 

24'7.91 v 

529. 35 t/ 

264.67 v 

1. 52. 12 v 

149.65 v 

J u 1.77' ./ 

~.5 c) R;", v-

ROOTS ANB 
STUBBLE 

20, 16 v 

i8.83 v 

3 8.99 v 

19.49 v 

23.23 v 

21.. 68 y' 

44.91 v-

22.45 Y 

10. 71 v " 

11.03 y'" 

2 1.74 v '" 

10" 87 v 

6. 36 a/ 

5.79 .,/ 

.12. 15 v 

O. G8 y' 

TOTAL PLAj 

1:'18.6/ ' 
.-

1 :24. 2/ 

242. 7/ 

121.44 · 

85.3 J 
8 7.1 ./ 

1 '72. 4- ./ 

8 6. ~. / 

2gr r / . ~ . 1<'.. 

/ 
2 58. 9 t/ . 

551.1 j 
275.5/ 

/ '; 
158. 5 . 

/. 

155.4/,. 
I 

'j 13. 9./ 
/ 

1 r- ,~ a ,/ .. ) 0 . J 



Ta..b Ze, AXL'. 
Weight of the Crude Fibre 

Per Acre in Pounde. 

ROOTS AND 
PLAUT STUBBLE TOTAL PLANT. 

j . 

Deeignation of Cuttinee. HEADS STALKS ABOVE GROUND 

Series 1 Plot 1. 136.28 v 920, 10 v 1 056.38 v 3 26.14 v i 38~. 5 J 
tt I tt 2. 145.14 J 985.00 v i 13 0 .. 14 v 304.74 v i4 3 4. 9 / 

281.42 v- i 9 0 5.10 v :2 :186. 52 .... 63 0, 88 ,/ 2 817. 4. / Tot al 

Av erage 140, 71 v 952. 55 v 1 09.3.26 v 315.44 V- i 4 08. 7 h, 
:1 824.13 S t}rie~ 2 Plot I; 237.88 ./ i 221..78 v 1 459. 66 v 3·64.48 v 

243.02 V- 1296.88 v- i 539.90 v 340. 26 v tt 2 tt 2 1 88 0. 2 

Total 48 0 . gO v :2 518.66 v' 2 999. 56 ...... 7 0 4.74 v 3 7 04.3/ .' 

ft'i ':: "2: "~ i ~ 'J 240. 45 t/ i 259. 33 v- i 499. 78 v 352. 37 ./ 1 852.2/ 

Saries 3 Plot 1 . 248. 50 v- i 378. 43 v ~ 626.93 y ' 324.96 v :1 951. 9~ 
tt 3 ,. . ) . 232.39 ...... 1179.76 v 1 412. 15 v 334.56 v 4J . 1 746.7 

Total 480. 89 v :2 558.19 v 3 039.08 y ' 659. 52 V' 3 690.6/ 

Av erag fJ 24 0. 45 v- i 279.09 . v 1 519. 54 £, .. 329.76 v 1 8 ' ", r-t, J' 
4~. -" 

Serie8 4 Plot 1. 2 2 7.38 ./ 1 2 35.25 " i · 462.63 1/ 345.06 v 1 8U7. 7"/ , 

:1 72 2. f; / " 4 tl 2. 2 30. 31 v 1 178. 10 v 1 4 ( j8. 41. v ' 314. 35 ..... 

Tot al 4 .57.70 " 2 41 3.3 5 .... . 2 87 1. 05 ., 659. 4 0 v 3 53 C. 5V/ 

3 2.9.70 v / 
AV 8r ~g~ 2 ;, ~ . 85 v 1. 2 ',) 6. 6 8 V' l 4 :.:53. 53 v l 7 6 .3. ~=: \/ 



Deeignation of cuttings. HEADS 

Seritls I Plot 1 22.02 ...... 

" 1 tt 2 23.46 v 

Total 45.48 v 

Average . 22.74 II' 

Seriee 2 Plot 1 79.44 v 

It 2 tt 2 81..16 v 

Total 160.60 ./ 

Average 8'0.30 v 

Seriee 3 Plot 1 108. 20 v 

tt :3 tt 2 101.20 v 

Total 209. 40 v 

Average 104. 70 0/ 

Se:r-iee 4 Plot 1 109.49 v 

" 4 tt 2 110. gO v' 

Total 22 n. 39 v 

Averago 1 i ( j , 1 9 " 

Ta,lJle 7Xl[ 
Weight of the Aeh 

Per ·Acre· in Pounds. 

