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STUDIES OF THE CULTURE AND CERTAIN
VARIETIES OF THE JERUSALEM
ARTICHOKE

By Vicron R. Boswenl, principal horticultnrisi, C. E. Sroimxpaven, associale
physiologist, M, T. Bans, agent, Division of Fruil and Vegetable Cropy and
Diseasrs, Durenie of Plont Indusiry; W. L. Boruison, heed, Department of
Apronomy, Hiinoie Agricullural Brperiment Station; W. H. AupBrman, head,
Department of Horticuliure, Minnesola Agricultural Ezperiment Stalion; and
M. A. Bcuorn, agronomist, Divisien of Forage Crops and Diveascy, Burcau of
Plant Tndustry, cooperating with the Oregon Agriculiural Ezperiment Station

(The Burecau of Plant Industry in Cooperation with the Agricultural
Kxperiment Stations of Illinois, Minnesota, and Oregon)
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INTRODUCTION

Although the Jerusalem artichoke (Helianthus fuberosus I.) is
natlive to North America and its culture has been developed on a
rather large scale in some parts of Europe, the crop in the United
States s remained unimportant except in a few localities, A
widespread interest in the plant has developed in this country only
within the last decade or so, and largely as a result of its possible
value as a source of raw stock for the manufacture of levulose and
of alrohol.

The interest in the crop and the scemingly immediate future
possibilities have resulted in some unfounded and overenthusiastic
optimism and in a number of rather ill-fated commercial ventures.
The misfortunes accompuanying certain unsuccessful crop-produc-
tion projects were doubtless due (1) tolimited demand and inadequate
market facilities for tlie crop, and (2) to an almost complete lack of
information concerning the yields reasonably to be expected, the
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adaptability of the crop, soil and climatic requirements, cultural
methods, and particularly the labor requirements. The culture
of the Jerusalem artichoke appears to offer no more possibilities for
ensy profit than numerous farm crops that are extensively grown
at present. With the commercial outlet as limited as it is at this
writing (1936), growers should carcfully determine in advanco of
planting how their crop can be marketed.

The present interest in the crop and the necessity of obtaining
sound basic information in preparation for possible future develop-
ments have demanded thot certain studies be made, These
studies were designed to furnish a basis for developing an economjcal
and ellicient system of culture and to prevent as far as possible
vostly and even disastrous experiences of farmers and others. It
is doubtless morz important to understand the limitations of a “‘new”
crop than to know merely what a few unusually successful persons
Liave accomplished with it.

Tn addition to providing immedictely valuable practienl informa-
lion on the growing of the Jerusalem artichoke, this cooperative
progrant of study has offered an opportunity to add to the knowledge
of the response of plants to different environments. The results
tre of fundemental as well as practical interest.

Since the history, description, and present uses of the Jerusalem
artichoke are extensively treated in o previous publication (6),!
the present bulletin will deal chiefly with the cooperative experiments
and their relation to crop production.

PLAN OF INVESTIGATION

The Bureau of Plant Industry and a number of State agricultural
experiment stations had eonducted independent investigations on
the Jerusalem artichokoe for & number of years prior so 1930. In
late 1930 plans were developed jointly by represeatatives of the
Burcau and of the experiment stations of Iilineis, Louisiana,* Minne-
sotn, and Oregon for conducting comprehensive studies according
to a procedure as nearly uniform as possible for all locations. The
Bureau furnished the planting stock of numerous varieties so that
all workers would be using identical plant material.

The Middle Atlantic, Middle West, South, North, Great Plains
(Wyoming), and the Pacific Northwest were the regions sclected
for these stucdies, in an effort to cover the country as thoroughly as
practicable with the limited resources available. These several
regions are characterized by widely differing conditions of soil and
climate, and to such an extent that in the instance of certain studies
n uniform method of procedure was not adapted to all locations,
Plot sizes and certain other details necessarily departed from the
prearranged plan at some of the locations, on account of previously
cstablished systems of field mansgement or culture. The northern
locations obviously allorded less opportunity to vary times of plant-
ing and of harvest than did the more southerly places.  All cooperat-
ing agencies experienced reductions in funds available for the work,
after 1t was started, so that tho original plan could not be carried
outb completely,

' Liatle putabers in parentheses refer (o Lileratore Cited, p, o0,
t Althonph conpernlive arrnngements wers cotmpleled aml plets planted by 1. C. Miller, of tha Laniisinnn

Agrleyluieal Experiment stalion, o suecession of diststers to the experinental materinl prevented obtpining
dnta of value,  However, Uy rooperation of the station is neknowlodged.
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These uncontrollable conditions resulted in incomplete series of
date, which greatly increased the task of analyzing the results and
which also tend to limit the dependability of broadly applicable
conclusions. Despite these difficulties, there was a very distinet
agreement in the tread of results in most of the studies regardless of
location or slight differences in procedure imposed by local conditions.
On account of this almost complete agreement in trend of results of
the several studies, the generalizations that are reached are belioved
to be safe.

