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Introduection:

Barley is fastvbeeoming a cereal crop of major im-
portance in Manitoba. During the past five years (1925~
. 1930) Agricultural Statistics7 reveal that the ammual
barley acreage in Manitoba has represented 8l per cent
of the average annual wheat acreage for the same period.
The average figure for the provinces of Saskatchewan and
Alberta for the same period is 9 per centQ When these
two figures are compared the importance of’barley as &
cereal crop in Manitoba, can be readily appreciated.

Yield and quality are the two most ihportant con-
siderations in crops harvested for either grain or haye
Harvesting operations should be planned to seéure the
best balance between these two factors. This is particu-
larly true in the case of Barley. | |

An aﬁtempt will be ma&e in this inveétigation to de-
termine the effect of harvesting at different stages of
maturity upon the yield of barley and also the nature and
extent of variations in the mineral, carbohydrgte and ni-‘

trogenous constituents of the component plant parts

Sampled daily from heading until past maturity.
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Literature Review: ‘

Studies on the stage of development of cereal plants
in relation to variations inxjield and chemical composit-
ion have béen reported upon from time to time on this Con-

tinent and Abroade.

Most of these investigations have dealt with wheat,

since it .occupies throughout the world a position of prime
economic importancee.

One of the earliest trials in Canada was that conduct-
ed by Bedford%. He cut wheat at Barly milk, Late milk,
Dough and Ripe stages and reported the results of two years .
observations which indicated that there was no increase in
yield for wheat harvested at maturity, over that harvested
. a week early in‘the dough stage. An increase in weight per
bushel for grain harvested at maturity was showne.

Kiesselbaeh15 after three years work on oats harvest- -
ed at two day intervals beginning six days before maturity,
found that harvesting four days early did not lower the
 yield but resulted in a decrease im the weight per bushel.
Later the same investigatﬁzl4,gives results for Turkey
wheat harvested at three stages of maturity, yiz;, (a)
Barly dough, (b) Late dough, and (e¢) Ripe, for a fi%e'year
period. The data are from duplicate field plots with the
grain cured in the shocks. He found little change in the
portein percentage from early dough to maturity, but a

decided increase in yield and weight per bushel from early




to latéldOugh and slight increases after. He concluded
that four days before maturity when the grain,containea
%8.4 per cent moisture, wheat for ail practical purposes
could be considered mature.

Arny.and;Suna reported on results obtained in the
surmer of 1925 from a series of wheat and oat plots. The
samples were harvested each moraning from several small.
areas in different parts of the plots. These samples
which were divided into the different plant parts, were
'separated into two series, one series beinngried rapidly
in an oven and another series more slowly imn the air.
These investigators found that the weight per thousand
kermels for both wheat and oats, for any date of sampling
are as high-for the grain‘dr1éd rapidly in the oven with
only the chaff or the chaff and rachis attached, as when
curing proceeded more slowly with the same or more of
 the vegetetive portions attached, indicating that translo-
cation of food materials in leaves andxstems_after harvest
did not oceur in amounts large enough to be detected by
the methods employede. However theré was some indication
of transloeation in oats from the stfaw to the grain,
sampled when the kernels were in'the thick milk stage.
They found & higher percent mitrogen both in the straw
and grain of wheat and oats cut seven days early. 4m in- |
crease in 1000 kernel weight fer wheat cut three days

early and oats cut four days early Wwas observed.
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Baenchley5 was the first investigator ﬁo study exten-
sivel& the progressive development of the grain of barleye -
She répofted her results on the basis of a unit of 1000
grains and presented them graphically by the use of curves.

In comparing the dry weight with green weight a grad-
wal inerease was noted almost to the end ,from flowering %o
maturity. The percent ash in the straw'increased almost
to maturity, while in the grain a defimite decrease Was ob-
served. A definite relationship was found to exist between
thefmaxiﬁum ash content and the maeximum protein content inm
both the whole plant and grain. Cemparing wheat and barley
the above Aufhor noted that in barley the percent dry matt-
er and ash is considerably higher than in wheat.

From her investigations‘in wheat and barley Bremchley
makes the statement: "That from the comparisons made it is
clear that the progreéSive changes in wheat and barley run
a very parallel course, though varying in detail'’. The
differences seem t0 be chiefly due to the prolonéed fipen-
ing period of barleys during which maturation, changes occur
which are not evident in wheal owing to the earlier stage
at which the latter is harvested". |

olsont? in 1923 observed that wheat kermels ceased to
£ill when the moisture content fell below 40 per cent and -
that the percent nitrogen decreased as the grain became
mature.

Keitt and Tarbox® in a study on the composition of the
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oat plant reported an inerease. in the percént nitrogen in the
kernéls of the oats up to the milk stage, and & rather rapid
decrease in the percent from then to maturity.

Brenchley and Halléj after extensive studies on the de-
velopment of a graiﬁ of whgat, conecluded that the material
which the plant moves into the kernel is uniform in composit-
ion throughout the period of endosperm fillinge.

Th&tcherls some years later conducted a rather extensive
investigation into the variations found in three different
varieties of wheate A regular‘deerease in percent ash,ether -
extract and crude fibre up to maturity, with a corresponding
decrease in percent proteinm in earlier stages with marked iﬁ-
creased in the later stages of aevelepmeﬁt were found. The
sugars were reported as deitrese and. the results showed that
the immature kernels contaihedilarger proportions after which
where Was a rapid deerease to less than 20 per cent of the
dry matter at the milk stage, and then a slight regular de-
crease to maturity. ,

Thatcher made an interesting observatién on the amount
of gain" in dry matter per day. He found that the most rap-
id gain was made in the first three days by &all varieties
but at subsequent stages of development rapid and slow accumu-
lation of dry matter appear to alternate. On the basis of
weight per kernel there was found to be, as the kermels de-

veloped, a regular increase in the quantity of all the con-

stituents except the sugars. This investigater reported




faets whieh supported hisveontentioh that the material which

the kermel gains from day to day is richer im carbohydrates

than thé original "mold™ into which it enters and continues
to be so untii aboﬁt thé milk stage.
| Phe ratio of carbohydrate to protein however soon begins
to fall and continued to do so until maturity.

Harlanl0 harvested heads of Hannchen barley at twelve
hour intervals from flowering to haturity. The increase in

dry matter for two seasons was found %o be eésentially a

straight iine relationship from the sixth to the eighteenth

day from flowering. The percent water in the kermels was

3 found to be highest at flowering, but a constant decrease
oceurs: > up to maturity when only about 40 per cent moist-
ure exists. The percent ash decreased uniformly from flow-
ering to matuiity. The maximum growth in length determined

by measurements and cytologieal studies, occured at seven

days after fertilization.