: ROOTS AND 
STALKS PLAN~ . STUBBLE 

ABOVE GROUND 

256.00 v 278.02 v 1 08. 12 y 

274.05 v 297.51 v 10i.02 v 

530. 05 v 575.53 v 209.14 v 

2.65.03 v 287. '77 v 104.57 v 

285.75 v 365.19 v 195. 2 ·1 ~ 

303.31 v 384.47 V 182. 25 v 

589.06 v 749.66 v 377. 46 e/ 

294. 53 v 374.83 v 188.73 v 

343.64 ,,/ 451. 84 v 108.56 ./ 

294.11 v 395.31 v- iii. 76 ./ 

637.75 v 847.15 v 220. 32 v' 

318. 87 .,r 423.57 v 110. 16 y' 

259. 32 \' 368.81 v 81. 78 ./ 

24'7.33 v 358.23 v' 74. 49 . t/ 

5u6. 65 v 727.04 V' 156.27 v' 

253. 33 v
r 

363.52 V' 7'B. 14 " 

TOTAL PLA1~T. 

386. i ~ 
398.5/ 

7 84. 7 ~/V. 
392.3J' 

560. 4J. 

566.71 
. / . 

1. 127. i . 

563.6 / . 

560. A.v! r 

507. 1.1- ' 
. I 

1. 067. 5~ 
I 

533. 7J 

450. &I 
/ 

432. 7 ... .; 

883.3/ 
. I 

4 41.. 7~ 



D.~ignat1on of Cutting~. HEADS 

Sar-le~ 1 Plot 1 222.10 v 

tt 1 ,t ;7j 2~6. 54 v 

:. ~(j t ~ll 458.64 v 

Av.~ag~ 229. 32 v 

83ri..s 2 Plot 1 689. 93 v' , 

" 2 tt 2 704.86 v 
, 

To tal 1. 394.79 v 

Average 697. '39 v 

Seriee :3 Plot 1 1 346.91 v-

" :3 tt 2 1. 259. 65 V-

.. Tota.l 2 606.56 v 

Aver.g. 1. 303.~8 v 

Sari.e 4 Plot 1 :1. 552.77 v 

tt 4 It 2 i 572.77 v-

Total 3 . 12 .~. 54 v 

AV tll:r!age i 5 6 2.77 .,.. 

!1!~"!J l~Jg Ill; , . 
Wsieht of ~h. - N1tro~enFr •• ~trao~ 

Por Acr. in Pounds. 

STALKS 

~ 378.43 ¥ 

1.475.66 v 

2 854.09 " 

1427.04v 

~763.16v 

1. 871. 54 v 

3 634.70 v 

1817.35 v 

i 775.20 v 

1. 51.9.35 v 

3 294. 55 ttl' 

:1. 647. 28 v 

1. 414.40 V ' 

i 348.96 v' 

2 763. '36 v 

13 8 1.6M
v 

PLAnT 
ABOVE GROUnD 

1 600.53 v 
..... 

1 712.20 

3 312.73 v 

1. 656.36 V' 

v 
2 453.09 

2 576.40 v 

5 029.49 v 

2 514.74 v 

3 122.11 v 

:2 779.00 v 

5 90i. 11 v 

2 95n. 56 v 

2967.17 v 

2 921.73 v 

5 88H. 90 v 

;<; 944.45 V 

: ROOTS AND 
STUBBLE 

460.90 v 

430. 67 v 

891.57 v 

445.79 v 

522.19 
V" 

487.50 v 

1 009.69 v 

S()4. 85 v 

429.41 v 

442.10 ... · 

871.51 v 

435.75 v 

4 ()B. A8 v-

372.49 v 

781. '37 v 

3 ':;;<-j 68 v 

TOTAL PLANT, 

2 061.4 j 
2 142. 9/ 

4 204.3/ -

2 102 2i::t 
2 975. '3 J 

I 
3 063.9"" 

/ 
6 039. ~'\I. . 

3 019.6/ 

3 551.51 
3 221.1:1 

6 772.6/' 

3386.3/ 

3 376. 1 v'" 

3 294.2/ 
/ 

6 67 \".; 3 v 

3 3'35.1/ 



neeignation of cuttinge. 

