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Introduetion.

The problem of the elimination of orror in field experiments
is a very comprehonsive oms. S0 many factors may operate o influsnoe
results that it is extremely aifficult to arrive at definite and
accurate conclusionse. The move fully the investigator is aware of
the extent to which his results may have been influemced by various
canbinations of factors, the less certain is he that his interpretation
of results is correct. Every investigator wishes to obitain ascurate
data, anl to have his comclusions backed by sound exporimental evidsnce.
While each investigator realizes that his dats obitained from field
experiments are not absolutely accurate, many treat nunerous sources
of errors lightly under the impression that the errors are s0 small as
to have no material effect om tha ultimate results. A discussion of
some of the factors which may have & direct and marked effect on
results may serve to illustrate this point. Other sourges of errors
were overlooked for many years through lack of a uﬁowledga of their
gxistence, and doubtloss many have yet to be discovered.

As the sources of error comnon to field experiments bocome
known, attempts are made $0 devise methods of eliminating them.

In recent years a great deal of experimental work has been done with
this objecet in view and much valuable information has been secured.
However, as each experimental area presents difficulties peculiar to
it, there is still much to be accomplished. It was with this in mind

that the present investigatlon was umdertaizen.
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Discussions of Some of the Sources of Irror and of lethods of

Of all the errors which are liable %0 be iatrodused inbto £isld
experiment woyi, those connscted with mechanieal operations are probably
the most difficult to olimimats permamently.

Blaborate aystoms may be adopted m:'ac:lng the optinmun methods
of seeding, methods of harvesting, size and shapes of plots and numbers
of Nplieatim etec. Vhen once establighed thoy are not difficult te
follow and thus the errors they were designed to overcome are eliminated.
But in many of the mechanical operations the humen element plays a
AMt part. Each season the investigator, his assistents and helpers
mst bs constantly on guard lest throush sone slight carvelessness, porhans
apparently trifling in itself, an error may be introduced larzer than thatl
_ellmmm by the elaborate system which has been adopted. Dlistanecss which
on 8 measure indoors seen to be eonsidamila appear triflins when seon on
the ground in the field. Again, in the case of an experiment invelving a
grain crop, there may ecasily be a difference in the stage of maturity at
which various plots are harvested and also a diffevence in the tendency
of grain from different plots to shatter during the operation of harvesting
and trangporting to the thrasher. It may also happen that the weighing
applisnce is not sufficiently fine to respond quiekly to smell differences
in weight. BEach of the above mentioned may contribute small errors which
in the agsregate cause results to vary cmiﬁembw £rom the truth.

The followlng exsmple may serve to illustrate thece péints.
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If experiments are being conducted with grain on one-fortisth
acre plots 825 x 13.2 & measure of 827 x 18.4, 0r 0f 8243 x 1340,
would appear to the eye to be quito mearly correct, if ths plots wre
not contiguwous. But, i? in trimming two oms-forticth acve plots of oats
viilch would setually yleld st the rate of 50 bushels of well mabuved dwy
grain per acre, ome plot, “A" were trimued to 82.7 z 13.4 and the otloy,
"B $0 82¢3 % 13.0, both being taken as one~fortieth of an acrc, an
apparent difference In the yleld of 1.78 bushels por acre would De caused
thereby. If the oats on "B" were well matured when barvested, maturally
inclined to shattor and were hauled and threshod Soward the close of a
hot dry aftermoon, one pound might easily be lost. If, on the other hamd,
the oats on plot "A" were not inclined to shatter, were slightly immaturs
whan cut, and were thrashed in the morning following a damp nizhi, it
micht easily comtein 1 pounds more moisture than the oats from plot 3¢,

ondl suffer no loss in hauling. An wsuitable scale might cause the yisld

from "B® 0 be yosd + pound less tham it really weighed ami from waw 40,
pound more than it really weighed. 4s a result, "A" would appear to have = .

yielded at the rate 0f 0224 bDushels por acre and "B" at tho rate of 47«65 fj

bushels per acre, & difference of 529 hushels in favor of "Av, when, in
reality, tie yields from both plots should have been tho same.

Similar and greater errors are liasble o0 be introduweed durine the
mrocess of ploughing, harrowlng, eultimﬂné, and the applying of maaure
or fertiliser, wiloss care is exercised continwonsly.

o one wafsmiliar with pra,atical plot work the oceurrence of
grrors of this nature may seem t0 be well nigh impossible; but one
fomiliar with field work will reoalize how easily such errors may be
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made during a busy season, if the difficulties due %o a shortage of
labor, uncertain weather and uasuitable aqnimmit, have t0 bs overcone.

A keen realization, on the part of all camseted with tlo work,
of the significance of apparently small errors will probably do more
than anything else to foster the habit of accuracy aml to elimiunate

errors of a mechanical naturc.

Weeds as & Source of Hyror.

Care should be taken that ths plots are free from wesds before
experiments are begun, and that they be kept free from weeds year after
years If this point be neglected a large error in results may be intro-
duced. By tolerating the presence of weeds the investipgator is not only
subjecting the erop plants to a deleterious influence but the woed seeds
anl stems moy have a marked effect on the weights of the crop harvestsd.
For instence, if, in s plot of timothy, there 1s a trace of couch, a
trace of mouse-sar chickweed, & trace of peremnial sow thistle, & trace
of ox-eye daisy, a trace of sheep-sorrel, anl a trace of dried stubble
from the previous year's clover crop, it obviously would be guite in-
correct and misleading t0 regari the total cured yleld from this plot
a8 timothy hay. If this were domne, not only might an error of at least
5 percent be introduced, but a premiwa is also placed on a treatuent or
condition which encouraged the production of this foreign materianl.

If a composite sanple were taken for dry-matter determinstion, the
presence of the mature and woody stems of weads would accentuate the
error, as their weight in relation to that of the whole plot would be

increased when ex ressed as dry-matter.
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Exror in the Interpretation of Yieclds.
The matter of the interpretation of yislds is also impordant,

as in this phase of ex erimental work glone a very large error may be
Introduced. Since the ultimste objeot in the growing of almost all
farm erops is the production of food for men or domestic animals, the
determination of yields should be based on the actual value of the crop
for the particular purpose far which it was growm, and not merely ex-
mressed as so many pownds of material regardless of its value for the
support of iife, far the production of emergzy, flesh, milk, wool, ete.,
or far saume other special purpose. Vhile it is desirablc that the
difference in percentage hull of oats be taken Into consiieration,

this may not bes sufficleat, if there should be a2 marksd difference in _
the feeding value of the kemmel itself. Again, in forage orops, it may
seem desirabls ﬁmt yields should be reduced to g dry-matter basis in
order to overcome the wide variations in moisture content. But is this
mﬁcient? Iay it not be the meams of :lntz-oducing an error larger than
that 1t secks to eliminste unless it be known at what staze of maturity
of the plant the dry-matter has the greatest feeding value, unless all
plots to be compared be harvested at that stage, and, in the case of
erops valuable for adding succulence to the ration, unless it bo Inowa
from vesults of extensive foeding exporiments how mach of the valus 0f
the crop depenis on its succulence and how much on the actual feed units

which the eron provides.
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Brror Dus to Different BEates of Secding.

Grantham (6a) after experimenting with wheat consluled that there
is a wide wvariation in yield by reason 0f competition induced by diffexrent
ratos of seeding.

Kiesselbach (11} as a result of experiments comdncted with corn ab
Hebraska Agrioultural Experiment Station suggests that, since the oz:timmﬁ
rate 0f seesding of varieties wvaries considerably, due $0 differences in type
of growth, the optimumm rate for each should be determined before comparisons

are uniertaken.

Error Caused by Seeding on Different Dabes.
Seoding on different dates whon varietiecs or treatments avs heing

compared may be the cause of lntroducing a large error.

Hopicing ( 10) reports on experiments conducted at Ottawa, Favpan,
and Agassiz, by the Dominion Mrmantal PFarms, to determine the Influence
of date of seecding on yleld of grain. The first secding was made as early
in spring as the land was rveady to sow. PFive successive secilings were made

at intervals of ome week. Tho results show very wide variations at Ottawe

over a ten year period, sand very slight differences at Kappen and é,t Agnssiz
over o nine year period. He concludes that differences due to date of seed-
fng depend largely on the climatic coniitions of the locality in which the
experisents are being conducted. Results are shown in Tables 1 and 2.

Pable 1 - Influsnce of Date of Seeding on Yield of Grain at Ottawsn.

Ten Year AvVerage.

| . Oats Barley Spring Vheat Peas
| bua. bu. bite blie

1st. sowing 533 304 179 304
- 2ad. powing 5945 4442 2065 334
- Sxd. sowing 5047 3345 14.1 328
~ 4th. sowing 4549 315 12.2 2949
. Bthe sowin: 4042 2601 1043 2643
- 6th. sowing 319 2367 846 238

| : it
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Table 2 - Influencs of Dato of Seeding on Yield of Grain at

Happan and at Asmesiz.

HWine Year Averags:

Spring Vheat Onts Barley :

FWappan, Agessiz, Wappan, Agessiz, Nappsn, Agmeslsz,
Haloe Fella Hale Bele HeSe Belie
1st. seoding 21+6 _ 212 55e8 453 330 220
2nde+ seeding 217 2246 559 4846 2948 228
3nd. seedlag 20:3 21:6 6049 4840 3led 22.1
4ths seeding 18.1 259 5Bel 479 3149 2264
Bthe sesding 19.:6 21:4 50«5 51s5 B1led 239
6the secding 1846 2148 421 5643 26+0 2he?

The effect of competition between plants for light, wmoisture and
nutrients may be the means of introducing a large errvor especially 1f the
plots are small, and have thus a relatively large ares ln which competition
operates.

Stadler (16) in discussing typlcal systematic errors mentions com~
petition bDetween varioties of differcnt types, resulting from the use of
gingle row plots. As = rosult of extensive experiments conducted at the
University of lissouri, Columbia, 10+ hie found that, due to competition,

the relative values of varieties under single row conditions were widely

different from those obtained under fleld conditions. This indicates that

also
a considerable ervor may/result, when plots larger than single rows are

used, through competition along thelr contiguous borders.