) Harlan concluded that the period fifteen and sixteenm.
days after flowering marks a period of important changes in
developument, since this date coincides with the shedding
of the awns, the maximum water content, and the}end of the
period of most rapid increase in dry matter and ashe. Har-
lan's protein determinations eannmot be considered veryﬂre-
liable as they were based on microchemical methods, due to

the size of his samplese

Three years later Harlan an&,Pepell reported on vari-
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ations in the moisture content of the kernels of & number of
barley varieties during growth and maturation. The percent
moisturé gradually decreased while the tdtal watér content
was represented by a rapid inerease after fertilization,

then a stationery pério&-and,finally a rapid decline to matur-
ity. The moisture content of the kernelsvdeclined steadily
from 80 per cent at flowering to 42 per cent, and at this.
time the deposition of dry matter is interrupted and the ker-
nels dry with great rapidity. Harlan and Pope conclude that
the exact point where translocation becomes impossible, is
‘at a moisture content somewhat lower than this.

‘More recently Woodman and Engledow26 have reported_on
the development of wheat, using a pure line of Red Fife.
Their results indicate a steady increase innpereentmdry mat-
ter right up,tp harvest with not mueh variation in percent
total nitrogen im the dry matter during the whole period of
development. A slight gain in pereent nitrogen during the
last week of ripening was explained aé probably due to the
loss of non-nitrogenous material from the grain by respir-
ation rather than an actual gain of nitregenous material by
transport. The &above investigators also concluded that the
‘storage of carbohydrate was complete at the stage correspond-
ing with the beginning of dessication. Starch was Shown by
chemical tests to be present in every one of the samples.

The first samplings were found to be riehest in reduc-

- ing sagars as indicated by the reducing.power of aqueous
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extracts, subsequent Samples;gave a definite fall in reduc-
ing sugars during the dessicétign periode ,

The.investigations of Le Clerc and Breazeolel® led them
to conclunde that when both the grain and straw are to be fed
on the farm, that cutting when the spikes or panieles have
turned yellow but the leaves and stems are still green, is a
good practice in order to ﬁinimize thekleaéhing of valuable
food materials from the vegetative parts by rain and dew.

Wilson and Raleigh'® in 1929 in a continuation of the,
work of Arny and Sun found a decrease in the pereent nitro-
gen of the grain, glumes and rachis with approaching maturity.
While the percent in the leaves remained constant during
ripening, an increase was noted in the internocdes. An in-
erease in 1000 kernel weight from an average of 9.93 grams
for plants harvested in the milk stage and cured in the shock
to 17.21 grams at maturity, representing an increment of
more than seventy percent was observed. They concluded that
the principle change in the vegetative portions of both wheat
and oats was a loss of moisture with senescence and also that
as the pianf is nearing maturity food maferials are moved
from the leaf of the plaht largely as formed or shortly afterw
wards.

Recently Fagan and thkina

working in Wales on four
different oat varieties have reporbted on an extensive inves-
tigation into the chemical constituents of the oat plant.

They found that in the whole plant the percent dry




matter increases in a fairly stegdy manner up to the under
ripe stage after which desiccation is rapid. The dry matt-
or decreased progressively in percent.total.ash, potash,
lime and chlorine. The percent nitrogen fell te a minimum
value at the milky stage, followed by a rise at the under
ripe stage, with a slight falling off at the ripe stage.

A decrease in‘the percentage of total ash and nitrogen in
the leaf and stem occurs with approaching maturity, while
in the spikelet the percent nitrogen remains practically
constant throughout the period. The relative proportions
of the constituents is indicated by a progressive fall in
the leaf, irregular fluctuations in the stem and regular in-
creases in the spikelet with approaching maturity.

_ While there is considerable variance in the results
of the work reviewed the indications are that, when the
grain.is‘harvested earlier than the stage when the majority
of the kernels are in the hard dough, a reduction in both
yield and weight per measured bushel is likely to occur.
Under cool weather eénditions grain crops may be harvested‘
and shocked a week before complete maturity with practically
no reduction in yield and quality.

Previous investigations also indicate that there is a
decrease in percent ash, moisture and protein and an increase

in perecent dry matter. What little evidence has been present-

ed regarding the carbohydrate distribution is contradiétory.

\
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methads:

The investigations hereafter reported were conducted in
both 1930 and 1931 with the O.A.0.21 variety. This variety
was selected because it .is generally recognize& in Canadsa
as the standard both from a malting and feeding standpoint.

In the spring of 1930 several 1/100th acre plots were
sown,‘average seasonal conditions prevailed and cﬁttings
were secured from four different plots beginning July 2lst,
and céntinuing at three day intervals, with one oi two ex;
ceptions until the erop was considered maturé. Pour plots
were also harvested four days after the crop was'mature, to
determine if there was any significant reduction in yield
due to shattering. The harvested graim from these plots was
shocked and capped with cotton sheets to prevent weathering.
The plots were threshed individually in an experimental
thresher and yield results secured.

Determinations were made on the threéhed grain, of
1000 kernel weight, and weight per measured bushel. The
1000vkernel weights were determined from quadruplieaté
counts of 500 kernels and these averaged to give the result
for each of the 36 plots. The results have been analyzed
by taking the differences bétween paired values directly,
and the significance of the variations from cut to cut de-

termined. The weight per measured bushel was determined on

the composite sample of threshed grain for any one cutting.
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In the sgring of 1931, O.A.C.Zl'barley was sown in
drills one foot apart on May 28%th, on well prepared summer; |
. fallow. The soil is a dark, heavy lacustrine clay, high in
ﬁineral and organic mattere.

The weather records during the growing period are giv-
en in'Table I below, and indieate that for the first two
months (May and June) the mean temperatures were somewhat
higher than normal and that less than half of the normal pre-
cipitation occurede.

The seedlings emerged on June 5th, and sampling was be-
gun,oh'Julyllﬁth, when the crop was completely headed and
pollinamion had been complete .for a number ¢f days, as indi-
cated by the shedding of the stamens. | |

The samples were extracted from the bulk grain as it
stood in the field, thus representing faim conditions. This
method of sampling has been used by previous investigatefs
and found to be quite satisfactoryz. ~ Each days sampling
was purely random and no attempt was made to ceut plants of
uniform maturitye | '

. The samples were cubt daily at mid-day, covered with a

cotton sheet and taken to the laboratory as guickly as poss-

- ible.