Seriee 1 Plot 1 

It 1 It 2 

Average 

Serlee 2 Plot 1 

It 2 It 2 

Average 

Seriae :3 Plot 1 

It :3 ,. 2 

Average 

Scriee 4 Plot I 

tt 4 t. 2 

Average 

Ta,lJle, XUJ(. . 
Di~tribut ion of' the Dry WeigHt of the Wheat ~Plant 

~ HEADS 

10. 28 ,/ 

10~ 53 v 

10.41 v 

19. 58 v 

19. 45 v 

19. 51 v 

29. 46 v 

30. 54 
,/ 

29. 97 v 

35.94 v 

37.57 " 
3 6.74 

10 STALKS 

67. 55 Ir 

69. 55 Y 

68. 57 I-

60.76 v-

62.71 v ' 

61. 75 v 

57.34 a/ 

54.40 ".. 

55. 94 ~ 

50. 10 1/ 

49. 31 y . 

4 :9. 71 .,-I 

10 PLANT 
ABOVE GROUND 

77.83 v 

80~ OS v 

78.98 v 

80. 34 v 

82.16 v 

81..26N"" 

86.80 v 

84.94 v 

85.92 v 

86.04 v 

86. 88 v 

8 6. 45 v 

~ . ROOTS &: 
STUBBLE 

22. 17 y 

19. 92 v 

21.01 If-

19. 66 v 

17. 84 ~ 
~e.o 

18. 7 4 ~ :::; 

1.3.20 v 

15.06
v 

14.08 Y"" 

13. 96 " 

13.12 v 

Y' 
i3.55 



Table XXV. Composition of the Dry Wheat ,Plant. 

Designation of cuttings • . 

Series J.. , Plot 1. 

If II 8. 

A ver8.g e. 

Series 2 , Plot 1. 

If 2, II <"') 
() . 

Average. 

Series 3, Plot 1. 

II 3, It 2. 

Averag e . 

Series 4, Plot 1. 

If 4 , II t) 
I.J • 

Average. 

c!) 
I 

. Protein. 

7.06 ) 

7. 18 \/ 

7.12 j 

5.52 v 

5. 56 ./ 

5.54 \1 

6.03 ) 

6.04 J 

6.04 ) 

5.88 J 

6~ Oi l 

5.94 ... 

c;.~ 
I 

Ether Soluble. 
(Fat) 

2. 79 ) 

2~ 81 / 

2 . 80 v' 

1.. 48 v' 

1. 47 J 

1 . 47 / 

4.32 'J 

4.24 ' I 

4.28 v 

2. 58 ', i 

2. 61 ~ 

2. 59 v 

t1 
4° Crude Fiber. 

.I 

3 2.54 v' 

32.48 J 

32.51 j 

31.65 j 

3:1. 72 J 

31.. 69 J 

28.86 / 

28. 62 .I 
,< 

28. 75 1 

29. 37 J 

:cdS. 89 .; 
I 

2 9. 13 v 

(,S 
I 10 

Ash. Nitrogen 
Free Extrac1 

i 
9.09 J 48. 52 ~l 

9.02 J 48.511 

9.05 v 4a~ 51 / 

= en 
0 

9.72 J 51.63 J 

9. 56 \/ ,51. 69 v 

9.64 J . 51. 66 j 

8.29 ) 52. 51 1 

8. 31 'v" 52. 7 8 v 

I 
/ 

8.30 v 52.64 ''/ 

7. 32 ,j 
f 

54. 86 v 

7.26 J 
; 

55. 24~ 
I 

/ I 
7.29 J ~-) 5. 04'-' 
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'1'8 bl e XXVI. Oomposition of ·the Dry Substance of the Wheat Heads 
Average of all plots. "'.', ~' . ~.~r ." 

No. 40 10 fa 10 10· 
I Ether Soluble.Orude Fiber. Ash. Nitrogen 

cutting. Protein. Free Extraot ( Fat) 
v ' 

31~19 .; 
v ' v / 

Series 1. 11.17 -d .1.77 5.04 50.83 

1119 v v v' ./ 

It 2. 9.55 v 21.08 7.04 61.14 

v \/ ..I 

II 3. 10.06 v 4.45 12.47 v 5.43 67.59 

11.08 / v v v ' " It 4. 3.49. 10.28 4.95 70.20 

Table XXVII. Composition of the Dry SUbstance of the Wheat Stalks. 
Average of all plota. 