- Cunninghsm ( 6) in experiments conducted at Nacdou2ld Collegs,
found that the yield of cats was diminished through competition with
adjncent barley plots and that late-sown plots, when adjacent to early-
sown plots, are reduced in_yield through competition.
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Hayes and Ay { 2), in comparing adjasent thrse-row plots of whsal
oats and barley, Obtalned concliusive evidsnce that thers is considerabls
competition betwesen rows of grain vwhen grown a distancs of 1 fo0t apart.
Kiesselbach (1l), after extensive sxperimentation extending over
a number of years, found that there is marked competition in ome and Hwo-
row corn test plots and in nursery tests of small grains when %wo varistiss

are grown adjacent to each others

s to Border I te

Asnother point $o be considered in the eliminstion of error is
border offect. This offect may tend to increase or decrease the yield
as pointed out by Viener and Bromifoot {19). In expevimenting at Wimsipeg
with 94 plots of Mindunm whoat, cach 1-100 sere, 6 X 72.6, anl seperated by
four foot borders, ons foot on either side of which was occupied by two
border rows, it was found that the yleld of the outside border rows averajed
2652 porocent greater than the twelve plot rows, anl that the effect of the
fallow did not extend to the Inside border rows. They also poiat out that,
during & seascn very fammtile to growth, the plants in the boxder rows,
being slow in maturing, may not be ripe at time of harvesting the plot or
they may be more opea to the attack of rust, and in either case may be lower
in yileld than the lmmer rows of the plot.
m { 5) has shown that the yield of marginal rows in oat

plots was Increased by the use of a cultivated path between plots, and that
the effect extended to the third row within the plot, though the effect was
greatly reduced by the use of one border vrow. He also found that the rate
of seeding in the borxder row influenced border effect, thick seeding being



- 10 -
more offective in reducing it. Nsithsr fall wheat nor fall rys, sown in
the boxder row of oat plots, was as effective-' in reduneing bordeyr offect
as was oats.

Barber ( 3 states that at the Maine Agsricultural Experinent
Station plants m the borders of plots surrounded by alleys had & lounger
period of growth and z higher yield of grain than those in the interior
of the plot.

Hayes ani Garber ( 9 ) state that when it is desirable to secure
yilelds comparable with those obtained under field conditious the bomiswy
ghould be removed to the depth of at least a foot; and that another rsason
far the removal of a border is provided by the fact that different varieties
anmi strains mey have umequal ability to utilize the unoceupied spacse along
the pathway.

Arny and Hayes ( 2 ), in conducting variety tests of oats, wheat and
barley, on long narrow plots sarrounded by sn eighteen inch pathway, found
that plants occupylng at least one foot within the margins were affected by
the additional adjecent space, and that there was considerable indicstion of
variations In the vesponse of varisties to border effect.

Arny (1), after extensive experimenting advises the vremoval of at
least two six inch border rows from each side of grain plots bownded by alleys.

While the oxtimt and nature of border effect will vary accowxiing to
tle season, the size and shape of plots, ond the eare with which memure is
applied near borders, it secms desirable thet error from this souree be reduced
by the use of at least two bomxder rows, or their equivalent, all around each
plot; and that this area be ocoupied by plants of the same variety as those
in the plot.
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Errors Caused by an Imperfect Stand.

The matter of a perfect stand is very fmportant; and varistions in
stand must be avoided whemnever possible, umless such vaviation is directly
caused by the mature of the partisular experiment in hend.

The ervor caused by an imperfect stand is difficult to sstimatc.

It might be comsidered that where an imperfect stand existed -~ 75 percent,
for instance -— the yield of the plot, had the stand been perfect, might be
estimated ss being one and one=third times the actusl yilell.

But Stadler (16) has shown that plants having the bencflt of open soaces

due to an imperfect stand arc materially influenced in growth by lack of
competition for food and moisture, and also that plants differing in speciles,
and even in variety, differ widely in the extent to which they are benefited
by this extra space-

it is also a matter of comuon observation that, in a row of mangels
or swedes, an Individual is usually very much larger than neighboring plants
in the same row, if it has been favored by the extra space afforded throusgh
tie lack of a normal staud.

it is obvious, therefors, that an acourate caloulation of the effect

of an imperfect stand is extremely difficulte.

C1. tors.

As the crop which is being grown experimentally is Influenced by
climetic factors such as moisture, temperature, huwmidity, swmshine and wind,
etes, it is nocessary that trials be conducted over a period of years, with
all other factors as nearly constant as possible. The period should consti-
tute at least ome climatic cycle in order that the error introdused by seasonal
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differences, if not eliminated_, may De reduced to their lowssi possible
value. This might not be necessary were it not for the fact that climatic
factors influence nut only the plants themselves but also the rospones of
the soil in which the plants are growing. or instance, & sbtrip of light
sandy so0il in an experimental ares would be much more affected by a dry
year than a heavier soil in the saome ares.

Morgan (12s) repoirts on work dme at the Commell Bxperiment Station
ami states that plots were found to have a tsndency $0 change in relative
projuctiveness as a resuli of seasonal variations.

Harris andl Butt (7 }, as & result of experiments conducted over &
long period of years at the Utah Experiment Station, have been able to show
very clearly, the denger of drawing conclusiong from experiments which have

been conductod but a fow years.

Exrors Caused by the ipplication of lanure.

In all instances where the application of manure from animals is
necessary to keep up the fertility of an experimental area great care ig
essential in the mothods of bandling previous fo its application if very
large errors sre to be gvoided. Vhils it is very important that manure
be applied at a wiform rate, and in a direction crosswise of that of Che
plots, it is equally important that the manure be of wniform qualliye
The guality and wvalue of manure depends so much on the source from which
it woe obtalned, the litter used, the care of the liquid excrement, the
anount of fermentstion it has undergone, the extent and menmer in which
it has been exposed to the clements previous to its application, oto.
that it is almost always subject to very wide variations, and may vary la
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value from a product which is almost worthless t0 one which contains a high
percentage of valuable plant nutrients and humus-forning compounds.

Shuatt (15), in discussing barnyerd renure mekes the foll ring state-
2ent: "Ho farm product is sO variable as memure, the composition and value
of which depenis on a great many factors. .mong these are the kind, age,
function amd food of the animel producing it, the gnality and nature of the
litter employed, amd last bui not least, the care taken in its production
and preoservaition.t

Brooks (4}, in sn exhanstive discussion of the origin, cave and
compesition of farayerd manure shows the possibility of grest variations in
its value at the time of applying it to the land.

It is thereforc guite appaveut, that the task of obtaining a2 supply
of manure of wniform guality t0 be used on an experimental area is 2 Aifficuls
one; and that careful methods of handling must be adopted to insure 2 thorough
mixing of the manure obiained from various sources, if very large errors are
to be avoided. This latter point becomes more irmortent vhen viewed in the
light of the Tindings at Rothemsted, where experiments wiih barley hove shown
that the effect of manure is not of short dwration but may extend over 2 period

of at least thirty-five years.

Brrors Causaed by Soil Variations.

The most universal source of eyror is, without doubt, that coused by
varisticns in the productive copscity of the soil of experimental areus.
Mat such variations exist has been amply proven and msny methods of reducing
errors caused thereby have been tested.

One accustomed €o think of the soil as merely on inert mass of
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earthy material, lorge areas of which appear guite similar to the eye,
mizht be justified in Lelieving that there would be no diffieulty ia
selecting a site for o number of fortieth acre coutiguous plots which
would vary very little in productive capacity. The general appearance
of wmiformity in the various erops produced on those areas offen serves
t0 corroborate those conclusions. Bub, when it is considered that the
s0il, as found today, is the resnlt of the working of many complicatsd
fachors which have leon oOperating for centuriss, it would be somewhat
surpriging to find unifornity. Vhen it is further considered that the
productive capacity is influenced by temperature, composition and colow,
positioa ia relation to surrounding areas, nature of subsoil and wnder-
lying strata, composition and nature of the soil solution, state as re-
gaxds colloidal properties, anl naturs and state of the micro-organie
population, anl by numerous other factoes, it would be still more sur-
prising to find any marked degree Of uniformity.

It is thersfore but nstural that Harris (8) should £ind positive
evidence of so0il heterogeneity in areas which apoeared to be producing a
miform crop as judpged by the oye of trained investigators. is a result
of his investigations he states that fthe lack of uniformity of the experi~
mental field is the most important cause of wariation in plot ylelds.

This error due t0 uwnequal productivity of the soil is &mﬁarently
the most important cause of what Mercer ami Hall (12) refer to as the

nguperimental error* attached to the result of field trials and "due %0

g0 many incaleculable factors that it may be described as casualie.
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Elimination of the Exverimental Error.

As asbove statsed the experimental error may be considered as being
due %o many Inmcaleulable factors ani sccompanles even the most carefully
camducted exveriments. While its elimination is apparently impossible,

a éreat deal of work has been done with the view of reducing it to its
lowest value. The mothods used in rediicing this error have been based
on the use of various sizes, shapes anl replications of plots, anxl cor-
rection by the use of checks.

Uercer and Hall (12) found tmt within the limits of their sx-
periments at Rothamsted four systematic replications of fortieth acre
plots reduced the experimental error to within 2 percent of the result.

Stadler ( 16) after investigating the valus of check plots for
tix adjusting of yields, found & decrease in plot va.riab.ility in tiree
tosts and an increase ia five; but that, as a2 rule, they wefe useful in
areas of high variability amnd useless on areas of low variability.

Pritchard ( 13) after exporimenting with sugar beets which had
been planted in rows 16 inches spert and 50 feet long, concluded that no
mmber of check rows situated more than 16 inches from the test rows is
useful as 2 basis of comparison of varioties or stralns of sugar beets,
excent when reveated in combimation with replications of the test rows.

Olmstead (120 ) made calculations based on data obtained from
results of Mercer and Hall's ( 12} mangold plots, Montgomery's wheat plots
and Lyon's potato plots. As .a. result of his investigations he advises
the replication of small plots, not only for obtaining greater accuragy,
but also as means of providing a measure of the veliability of the data,
of eliminating check plots aund possibly decreasing the total area required

for field experiments.
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The Camittee on Stamderdization of Fleld Experiments (14)
recomuend the use of lomng marrow plots 12id out crosswise of the greatost
soil varistions. ¥For experiments in soil fertility they advigse the use of
plots from one-twentieth acre to one~tenth acre, dencnding on the number
Of plots required and the lamd svailable: and for field experinents with
farm crons, plots of not less than ome-cightieth scre and not more than one-
twentieth.

They also state thot the use of cheak plots may he avoided by ropli-
cation; but, if checks are ussd for the purpose of deriving probable errors,
& large proportion of such plots apoears to be negessary.

Day (6 ) obtained date from a one-fourth acre plot of Puleaster whent,
cataining 100 rows 155 foot long, which was hamvested in 5«foot row sesmentg.
Prom 2 statistical Investigation of this data ho concluded that the shape of

the plot has an important effect on varistion. Single long narrow plots whieh

other shapes, but Square plots are move accursts than long narrow plots sxtend-
ing in the direction of least variation. Large single plots were found to be
@ore acoursate than small single plots. Inereasing the nuiber of replications
of a plot of given size increased the accuracy of the result, as did an increase
in the size of the plot when s given nurber of renlicatious were used.
Kiesselbach (11) worked om data based on yields of 207 thirtleth acre
plots of Ihorson oats. He wng mwable to obtain any reliable messure for correct-
ing yields, by the use of systematically distributed chock plotse It was also
found that the coeffisient of variability was reduced much move by the use of
long narrow plots than by wide plots of the same lengthe Reduction of varia-
bility by enlarging the plots was for loss marked than by systematic replication.
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Swmmerby (17 ) in experimenting with oat plots to deterdine the value
of roplicetion as a means 0f imoreasing ascuragy, found that under the com-
ditions of the experiment large plots were more accurate than small plots;
andl that an increase in the length of plots reduced varisbility more rapldly
than an increase in width. Replication, however, was more potent as a means
of reducing variation than was either the size or shape of plots. theu the
exporimental area is limited, greater acouracy may be obtained by using many
veplications of small plots than by fewer replications of large plots.