Meteorolgglcal Conditions Durlng the Growing Season (1951)
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Table I

TEMPERATURE DEGREES FAHRENHEIT |

PRECIPITATION

HOURS OF SUNSHINE
“ini- —1a .. . ~ % of
Month ‘mam mum Mean Normal Inches Normal Hours Possible Possible Normal
April 77 10 4043 37.9 | .16 1.48 | 231,0. 414.0 56 204
May 90 18 5062 Ble7 | 127 2425 244..5 47845 51 255
June ~ 97 31 6503 62,0 | 1le27 3.18 88l.5  489.2 57 257
July o% 44 676 6642 3.26 3613 | 3190 49240 58 257
August 99 - 32 66.0 63.4 2483 2+34 289.5 - 441.0 58 257
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~ The ﬁlants'were then separated into their component
parts, namely, leaves, culms and heads. A defiﬁite weight
of these along with whole plant samples were placed in cages
and dried in an experimental drier which ie a duplicate of
the one described by McRostiel® and illustrated in Figure
1. The work of separation of the fresh plants was carried
out as quickly as possible to minimize the loss of moisture.

The samples were left in the drier for a period of from
2 to 3 hours and at this time the moisture content ranges
from 3 to 5 per cent. The dried samples were then removed,
ground in a Wiley mill ﬁntil.they wonld pass through & one
millimetre sieve and placed in air tight containers. All
the samples were passed through this mill twice as it was
found, especially in The case of leaves and culms, that
strips of the material had passed through intact. ‘The final
result was a very fine homogeneus mixture. The sam@les were
stored uantil such time as the chemical determinations could
be made.

The chemical determinations such as moisture, ash, pio-
tein and total carbohydrate were carried out according to
the Official Methods outlined in (1) and (3). |

Some difficulty was experienced in aéhing and the
Modi fied Alcohol Glycerol Method with high temperatures
finally had to be used. |

In the determination of total carbojydrates a battery

] .
of four Gooch crucible holders were assembled togethser and




.

suction was created by the use of a Cenco Hyvac pump.

This arrangement illustrated in Pigure 2 was very efficient

and helped materially to speed up the process of determining

sugars, since two samples in duplicate can be filtered at
one time. The results of the chemical determinations have
been reportéd in percent and on a uniform moisture basise

In 1931 samples were again taken to obtain information
on yield data. Cuttings were made of four rod rows beginn-
ing August lst and continuing at two day intervals with one
exception until 4 days after maturity. The weight per 1000
kernel determiﬁations were also made on the threshed grain
from each rod row.

Geﬁeral_agrcnomic notes were taken from time to time
since it is much easier to associate changes in yield and
composition with some easily observed morphoicgieal condit-
ion, as indicated by the following records:

July 11 - 10% emergence of heads.

July 13 - Heading complete, shedding stamens.

Kernels in the milk stage.

July 24
July 26

to fade in color. First appearance of ruste.
Aug. 2 - Rust appearing heavy (30%). TLower leaves
dried up. -
Aug. 4 - Awns turning yellow. Sfraw beginning to

rattle and crack when bent. Leaves 45% ary;

kernels in firm dough.

Kernels in soft dough, lower leaves beginning
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Auge 11 - Culms mostly yellow at first internode.
Leaves cpmpletely desiccated. Kefnels in
ﬁard doughe “

Auge 13 - The crop was aead ripe and shedding of awnms

was observed to be general on 13th and i4th.
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Ex erlmental Results-

As stated before the yield and quality of any crop are
of primary importance. The yield results will therefore be
presented and discussed firste. The chemical phases of this
preblem will be presented in another sectlion. |

Fleld Plot eriments in 1930

The yield per plot in pounds was calculated to yield in
bushels per acre. The significance of the plot yields was
determined by the direct pairing method. This comsists of
finding the difference between the two items compared, and
their mean difference. Fromthis Mean, the Standard Deviation
of the several differences is found by the usunal formula.
The ratig of the Mean difference to its Standard Deviation
is designated as ™", the distribution of which hés been
calculated by Fisher?. Fisher's Tables were used here in
order to determine the signifiéance of "t%.

The yield per plot and the statisticél significance

of the experimental data are presented in Table ITI. In

vdetermining the signifieance of.the differénee between
barley cut 19 days early and that cut at maturity, a "t"
value of 22.4 was obtained. Since a "$" value of 5.84:*
gives 100:1 odds, the difference observed is highly signi-
ficent. Similar significant differences were obtained for
the cuttings made on July 24th (16 days early) and July
28th (12 days early). The differemces in yield when the

cattiﬁgs were made ﬁine; five and three days early and
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and five days late were not significant,.

Along with the significantly lower yield of early cut
barley it might be expected that differences in weight of
| : of .

kernels would exist. This expectation is confirmed in th
e

data summarized in,?able ;II-~ Significant differences
were obtained in weight per 1000 kernels for the barley
harvested nineteen, sixteen and twelve days early. As in
the case of the yield ﬁéﬁa, barley harvested nine, five |
" and three days early and five days late gave no signifi-
cant differences in lOOO_kernel weight, when compared with
barley harvested at full maturity,
The weight per measured bushel on the composite
semples for each cutting (Table V) were found to increase

regularly up to nine dayslbefOTQ fipe,'fr6m‘this time on

there was little change.
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Table 11 # 4 ) 7
- Yield in BuShels per Aeﬁé;ef;lndividualnl[l@@*?lots‘of

0.4.C. 21 Barley Harvested at Differeﬁt Stages of Maturitz
| At Winnipeg in 1980 and

The Statistlcal Estimation of the Difference

_DA' : TED
Plot '
_No. July 21 J@y 24 Ju]g 28 Jul;g Bl Auged u.e Aug.9 Aug.l4
1 8.5 16.7 16.1 33.3 28.1 36.4 50.7 29.2
2 | 8.8 12.5 19.8 19.8 2led 3l.2 32.3 28.1
S 6.2 1546 18e2 177 28¢6 3946 3le2 3l.2
4 7.3 13¢5 2l .4 30.2 39,1 39.1 3l.8 29.2
— | R e .
Yield 7.6 1446  18.9  26.2 29.3 36.6 31.5 29.4
, Cuttings Compared - Mean Differences mr
July 21 - August 9.  23.8 22.4
July 24 - August 9. 1649 - 12.0
July 28 - August 9. 12.6 12.8
July 31 - August 9. 6.2 l.6
Aug. 4 Q Auguast 9. : 2.2 «60
Aug. - August 9. | 5.l 2443
Ang. 14 - August 9. , 2.1 ' 2.41

5% Point = 3.18
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Pable III

Average Welght per 1000 Kermels in Grams, of Individual Plots

Of 0.4.C.21 Barley Harvested at Different Stages of Maturity

And the Statistical Estimation of the Differences

A

STED

?%Sf July 21 July 24 July 28 July 31 dug.4 Aug.6 Aug.9 Aug.1d
1 18462 17.76  22.21  25.86 27.94 27.59 52.06 25.94
2 15.22 17.02 2éﬁ$2';,25.7i 25.54 29.16 31.00 25.19

5 1251 18.10 21.97 . 26.07 27.96 28.24 26482 25.97

4 13,78  18.87 22.68 26.74 29.84 26.48 29.16 26.17
Mean S . R }
Weht. 1375  17.94  22.34  26.09 27.82 27.87 29.76 26,32

July
July
July
July
Aug.
Auge.