The original plan outlined for each location a 3-year study of the
following problems:

{1} Varictnl adaptability (20 varicties grown).

. I{2) 1feet of size of sced piece upon plant development and yiekl and size of
biera,

(3) Dffcet of depth of planting upen yield and distribution of tubers.

{4} Lifoct of Lime of planting upon yield wnd size of tubers.

{(5) Effect of epacing in the row and between rows upon yield per plant and per
acre, and upon size and number of tubers.

(6) Relation of time of cutting tops for silage io erude-fiber content of tops,
and to yicld, size, and number of tubers.

(7) Mothod of erndicating "volunteer” plunts.

The individual plot duta obtained by the several writers, together
with notes and comments, were sent to the senior writer, who pre-
pared the tables, made the statistical analyses, and prepared  rough
dreft of a report, which was then jointly worked into form for pub-
lication. This pian insured unilormity of treatment of the material
and nt the same time enabled each investigator effectively to bring
out important local observations and interpretations of results.

ENVIRONMENTAL CONIDITIONS

Briclly, the principal features of the environment to which the
several crops were subjected at the several locations were as follows.

ILLINGIS

The plots were located at Urbana, which lies at approximately 40°
north latitude and 730 feet above sea level. The artichokes were
planted on grassland soils common to central lllinois. The soils
varted in texture from silt loam to clay loam;in color, from light brown
to black; in underdrainage, from moderatc to slow. The average
growing season is sbhout 176 days, as determined by the average date
of the Iast killing frost (Apr. 25) in the spring and of the first killing
frost (Oct. 18) in the fall. The normal rainfall is about 20.7 inches
for the period from April to September, inclusive, the heaviest pre-
cipitation occurring in May. There is frequently a deficiency of rain
in summer, resulting in some retardation of croprdcvelnpment. The
mean monthly temperatures range from 50.7° I, for April to 74.0°
for July and down to 66.6° for September.

The weather for the scasons of 1931 and 1032 was not far from
normal, but 1933 was very hot and dry, with very low yields re-
sulting.

MINNESOTA

The plots were located at Excclsior, about 25 miles northwest of
St. Paul, at approximately 45° north latitude and 1,000 feet above
sea level. The soil is classified as Hayden loam and is a fertile,
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moderately heavy soil with a slight tendency to bake. The average
growing season is about 142 days, with May 10 the average date of
the last killing frost in the spring and September 30 the first in the fall.
The normal rainfali is 17.87 inches for the period from May to Sep-
tember, inclusive, the lieaviest precipitation occurring in June.
There is frequently o deficiency of rain in summer, resulting in some
retardation of crop development. The mean monthly temperatures
range from 57.7° I, for May to 72.3° for July and down to 61.4° for
September.

The weather for the scason of 1931 was ideal for the growth of the
Jerusalem artichoke, but both 1932 and 1933 were hotter and drier
tlian normal, with medium low yields resulting.

WREGON

"The plots were located at Corvallis, some 50 miles from the Pacific
Ocean, at approximately 44° 30 north latitude and 255 fect above sea
level.  The scil is elassified as Nowberp sandy loam and is o fertile,
friable soil admirably adapted to the culture of the Jerusalem arti-
choke., Thoe average growing season is anbout 213 days, with April 10
the nverngs date of the last Tciiling {rost in the spring and November
10 the first in the fall.  The normal rainfall is about 11 inches for the
period from April to October, inclusive, the heaviest precipitation
vecurring in April, May, and October. The seasonal distribution of
rainfall 1¢ fairly aniform. The mean monthly temperatures rrnge
from 50.4° F. {for April to 66.0° for August and down to 33.1° for
October. The climatic and soil conditions in this part of Oregon are
as nearly tdeal for the culture of the Jerusalem artichoke as in any
place known in tho United States, and are much superior to most
regions.,

WASHINGTON, D. C.

Washington, D. C., near which plots were located, lies at approxi-
mately 36° north latitude, on tidewater. The plots were situated ot
clevations varying from sbout 10 to 100 feet above sea level. In
1631 tho plots wero located at tho Arlington Experiment Farm,
Rosslyn, V., on sandy loam soil, and in 1932 on g siit loam soil of
arfificial origin that had been formed by dredging from the Potomac
River. In 1933 the plots were near Beltsville, Md., on soil classified
as Sassafras sandy loam. The average growing scason in the vi-
cinity of Washington, D. C,; is about 189 days, with April 17 the
average date of the last killing frost in spring and Qctober 24 the first
in thefall. The normal rsinfall is about 26 inches for the period from
April to October, inclusive, with heaviest precipitation occurring in
July. The seasonal distribution is usually fairly uniform. The mean
monthly temperatures range from 53.3° F. for April fo 76.7° for
July and down to 57.4° for October.

The wonthier for 1931 and 1932 was nearly normal for the area, but
hotter and much below average in rainfall in 1933. The 1933 yields
were guite low.