As & result of experiments conducted at Cormell with 300 oat plots.
Summerby (18) found that small plots were move effective in reducing varia-
bility then were large plots within the limits of size and shapes of plots
used, and that variation decreased rapidly as the number of plantings increasod
to four. An investigation of the value of checks as = mezns of correcting yields
showed that, if three times the probable error were taken as a standard, no
consistent significant correction was oblained by any methods of checking or
frequency of checkss

‘While the work of the above mentloned investigntors give strous evidence
in Pavor of replication as a means Of securing greater accuracy, it would be
erroneous to conclude that the nature of variation which mizght appear in susccsg-
ive erops on au experimental area could be ascertained from a single years crop
of one kind only. It would, thercfore, seem desirable that where an aves is
beins chosen for experimental purposes, investigations be carriod on for s
period of several years, and that tests be made with the different types of

crops which are to be growm in future experimentse.
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The Proseut Iovestigation.
Objects

The object of the present investigation is to determine the effact
of sizes and shanes of plots, and of mumshers of replications on the redustion

of variation as measured by the eoefficient of variability.

E’tﬁrm a1l Ethmiﬂo

The da.te. on which this investigation is based was obtainsd from
rosults of an experiment comducted at liacdonald College, during the season

of 1922, to provide material for a stuly of soll heterogeneity.

A% that institution an area 110 links, from South %o Horth by 770
links, from West to Bast, in what is known as tho South-REast Field, was
chosen as being of fair wiformity and represecntative of other awsas in
that locality. Por at lsast twelve Jears previous to the iaception of the
experiment, this avea had received unifornm treatmsnt, the yields of the
vardous erops being such as would havel very little effect in ereating dif-
ferences in the productivity.

In the spring of 1922 it was seeded with Horth Viestern Dent corn
in hills 5 links x 5 links, there being 3388 hills in all. The seed ussd
was composite material obtained from a eorn breeding blocke.

Early in the season the plants wore thinned so as o leave three
in each hill. A very wniform stand wes oObtained snd o faip erop harvested.
Each hill was harvested separately, welghed green, and the welght recomied

in decagrams.
tic Conditions.

The season of 1922 was characterized by low precipitation during

the month of lay and very high precipitation during the month of June,
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and by low temperatures during the months of July and August.

Tables 3 and 4 compiled from data containsd in the metsorological
rocords at Hasdonald College give the mean monthly temperaturss and the
moan monthly precipitation for the months of April to September, for the
fen year period, 1911 -~ 1920, and also for the same months of ths year 1922.

Toble 3. = Mean Monthly Temperatures.

Yoar Aprs May June July Auge gopte
1811-20 40 54.9 6345 70e4 6GeY 576
1922 420 575 546 67«9 655 6043

Poble 4. - Mean Monthly Precipitation.

Year Apras Hay June July Auge Septe

1911-20 2.10 320 310 2010 350 360

1922 5e4b 2409 629 316 3409 1446
lethods of Grouping Yields of Hills.

In order that the method of growping yields of hills may be clearly
understood, the rows of hills extending from South to Horth ars hercafter
termed “rows" and are numbered 1 to 154, from West to Baste BEach row is
considered as beling made up of 22 hills, the hilles in each row being numbered
1 to 22, from South to Hortih.

In this investigotion tle outside hills all arowmnd the arez have been
elininated as border, as have rows No. 146 and upwarde There then remained
2860 hills on the ylelds of which caleculations are basei. Wrious sizes and
shapes of plots could then be formed by combining twe or more rows.

Thus Row 2, contalning Dills 2 t0 21 inclmsive, may be regarded as o plot 5
links = 100 links. By combining Row 2, hills 2 to 21, and Row 3, hills 2 to
21, a plot 10 links x 100 links may be formed. Plots 50 links long and of
various widths may be formed by considering the area as being divided into
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two sections, longthwise. Thus Bow 2, plots 2 to 11 inelusive fomms o plot
5 links x 50 links, and Bow 2, plots 12 to 21 forms another plot § links x
50 links. By combining these hal? rows, plots 0f various siszes and shapes

may be formede
¥his plan of grouping hills so as to form various sizes =i shapss

of plots will be more clearly wnderstood by reference to Pige 1.




A R T i . 5 %
CAon L ekt SEEREE 3 4
- - " B ] -
e A - % 13 450

cOn, hills D
. - T S T p—
i3 onch ¥y e

oy e By
LNAIMRUET o

LA e G PG (0 SRS /5’/5/7/?‘/95_0_254_2;

. 1 .

Row
Number

. . .

1 - - . .

e I

QN 6~

/0

ARIRRT S S e e s

PIENEE ae AN LEL B 1 R TR o ey B S ST
soutl rth

/3%] -

lf&o] « . N, o e R e .

/73 8 S e S T : g

/5;3 2 : A -
/&i?
i g
fr = IR R T S S R TR SRR R CE
/47
/450l - SRR S LR PR L e - e Y it B P LA St 3
e R

i Tl T A N L TN
/ff S i T e = N R




Lm .v“rl. .

[ b £
N
bed
b
RSt
=¥l )
NN/ 1L
[ & i L
/
/
I | /
| /
| (
U <t
_” —
! ﬂ__ - = +
M ERa@ _,
A |
Ll R ] i
. | ]
| _m __, ET
Jrl=k 1 g J AL
| Mu et r.ﬂ a
| k. -
| 4 - H m
Jr W o T R &
, i
| 1 | [ [ 1 2 =5 L
FEEIREEHRD BEEEPY A RO

-
il

| w y
. Bl 5 s 5
HH:I al 5 24 Lo |
: S : 2 !
B L > 2 .
A m 5
| et -ﬂl
Q!
ot
L m , N
&
] | C
T oA |
L,.If._ _ — Tu_ =8 <}
- &
T B
HE rTL...I.:rr ;
| |
_ |
+
E i
1 = =E
I f
3 w .T o
W s
] | &
. _

U\

4




- BF
Discussiong of Yislds.

As before stated the yislis of oaly 2880 hills are considered in
this investigations M hishest yielding hill produced 599 decagrans of
green corn: the lowest 75 decagrams. The average production of the 2880
hille was 37449 decagrams.

The distribution of yields from the 2880 plota of North Westemn
Dent corn is shown in the form of a frogquency curve, Fig. 2, pz. 21-4.

The yields from these hills prbvide & practical demomnstration of
the erronsous conclusions which may be drawn from results ian tests of
varieties, when one planting of one row of ezch variety, or one plonting
of two contiguous rows of each variety, 15 made, as was  comaon practice
in the past. It may be argued that this error may be eliminated by con-
tinning the test over a number of yearse DBut, since this is dependent om
the laws of chance alome, inherent differences would have %0 be marisd,
and trials would have t0 be conducted over a long period of usam-'

For the purpose of demonstrating the above points, the ylelds,
in tons per sere, of rows 2 to 145, 5 links x 100 links each, and also
the same rows palred %0 form 72 two-row plots 10 links x 100 links each,
are shown in Table 6 It will be observed that variability is reduced

by use of a two=row plot.



- 23 -
gable B. - Yiolds, in tons per acre, of 144 single vow plots

and also 72 two-row plots of lorth Western Dent coxm.

Yields of Plots. Yields of Prlots.
5 links ¥ 100 links. 10 1links = 100 links.

Fonsg per agre. fons per acre.

14.95

w-tw ScesscoosesansasAscRe 15.86
16418

16022 28 ES B8NS 0B 00BN EONS 16020
16452

15.?1 Sa3sooomschcneadcnede 16.12
15.81

E‘M as288s0censReRBEeCB el 16.52
15.53

1.60-66 SessedeneusnABCAISAN 16-24:
16443

14.68 TITEE R E R RN RN E LR B 15055
15.66

15.74 ssescmsnesassress e 16.20
1533

15’43 EI TR R R R R R R 15088
1460

Ml‘g 'YEI AR R R R RN EE R R RN R 14.50
15.15

15.54 Bassssdeassadsnsconml 15.35
1523

1607.?, Sssssadsstdasasansoas 15098
14.94

mgu Bsdassusseesssarnssnd 14024
1550

15.84 I R T E R T R R RN 16.1?
16.05

16-48 I P P R R R L 16.2?
15.75

15'61 SassasAsssinREEsass 15-18
1688

15.?3 ' TEEEEE R R R R R R R L D 16!81
17.85

1?.41 TEE A EEE T TR R RN E R RS 1?.63
17.46

15.28 dsssssvenassdanasene 16087
16.63

1?.52 SanesesensanssdIRenRe 1?.07
17.38

17.00 AW P AnBSALsBEaDED SRS 1?.19
17.74

15647 SredassceRsdsreannae 17011
17.82 :

17.‘65 'S E SRR R E R RN R R BN BN 1?069
1728

17.95 dBcassrRsResIBEnIBIAR 1’.58
17.14

15087 ssBseRARsERAEDEERNASN 16'50
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(Bable 5. cont'd.)

Yields of Plots. Yields of Flots.
5 links x 100 liuniks. 10 links x 100 liunks.

Tons per acre. Tons per asros
17.02
A7e62 sevesscsssnssssses L7432
i7.92
1&055 QI AEAN0SB808B8SCB0D D ,1?023
17«46
16464 MeBecassadesnesans ;.7005
17.33 y
17081 2838230800400 s 0089 17.5?
1755
15.67 L E R SRR R R R 17-10
10.33
16-]2 LR R TN WA N NN WY 1.7022
16.91
17063 (R R Y N 1702?
17.03
1?'66 LA A B R E RS R E RN EEEEE R 17055
17.09
16.77 I E R RN R R R PR R N 16.93
16.15
1?020 R R RNy 16068
16433
16078 Sesanmsasemcassaes 16055
15.71
16-35 AL R R R R R R 16.53
16+15
17430 esecscsscssecssssee 17402
17.73
17‘0'0 IR E R P R R RN PR ] 17.%
16465
16.38 R R N N ) 16052
15.41
17.17 LR P R PN TR 16.79
17.25
1”.?1 TENE TSR ITSEBNEIEEE 17.“
16.79 -
15(29 (A A R R R RN T ER BN RN 16.54
17.56
17.21 Srscsssssissessas e 17'39
17.66
1’.12 ToevsBa0SsRIRBRREN 17089
16477
15.93 A AR R R R R R N Y 16'55
1637
u.ﬁg LA A A R R AN T A RS RS R NS 1‘5'55
16415
u.‘w WdsesaswsanconsssS 16-26
15496
m.Ba L E R PR R R R EE RN E NN 15089
16.14
:s.“ dsessessonamsasaase “-39
16.73
”.m LA AR R R R R R R R mlw



(Pable Be cont'de)

Yielis of Plots. Yields of Plots.
5 links x 100 links. 10 linkg x 100 liuks.