Auge

21 - August

24 - August

28 - August

4 - Auvgust

6 - August

9
9
9
'51 - August 9
9
9
9

14 - Avugust

Cuftihgs Gomgéred : Eeam‘Difference

16 .03
11.82
.42
5.66
1.94
1.89
B.44

5% Point = 3.18

19.30
8.50
6.61
2.88
1.16
1.52
2.36 -
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Field Results 1931 :

In 1951 four rod rows were cub at two day intervals ,be-
ginniﬁg August 1st (12 days early), until the crop was mature
and then one and four days after ripe. The samples were
allowed to stand in the field uﬁtil ready for threshing.

The yield in bushels per acre was computed and the results
analyzed as in 1930 to determine the significance of the
differences between the various cuts as compared with the
mature erope. These results are presented in Table 1V. 4
significant difference in yield was obtained for the bar-
ley cut twelve, ten and eight days early as compared with
that harvested normally. The cuttings made six, four and
two days early, and one day late gave no signifiecant aiff-
erences. The rod rows harvested four days late gave a sig-
nificant decrease. This decrease is no doubt dus to shatt-
ering and losses from mechanical causes during harvest oper-
ations. ‘

The weight per thousand kernels was determined én a
number of samples taken daily from July 27th to August 17th
‘and which had been dried immediately in the drier. The |
same uniform inerease up to near maturity, wifh a slight A
decrease after as eccurred in the 1930 results can be ob=-
served. A summary of the two years yield results is given
in Table V. The results indicate that no significant de-
erease in yield or 1000 kernel weight will result from

cutting barley one week before mature. Decreases in yield
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can be expected to result from late harvesting, due to

shattering and mechanical loss of heads.




Sy -

Table 1V

Yield in_Bushelsvper‘Agre of Individusl Rod Rows

Of 0.A.0.21 Barley Harvested at Different Stages of Maturity

at_Winnipeg im 1931, and
The Statistical Estimation of the Differenmces

ATE HAR BD
' — AUGUST
Plot '

‘Noi 1 3 5 7 9 11 13 14 17
1 278 533.9 2340 43.0 47.2 55.8 Bhed 508 37.5

2  Bheb 4244 47.2 6345 6343 63.5 66.6 5348 5348
3 B2e¢7 37.5 38e7 61lel 4844 5348 635 62.3 49.0
4 14.5 3Bleb 17.5 36.9 42.4 48.4 3b5.1 47.2 29.6

¥ean . ‘ ‘
Yld. 27.4 36,3 31.6 51.1 50.1 55.2 B4.9 53.5 42.5

Cuttings Compared Mean Differences g
August 1 - August 13 25 | 10.26
August 3 - August 13 18.6 3.62
August 5 - August 13 2343 7.52
August 7 - August 13 : 3.8 1.37
August 9 - August 13 4.6 1.00
August 11 - August 13 32 | 07
August 14 - August 13 : le4 S 27
August 17 - August 13 12.4 ' 4.96

5% Point = 3.18




; Table V

1930 and 1931

Summery of the Yield and 1000 Kernel Weight Results for the Years

1920 I?lOO Plot Results

1931 Rod Row Results

. Days ~ Average "t"  Wt. per Average &G Days  Average "t" Average
Date Cut Before Yld. in Values Bushel 1000 Values Date Cut Before Yld.per Value 1000
Ripe Bus. per . Kernsl Ripe Acre in Kernel
Acre ' Weight Bugshels . Weight
Grams ) : Grams
July 21 19 " Ne6 22.4 30 13.73 19.30 Aug. 1 12 27.4 10.26 21.96
24 16 14.6 12,0 36.56 17.94 8450 3 10 3643 3.62 23.56
28 12 1849 12.8 42.6 28.34 ' 6.81 5 8 3146 7.562 25.46
31 9 26.2 1.6 47.56 26.09 2.88 7 6 5l.1 1.37 27.88
Aug. 4 5 29.3 «60 47.5 27.82 1.16 9 4 50.1 1.00 29.42
6 3 3646 2443 48.0 27.8% 1.62 11 2 65.2 «07 30.57
9 "= 3leb - 49.0 29.76 - 13 - 54.9 - 29.74
After : - - After
14 b 29.4 2441 48.5 26.32 2.36 14 1 53.5 «27 30.39
17 4 4245 4.96 28450
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Results ef ehemleal )cterm1nat19ns~

After having observed the varlations that oceur in yield
and quality with resPect‘to harvesting at different stages,
further observations lead up naturally to a consideration of
the internal changes that may have occurred in the barley
grown under the same condltlons.

It is an established fact that early in their devslopment,
plants rapidly take up mineral nutrients from the scil. These
materials are elaborated, stored in the stems and leaves,-an&
later transferred to the heads and kernels. Accordingly a
larger amount of stored material should be found in the leav-
es and stems before the kernel is well formed.

Results will be presented which will substantiate this
fact. -

Weather conditions during the period of sampling no
doubt have an effect upon the daily variation in chemical