WYOMING

The plots were located about 6 miles west of Cheyenne, at approx-
imately 41° north latitude and 6,200 feet above sea level. The soil
is classified as Cheyenno loam, heavy phase, which is a moderately
fertile soil of medium texture. The average growing season is about
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115 Gays, the last killing spring frost occurring about May 22 and
the first killing fall frost about September 15. Since the normal
rainfall for the year is but 14.54 inches, these investigations were
ronducted on irfigated land. Ample Drrigation water was available,
and about 18 to 20 acre-inches was applled for the season, at such
inrervals as were required. The mean monthly temperatures rango
from 48.2° I, for May to 67° for July, down to 57° for September.

Despite fertile soil and adequate irrigation water, this region. is
not very suitable for the culture of the Jerusalem arfichoke on
pecount of the short scuson.

STATISTICAL ANALYSIS OF DATA

The original plan would have provided a wealth of data on each
problem studic({ if it could have been carried through completely,
since it enlled for quadrupliente plots of ench treatment (in many
cases involving three varieties) for 3 years in five locations, Such
data, coliceted from o uniformly conducted series of treatments and
plots, are well adapted to statistical treatment by Fisher’s (2) method
of analysis of variance. In order to use this method of analysis
satisfnetorily in a study involving several criterin of classification,
data must be available for & complete tabulation relating to the
various fnctors being studied. In other words, in determining the
vrrinnee due to each of several causes of variance, ench class must
consist of data relating to exactly the same components as does every
other ¢lass.  Also, part of the analysis will fail unless each component
of cach class (and the entire class) involves equal or proportionatc
[requencies or numbers of individual items that enter Into the class
or its compenents. Methods have been developed for dealing with
disproportionate frequencies in classes, but: they are very laborious
and tho results are only approximate. Therefore, in analyzing the
results of the present stucles, only those comparisons were made
“ihich permitted the use of equal frequencies in all components of all
clnsses.

The unnvoidable deviations from the original plan obviously made
it impossible to set up complete tabulations for all locations in
analyzing the results of many of the studies. Consequently it was
necossary in many instances to make several individual tabulations
according to differing bases of classifieation for but one, two, or moro
loeations at & time, in order to observe the trend of results for all
locaticns where data were obtained. Since this so greatly increased
the number of tables required for summarizing resules for more than
o single loeation, it is impracticable and perhaps undesirable to
present them all in detail. ” Although only 42 such tables are pre-
sented, the results of 94 separate annlyses of variance are shown.
About 200 such analyses wore carried through incidentally to the
preparation of this bulletin, but about half were omitted, as they
only confirmed the results and trends presented and would have
gltercd none of the following discussions materially.

1t is recognized that in the analysis of many of the tables (as 10,
13, 20, 22, and others} data have Eeen included which make impos-
sible an identification of tlie several sources of variation that con-
tribute to the varinnce for “tests.”’ Tt is true that the combining of
results involving odd varieties and the varying numbers of years and
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places preclude the determination of varisnce due to variety, to
year, and to place. However, in many instances in this preliminary
worlc ib appears to be more impertant to know the response to treat-
ment and the extent of the variance among & large number of widely
distributed tests {and the mtemctmns between treatments and test.s)
than to know in detail the variances of the several factors eontribut-
ing to the variance for a much smaller number of tests.

It should be stated that before tabulating together certain groups
of tests, as in the tables mentioned, analyses had been made, for the
several groups separately and in differént combinations, that per-
mitted determination of vartance due to variety, to place, and fo other
factors, These results, when considered with variances due to treat-
menis, were 8o consistent thab ib was evident that responses due to
treatments were generally of the same order regardless of place,
varicty, or year. This evidence thoroughly justifies the use of data
and methods of analy«ing the data as herein presented. The combin-
ing of rathier heterogeneous dala has buried variances due to certain
sources of varintionin the large variance for 'tests”, in somoinstances,
bub ab the seme Lime it has the very important advantage of including
valuable results from many additional places, years, or varieties that
otherwise would have been excluded from considerstion.

The primary purpose of this bulletin is to determine how the
Jerusalem artichoke responded to specific eultural practices over the
wide range of conditions observed. Although it is highly desirable to
develop Inter prety tions of variations in response kot are as complete
as possible, it is here considered undesirable to attempt to develop
such interpretations on o limited amount of data and largely at the
expense of valuable additional data. Even though more detailed
interpretations might be possible, they might be more limited in scope
and applicability (because of Hmited data) than the broader conclu-
stons drawn from o greater number of places and tests.

A very useful discussion of these methods of analysis, together with
convenient & tables for determining significance of differences in
variance, have been published 1'ecentiy by Snedecor (7).