No. 10 10 . . 10 
Outting. Protein. Ether Soluble. Crude Fiber. 

(Fat) 
v- 1/ 

Series 1. ' 7.83 3.16 32.06 

5.21 v 
v L 

It 2. 1.39 34.89 
v v' \-. 

" . 3. 4.86 4.97 35.54 
v / 

It 4. 3.23 2.43 . 40 .. 06 

Table XXVIII. composition of" · the DrySubstanoe 
Above Ground. 'Average of all plots. 
No. 1? 1~ 70 

Cutting. Pr0fi.ein. · Ether Soluble. Crude Fiber. 
(Fat) 

Series 1. 
v' 'l \, 

8.27 2.98 31.95 

\I '- ' 

6.25 v 1.34 31.57 . 11 2. 

./ v 
6.67 4.79 27.49 " 3. 

../ 
It 4. 6.57 2.88 27.40 

10 
Ash. 

'" 8.92 

8.16 v 

8.86 v 

8.41 
v' 

of the Wheat 

10 
Ash. 

" 8.4"1 

7.89 

7.66 
v 

6.94 

'rable XXIX. Composition of the Dry Substance of the Wheat 
Roots and Stubble. Average of all plote. 

Np.· 10 . 10 10 
Cutting. Protein. Ether Soluble.Crude Fiber. 

(Fat) 
Series 1. 2.81 ' 

v-" · V 
2.14 34.63 

" 2. 2.46 v 
2.05 J 1/ 

32.17 

It 3. 
v 

2.14 1.20 v 
36.40 

It 4. 1.97 vi II' v' 0.74 40.17 

10 
Ash. 

11.48 v 

17.23 v 

12.16 
v 

·9.52 v 

10 
Nitrogen 

Free Extraot 
v ' 

48.03 

50.35 
v' 

45.77 
.; 

45.87 v 

Plant'. 

~ 
Ni trogen. 

Free Extraot 

48.40 
i / 

v 
52.94 

53.38 
II 

~6.~1 
)/ 

10 
Nitrogen 

Free Extraot 

48.94 v 

46.09 '.-

L.! 

48.10 

47.60 
v 
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Table xxx. Per cents of KrO in Parts of TIMOTHY PLANT. 
Average 0 all plots. 

No. 10 K2 0, 10 K20 10 K20 10 K20 
cutting. in ash in ash in ash in ash 

of' heads. of' stalks. of' stubble. of' bulbs. 

Series .1. 29.31 v 25.03 v' 

It 2. 28.44 v l5~'99 ~ 40.65 
v 

It 3. 27 ~ 50 v 17.32 l 39.30 

v \/ 

It 4. 27.23 21 ; 23 42.57 
v v ~ 

It 5. 21.36 25.93 25.40 42.76 

' II 6. 14.58 22.92 42.33 v 

Table XXXI. Weights of' K20 in Parts of TIMOTHY PLANT. 

No. 
Cutting. 

Series 1-. 

It 2. 

II 3. 

" 4. 

II 5. 

" 6. 

Average of' all plots. 

wgt. of' wgt. of Wgt. of' Wgt. of' 
K20 per KiO per K20 per K2 0 per 
aore in aore ' in aore in aore in 

the heads. the stalks.the stubble. the bulbs. 
(pounds) (pounds) (pounds) (pounds) 

7.60 '.I 

5.61 

36.28 v 

"45.32 I 

49.99 

52.91 

53.77 

v 

9.68 

5.62 v 
13,72 

v 

4.85 v 13.77 " 

6.52 v 13.99 v 

5.96 v 12.02 

6.43 v 
12.88 j 

Wgt. 'of' 
1<2° per 
acre in 
total 
plant. 

( pounds) 

64.66 

68.61# 

7 .J/. 3.427r 

79.35 

" y Does not include the weight of K20' in the heads. 
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Table XXXII. Per cents of P,05 in Parts of TIMOTHY PLANT. 
Average o' all plots. 

No. 10 P205 ··10 P2 0
E 10 P2 0 5 6fo P2 05 

Cutting. in ash in as in ash in ash 
of heads. of stalks. of stubble. of bulbs. 