Tons per acre Tons per acro.

16436

ISOQB BRAB AN O T BBO IO AT ES 15-72
16.65

1?&39 @sccsesaRdEcsBeG BT 16098
16.53

16050 800 0B CEEBDEEEanT 16-51
16.65

15'33-loaooo-oot4n-lsoo- 15.94
16.46

1?.28 LA AR R ERE R ERERERE RN ERL ) 16'8?
165.54

16030 L e RN 16.42
15443

15098 essesssesussccnses LOeR0
15.73

1668 cessccsssscscssnene 16020
1621

17.13 freesmsciansRoRD RS 16.67
15.39

15-09 A L R P PR R E RN 15-74
15.88

17-4? R 15067
16425

17.09 A R R R N NN ERE ] 16.67
16.33

15.92 R P R E R R R RS 16-13
17.29

17045 LR LT RN E RN 17.3?
16.31

17‘14 Sessassssssnersmew 15-75 b
16.41

15059 fesssssassesnwssan 15000
17.11

1710 cescccesensnccannse 1711
16478

16.81 sssssssssnssessnse LGB0
15.97

15.82 sssssssssssnsssanse 1589
16.31

15515 SsessadessseBenEES 15‘?5
16.20

16-09 fassessnsansassRee 16.15
15.76

13.76 e ) 14o76
14.98

16.42 $scdssssdsr RS 15.70
15.27

15.42 IR R R Y ) 15.34
15.12

130&5 sessssssessnsssaes L4047
14.76

15.95 L e I 14091



HMethod Employed in Heasuring Wriation.

The mean yields obtained from the various sizes, shapes and
replications of plots were found, and from these the standard deviation
and the coefficlient of variability were determined. The probable error
of the mean, of tho standaml deviation and of the coefficient of varia-
bility, were calculated in accormlance with the following formumla:-

I om F 0.6745 0

va -
Bo= +0.6745 g
Be = +0.6745¢

~fen

E. of the mean of averases =3ﬁP-E1 1%(?-33 1%(?-311)% ceme {PeBn)?

u
The coefficient of varinbility 2long with its probable error is
horein employod o8 2 means of comparing the efficiency of the different

sizes, shapes, anl replications of plots in roduecing variability.

Sizes and Shapes of Plots as & lieans 0f Reducing Waricbility.

Prom the 144 rows of hills, each row 5 links x 100 links, plots
10 x 100, 15 x 100, 20 x 100, 30 x 100, 40 x 100, 60 x 100, and 120 x 100,
were found by grouping 2, 3, 4, 6, 8, 12 and 24 adjacent rows. The results
are shown in Table 6, pg- 2.

On the whole there is a tendency towards & gradual decrease in the
coefficient of variability as the size of the plots is increased. fThis,
however, is not quite uniform; and, since variation is nigh, therve is no

marked indication of reduction in variation following an increasc in the

size of plots.
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Assuming that twelve varieties wers to be tested and that the
total area used wes to be the same in easch case, 24, 12, 6, 4, 3 and 2,
tosts were made with plots 50 links x 5, 10, 20, 30, 40 and 60 links,
respectively. These various sized plots were formed by growping adjacent
rows 5 links x 50 links as previously exzplained. The results of the
various tests are shown in Tables 7, 9, 12, 15, 16 amd 19, respectively,
and sumaarized in feble 20.

{._m the same assumption 12, 6, 4, 3 and 2 tests were made with
plots 100 links x 5, 10, 15, 20 and 30 links, respectively. The results
of the various tests are shown in Tables 8, 10, 11, 13 and 14, reswvectively,
and sumarized in Table 21. |

By referring to Table 20 it will be soen that the average coefficiont
of variability is reduced from 4.86 percent to 3.59 percent, whon plots were
increased in aize from 5 links x 50 links to 10 links x 50 links. Vhen size
of plots was increased to 20 links x 50 links, however, the averags coeffi-
elent of variability was 5.34 percent, though twice as much lend was required
as for the first reduction.

ihen plots are increased in size from 5 links = 100 1links to 10 links
x 100 links, as shown in Table 21, the average coefficient of variability is
roduced from 3.96 to 3.13 percent. Inereasing the iatter size of plot by one-
half reducos the average coefficient of variability to 2.81 percent.
When variavion, as indicated by the P.H., is considered, however, the reduc-
tions mentioned above are not significant. Again, with plots 20 links = 100
links and 30 links x 100 links, the reduction is less than with plots 10 links
z 100 linkse.

The reduction in the coefficiont of variability accompanying the
increase in the length of plot 1s most marked with plots 5 links wide,
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as the length is increased from 50 links to 100 links, though a dscrease
Occurs with all widths as the length of the plot is doubled, and, therefore,
would appear t0 be significant though the Pel. is highe.

In addition, four tests and three tests wore made with plots 5 links
%z 100 links and 10 links x 100 links, respectively, to test the effect of
spreading the experinmental area over a wider territory, as is necessary when
border rows are used. In these tests plots 5 links x 100 links occupied Rows
9, 6, 9, ete., and plots 10 links x 100 links RHows 3 and 4, 7 and 8, 11 and 12,
etc., the iantervening rows in each cace being regarded as border rows 0 be
discarded at time of harvesting. This permitted of only a few tests beiny made.
The rosults are shown in Table 21. It will be seon that there is no apparent
advantoge in the use of the larger sized plot, though the emaller plot can
scarcely be rogarded as a true measure of the variation in the productivity

of the land, since only one~third of the total aven is represented.

Size, Shape and Direction of Plots.
o further deteimine the extent to vhich sizo, shape and direction

of plots affects variation in yieids, 10 plots, 70 links xz 100 links, were
formed by combining 14 adjacent rows for each plot, and 10 plots, 10 links
z 700 links, by taking paired 2djacent hills of each of Rows 2 to 14l.
The former plots had their greatest dimension from South to North, the
latter from Vest to HEast. In addition a plot 50 links x 360 links, with
its greatost dimension from Vest to Past, wes obteined by taking Hills 2
to 11 of Bows 2 to 73. This method pormitted of the entire ares being
divided into 4 plots. The results are shown in Tables 24 and 20.

From 2 study of these Tables it will be observed that the coeffi-

eient of variability is reduced to almost one-half by the use of the
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mreﬁely dong nayrow plots extendlns aluost the full length of the area,
end that it was again considevably reduced by using & plot two anl one=hals
times as lavge, with 1%s greatest dimension lenzthwise of the arsa.
While the plots 5O links x 360 liuks cover slightly mops land than those of
the two first mentioned shapes, the yields of the extra land covered by the

lattor are not such as effect results to any extent.

_Direction of Plots.

Yazxiabillty as affected by directlon of plote was determined by
gompaxing plots 5 linizs x 100 links extendingz from Soubth to lNorth, with
| plots of the same size and shape, extending from ‘sﬁ’ost $0 Ingts Tuwsnty
plots of each covering the sane area were taken as a silngle test.

The entire ares permitied of seven teste being made. The resulis are

ghowa in Table 22 and swmavized in Table 23.
A study of the coefficient of warisbility shown ia Tabls 22 indi-

cates that the soil vorlations are patchy in nature, and thet the dlffer-
ences in productivity do not extend for any distance 1ln any one dlrsctioxn.
on the wkole, plots extending from West to Iast are more effective in over-
coming variation, as shown by the reduction of the avevage coefficient of
variability from 410 pevcent to S«72 pewcent; but, when P.E. is considered,

these results are not significant.

A study of the effect of replication was made wlth plots, § links

z 100 links, farmed by single rows. The eantire area thui permitted of

2, 3, 4, 6 sud 12 plantings being made. With 2 plantings, 72 varieties

or trestments could be tested, with 3 plantings 48 varieties or troatments,
with 12 plantings 12 varieties or troatments. Results are shown in Teble R6.
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A stuwily of the coefficient of variability iudicatss a reducticn im
variability duse ‘to replication. By referrins’ t0 Table 6 it will be séeﬂ that
the coefficient of va.ria‘hility of yields of 144 single plots is 5.07 pewrcent.
By ome replication 1t is reduced 1o 5835 percent = Table 26 =, by two renli-
cations to J«55 poicont anl by three replications to 2499 pereent. With siz
plantings the coefficlent of wvariability is slightly inereased and with twelve
plantings it is dbut little less than with fours When it is ﬁansidarad that on
a given ares four plantings permit of three times as many tests bein: made as
when twelve plantings are used, the reduction in coefficlent of variability i=
out of proportion with the land required for the extra number of nlantings.
It would therefore appear that a plan of planting whiéh calls for thrae systeu~
atic replications is most desirable if singlé row plots ave to be used.
The effect of replicating two-row plots was also investigated.
These plots were formed in the same mamner as single row plots except that the
yields of two adjscent rows were combined in each case. Results ave showa in
Pable 27.
In comparing single row plots with two-row plots it will be ceon that
a cousiderable reduction in variability was effected in every cace, and that

the greatest reduction occurs as plantings inereass from one to four, (see also

Table 6e)

Size, Shapes and Replication of Plots.

With a ziaw of meking direct comparisons, between the offect of differ-
ent sizes, shapes ani muﬁm of plots on varisbility, tests wore made 2s

though the entire area ol in testing 12 varieties or treatments.
The use of plots 5 links x 100 links made up of single rows, permitted of 12
plantings. Similarly, plots 10 links x 100 links made up of two adjaceat rows
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permitted of six plantings. With plots 15, 20, 30, and 60 links x 100 links,
4, 3, 2 and 1 planting, resvectively, could be made. Single row plots 5 links
x 100 links and double row plots 10 limks x 100 links, each protected by hordex
rows, werc =2lso tested.

In those tests replication was effected in the following momner:
Results from twelve plantings of twelve varieties in plots 5 links x 100 links
wore oObtained by comsidering Row 2 as representing the first planting of Variety 1,
and Rows 14, 26, 38, 50, 62, 74, 86, 98, 110, 122, anl 134 as reprosenting eleven
replications. Similarly the first planting of Yariety 2 occupled Row 3, and
replications were obtained as sbove. Plots larger than 5 linke z 100 links were
formed by grouping adjacent rows, and replications obtained as before.
Results are shown in Table 28.

From this Table it may be sson that the coefficient of varisbiliity is
laysest vhen siﬁgle large plots are used. Replicating once, using plots half
28 large as the former, reduces the coefficient of va riability from 3.10 per-
cent to 2.25 percent. Plots one-third as large as the first mentioned, but
replicated twice, furthor recduces the coefficient of varlability to 2.03 per-
cent. But the coefficient of variability is reduced to the minimwa - 1.31 per-
eent - when plots 15 links x 100 links and four plentings ave used. From this
point, when the size of plot i1s decreased and nuwber of replications increased,
there is an incresse in the cecefficient of variability till, with twelve repli-
cations ian single vow plots 5 links x 100 linke, it is 2.78 percent, which is
somewhat higher than when twe plantings are mede, using plots 6 times as large.