In the interest of brevity and simplicity o” tabular form the sums of
sguares and values of £ for significance of differences have been
omitied from the tables of analysis of variance. Many F values of
importance are mentioned in the discussions of the numerous tables.
Il the & values lie between the 5-percent and 1-percent points or if
they exceed the 1-percent point it is so i.ndicated in thc tables. Inall
these instances the 7 values Involve the “errors’ indicated in the
respective tables.  If the sums of squares arc of interest to the reader,
they are easily obtained by multiplying the mean square (abbrewated
as V in many tables) by the corresponding number of degrees of free-
dom (abbreviated as df).

Numerous tables of analysis of variance will be noted which contain
figures in parentheses. flesc figures represent values which, in the
course of the analysis, were found to be quite insignificant when com-
pared with the corresponding residual variance {error) or remainder
and which are included in the remainder {error) that appears in the
table. The parenthetic values had no statistical significance when
referved to their residual errors, and so may be considered on the one
hand as only “crror”’, and therefore as components of a new residual
errorwith a larger number of degrees of freedom,  This new remainder
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error is the one shown without parentheses. On the other hand, the
variances 1in parcntheses are {requently importunt for comparison
with the values for other factors that contribute to toial variance,
and so should not be hiuried in o complex remuinder.

In the interest of brevity, the tables of analysis of variance of the
more complex tables of results list only those factors and interactions
that ure considered really essenlinl to tho discussions as presented.
An eflort bag been made to avoid burdening the tables wilth pointless
or confusing detnils. The variances due to replication, in practically
sl tnbles, are not shown but nre included in the error hecause they
wero 8o nearly zero values.  Alter all, there 1s no good reason why, in
cases involving sovernl trentroents, years, and places, there should be
any correlated varintion atnong the various replications that were
distributed and numbered lor tabulation purely at randoni,  There is
good argument for leaving these infinitesimal values in remauinder
error,

Tho magnitude of differences bebween menns required for signifi-
cance ig caleulnted as twice the standard error of a difference.

STUDIES OI' VARIETIES

About 1920 D. N. Shoemaker, formerly horticulturist of the Divi-
sion of Fruit and Vegetlable Crops and Dizcases of the Bureau of Plant
[ndustry, began a rather extensive colisetion of Jerusulem artichoke
tubers and seeds from both domestiic and European sources in an
effort to obtain superior varietics and stocks.  Flo made tuber selec-
tions from mixed slocks, and also grew some 15,000 seedlingsin con-
tinued efforts to obtain high-yielding materinls that would be ndapted
Lo commerciel calture.  large size, comparative smoothness, and
limited sprend of tubers in the soil were sought, as well as high yield
and high levulese content.  Of several huncred lots grown in row
tests over u period of yeurs near Washington, D, (., about 75 numbers
appent to be worth Turther trinl and study.  To determine tho prob-
able range of adaptability, a number of small lots of tubers were sent
to W, L. Burlison in 1ilinois in 1931 and to H. S. Schoth in Oregon n
1932, Unfortunately, identical lists were not sent to both workers,
so dutn are availuble for only 20 varieties grown in 1llinois, Oregon, and
newr Washington, B, (. These varicties represented o wide range in
growth hubit, tuber shape, tuber color, and yicld, Three of theso
varicties— Blane Ameliore, Cliicago, and Waterer—had been chosen
s the experimental material Jor the cultural studies reported herein,
They were seleeted not for their high-yielding capacity (they are only
niedium) but becnuse of their marked differences in growth habit and
tuber character, to determine whether growth habit would affeet the
response to different conditions of cullure.

MATERLALY

The Blane Ameliore variety is the only one of the list of 20 dis-
cussed here thab was received under o varictal name,  Chieago and
Waterer were so numed by D, N, Shoemaker beenuse of the source
of the stocks as obtuined by him, It is very doubtful if these
“varietics’” can be obtained anywhers in commercial quaatity, with
the exception of Blane Ameliore. 1t is probable that on acecunt of
Inck of widespread commercinl importance the scedsimen and grow-
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ers who furnished most of the original samples from which these
20 stocks were Incrensed havo not retained control of the particular
parent stocks from which they were supplied. The Bureau of Plant
Industry is meintaining very small plantings of all these numbers
and somo 50 others to prevent their wlentity from being lost.

Some of the principal characteristics of the 20 numbers referred to,
together with the sources ol the stocks, are listed in table 1. These
menger data are far short of u thorough varietal deseription, but at
present such o description is herdly nccessary,

METHODS

The varieties wera planted :n single-row plots varying in length
in the different tests, but plots of all varieties were the same length
in & single test. Plots in Oregon were 40 feet long; in 1llinois, 160
feet; and near Washington, 13, C., 132 fect.




Tasre 1.—Principal characleristics of 20 varieties and stocks of Jerusalem arlichoke

Variety or acces-
sion no.

Source of stock

Growth habit

Tuber character

Tuber color

Time of blooming

Blane Ameliore. ...