‘composition. Meteorological records are also of interest
when com@arisons have to be made between the conditions un-~
der which this experiment was conducted and conditions else-

where. The daily variations in the meteorological conditiouns

during the period of sampling are given in Table Vi.
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Table VI
Daily Veriations in Mbteerologleal Condltlons
‘During the Sampling Period
Maximum Minimuom  Mean  Hours Crecipi-
Date Temp « Temp . Temp. Sun- tation
. . , shine
July 53
13 78 59 68¢5 11.0 16 1
14 82 57 69.5 7.0 - 2
15 86 . 64 75.0 9.5 71 3
16 82 62 720 9.0 40 4
17 83 57 70,0 8.5 - 5
18 76 53 64.5 14,5 - 6
19 ™ 556 660 9.0 «03 7
20 79 54 6645 9.5 11 8
21 80 51 6645 1540 - 9
22 76 49 62.5 15,0 - 10
2% 179 47 63.0 14.5 - 11
24+ 84 58 7L.0 14.0 - 12
25 93 62 775 14.0 - 13
26 9% 73 85.0 14.0 tr 14
27 90 59 7445 1l.0 - 15
28 92 59 75.5 5¢b tr 16
29 75 48 61l.5 12.0 tr 17
30 84 48 66.0 14,0 - 18
31 8 56 67.0 100 - 19
August
1 75 65 65.0 5 «40 20
2 58 53 5545 0.0 66 21
3 70 53 6le5 745 tr 22
4 86 61 73¢5  11.5 — 23
5 97 60 78.5 11.0 - 24
6 70 50 6060 6eb - 25
-7 69 b4 6l.5 4.0 - 26
8 76 61 6845 340 tr 27
9 ™ 58] 63.5 8.0 «10 28
10 68 47 5745 560 «18 29
11 74 45 59.5 13.7 - 30
12 78 55 665 1245 - 31
13 87 60 73e5. 1leb - 32
14 7% 63 69.56 1245 - 33
15 83 518] 665 125 - 34
16 84 50 67.0 13,5 - 35
17 92 - 65 78.5 1l.5 - 36
18 91 58 745 10.0 - 37 .




| -28-
The Dry Matter and]Mbisture'Results:

The dailj'fiucfuaticﬁs‘in percent dry matter in the diff-
erent plant parts énd whole plant samples, and the variations
in percent moisture are given in Table VII.

The percent dry matter in heads and whole plant samples
inereases regularly from heading to maturity. The percent
dry matter in the leaves fluctuates greatly but in general
inereases up to fourteen days after héading, followed by a
stationery period of one-week, and fhen a rapid increase up
to maturity. During this period from fourteen days after
heading until twenty days after, the kernels were in the
soft milk to firm doughe This would indicate that during
the period of rapid staich infiltration plant materials are
translocated from the leaves almost as fast as they are mant-
factured. In the culms on the other hand, the percent dry
mattér increased up to the fourteenth day, followed by a '

£all for a period coincident with that of the leaves, and

‘ then a slight gradual increase to maturity. The percent dry
matter in the heads is higher at all stages than that of
'the leaves and culms. The relative percentageé for the

last sampling for the leaves, culms and stems being 85, 40

and 96 respectively.
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Table VII

Da1137Var1a$10ns in Bercent Dry Matter and Percent M01sture in O.A.C.21 Barley

Pate

Days -
Sampled from

Matter

% Mbisture (Green Wgb

Daily Decrease oI In;

crease in % Moisture

Ty,

13
14
16
16
17

17o0
20.1

22 7
24.2
2640
26.8
2640
3246
29.5
3169
3349
3248

31.5.

8642

8443

85.4

84.0
8248
81.8
81¢5
77.8
7849
773
76 44
74 .6
7043
6942
71.1
72.8
7.1
726
72.7

81.6
8l.0
82.4
8l.8
80.0
7844
78.4
73.8
4.7
7249
72.0
724
7140
66.1
70.6
69.5
6445
66.9
66.8

~1l.2
+1.0
- o7
-2¢7
+446
-3l
-4 .0
+1.5
~1l.5
~l.8

+ .8
~646
+3.1
-2.4
~2¢0
+1.0

'+l¢4

- «9
+l.1l
~le4
-1l.2
-l.0
- 3
w3e'l
+l.1
«leb

- 9.

~1l.8
~4 43
-1l.1
+1e9
+1.7
-1l.7
+1.5
+ .l

=347
+347
~3ed
~3.8
-1.3
- o6
~543
+ 42
+ .1
-1.5
+ o6
~246
-246
+1.0
- «9
-2.6
- .2
~2.6
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Teble VII (cont'd)

Daeily Variations in Percent D:y'Mattef)and Percent Moksture in 0eheCle21 Barley

Date Days Daily Decrease or In-

Sampled From o Dry Matter % Mbisture (Green Wgt ecrease in % Moisture
, Heading Lea ulm Head XYlant Lea Culm Head Plant
August ' ' ‘ _ {
1l 20 24 .9 265 41l.6 31l.8 6.l 73.5 58e44 6842 6.6 + 48 +led +l.4 » ‘
2 21 ———— e ———— m—— ———e cme—— me—— c——— e mmmm m—e —e—— b
3 22 3260 27.0 49.4 3545 6840 730 50«6 6445 “wTel = oD =78 %347 |
4 23 3842 3041l 51l.8 36.8 61l.8 69.9 48.2 632 ~6e2 =3¢l =24 =1.3 |
5 24 39.9 302 b&e0 38.9 60el 698 46.0 61l.1 =Lle7 = 1 =2.2 =2.1 |
6 25 44.0 3Le2 D740 43.6 56.0 68.8 43.0 564 4ol <=le0 =3.0 4.7 |
7 26 443 29.6 5643 41.8 55.7 7044 43.7 58.2 - ¢33 +le6 + o7 +1.8 ' |
8 27 2649 26.1 bHl.l 35.1 T3¢ T4e9 489 64¢9 +17e8 +4e5 +be2 +647 |
9 28 49,9 3048 6046 42.7 50el 69¢2 39¢4 573 =2344d =57 =95 =Teb
10 29 61le0 3led 6047 47.0 39.0 6846 3943 5340 =1lel =~ 6 =~ o1 ~4.,3
11 30 67e5 33el 67e0 497 32.b 6669 330 503 =Beb =le7 =643 =247
12 31 8Ds2 3344 71eb bHleb 14.8 6646 28¢5 48ed <1748 <« 3 =4eb =1.9
13 32 85¢5 347 7.6 576 14.5 6b.3 224 42.4 - ¢33 =led =6.1 =6.1
14 33 ———e B37.0 8844 5945 —eme 6340 1l.6 4067 e =2e3 =108 =l.7
15 54 - o s 59 O 9104 5905 - o o o 61 O 8-6 4:007 - - -2.0 '—500 -0.0

16 35 cmmm mmme  memm memm eeee mmme m——— mmme ———e m——— ———— ———

Ml? 36 meme 4062 9642 6044 === 598 3.8 39.6 —e—e =le2 ~4.8 -l.l
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The moisture results indicate a uniform decline with
épprgédhing maturity for all thg plant parts as well as the
whole plant samples.