When border rows were used the area of available land pemmitted of only
4 plantings in single row plots or three plantings in two row plots. ihille the
coefficient of variablility is 2.05 percent when four plantings in single row
plots are used as compered with 2.55 percent with three plantings of two row

plots, the reduction is not significant when the high P.l. is considered.



Table 6. Mean yields, in decagrams, of various sized plots of Horth
Western Dent corn, together with theilr standamd deviations and coefficients

of varlability-

Naaber Size Mean Yield Standard Deviation Coefficlient
-of of of
Plots plots Variability
14 5x100 7498.1181 = 21.3789 380,3520 = 15.1171 5.0726 + 42016
48 156x100 22494.3542 = B2.4774 847.1761 + 5B8.3200 347662 +.2592
36 20x100 299924722 + 12641120 11218266 » 69.1744 347404 +.2973
24 302100 44988.7083 + 215.4110 1564.5695 + 152.3198 3o 4776 = 3385

i8 40x100
12 60x100
6 120x100

5998449444 - 345.6900
BO9TT7 44166 - 54345230
179964.8353 £ 1375.2250

217443885 + 24444375

279144318 + 35843275

49869779 = 9710217

3.6249 +.4075
341023 = 24271
247712 +.5395

_Zg_



Table 7.

Means of yields, in decagrams, of plots of North Western Dont corn,

plots § links by 50 links, treated as resulting from twonty-four tests of twelve
veristies each, together with standard deviations and coefficlonts of wvariability.

Wanber Size
of of

Plots Plots

Mean Yield

Standard Deviation

Coefficiont
oL

Variability

5250
5x50
550
5250
5%50
Bx50
550
5x50
Bx50
5x50
5250
5250
5350
5350
5250
550
5x50
5350
550
550
550
5x50
550
5x50

R R R R R E R RERERERRERER

37191666 417300
35123333 ~ 523630
378645 * 4244957
391545 + 288692
394844166 - 28.3839
3887. + 235027
5873.0833 - 27.1062
3807 5 = 25.7150
376825 » 24.3467
37055833 . 27.2597

. S793.5833 - 36.9772

36674166 + 35.7225
3560475  » 3449430
5453. 1566 x44. 20656
3767 «6666 +41.4069
3881.8333 -31.2842
S875.0833 48,0450
S771.256 . 28.0947
381549166 £4244337
B737 3353 +34.2363
3663-25 135080?5
371069166 +32.9486
73553333 +323195
3622450853 £48.9113

2143174 » 29.5074
26869264 = 3740261
2182497 = 350.0488
14842669 : 204135
14547746 : 200704
1207055 £ 16.6188
139.2125 : 1941669

15240571 » 18.1817

1250401 1 172156
140.0008 r19.2754
184.7721 + 2544396
18344641 = 25.2595
1794608 : 24.7083
2273514 = 31.3020
212.6628 . 29.2782
161.1835 - 22.1919
2467497 = 38.9727
144.20891 + 19.8658
2179314 + 30.0050
175.8314 + 24.2086
183.9008 -25.3196
169.2180 r 23.2981
165,9871 £ 228535
2511992 + 34.5854

B5.7625 £ 7933
76566 £1.0541
57638 = 7935
347866 = 45213
3.,6919 £ 5083
B« 1063 = 44275
35943 * 44949
Se4085 £ 4775
S«3182 r .4568
3-?781 + «5201
4.8706 £ 6705
540025 r 6887
50400 : .6939
6.5839 =z .9064
Be6441 £ 7770
La 1523 2 05715
63676 i~ «87686
348260 (<5267
B«7111 +.7863
47047 =+ 6477
5.0201 +£.6911
455500 =z 6278
4.4461 r 6121
G 9340 £.9547

Coefficients of Variability:- Highest 7.5566 +1.0541
Average 448662 r 1409
Iowest S.1083 £ 4275

..g{-



»0f Horth Vestern Dont corn,

wmm Mialmumtmmtwolw tosts of

oach, togother with stondaxrd deviations aml coefficionts
of variability. "
Damber  9dso Heon Yiold Standard Dovintion Cooffiolont
of oL of
iz fx100 Ta79.9166 + 583272 2995575 - 41.2454 4115 » 5668
12 Bx100 69685  +00.9624 415.8075+ B7.2488  5.969 - .8218
iz 5z100 70644 1666 +59.4891 3055244 1+ 42,0649 4. 044 = JBHEY
iz 6x100 T797 3388 L 51.0792 20004415 = 2646839 3417 - +4704
2 52100 7623.0 - 555824 205:4603 1+ 39.3025 3.649 + «5024
b 72 5x100 T058.85 40.8762 20640610 = 80.4794 2701 + 3718
2 5%x100 m- + 511590 28537426 + 301747 Sedl? 2 4704
b ] %100 7440333 L 5441367 278.0306 1 58,2795 34605 = «5073
1 5x100 Té31eH + B3«8270 276.4451 ; 38.0612 3720 r «B121
i2 52100 74165 1 49,6006 2547392 + 365.0727 34435 = 4729
i2 5xl00 7526.9166 . 5069417 2073060 -+ 39.5566 S«017 1 «H255
iz %100 7200, . 79.1488 406.4921 . 569662 B+ 576 = <7677

Coefficients of Variability:=- Highest 5.969 +.8218
Average 3.962 +.1613
Lowest 2.701%.3718

_vg..



Table 9. Neans of ylelds, in decagrams, of North Westeran Dent corn, plote 10 links by 50 linke,
treated as resulting from twelve tests of twelve varieties each, together with standard deviations

and coefficlents of variability.

Humbexr Size
of of
2lots __»Plots

Mean Yield

Standard Deviation

10250
10x50
10x50
10x50
10x50
10=50
10x50
1050
10=50
10250
10x50

7231.56 1+ 60.0977
7702, + 51.8828
7835+4166 + 211856
76805853 + 412399
74738333 + 5649984
7461. + 594961
7013.9166 + 72,7371
7649.5 + 59.8196
755325  + 6443957

. T374.1666 + 49.8761

FEEEEEREEREERE

10x50

Coefficients of Variability:-

308.6504 + 42,4953
26445994 + 35.0535
108.80562 + 14.9804
211.8001 + 29.1608
306.5604 + 42.0699
373.5688 + 514327
307.2228 + 42.29087
R221.2342 + 30.4597
330.7239 + 45.8344
256, 1542 + 35.2676

442681 + 5876
343056 ++4551
1.3686 +.1911
27576 +«3796
2-5434 + 3500
4.0954 +.56308
4.0162 = .5529
2.8933 £ +3983
4.,3785 +.6028
B 4736 1 4702

Highest 53260 +.7332

Averase 5.5971 :.1488
Iowest 1.3886 £.1911




Table 10 Means of yields, in decagrams, of plots of Nowrth lestern Dent corm,
plots 10 links by 100 links, treated ss resulting from six tests of twelve varieties
each, together with standard deviatlons and coefficlents of variability.

Tumber Size Moan Yield Standard Deviation Coefficient

of o of
Plots Plots Varlabllity

12 10x100 1424544166 +116.8005 598.3239 £ 82.3770 42001 ;5782
iz 102100 15551.5 = 93.7772 481.6215 ¥ 66.3102 341372 +.4319
12 10x100 15481.76 = B6.1581 28844170 4 3947095 1.8629 x.2664
2 10100 15233.8333 ¥ 89.3979 459+13056 £ 63.2136 30139 ;4149
12 10x100 14848. T 711555 3654411 + 5045143 2e4612 +.3388
12 10x100 1481649166 *119.5035 6137466 £ 8445013 441428 + 5703

Coefficients of Variagbility:- Highest 4.2001% .5782
Average 3.1362% .1825
Lowest 1.8629% .2564

Table 1l. Means of yields, in decagrams, of plots of North Vestern Dent corn,
plots 15 links by 100 links, treated as resulting from four tests of twelve warietiles
each, together with standard deviations and coefficients of variability.

Humber Size liean Yield Standard Doviation Coefficient
of oF of
Plots Llots Vaxdability

12 15100 21799.5853 £ 165.4842 849.8946 +117.0144 Ge8986 + 5367
i2 15x100 23279.0833 £ 8345057 42848689 T 59.0471 Le 8422 + « 3536

1z 152100 226653353 £ 1159111 B95.2969 * 81.9611 26264 + « 3616
12 152100 22253.4166 + 12543593 643.7182 = 88.6278 28952 + . 5986

Coefficients of Variability:- Highest 3.8986 £ .5367
Average 2.8156% +2003
Lowest 1.8422+ .2536
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Table 12. Mesns of yields, iun decagrams, of North Western Dent corn, plots 20 links
by 50 links, treated as resulting from six tests of twelve varietles each, together with
mmm.maaum and ooefficlents of variability.

——
Wuber  Size Hean Yield Standerd Doviation  Coefficdent
of of of
Rlota . Plots Yariahility
12 20%50  14985.5 . 125.,1742  642.8706 = 08,5111  4.5048 = 45926
12 S0x50 15516, = 672324  B45.2926 = 47.5402  2.2253 : 45063
12 2050  14984.83533 = 77.5579  397.1928 = 54,6859  2.6595 = .3661
12 20x50  14663.4166 = 151.5051  778.1000:107,1298  5.3064 x.7505 i
12 20x50  15199.5853 = 83.4346 42845039 + 58,9969 248191 -.3861 is
12 20550  14750.0833 = 78.1066  401.1355* 55,2288 247252 = #5749

Coefficients of Varlability:- Highest 5.3064 +7305
Average 33397 =.1975

Loweat 22253 3063
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Table 13. lieans of ylelds, in decagrams, of plots of Worth Western Dent corn,
plots 20 links by 100 links, treated as resulting from foar tests of twelve varieties
each, together with standawd deviations amd coelffliclents of variabllity.

Number  Size lisan Yiela Standaxd Deviation Coefficient
of of of
Plots Plots Variabillty
12 20x100 29596.9166 . 270.1738 13875600 + 191.0400 446881 +.6454
12 202100 3071545833 : 142.8739 733.7728 . 101.0266 203889 43289
2 20x100 2966449166 + 141.0944 72446584 . 99.7683 24427 + o 3363
1
Coefficlents of Variability:- Highest £.6881 # .6454 B
Average 3.1732 + .2662 ;
Iowest 2.3889 £.3289
Table 14a. Moans of yields, in decagrvams, of plots of North Uestern Dent corn,

plots 30 links by 100 links, treated as resulting from two tests of twelve varieties
each, togetlier with standard deviations amd coefficients of variability.