Vilmorin-Andrieux & Cie., Paris, France. ..
Vaughan's Seed Store, Chicago, 111,

J. L. Coker, Hnrtsvxlle, 8.C el Jo
T.A Boyce Seed. Co., Seattle, Wash. .
Hallewell Seed Co., San Francisco, Cali
Jacob Kaufman, Seattle, Wash
Vilmorin-Andrieux & Ci ie., I’an
George Tait & Sons, Norfolk, V
Vilmorin-Andrieux & Cie., Pnns, France. ..

France. .

27632, e e s s

28098 vemn e

Waterer, Philadelphin, Pa
L. B. Scott Norfolk, Va
Iaage & Sclumdt Erfurt, Germany. -
W 1l%mm Rennie & Co.; Ltd., Toronto, Can-
ada,
Vilmorin-Andrieux & Cie., Paris, France ...

Tall, spreading.
Medium to tall, spreudm"m

Medium smooth

Tapering conic,
smooth.

Small, medium smooth.

‘Smooth

medium

Tall, spreadmg
T.ﬂl not spreading

"ery tall, not skvreading_--.v
Tall, not spreading

Medmm o tall, not spread-
ing.

Tall ‘not spreading.

M'e(gum height and spread..

Low, not sprcadmg,

Medium smooth...o._._...| Red.

Fairly smooth
Medium smooth__

Re
White.

Long conic, medium smooth.,
Medium smooti

Rough.

Medlum smoath.

Merium, not spreading
Very tall, not spreading
Tall, spreadmg ............ .
Low, not spreading -

Short spindle, smooth._.. --..:
Rather rough

.} Fairly smooth

Clear while. .. cumianeens
Brownish white

White, red tinge- .
'Bro\&'nish white

Medium smooth. . oooooan

.-do.

Medinm.
Very early.

AMedium.
Do.
Tate.

.} Medium.

Do.
Do.

Late.
Medium late.

Do.
Aedium late.
Medium early.
Early.
Medium.,
Early.

Medium,

)

EMOHOLLYY WAIVEAUdl THL JO TUNLTA
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YIELDS

Table 2 presents the mean yields for each location end for all
locations where grown, If is clear that although the veriefies do
not shiow exactly the same order in yielding power et the three
locations, the tendency to do so is pronounced, The varisties finally
rapked as “good’” are good in all tests, and those ranked ‘‘poor” are
rather consistently low.

TanLi 20— Mean yichds per acre of 20 vevielies and slochs of Jerusalem artichoke
grown for 8 years at Urbuna, 1H., Corvallis, Oreg., and near Washington, D. C

Yield per utre

YVurlety or aecession no. Urh e This.| Washt Rank
rhany, | Corve nshlng.
i, Orep. |tom, . C.| Menn

Ting Ameiineo N X ] 3 Madinm,
CRICAEO reeciane o - BPo,
{laod.

Mediun.
Do,

i £ S En 1 OO O e ve G
I roggeaganREnccy

Qootd.
Madinm,
Do,

PRERE®

byt R

Waterer ... .. . ... -

by T
Lt DU R
WA

90 P 00 50 O (R R 08 R ER 1

BEAZEREE

PP o

k-

Mediusmt,
joliS

Mean. , ...

&

10, 68

"The analysis of variance (table 3) shows that for all locations com-
bined the interaction between variety and place is significant with
reference to residual ervor, indicasing that the varieties rank some-
what differently in the different locations, This can be observed also
in Lable 2, but the differences in rank are not great.

Tapue 3.—Analysis of varianes of data for table 2

||hus{rec:sg ; Depreos
Plnco e source of variution | of free- | ;}E‘;::L Thace uid soures of varistion | of free- ;{32:;
dom | 1 dmn

]

lilinois, Qregon, amd Wash- Washington, Ir. C.:
lupton, B3 O ] To 16,843
Totnd, . oo .- 39,45 - 5. 202
Hebwoen viclet! . LT L ISptwosn Fearts. oo aaaa.. ! 382, 0
Fietweon plinces.. 11,7 513 Error {(varistles X yesrs). 4 34418
Hotween yonrs. . F t1ss, E19 1 Illingls:
Vyrlntles X places. . bt LY 1 LI | P ! 7.5
Yarjeling 3 yenrs b B 1% Tebween virfelios 11,445
Places M yvenrs . ... . . Ao g | Hotwesn years ) 1 270, $02
Error {varloties 3 places X : Error (varietles ¥ yests), E 7. 244
WIATEY omceen o s ho388 i

Qregon: )
Total L .. iisiaceaa § v e
Rubwoon vurfeths. oo b s
Halween yeard. . T 2 Vg 1Y
Hrror (vorietos 3 yours) B 8. 305

b ixeeedds pRreent paint,
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Considoring tho varietel means for nil locations, there aro prac-
tieally infinite odds that there are differences in yleld among the
varieties,  Tha variance duo to variety is signifieantly greater than
that for internetion between variely and place {observed JFr=24;
S-pereent point is less than 2.04), thus indieating that certain varieties
are conststently superior in ol thres loestions whero observed.