The percent moisture on the basis of green weight, are
given in Table VI1. These results are depicted graphieally
in Figure 33 The percent moistureiin the heads decreased
regdlarly from one tb twenty nine days after heading, but
from this time on, & rapid fall occurs. The marked fluctu-
ations in the percent moisture in the lea#es is to be ex-
pected since they are the active tissue, and respénd gquick-
ly to fluctuétiéns in meteorological conditions. 1In the
culms the generzl trend is down for the first fiftéen days,
follqwed by a more or less stationery period for seven days,
and finally a gradual decrease to maturity. It is interest-
ing to note that no rapid fall occurs in the culms with
approaching maturity, such as occurs in the other plant parts.
This would seem to indicate that some translocation of food |
meterial must be taking place almost to the end or, that the
cells contain large amounts of physiceally bounéd Waﬁer. The |
marked inereases in perecent moisture on July 15th, August
1st, and August 8th, are due bto the fact that the samples
contained considerable surface moisture, due to rain. The

results in general indicate that all the plant parts except

the culms, decrease regularly in percent moisture up to the
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hard dough stage, and from,then‘on, very rapidly due to desi-
cfiation. The culms however never reach a moisture content as
1ow as the heads and leaves. The period of uniform moisture
content in the culms coincides closely with the period of rap-
id storage of material in the kernele. |

The daily increase or decrease in percent moisture in-

"~ dicated in Table‘VII shows periods of increase and decrease

from day to daye ‘Phis is quite in accord with the observat-
ion made Dby Thatchér18 on Wheat and oats. The average daily
decrease for'the leaves, culm, heads and whole plant samples
was found $0 be: 242; 0e8; 2433 and 1.4 percent respectively,
giving an average for all the determinations of 1.7 percente.

Investigations conducted on barley at Rothansteads and Aber-
deen (10 and 11) indicated a daily decfease in moisture of

1 peréent and ﬁfpercent respeetivelye.

The Ash and Protein Resnlts:

The percent ash was determined by the modified Alcohol
Glycerol Method as outlined im (1). Great aifficulty was
experienced in ashing the héad Samples from the period July
2%rd to 29th. This represents a period from the time the |
kernels were in the milk stage until sbout the firm dough

stage. All modifications and combinations of tempggatures,

‘with and without the addition of alcohol and glycerol were

used, but particles of carbon still persisted. The ashing
problem at this particular stage would seem %O béar further

investigating.

The protein was determined by the Kjeldahl method oub-
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lined in (3), the pereent nitrogen being multiplied by the
factor 6.25, since this is the factor uéed in reporting per-
" gent crude protein in all barley malting testse

The results reported to a 13.5% moisture basis are giv-
on in Teble VIII. The results for the plant parts and whole
plant Samples are oﬁtlined in Figures 4 and 5

The ash content of the leaves shows a marked decrease
to five days after heading, followed by a period of consid-
erable fluctuation for two to three day periods and then a
gradual rise to the high point five days before ripe, with
é gradual falling to maturity. In general the trend is
an increase to maturity. The pefcent ash in the leaves is
considerably higher than ih either the culms or heads. The
distribution of the ash in the culms is indicated by a reg-
alar decrease to twenty four days after heading, when the

kernels are in the firm dough, and then a marked increase

to maturitye.
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Figure 4
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Table VIII
Phe¢ Daily Pereent Ash and Protein Content of Plant Parts and
Whole Plant Samples from Hegding to Four Days Past Maturity
(13.5% Moisture Basis)
Date Days Tercent frotein
Cut  From . % Ash (N x 6.25)
Hoading Teaf Culm Head rlant Leaf Culm Head FPlant

July '

- 13 1 14 .25 9,05 6611 7455 20,9 1l0.1 1645 14.0
14 2 1094 B8.21 5H.32 745 2l.2 9.9 15.5 1646
15 3 11625 777 D576 7435 23.5 1le8 1646 17.1
16 4 10.85 7.08 5457 7.85 22.6 109 15.1 1640
17 5 9413 6441l 4496 6462 23.5 11.6 143 1549
18 6 10449 6462 5.57 6446 21e5 11l.0 1340 139
19 7 10.94 7.53 6.03 7.19 2066 10e¢7 133 1460
20 8 11649 7.04 633 6463 20.2 9.8 1l.9 10.8
21 9 9.72 6472 5«89 6.36 2045 9.9 1l2.4 13.6
22 10 11.61 6.64 6647 6473 19.9 8.2 11le3 10.9
25 1l 1136 6446 5.89 6.18 19.3 9.6 1l.4 10.4
24 12 10.26 5.99 6.03 5«96 19.7 8eH 1le6 11l.9

25 13 11e42 6442 564 DHeb69 17.6 BeH 10.8 9.2
26 14 1157 4.92 6,19 5.98 1343 4.6 8.8 7.1
a7 15 1227 bH.48 6.17 6.20 14.7 6el 9.4 1043
28 16 © 11e37 5471 bH.79 5.21 16.7 7.7 1046 9.9
29 17 11.30 H¢30 5475 5.85 16.1 646 9.8 8.8
30 18 10.58 534 5H.20 4.78 16.0 7.4 1l0.1 9.9
31 19 11.31 4,85 4.83 5«05 13.9 5.5 9.8 9.8

Au.g. .

-1 20 10.94 4434 4492 527 1545 70 1040 9.2

2 21 . s e e - ——— - -

3 22 1088 4448 4.96 b5.1l4 1349 7.0 9.8 8.7

4 23 11le21 4.60 4.10 4.98 12.7 65 1043 10.1

5 24 11636 436 b5b.29 5e52 12.0 5.6 1043 9.9

6 25 12689 5¢94 4490 5639 10.5 H¢dk 10.0 8.2

7 26 1281l 6401 4467 6444 9.5 5.2 1l0.4 8¢3

8 27n 14002 7.00 4 .89 H.H8 905 6.l 10.7 9.5

9 28 13633 6463 5«68 5Hed9 85 Be2 10.5 9.2

10 29 11.58 -6.18 4.53 523 846 6.2 1llel 9.2
11 30 1183 5e84 4464 5445 8.6 Bed 1l.l 9.8
12 31 11.08 6413 4497 5.47 8.1 Bel 10.9 849
13 32 11.99 6443 4.51 4467 7e7 47 1049 9.0
14 38 W emee——- 5e21 4453 D.36 —— 6.0 1l.0 8.2
15 34 @ mmee- 5s25 4416 3499 - 665 1lle 9.7
16 B35 = cmemn- e mm—— w——— - - ——
5.3 1l.2 9.7

17 36 - 5.29 4,63 b5.92 C——
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In the head samples the percent ash shows a tendency to
increase up to eight days, after heading, then to remain more
or less uniform for a period of ten days, with finally a per-
iod of decrease to maturitye. The whole plant samples indi-
cate a slight decrease with approaching maturity.