Tumber Size lfean Yield Standard Deviation Coefficient
of of of
Plots  Plots Voriability

2 30x2100 45078.6666 + 375.08418  1930.2501 + 265.7590 42819 = .5B9B
12 30x100 44898475 + 2091409  1074.1067 + 147.8842 23922 103293

Coefficient of Variability:- Average 3.3370 % .3376
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Table 15. Means of ylelds, in decagrams, of plots of North Uestorn Dent eorn,
plots 30 links by BO liuks, treated as resulting from four tests of twelve varieties
cach, together with standsmd deviations and coefficients of variability.

Iumber Size lfean ¥Yiela Standard Deviation Coefficient
of of of

Rlots _ Plots _ Vardabilis;
12 30x50 22768.9166 = 183.0635 940.1786 +129.4448 441292 +e5685
12 30x50 22615.4166 +« 105.56840 542.2689 :+ 74.6588 243977 + 3301
12 S0x50 2200975 = 202.4817 10398039 14341614 446607 £.6416
12 S0x50 2228343333 £ 10869416 55945028 + 7740329 25108 %,3456

..62-

Copfficients of Varisbility:- Highest 4.6607 :.6416
Average 34246 +.2454
lowest 25977 t43801

Pable l6. Heans of yilelds, in decagrams, of plots of Forth Western Dent gcorn,
plots 40 links by 50 links, troated as resulting from three trials of twelve
varieties each, together with standard deviations and coefficients of variability.

Muaber Size Mean Yield Standaxl Deviations Coefficient
of of of
Elots _ »lots | Vardebility

1z 40x50 3044945 + 2247354 115441875 + 158.9098 37904 145218
12 40x50 2959825 * 254.9172 12064891 + 166.1108 40762 5612
13 40x50 293296666 + 16844443 865.0971 £ 119.1075 28904 +.3973

Coafficients of Variability:« Highest 40762 r«5812
Average OGeB856 £.2878
Iowest 280904 * « 5979



Table 17. lleans of ylelds, in decagrams, of plots of Worth Western Dent corn,
plots 5 links by 100 links, treated as resulting from four tests of twelve varieties
each, with border rows discamded at harvest, together with standard deviations and
coefTlcionts of variability.

Tmaber Size Mean Yield Standard Deviation Coefficieut
of of of
Plots _ 2lots Variability

12 5x100 78770833 +73.0520 37541812 = 5146553 540658 247002
12 5x100 7930. +35.0104 170 .8068 + 24.7560 202674 143121
12 5x100 7638+ 1666 + 4241135 21642818 £ 29,7779 28315 +.3898
2 6x100 7500, +59.9876 308.0845 - 42.4174 4.1077 +4B5655

Coefficieonts of Wariability:- Highest 5.0858 *.7002
Average 3.5731 £ 2573
Lowest 2-36’?4 z.3121

Pable 18. lleans of yields, in decagrams, of plots of Worth Vestern Dent corn,
plots 10 links by 100 links, treated as resulting from three tests of twelve variesties
each, with border rows dlscarded st harvost, together with standard deviations aund
goefficients of variasbility.

Humber  Size Mean Yield Standard Deviation Coefficient
of of : of
Plots Plots Voriability

iz 10x100 14981.7500 = 159.8847 71844209 £ 98,9150  4.7953 = «6602
12 102160 15421.0833 + 102.0209 52509597 t 7213938 33977 = o 4677
12 10x100 14954.1666-« 727705 BY3.7545 = BLe4B61L 204092 435440

Coefficients of Variability:- Highest 4.7953% .6602
Average 3-5640 £ .2931
Lowest 2.4992 £ .3440



Table 19.

leans of yields, in docagsrams, of plots of Horth Vestern Dent corn,
plots 60 links by 60 links, treated as rosulting from two tests of twelve varieties

each, together with standord deviations ami coefficients of variability.

Fumber Size liean Yield Standard Deviation Coofficient
of of of
Plots rlots Variability
12 60x50 45384. 3333 * 271.0855 1391.98565 + 191.6501 3.0671 t 4222
—2 60x50 44593.0833 £ 281.3466 1444.9415 *198.9418 9+ 2408 # 4461
Average coefficient of variability: 3.1536+ .3071
Table 20. Swmary of results of sizes anmd shapes of plots as measured by

the coefficient of variability.

Wamber Size

Coefficient of Variability.

Highest

__owest

AVEXage

of of
Tests Plots
links
24 5x50
12 10x50
6 20x50
0 30z50
b1 40x50

2 60250

76566 £ 1.0541

+

53260 t 7332

iy

53064 £ 7305
4.6607 £ 6416

4.,0762 + .b6l2

=+

S 2402 « 4461

341053 + « 4275
1.3886 * -1911
2+ 2253 + «3063
263977 £ .3301
2.8904 = .3979

3.0671 + 4222

448662 + 01409
345971 + 1488
3.3397 = 1975
304246 7 2454
3.5866  .26878

3.1536 + + 3071



Table 21.

Swmary of results ¢f sizes and shapes of plots as
meagured dy the coefficient of wariability.

Mumbey
of
Tests

Size
of

2lots

Coeffiesent of Variability

_Highest

ﬂowastn

Averaﬁa'“

mmpmg

1 i

links
5x100
102100
15x100
20100
30x100

5x100
102100

5-969 = 8218
442001 = .5782
3.8986 = 5367
4.6881 7 6454
4,2819 = .5895

2.701 = 3718 .

1.8629% 2564
1.8422+ .2536
2.5809 + .3289
2.3922 £ 5293

J4262 £ <1615
Je 1362 ¢ .1825
2.0156 ~.2003
31732 £ « 2662
3. 3370 £.3376

(Border rows discarded at harvest)

540808 = . 7002
£.79538 = .66C2

242674 = « 5121
24992 £ 43440

345751 £ « 2B%3
35640 *.2951



fable 22. mmm.mmunwmummw.ummm
the same aves but extending in opposite divections, together with standaxd devistions
and 0oofficionts 0f varisbilitye p |

e A, S RO N A D N5 08 . A U A 4. e i ok - et
Hamboy  Sisme Meorny Yiold Standam Deviation Coef¥icient
of of of
w | Jariability o
(#irst toot)

S-N 20 82100 TIVG7 + B1l.6244 5422028 + 5645034 $e7095 245086
W-E 20 52100 TRI647 + 56400651 ST ATANL £ 5946420 5el794 +.5B23

{Second test)
SN 20 Hx100 T4B73 + 69,4512 00,4760 49,1087 Bel748 +46B85
-5 0 5x100 T45743 + 5246679 G40 1348 - 372541 4eGBLY +.4992

- {Ddxi test)
20 £x100 anas ke 3118 2937984 1 513327 JeTHT8 14007
W=E 20 B5x100 T018e25 + 8744404 1819500 + 19.4044 23272 142481

{ Pourth tost)
S=IT 20 Exl100 76650 + 385267 GG LB 151206 SeWTED +eBT7
- W=-E 20 5100 TE85«4 =+ 457996 DL Z004 350218 o079 +e4316

{rifth toot)
S-N 20 62100 PETE68 £38.6665 20563610 + 873402 GesB4Y 3600
W-E 20 5100 VET5.65 +4248840 S0&e331Y £ 5035231 Se7548 +edOOG

: {9ixth teot)
S-N 40 B5x100 T40Bs = 426580 J02.6878  Bla 1478 SellITE +e407 1
W=-E 20 Sxi00 T805. + 027548 md?«U380 1 25 1464 s ITUY 63158

{Soventh test)
S- &0 B0 P4008s5 » 444430 2946655 + SLe 4340 Se 9510 £.4196
W-E 20 52100 74003 . 3De6I05 2502989 £ 205000 b PO L5 S IR 6 T

-21'7-



Table 23.

Sunnary of Table 22.
Coefficient of Variability

Direction
of

AR Lvorage

441303 + .1710

JHighost

Plots

S« t0 He

W. o E.

61748 £ «6885 3.0729 T.3277

541794 £ 45523

203272 T 2481 Je 7252 +.1547



. Pable 24. Mean yield, in decagrams, of North Vestern Dent corn, of short wide

nlots 70 links by 100 links, and of long narrow nlots 10 links by 700 links, together
with standexl deviations and coefficientes of variability.

Number Size Hean Yield Standaxrd Deviation Cogfricient
of of of
Rlots _Plots : Varisbility _
10 70x100 105169.2 : 673.8203 315941137 = 4764701 3+0088 44530
10 10x700 1051692 : 373.1958 1749.6773 + 263.8933 1.6637 +.2509
Table 25. Mean of yields, in decagrams, of four plots of North Vestern Dent com,

plots 360 links by 50 links, together with standard deviations and coefficients of
variability.

umber Size Mesn Yield Standard Deviation Coafficient
of of of
plots Plots Vorisbility _

4 360%50 269932.25 +830.9891 246440152 = 5876037 «9128 £.2176

"'gV"



Table 26. Means of total yields, in docagroms, of plots of North Vestern Dent corn,
plots 6 limks by 100 links, resulting from two, three, four, six and twelve plantings,
together with standard deviations and coefiicionts of variability.

Number Slze Hean of Total Yiela Standaxri Deviation Coefficiont
of of of
2lots __ Plots Variability
(Pwo plantings)
72 5x100 14996.2361 + 4847535 575.5869 - 32.3527 30382 ».215%
(Three plantings)
48 5x100 R2494.3542 = 77.8305 799.4445 . 55,0342 D¢ 5539 : 424486
(Four plantings) i
36 65x100 29992.4722 + 100.7077 895.8425 . 71.2108 29868 ..2374 o~
|
(six plantings)
24 5100 44988.7083 + 196.9274 1430.3149 :139.2495 31792 + 43095

(Mwelve plantings)
iz 65x100 89977« 4166 - 488.2700 2607 «6635 = 345.2580 27869 L .3837

llote -~ Replication, as shown in the above table, was effected as follows:

Two plantings - Rows 2 and 743 3 and 75: 4 and 76; eto.

Three " - Rows 2, 50 and 98; 3, 51 and 99; 4, 52 and 100; etc.

Four " - Rows 2, 58, 74 and 110; 3, 39 and 111; ete.

Six " - Rows 2, 26, 50, 74, 98 and 122; 3, 27, 51, 75, 99 and 123; etce.
Twelve ¢ ~ Rows 2, 14, 26, 38, 50, 62, 74, 86, 98, 110, 122 and 134; etec.



Tahle 27. Moans of total ylelds, in decagroms, of plots of Horth VWestern Dent corn,
nlots 10 links by 100 links, resulting from two, three four, six and twelve plantings
together with standard deviations and coefficients of variability.

NHumber Size Mean of Total Yield Standard Deviation Coefficient
of of of
Plots plots Toriablility

(?™wo plantings)
36 10x100 29992.4722 + 103.9981 9251128 - 73.5376 B3.0844 2451

(Three plaontings)
24 10x100 4498647083 + 162.8852 118340467 1151763 2+6296 + 2560

(Pour plantings)
16 10x100 59984.9444 . 195.9757 1232.6861 +138.5744 20549 +.2310

(8ix plantings)
12 10x100 89977.4166 = 4132220 212242317 2981915 245586 +.3247

(Twelve plantings)
6 10200 17995448333 = 959.1610 3410.6403 :664.0907 18953 =+3690

jotg = Replication, as ghown in the sbove table, was effected as follows:

Two plantings - Rows 2 and 9, ;wg’m?ﬂ?’?; ete.