It appeared ndvantugeous to present separnte analyses for each of
tho three loeations, since the significant internetion between varietios
miul places indieated some differences in relative value of varicties in
the various places,  Unfortunately, buob little was gnined by this
procedure on zecount of the extreme varintions in yield from year to
vear, indueed by unfnvorablo conditions, und tho very small nunibhor
of tests, s menpsured by the individual errors of tho respective
foentions or of all tocntions combined (sablo 3), only the Oregon tosts
revenled significant varielal dilferences for u singlo loeation,  Despito
the leek of slatistienal significanco of dilferences among varieties grown
sear Washington, D, O, and in Jliineds, thoe lendencios are eonsisleont
with those evidens in the Orezon tests. Tho sccenmulative resnlis of
all tests have & definite valug lor the individunl foeation beenuso of the
proved consistent superiority of eerlain numbers, regardiess of place,

Tho means for all Ioeations show that nos, 27574, 26844, 27085, and
DTO07 aro rutbor owdstanding, A difference of 2,19 tons is enteulnted
to represent signilicance, Tho highest yield (14,38 tons) was from
no. 27574, tho other three varietios Lying within or approximating the
fimits seb by {his variely and tho mastmum yiekd that can be con-
sidered significantly lower than the highest vielding lot.  Contrari-
wise, no. 27585 Is o delinitely inferior variety stuco ib los within a
similur range established by the lowest yielding variety, no. 27096,
No. 27002 yielded abnost exnetly the mean yvieki of the 20 varieties.
Only the Lwo highest, 27574 and 26944, signilicantly exceed this,
while only 27006 and 27585 ure significantly inferior.

No. 27574 is of partieular interest also on aecount of its high
lavulose content, which will bo potnled out in the nexs scetion of this
diseussion ol varieties,

foven this short lisk of varielies shows definitely that the guestion
of the producing capacity of varieties i3 one of mujor importance and
must receive carveful aml tharough sttention before Lirgo-sealo pro-
duction is undertnken.  Although it appears that high-yiclding vari-
eties muy be expected (o retain high rank over & wide range of condi-
tions, the matter of ndaptability is of some Importance,

LEYHLOSE AND TOTAL SUOGAR CONTENT

Mihongh no studies of the chemical compuosition of the tubers were
included n the cooperative work reported in this bulletin, it may bo
well Lo present ab this polnd cortain hitherto unpublished data on
varielies grown near Washington, 13, C. Invesligators in the Burean
ol Standards of the United States Department of Commeree (3, 4)
have stidied the Jerusalent artichoke tuber for some years in connec-
tion with their work upon the preposation of fevulese,  Over & period
ol years they have mude many hundreds of annlyses ol single sumples
of Individual varieties and stocks obtained from the collection grown
hy Do N Shoemaker, formerly of the Bureaw of Phnat Industry. Tho
snalysos reported in (able 4 were taken from datn furnished by the
Burcau of Standards and represent amounts of sugurs determined
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after conversion or hydrolysis. These represent but a fraction of the
cditn uvailable, but are presented as an indication of the probable
performance ol the 20 virioties listed in tablo 2.

"Canii 4~—Conlent of totul sugars and levulese cquivalend in percentage of frosh
weight of Jeruselem artichoke tubers grown near Washinglon, D.C.
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The figures in table 4 represent practically the entire range in per-
centage ol fevulose und total sngar that has been found among vari-
etios thnb produce moderate or good yiekls of tubers of medium or
targer size. Certnin sorts that produce very small and commercially
worlliless tubers may show a much higher percentage of loevulose and
totnd sugar.

1t will be noted in table 4 that the analysis of the tubers of individual
voriotics varied quite widely between seasons.  Unfortunately, infor-
mation is not available by which these diflerences can be definitely
explained.  Tho yonr 1930 was very dry, possibly accounting in part
for the high levulose content that year. The 1932 analyses were
made in Jaouary, later in the season than in any of the previous
years,  Traub and others (§) have shown that the Jevulose and dex-
trose contenb ol the tubers are highest in Noveinber, deecreasing
througle the winter. It thus appears that lateness of analysis will
portly explain the low results ol 1932,

Tho Inst two columns of table 4 present the 6-year mean levulose
and telal sugar content for each variety. The G-year mean for all
variotics is 13.33 percent of levuloso and 16.38 percent total sugars.
Using the Ligure for crror shown in table 5, it is caleulated that a
i-year mean difference in levulose between 2 varicties must be as
great s 1.56 pereent if it Is significant.  Upon this basis it will be
noted that there are 8 varieties, CChicago, no. 27079, and Waterer,
thit show levulose anaiyses insignificantly Jower than the best vari-
ety, no. 27574, which showed 15.88 percent.  Sixteen vurietics are
signilicantly inferior to the best.  From another standpoint, there are
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9 varioties that appear significantly superior to the poorest of the lot
which is no. 27632 with only 11.73 percent levulose. In addition to
the 4 good varietios mentioned above, these Iatter 9 include nos. 26084,
27082, 27005, 27096, and 27098.  All of these show analyses that are
above the mean for the whols table, but only Waterer and no, 27574
aro significantly superior to the mean value of 13.33 poreent.