The results indicate conclusively that the ash content
of the leaves is higher than either the culms, heads, or
whole plant samples.

The trend of the percent protein is given in Figure 5.
The protein content of the leaves decreases rapidly from headf
ing to maturity, the same decrease to maturity takes place in
the culms’although not so great. The head samples decrease
regularly to fourteen days after héading, or until the ker-
‘nels are in the soft dough stage. From this time om however,
a slight regular iﬁcrease is noted up to four days pastvma;
turity. The steady decline in thé percent protein in the
leaves and culms during the graiﬁ forming period, indicates

that the rate of migration into the grain exceeds that of

. the intake into either the culms or leavese
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The Carbohzdrate Results:

Brenchley and Hall® were the first investigators to

report upon the distribution of the carbohydrate content of

a cereal crope. In their investigation on wheat they consid-
ered the carbohydrate as that part of the dry matter, less

protein and ash, which must be admitted does not represent

the true carbohydrate content. ILater in her investigation .
on barley, Brenchley5 apparently used the same method of
determining the total carbohydrate content. Thatcher (18)
reported sugars in wheat as dextrose bubt no oatline waé given
of the method usede. |
In the carbohydrate results reported here, the reducing
.sugafs were determined by the Quizumbing and Thomas® method
as outlined. The sucrose was determined by ihverting an
aliquot of the sugar solution with hydrochloric acid as out-
lined in® under plant and plant products. The starch was de-
termined by direct acid hydrolysis and this‘method includes
as stafch, the pentosans and other cérbohydrate bodies that
undergo hydrolysis and are converted to reducing sugars on -
boiling with hydrochloric acid. Carbohydrate determinatiéns
were cqnducted on every second sample.from’heading to past
maturity. All the samples were treated with anhydrous alco-
hol free ether to remove the falts before any attempt was
made to extract the sugars. The reducing sugar and sucrose

results have been reported as invert sugar, and the starch

results as dextrose.
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The results of the reducing sucrose and starch determin-
ations on the leaves, culms and head samples are given in
Table IX. It must be noted heré that the starch results for the
Head samples are low and this is due to the fact that the
head samples did not consist of the grain‘only, but the
glumes, rachis and awns were jncluded. The head samples
would therefore have a much higher erude‘fibre content than
the threshed grain only, resulting in a material reduction
in percent carbohydratee.

The distribution of the percent reducing sugar in the
culms, leaves and heads is given in Figure 6. There is a
marked decrease in reducing sugars in all the plant parts
four days after heading. This may be due %o a three day
rain which took place at this time and a period of relative-
ly little sunshine, which would indicate‘that phqtosynthe-
tic processes in the plant were not active or not as active,
‘as translocation processes. The redueing sugars in the
leaves increased ffom this time until eighteen days after
heading, when the kernels were}almost in the firm dough stage.
Prom this stage on the percent reduecing sugars in the leaves
decreases rapidly. The meximum content of‘reducing sugars

in the culms is found twelve days after heading. Prom this

-

pericd which coincides with the milk stage, a rapia decline
is observed. In the head samples the increase and decrease

in percent\red&cing sugar'praetically coincides with that of

the culms, although the actual'percentage is lesse.
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The Distribution of Beducing Sugérs, Sﬁcrose'and Starch at Two Day Intervals

From Heading to Past Maturity in the Component Parts of 0eAeCa2l Barlez

Date  Days TEAR GULM HEAD
Sampled F¥rom Per- Per- Per- Por- Per-. Per- Per- Per- Per-
Headlng cent cent = cent cent cent cent cent cent cent
Reducing Sucrose Starch Reducing Sucrose Starch Redueing Sucrose Starch
Sugars Sugars ; Sugars '
July . -
1& -2 1.90 2,33 «18 2e74 97 - 54 2456 364 4,79
16 4 1.18 4,22 «29 1,08 65 2.88 - o728 2.72 8446
18 6 1.64 7.36 11 2.84 2.01 5.60 l.54 5.01 9.61
20 ‘ 8 2.72 1l.26 44 £2.98 2.96 «54 2.23 10.49 8.12
22 10 294 1.18 16 437 3485 1.37 2444 12.30 5.15
24 12 2445 236  4.59 4.78 8469 l.64 1,98 9.46 1.94
26 14 2453 2410 <1l 4,68 8450 2421 1l.54 15,86 1ll.74
+28 16 2.71 «60 «54 2.90 2.96 = +54 1.37 6459 8.91
30 18 4.44 «87 «20 4e 25 3422 1.10 - 1le73 6428 5.8l
August ‘ ‘ -
1 20 335 31 o4l 2e 65 3.84 «61 94 4,01 5.58
3 22 5.52 021 015 1061 ’ 5012 058 054 5056 15005
5 24 l.54 oT7T 4427 «90 1.36 .32 31 2.18 15.86
7 26 l.44 40 2,03 o771 «49 B.61 . e22 2.556 24437
9 28 1.06 «00 2.52 Le39 2.19 3428 14 1.93 18.14
11 30 «88 «05 6450 1.18 l.62 7415 .04 l.62 20.72
13 32 «78 «00 034 «65 .12 247 17 1.47 22,91
15 34 ———— T «38 .00 «68 .18 1.36 21.76

17 36 —— mmm ——— ——— e e .15 1.48 29.66




-45-

Figure 6
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The variations in the sucrose content of the component
plant'parté are given in Figure 7. The sucrose content in
the leaves reaches a maxiﬁum six days after heading, and then
decreases more or less uniformly up to maturity. The maxi-
mum in the culms occurs eight days later or fourteén days
after heading, and from then on To maturity a definite loss
occurs. It is of interest to note that almost in every case
the high and low sucrose contents of the leaves and culms
respectively are eight days apart. If this is a metter of

translocation, it would indicate that eight days elapsed

- between the time of maximum content in the leaves and the

building up of a maximum content in the culm. The sucrose
content of the heads increases up to fourteen déys after
heading when the kernels are in the milk stage, and then
rapidly declines to four days before maturity, assuming
equilibrium from then on. The percent sucrose in the heads
greatly exceeds the amount éontained in either the leaves
or culmslthroughoat the growing period,>with the exception
of the first six days after headinge.

The distribution of the starch, Figure 8, indicates
wide fluctuations in all the plant parts. The general trend
however indicates a repid increase in the starch content of
the head Semples with approaching maturity, and an increase
in the percent starch of the leaves and culms during the

last stages of ripening and desiccation.
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Pigure 8
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An attempt was made to correlate the fluctuations in
carbohydrate contént from day to day, with the meteorologi-
cal conditions for corresponding days. No signifieént eOr-
relations were obtained, possibly due to the fact that
climate is a complex of many factérs, and that the effect
Sf particular climate conditions on plants is aceumunlative,
thus tending to obscure the immediate effect.