/ .,/ 

Series 1 . . · 12.70 v 6.83 
v· .. / ,,/ 

" 2. 11.20 11.85 14.48 

v 
10.15 14.91 

,,/ 

" 3. 10.34 

II LI v " 
tt 4. 12.54 13.57 18.68 

v \ . v 
" 5. 20.42 v 16.26 12.81 2~.OO 

" 6. 
v-

20.75 16.21 
I.-

18.73 

Table XXXIII. Weights of P205 in Parts of TIMOTHY PLANT. 
Average of all plots. 

No. wgt~ of wgt. of wgt. of Wgt. of 
Cutting. P?'05 per P205 per P205 per P205 per 

acre in aore in aore in aore in 

Wgt. of 
P205 per 
acre tl1 
total 
plant. 

(pounds) 

Series 1. 

n 2. 

" 3. 

" 4. 

" 5. 

It 6. 

the heads. the stalks. the stubble. the bulbs. 
(pounds) (pounds) (pounds) (pounds) 

v 7.98 

15.72 v 

17.85 
../ 

18.94 v 

v 

24.37 

33.72 v 

2.64 

4.16 

2.85 

4.17 

3.01 

4.55 

'V 

/ 

\ / 

5.22 v' 

v 
6 114 

6.18 \/ 

5. 70 ~. 

~ . .. ~ I • • • I ) • 

# , .'. Does not inolude ·· the weight of P205 in the heads. 

26.90 

27.01# 

34.68# 

50.11. 
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Table XXXIV. W~ight·8 and Percentages of KZO .j 
carried off with the TIMOTHY HAY and left on the field. 

. Averag~ of all plots. 

wgt.of ,· KaO gt.of Ra O gt..of K2 0 10 · 10 
No ¥o . I>~~-~' aolD19 c per acre per acre of K2 0 of' K2 0 

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) l and' I stubble. 
J 

Series 1. 36.28 
/' 70.09 v " 2. 45.32 19.34 64.66 

49.99,7 v 
J v 

" 3. 18.62 68.61# 72 .86 
v v v ., 4. 52.91# 20.51 ·73.42# 72 .07 
\.., / v 

It 5. 61.37 17.98 79.35 77.34 
,./ 

" 6. 19.31 

# Doea not include the weight of K20 in the heads. 

Table XXXV. Weights and Percentages of P205 oarried off with the TIMOTHY HAY and left on the field . 
Average of all p~o~s. 

... ," 

\,/ 
29.91 

27.14 v 

27.93 / 

./ 

22.66 



Table XXXVI. Weight of CONSTI~VENTS :; 
I ;\. " 

'1'~_Il._ 0 f . Dry l'IMO'1'H"Y HAY. 

I ~;:> . 
3e1'ies j{ , S nrien 2 . Ser1es 3. Series 4. Series 5. Series 6. 

Total weight of dry Timothy Plant yiela1~g 
one ton of dry hay, 

subtracting one ton of dry hay, 

Total weight of' dry bulbs and stubble 'found 
per ton of dry hay, 

Weight of Ash of total Timothy Plant which yields. 
one to~ of dry hay, 

Y!eight of' Ash in one ton of dry hay, 

Weight o f ~shlof bulbs and stubbl e of plant 
yi el d ing one ton of dry hay, 

Weight of K20 of Timothy Plant yield'ing 
one ton of dry hay, 

Weight of K2 0 in one ton of dry hay, 

Weight of K20 in bulbs and stubble of plant 
y·ielding one ton Of dry hay, 

Weight of P2 05 of Timothy Plant yielding 
one ton of dry hay, 

Weight of P20S in one ton of dry hay, 

Weight of P205 in bulps and stubble of plant 
yielding one ton of dry hay, 

# Figures do not include the head s of Timothy. 

. ~ 

, ;.~ .~. 69 

?1 • .'ZC J.7.05 
,.,. 

, \ 

-.itl 8.64 
..... r ! 

. :;,j.; 

J .../ ,.,I 

1 8 1 8:'~~ 1/ 

- • - i , 
. 19 . ,'31ft" 2 2 . 26 

'-' Iv 

1° 7 .f/ , .... . 5T 1 3 - r:. 7 ·.'! .• ,.) il- 18 .18 

,-",' 

v 
~ • 4 .'3 5.74 4.08 4.98 
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