Thre " - Rows 2 and 3 s ote.

Fm:re " ~ Rows 2 5, 2 , 310 and 111; etcs

Six " - Rows 2 and 3, s 3 75, 98 sud 99, 122 and 323; ete.

fwolve ™ — Rows 2 and 3 N 16 26 an 37 and 39, B0 end 51,
e and 63, 74 and ~7E. 86 and 67, 38 cml 99, 110 omd 111, 122 and 125, 134 and 156; ete.

_Lv._



Table =28. Means of total ylelds, in decagrams, of Horth Vestera Dent corn,
treated as resulting from various tests of twelve different varieties to ascertain
the comparative walue of different sises and replications of plots.

2 10x100

Fumbor  Size Mean of Total Ylelds Standerd Deviation Goefficlent
of of of
Plots Plots Variability
links (Pwelve plantings)
12 5x100 899774166 = 488.270 2507 .6635 - 345.2580 27869 + 3837
(Six plantings)
12 10x100 89977.4166 = 413.222 21222317 : 292.1913 23686 t «3247
(Four plantings)
12 15x100 89977 « 4166 - 2302044 118242848 - 162.7780 1.3140 + 1809
" {Mhree plantings)
12 20x100 89977+ 4166 + 3560772 182847430 » 251.7834 240324 +.+2798
{(Pwo plantings)
12 30x100 89977 « 4166 + 595.2504 2029.9288 - 279.4828 22560 +.3106
(One planting)
12 60x100 89977.4166 : 543.525 27914318 + 384.3275 31023 +.4271
(Fo'ur plantings, bomler rows discarded at harvest)
(Mean Yield per Plot)
12 Bz100 7611.3125 =30.3674 155.9613 - 21.4729 2:0491 +.2821

( Three plantings, bowmier rows discarded at harvest)
(Moan Yield per Plot)
15118.9999 .75.0227 386.3023 - 53.0488 2.5485 +.3508

gy =
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SUETIARY
Under the conditions of this experiment, the results 02 tests with
verious sizes, shapes, directions anl replications of plots indicate that:

1. Increase im size of plots, without regard to direction or replication,
has not proven to have any effect in reducing variability.

2. Doubling the lenzth of plots, the width romaining the same, gave
increased acocuracy.

3. Iong narrow plots are more efficient in reducing variability than are
short wide plots.

4. That direction of plots has no influence in reducing varisbility.

5. Replication is more efficient in sccuring accuracy than either size,
phape or direction cf plots.

6. Uhen a fized mmber of varieties or treatments are to be tested and
the area of available lond is limited, the use of border rows inoreases
the variability cozused by soil heterogensity.

7. wWithin the limits of the sizos, shapes and numbers of replications used
in this investigution, .01 ac. plots, 10 links x 100 links, rveplicated
three times, are the most efficient in reducing variability.

8. If twelve varieties or treatments are to be tested, the grostest accuracy

is obtained by the use of .015 ac. plots replicated three times (four

plantings).
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Row Iunber.

Yields in decagrams of 3388 hills of North Western Dent corn 5

Hill Nuber.

Bl el bl .7 .9
1- 145 332 272 822 290 412 300 257 275
2= 276 340 405 325 365 330 392 380 350
3= 522 400 335 515 307 467 72 460 467
L 545 322 3356 390 335 502 382 285 375
B~ 529 320 333 497 384 362 427 410 376
6- 371 535 475 359 350 380 415 385 312
7= 300 363 382 444 462 365 382 388 325
8= 321 277 472 314 325 475 592 301 345
9= 356 416 492 470 312 317 355 400 592
10- 324 392 325 432 370 378 265 364 370

11~ 360 367 460 313 389 375 427 385 IV ¢

12~ 377 399 390 543 452 551 360 582 552

13- 324 262 320 365 332 3b2 835 465 207 3

14- 265 523 315 350 323 540 355 427 382 3

15~ 380 366 402 885 435 386 455 342 352

16~ 345 550 322 281 362 306 380 342 360 &

17- 314 352 322 408 462 3556 320 497 407

10
286
Sd2
402
345
372
495
357
350
825
370

1 12 313 14 36 16
315 362 220 282 367 307
261 410 361 350 342 330
o967 337 338 363 365 352
$52 807 420 437 330 280
285 347 392 334 380 320
305 367 372 4385 392 390
317 305 325 332 390 235
360 414 519 407 310 &77
247 380 418 367 375 460
331 387 oVB 395 387 326
320 386 365 3586 420 367
312 305 325 371 398 340
300 515 302 290 340 382
305 345 287 352 357 550
307 507 477 370 300 412
287 412 B65 335 465 330

306 347 307 372 547 262

links 2 5 links.

AT 106
315 322
387 272
340 280
387 327
350 405
187 3567
536 374
317 397
832 400
365 367
397 333
J31 318

382 382

425 382 2

315 570
35e 380

495 437

19 20 21

287
327
320
495
340
312
390
S50
292
585

363

28

386 270 287

257
362
411
582

420

401
835

820

277
372
a4z
o432
a7z
295

242

362 ¢

S42

390

3
-3
"

275

360

425 |
570

400

207
340
453
306
324
245

285

*XTPpUSddy
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Row Number-

S Sy W 'z S NPSS— —

AN TR GET GE NER L TRy 101112131415‘161?181920,21'22

18- 247 325 412 S60 515 305 535 342 357 307 280 307 307 305 375 322 342 565 207 353 270 520

19- 337 276 350 345 356 400 345 346 337 390 260 287 277 395 362
20~ 218 325 330 417 427 310 857 325 366 317 285 425 322 412 302
21- 300 360 381 364 390 416 562 372 385 386 296 271 357 232 37
22- 218 375 375 420 208 430 302 3570 270 420 285 360 306 325 367
25- 275 457 382 372 402 525 390 340 378 432 315 355 435 504 399
24- 297 357 881 377 373 390 310 356 340 467 J10 327 20 365 342
26- 286 266 330 321 259 292 320 350 225 355 135 246 382 346 320
26~ 280 265 347 370 382 370 360 355 382 410 305 347 543 3ab 375

27~ 322 420 427 402 412 410 370 412 400 465 347 412 515 365 405

28- 270 315 367 370 386 467 350 402 377 317 366 390 345 370 310
29~ 362 336 266 326 380 398 372 3652 315 360 278 360 366 440 305
30~ 350 506 399 387 377 422 337 410 IJT0 427 282 328 325 330 412
31- 332 280 371 342 358 430 392 410 407 392 367 72 370 340 480
B2- 280 320 447 358 378 382 315 445 307 460 247 373 325 514 400

33- 282 382 320 403 405 390 340 420 387 398 390 480 325 332 405

Z4. 287 307 399 421 432 380 4350 440 500 386 368 360 410 415 39 &

280
286
318
335
420
340
305
307
321

325

H46
306
337
350
432
340
280
825
301
385
492
315

240

G 560

5 365

300
a6
362
325
842
347
375

412
515
390
542
298
415

325

290 337 282 342

18

301
431
830
320
320
380
338
387
H62
330

375

599 &

S35

3ba
427
355
387
390
305

316 380
398 370
301 265
387 407
76 89

408 320

*XTPusddy

=i =



Row Nunber.

Hill Iumber-

¥R R %8 &} BB

10 11 12 18 M 15

16

35~ 303 307 377 406 426 390 407 352 442 415 I70 415 3Y7 506 420 I78

36~ 535 545 412 405 362 562 385 567 487 437 415 380 35687 400 360 425

37~ 273 285 832 415 357 320 415 424 387 355 805 385 307 582 346 B4?

38- 262 415 310 357 402 382 450 415 368
39 372 362 410 402 432 345 415 441 380
40- 408 370 358 385 335 347 523 467 895
41~ 350 366 380 452 372 4356 392 385 865
42 350 $91 572 S57 520 380 410 412 430
43~ 363 402 320 325 410 440 352 430 390
M- 450 355 402 425 430 385 420 440 385
45. 355 582 405 455 305 352 440 375 400
46~ 399 385 412 582 390 430 410 380 372
47 321 357 395 517 485 398 365 462 357
48 385 385 W2 435 515 402 410 425 363
49 367 580 350 323 301 577 375 342 415

50- 375 435 432 345 380 362 342 365 367

Ble 330 417 425 415 390 390 352 430 440

367 382 312 338 305 403
367 550 425 411 365 400
384 387 B92 345 365 357
425 330 382 377 405 437
897 457 B37 345 495465
373 415 367 517 410 345
400 392 410 365 362 439
367 367 402 403 470 480
280 457 320 395 315 377
400 395 400 402 350 480
407 445 380 300 425 420
535 340 395 521 387 305
277 562 400 332 B60 327

395 402 403 445 365 402

385
360
470
432
450
327
410
370
420
420
335

315

445

a7 18 19 20 21

340 325 446 435 383

B66 336 382 410 317

386 434 280 377 395

396 420 4356 380 300

392 455 380 371 485

340 420
395 315
410 335
352 390

390 357

380 397

425 397
377 385
380 407
370 402
400 485

350 320

370 454 440

330 386
&75 £407
322 aab
420 450
402 475
367 500
375 445
345 380
482 332
480 347

437 403

350
301
40
445
356
402
367
365
2450

407

22

48z

480

316

B30

340

420

332

340

390

260

395

377

310

&

3]
ot

&

*XTPusddy
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Row Number.

Hill Jnumber
1 2 3 ¢4 B 6 7 8 9 10 12 12 13

52~ 392 392 405 452 385 455 410 377 550 368 407 355 342
53~ 260 34@ 405 346 372 375 367 347 450 320 380 375 392
54~ 312 584 412 455 436 395 440 345 447 390 385 411 375
55~ 358 395 335 3b2 5085 565 375 390 492 397 390 385 370
66~ 215 372 405 365 395 395 415 340 360 477 320 402 455
67~ 357 435 400 372 455 390 312 567 435 515 590 405 385
58~ 345 312 415 415 342 425 380 370 495 390 420 405 392
59~ 382 435 365 320 8592 410 420 312 410 445 365 502 400
60~ 361 350 322 445 365 445 487 387 420 342 400 420 335
61— 320 372 415 520 360 350 512 565 344 405 412 335 535
62- 265 352 457 367 450 330 597 355 400 376 200 390 3087
63- 315 I35 461 468 405 322 460 445 425 540 410 425 357
64~ 305 400 542 402 262 382 387 594 375 405 370 382 360

65=- 340 350 396 485 405 397 560 450 450 427 360 412 350

66~ 282 380 425 350 458 435 340 307 395 470 435 395 3V0

14
376
277

417

15 16 17 18 19 20 21 22
407 435 335 377 402 480 420 377
452 375 425 S17 367 IV7T 440 325
287 445 385 387 365 415 345 420
300 412 337 850 425 412 325 325
360 415 420 430 420 301 425 327
412 355 385 382 450 501 370 415
375 402 455 325 415 377 450 422
357 502 465 432 390 342 320 335
475 390 387 445 430 425 S50 417

325 372 Y2 3285 307 385 280 360

275 360 390 350 387 395 420 340

67- 815 385 347 375 380 345 495 397 415 410 587 395 374 310 4564 335 350 365 320 382 &85 415

68~ 295 362 415 397 358 425 364 IV5 387 366 335 400 540

357

345 317 380 S20 375 367 540 362

i

“XTpue
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Row Nunber.