From the data on redueing sugars'and,sucrose, it is
evident that the vegetative portions of the plant in the
‘earlier periods of development actunally manufacture sugars
and translocate them to the kernel -faster than the endos-
perm cells are able to synthetize them into stareh, but in
- the later stages starech formation proceeds at a relatively
more.rapid rate and the percentage of suerose and reducing
sugars decrease rapidly in all the paris.

Conclusions:

Sﬁﬁjeet.to the environmental conditions under which
this investigation was conduéted, the following coneclusions
can be made. ‘. | |

(1) No significant reduetion in either yield per acre
or weight per thousand kernels results from harvesting
0.A.C.21 barley one week before mature.
(2) The weight per medsured bushel increases up to

nine &a&s before ripe, from this time on there is little

change.
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(3) The percent dry matter in the heads and whole plant

samplés‘inéreases regularly from heading to maturity.

(4) The pefcent dry matter in the leaves fluctuates
greatly, bubt in general, increases up to fourteen days after
heading, followed by a period of uniformity for one week, and
finally a rapid increase up to maturity. In the culms the
dry matter increased, followed by a decrease coineident with
the periods in the leaf and then an increase to maturity.

(5) A uniform decline in moisture content oceurs with
approaching maturity in the plant parté and whole plant
samplese

(6) The percent ash in the leaves and whole plant
samplés tends to decrease with appreaching maturity while
in the heéds a rise followed by a period of uniform content
up - to the eighteenth day, and then a decrease to maturity -
was observed. The decresase in the culms continues to the
tﬁenty—fourth day after heading, followed by an increase
to maturity.
| (7) The ash counbtent of the leaves is higher than.any
-other'piant parte

(8) A steady decrease in percent protein of the leaves
and cﬁlﬁs takes place up to'maturity. The heads decrease |
in percent protein until the kernels are in the soft dough

| stage, but from this time on a slight inerease takes place.

(9) The percent reducing sugars in the leaves increases’




-49-

during the period from four days to eighteen days after
heading, at which time the kernels are in the firm dough

stage, from.then'on however, a rapid decrease takes place.

(10) The reducing sugars in the eulm increases to
s maximum at the milk stage, and then rapidly declines to
maturitye.

(11) The increase and decrease in percent reducing

'sugars in the heads coincides with that of the culms, but

" the actual percentage is lesse.

(12) The maximum percent sucrose occurs in the culms
and héads fourteen days after heading, or when the kernels
are iﬁ the milk stage. From the time the kernels are in
the milk‘stage, to four days before maturity a rapid decline
takes places |

(13) The sucrose content of the leaves reaéhes a maxi-
mum about one week after heading, and about one week pre-
vious to the high point in the culms and heads,

(14) The general trend of the percent starch in the
head éamples indicates a rapid increase with approaehing
matYritye

| (15) An inerease in the starch content of leaves and

culms'sampled during the last stages of ripening and desi-

ccation is indicated.




1.

2.

Se

4.

5.

6.

Te

8.

9.

-50-

Bibliography

American Association of Cereal Chemistse
Methods for the Analysis of Cereals and Cereal
Productse. ' _
Tancaster Press, Inc. 1928,
Arny, A. C., and Sun, C. . M
Time of Cutting Wheat and Oats in Relation %o
Yield and Composition. .
Journe.Amere.Soc.Aigrons. 19:410-439, 1927.
Association of Offiecial AgriculturalinChemists.

Official and Tentative Methods of Analysis
Third Edition, 1931l. : ,

Beﬁ.ford, Se A., »
‘The Cutting of Wheat at Different Stages of
Ripeness. ) :
Can.Dep‘t.Agrie. CoEoFoRSPOI‘t 1894:286.
Brenchley, We Ee

The Development of the Grain of Barleye.
Ann.Bot. 26:905-928, 1912,

Breuchley, W. E., and Hall, A. D.

The Development of the Grain of Wheat.
Jour.Agri.Sci. %2:195-217, 1903.

Canade Year Book
Pages 218-224, 1931,
Fegen, T. W., and Watkin, J. E.
| The Distribution of the Nitrogenous and Mineral
Constituents in the Oat FPlant at Different
Stages of Growth. _ . : ,
Welsh Journ.of Agri. 7:229-246, 193l.

Fisher, R. 4.

Statistical Methods for Research Workers.
Phird Edition, Oliver & Boyd, Edinburgh, 1930




10. Harlan, He V.

The Daily Development of Kernels of Hannchen
Barley from Flowering to Maturity at. Aberdeen,

Jdahooe v
Jour.Agri.Res. 19:393-429, 1920.

11. Harlan, He V. and Pope, M. No
The Moisture Content of Barley Kernels During

Growth and Maturation. _
Journ.Agri.Rese. 2%:333-360, 1923.

12. Keitt, T. B. and Tarbox, F. Co
| Chénges in the Composition of the Oat Plant.as

1% Approaches Maturitye . N
, S.C.Agri.Exp.Stat.Bul,Ne.léﬁ. 1912.

15. Keisselbach, Te As

Spring Small Grains . _
Neb.Agri.Ex@lStat-Bul.zolzza, 1924«

14. Keisselbach, T. A.

Winter Wheat Investigations

Neb.Agri'Exp.Stat.Ees.Bul.Slv. 1925.

15. Le Clerc, Je Ae, and Breazeale, J. Fo.

Plant'Food Removed From Growing Plants by

Rain and DeW. .
U.S.DeAe Yoar Book, 1908:389-402,1909

16. McRostie, Ge Pe

Report of the Division of Forage Crops.
CoEoFe 1924-2564 :

17. Olson, Ge Ao _
A Study of the Factors Effecting the Nitrogen
Content of Wheat and the Changes that Oceur

During the Development of Wheat . :
Journ.Agri.Res.24:959-955, 1923.

leo Thatcher, Ro We

The Progressive Development of the Wheat Kernel.

“Journ.Amer.Soc.Agran.V:275-282, 1915.




-Ba-

19. Wilson, H. K. and Raleigh, S. M.
The-Effect of Harvesting Wheat and Oats at
Different Stages of Maturity.
J@ur.Amer.Soc.Agron.Zl 1057-1078 1929.

20. Woodman, H. E., ‘and Engledow, F. L.

A Ghemleal Study of the Development of the
Wheat Graine v
Jour.Agri.Sci.l4:563-5686, 1924.