Tanun 5.—Analysis of sariance af data for table 4

MMonn siplures

J_:ugwus of
FUUELTH

Favitiose Tatnl

Bugnrs

Rottres of varksblon

LT AR SR UP I e e oM 18, Bdst

oLt VREHOS. wvns e o et e eme BT AT 10, 61D
Botwoun tesls (yes) - L. LT | rew 1174848
Frear {Losls o varlettes) . . . . .. LB Loy

1 gpearly L-peroont pofnb.

A differenco in toinl obtainable sugars betwoen two means must
ho ns greab as 1.60 percend to be significant.  There is such & closo
rolationship between quantitios of total sugars and of lavulose that the
comments in tho preceding puragraph, with relerence to differonces
in lovulose among varictics, hold also for totnl sugars, in gencral.
Fifteen varictics aro significantly inferior to the best. Chicago, e,
27079, and Waterer are again insignificantly inferior, s nlso is no.
27005, No. 27081 and tho sume 9 superior varicties listed in the

veceding parsgraph are significantly superior to no. 26083, the
owesh in total sugars,

Only varioty no. 27574 is_consistently high in both levulose and
total sugar contens and in yield, Considering thio marked tendency
for poor yield and tuber charncter to be nssocinted with high levulose
content, Lhis is an unexpeeted and most encournging indieation of
whab might be hoped for in the dovelopment of superior cominereial
stocks.

These datn indicnto n mean lovulose equiveient of approximately
4,350 pouns per acre for no. 27574 in contrast with 2,650 pounds for
the entire group of varietics and only 1,400 pounds for no. 27006,
1t should be borno in mind, however, that these figures are only rela-
tive and do not indicate probable absolute yields of levulose. At this
writing, a lurge-seale commoreial manufacture of lovulose {rom Jeru-
anlom articholes bas not bocoms & reality. 1f ib does become a
reality one cannot oxpect a factory yield of 100 percent of the levulose
found upon analysis of raw stock.  These relative amounts also are
enleulated from yields of smalil experimental plots that indicate good
rathor than avorage results to be expected under genoral {nrming
conditions,

The figures for total sugars are of importanes in view of & recently
rovived interest in the possible value of this crop as o raw material
for othyl aleobol manufacture. Assuming that 1 pound of sugars
will yield one-hall pound of aleohol, the following varietal differences
may bo caleulnted: No. 27574 produced tho equivalent of about 345
gallons per scre, the moan for all 20 varieties about 250 gallons, and
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no. 27096 only about 145 gallons. In terms of yield per ton of raw
stock the differences are not so great. For example, no. 27574 would
yield about 27 gallons, an average variety about 24 gallons, and such
varieties as nos. 26983 and 27632 only about 21 gallons. Again, it is
emphasized that these are only estimates, based on chemical analyses
end upon relatively high yielding experimental plots. Actual yields
of tubers harvested under average conditions probably would be but
50 to 65 percent of these experimental results, and aleohol yields will
of cour?e be below the theoretically possible yield per ton of raw
material,

SIZE OF SEED PIECE
METHODS

In preparing stock for the studies upon size of seed piece the follow-
ing procedure was used when cut and whole tubers were to be com-
prred: Tubers were sorted from a Jarge quantity of field-run material
and weighed Tapidly, one at o time, on a torsion balance. Those
deviating in weight not more than 10 percent, plus or minus, from the
desired sizo were rotained for planting. For the cut tubers, specimens
of twice the required weight of seed piece were selected and cut in
half as accurately as the eye could judge. Tests in which cut and
wholo picces were not compared were planted with a mixture of cut
and whole pieces of the indicated sizes. Pieces weighing 4, %, 1, and
2 ounces wers used.

Individual plots consisted of single rows 40 feat long with rows 4 feet
epart and hills 2 feet apart in Minnesota. Near Washington, D. C.,
and in Oregon and Wyoming similar rows were 5 feet apart; the hills
were 2 feet apart in the row except in QOregon, where they wers 4
feet. Plots were in duplicate in Oregon and in quadruplicate at the
other locations. The results of the Oregon tests gre not combined
with the others on account of the larger sizes of seed piece used. They
were 2, 3, and 4 ounces in size, of the same range of sizes as is com-
monly lfl)lunted locally. In all tests one seed piece was planted in
cach hill,

Belore harvest, the number of stalks per hill was recorded, then the
plots were harvested by hand, The weight and number of tubers
per plot were recorded.

RESULTS
CUT YERSU3 WHOLE BRBED

Before considering the offect of size of seed piece upon yield and
quality of the crop, it is of interest to inquire whether there is any
marked difference in behavior of cut and whole seed. This is of
special importance in the following discussions, since many of the
Pplots were planted with mixtures of variable proportions of both kinds.
IFurthermore, the question is of great practical interest.