3111 Tamber.
2 & 3 % 5 ¢ T ¥ WM WM E

69~ J286 519 385 370 305 535 365 502 4855 395 362 425

70~ 282 350 360 435 325 345 355 467 892 420 347 827

71- 420 360 415 350 350 390 340 430 410 455 402 327

72- 320 485 2080 320 367 392 417 380 360 450
75~ 510 320 §85 397 365 430 385 450 366 332
74~ 347 360 372 445 355 512 401 501 45O 587
75 412 477 436 427 462 562 402 432 340 456
76~ 312 290 450 425 490 415 4856 330 375 57
77« 397 362 415 450 430 240 337 4237 377 435
78- 370 597 520 435 557 450 495 335 342 465
79~ 342 BOO 422 390 440 370 385 305 395 372
80~ 256 285 465 357 360 397 307 367 410 420
81~ 227 440 585 377 407 305 365 390 420 410
83 400 412 405 400 G70 450 451 567 432 595
83~ 310 $20 4060 350 &i? 350 350 372 580 435
B84~ 352 466 542 357 407 400 335 490 395 392
85.- 280 382 440 427 375 390 425 335 325 420

300

270

3 14 16 16 17 18 19 20 21 &R

330 405 35680 3580 420 406 385 360

400 355 410 305 332 420 370

377 465 320 370 360 535 355

345 375 432 450 315 445 387

401 370 3556 352 397 392

332
415
207

383 i

305

140 &

355

a7

S50
545

445

296
490
375

515

412
400

277

300 510 92 70
405 335 461 347
467 3560 424 435
422 3856 547 310
330 375 395 360
380 342 540 440
317 415 440 305
400 340 385 595
415 375 535 540
J75 895 550 S50
360 382 3B7 400
397 407 316 210

290
260

280
492
S60

943

365 340

380 377

367
405
462
307

545

385 880 35

420 484

501 315

S01 355 -

327
347
415
375
367

380

370

440

*XTpueddy
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Row Number.

Hill mumbey.

"8 & & B & ¥ B2 ¥

10 11 12 15 14 15 16

86~ 325 430 580 430 305 405 362 350 356 499 310 377 480 472

87~ 332 366 465 410 362 395 327 440 392 417 340 360 387

88~ 305 365 380 498 465 515 590 405 437 411 365 456 367

89~ 302 420 362 465 415 392 350 455 4256 372 355 416 386

90~ 250 360 407 560 412 425 520 302 472 360

91- 400 355 387 530 397 355 367 510 446
92 255 345 312 445 452 580 364 392 405
95- 395 353 430 400 370 382 377 B?0 428
94~ 332 397 440 310 480 365 540 317 595
95~ 277 317 Al5 310 360 332 BY5 565 355
96 275 355 266 385 320 420 410 425 525
97~ 262 357 367 595 415 412 550 410 353
98- 322 285 385 377 342 455 422 399 872
99- 232 072 450 395 357 592 560 582 V2
100~ 330 390 375 372 B60 370 327 445 365

101~ 335 371 400 415 390 555 480 395 577

102~ 321 322 357 361 %62 402 400 390 387

s22
360
41
A90
415
415
365
40z
437
407
S8R

395

390
352
295
542

302

890 &

392
310
405
347
390
340
287

a87
360

360
380

380
327
367

580

410
390
370
437
360
415

383

290

280
380
307
325
387
430

318
815
397

460

17

18 19 20 21 2R

315 405 370 485 372 455 360 255

420
372
325

315

2580

270
375
a02
308
av5
325
aab
492
450
320
300

320

362

350

365

477
395
330

230
537
538
370
360
595

347

422 427 402

492
352
365
417
430
385
380
450
410
315
452
472
400

360

377 365
455, 350

410 545

340 875 ¢

370 400
410 407
255 365
340 330
380 312
362 d8a
310 430
380 367
345 280
350 357

410 585

457

367

548
350
420

365
435
380
370
402

357

*XTPpueddy
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Row Humber-

SRR B TR R

Hill Wumbor.

g8 9

103~ 287 265 436 365 341 380 395 392 315 360 285 365 345 420

104~ 275 320 305 360 355 480 400 395 427 290 310

106~ 305 404 375 262 382 415 345
106~ 312 325 415 381 380 395 320

440 360 532 365
480 352 365 385

107~ 377 302 430 435 335 375 320 365 347 395 430

108« 301 331 332 445 442 367 440
109~ 277 425 540 457 400 315 367
110- 324 285 417 405 390 440 450
111~ 370 350 3385 422 337 595 350
112~ 540 415 375 360 315 365 3490
115~ 397 350 360 400 395 3501 430
114=- 285 375 395 430 365 330 535
115- 340 340 370 350 325 352 360
116~ 330 322 345 301 322 285 357

117- 309 420 375 430 390 327 421

118. 301 300 372 587 290 587 567

119- 332 477 410 300 430 425 390

360 505 385 362
305 352 542 265
390 442 335 257
350 445 432 380
430 380 364 410
360 460 365 375
412 322 360 450
435 360 357 320
365 356 335 382
335 390 360 301
410 335 482 400

362 325 410 295

365
462
402
335
310
341
386
405
370
375
82b
4190
430
457
335

370

390
380
382
377
330
255
360
382
385
380
257
382
420
380
$90

395

380
435
357
415
30z
362
375
245
400
242
435
396
387
310
517

358

337 270 330

400 370
405 390
362 330
437 352
362 355
285 352
300 395
427 586
325 395
230 3545
417 375
435 300
3886
300 415
385 840

450 8632

322
445
370
392
360
362
a7t
387
565
416
377
360
340
412
340

301 370
442 400
340 370
360 430
385 350
405 340
367 265
315 345
422 417
335 400
382 Ba7
362 425
370 B62
385 305

377 355
350 350

372 417 390

320
375
335
483

320

405
390
410
315
355
335
300
al2
411
49z

355

0 i1 12 158 4 156 18 I? 18 10 20 21 a8

250 280
365 295
410 350
235 465
385 432
387 360
360 345
312 415
562 340
410 520
345 805
3832 372
362 315
372-543

360
400

400
302

410 247

X oueddy

-85—



Row Nunber.

5» & 8 4. 8
120~ 585 300 360 373 325
121~ 370 390 322 542 345
122~ 325 385 355 370 375
123- 382 355 442 385 335
124~ 405 380 380 315 383
126- 417 340 340 370 522
126~ 387 360 492 435 330
127~ 460 340 350 3680 380
128~ 435 335 3507 367 386
129- 393 390 410 472 315
130~ 397 450 335 400 347
131~ 425 401 395 350 360
132~ 330 370 302 352 400
133- 377 300 360 3515 430
154~ 437 340 340 366 495
1535« 304 325 400 487 357

136- 312 380 367 366 400

6
475
545
357
76
367
450
245
375
442
420
415
410

373

7

Hill unber
10 11 12 13 14 15 16 17 18 19 20 21 22

8 9

500 340 452

302

345 302 330

425
380
2400
377
400
400
580
G975
590

300

s22 360

450
435

372

405
430

345

312 450

380 492
d42 420
387 320
455 357
360 355
472 375
425 375
336 380
360 370
457 325
405 340
5 317
425 590

540 382

437 365 375 380

3756 315 300 305

335
385
a3z
415

585
435
545
430
360

472

3 385

) 555

582 317
385 383
560 597
360 382
370 336
362 563
440
B35
292 362
392 315
345 386
392 252
390 430
423 352

360

345
402
310
4685
&90
375
417
300
300
395
325
a2
385
410

400

402 360 425 315 344 402

320
360
495
345
425
380
332
365

400

430
360
292
545
S10

347

32

o

8

375
375 377
90 400
855
370 340
280
330 420
385 420
375 301
400 367
380 312
350 385
520 375
S48 377

365 430

342 365 365 382

345 380 B3R5

382
450
410
325
#0282
372
360
398
375
a92

317

350

365 290

77

270

336
362
377
360
400
350

390

870
560
315

420

395

435

322 362
364 290
415 372
417 390
272 300
452 375
370 300
380 302
462 415
412 417
540 370
307 390
380 390
375 420
585 577
550 462

410 330

62
277
382
822
300
545
352
347
430

430

430
425
587
455
302

586

«XTpuesddy
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Row Number.

1

F

3 4

5

6

137~ 442 340 376 390 370 395

l?

405

Hill Wumbor.

. 9

382 345

138~ 382 330 400 325 327 415 450 340 305

139~ 262
140~ 410

390
385

430 370 400 320

280 365

392

14l- 310 315 320 392 420

12~ 520
115- 355
144~ 315
145« 300
146= 315
147 365
148~ 330
149« 300

150- 275

151- 320
152~ 265
153~ 225

154~ 182

347
362
540
315
347
395
307
227
357
220
S12
330

220

432 367
370 340
545 3156
845 195
305 502
594 385
377 330

867 300

S45 365

a00 270
352 512
360 460

320 300

325
575
570
315
410
396
356
302
270
312
310

365

307

410 322 340 345

240
398
960
395
370
300
330
320
335
415
447

308

270

230

315

227
305
325
360
590
320
380
315
385
315
360
300

292

197

425 397

330 530
965 850
562 560
560 375
$52 310
360 320
560 385
3390 37Q
306 420
850 540
370 305
390 250

420 400

302 193

10 11 12 13 14 15 16 17

385 336 410 469 430

56 345 300 325 350

395
487
307
380
410
301
335
331
367
360

335

900 290 452 285

o4b
437
560
361
375
350
277
S50
373
246

360

235

355
350
417
365
370
280
275
320
315
455
273
175
530

adh

302

275

566

343
330
230
B35
4190
400
390
330
257
455

2825

180 270

350
350
305

595

563

357

370

365

272

260
596
327
370
525
415

2b6

_70
380
S38

435

290 35

372
247

150

241 132 205

18 19 20 21 22

336 395 385

365
265
355
300
382
402

S22

360

347

357

355

396
562
387
350
430
370
375
302
o37
35
S12
422
365
302
360

ob7

o
370

435 |

377 &

300
350
351
377
300

459

362

497

385

525
370

370

385
520
850

400

o915
402
370
370

590

982 &

305

312

395

897
360
815

385

5 200

560
a70
425

180

3685
815
325
300

401 560

208 232 332 365

JB65

280
275

330

280

*XT1pusddy
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