Tnble 6 presents comparisons of whole and cut tubers of four sizes of
secd piece, earried on for 8 years near Washington, D. C., and 1 year at
Cheyenne, Wyo. It is evident in the mean yields for Washington
that there was no great difference between cub and whole seed, and
this iz further substantiated by the insignificance of the variance
between them (table 7). A single season’s results at Cheyenne, how-
ever, showed the whole sced to be superior, This possibly may be -
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explained by the tendency for the cut pieces to be dried out more
seriously under srid conditions of high elevation than in the more
humid regions, which are at low elevation, resulting in 2 greater
difference 1n behavior between the cut and whole seed.

TapLe 6.—Effect of cut v, whole seed pieces of different sizes on yield per hill of
Jerusalem ariichokes grown near Washington, D. C., and at Cheyenne, Wyec.

[Quadiupiicate plotsi

Yicld per hlll from seed plees of Indicsted slze and condltlon

Pluce nnd year i ounce 14 ounce 1 suanes 2 qunees

Cut | Whola| Cat | Wholo| Cut | Whole | Cut ] Whale

Pounds | Pounds | Pounds | Pounds | Pounds | Pounids { Pounds | Pounds
1.40 1.60 L75 1.88 2.20 2,38 . 20 2.01
7.08 6.05 4. 55 .58 7.18 0. 48 3 7.20
164 1,78 185 1.97 . 2,19 s 2,41

3.14 3.32 3.47 3.68 N 3.87

Mean {cut and whola) , 28 3.3% .72
Choyonne, Wyo.!
10933, -

Lo7

wenn {eut and whole) !

1 Tiased on tolaly for 2 loentions.

TanLy 7.—Analysis of variance of data for table &

Dregrens M
i N Mean ruringi Mean
Pluve snd source of variatlon | of fres- Square Place and source of vurintion sunTe

dastt

=
th

Washington, D. C.
Total

Batween {rentinents.. - 29 Between treatroonts
Balwean yeurs Detwean tasts
Tatween slzes
Treatmants X years {tesis) . Treatments X tests._
Error (cetsinder) P Treatinents X sizes
Sizes X tests
Cheyenne: Error (remainder)
Total

=T AR AN

-t

Betwsoon trontments
Retwean sizes
Error {remainder}

t Excgeds 1-percent point.
1 44~ 1-, and 2-ounee piecos only.
t Betweon 5-percent and 1-percent polata.

Although the mean yields jor Washington, D. C., and Cheyenne to-
gother suggest 8 superiority of whole over cut seed, the analysis of
variance {table 7} shows the difference to be significant. One year’s
dats at Cheyenne are inadequate for reaching & decision on this poing.

EFFECT OF SILE OF BEEL PIECE ON YIELD

Since the Oregon tests were made with seed pieces of 2, 3, and 4
ounces, a range of sizes different from the others, the results are
presented separately. Table 8 shows very little difference in yield
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per hill from different sizes of sced piece. The analysis of variance
(table 9) shows the varisnce due to size of seed piece to be barely
significant with reference to residual error. The required magnitude
of » significant difference hetween the 2-year means is 0.63 pound
and for the l-year means, 0.89 pound. Irom this it appears that
the small superiority in yield (about 10 percent) of the 3-ounco piece
ever the 2-ounce piece is significant in the individual years and for
the 2 years together. Tn no caseis the 4-ounce picce superior to the
2-ounce. The means for thie 2 years show that the 4-ounce picee
produced yields significantly lower than the 3-ounce and essentially
the snme as the 2-ounce. It1s suggested that the profusion of stems,
stolons, and tubers produced by the largest piece resulted in such o
crowded condition within the individual hill that optitnwum fop and
tuber development was slightly retarded. However, thoe mean num-
ber of stems for the three successivo sizes of seed piece was but 1.9,
3.1, and 3.8, respectively.  The plants of the 4-ounce plots tended
to be n few inches taller, and the tubers per hill were greater in number
bat smaller in size,

Tanve 8.—Effect of size af seed piece on yield per hill of different varictics of
Jerusalem vertichoke grown in Oregon

[Duplicate plots]

Yield per il from seed pleces of
Tl bear e size
Yenr nmJ varlety
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Tanng O.-—sdnalysis of variance of date for table 8
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Under Oregon conditions the 3-ounce picce gave an increased yield
over the 2-ounce at the rate of 1,786 pounds per acre in return for
an additional ealculated 136 pounds of seed. The desirability of seed
pieces larger than 3 ounces is not indicated. It is not to be concluded
that these results are applicable under other conditions of culture,
but rether the opposite. The very high yields obtained in Oregon
indicate a set of conditions particularly favorable for this crop, which
are found in but few regions.

The data on yields resulting from the use of different sizes of seed
piece in Minnesota, Wyoming, and near Washington, D. C., are pre-
sented in table 10 and the analysis of variancein table 11. Themeans
of all tests show a progressive Increase in yield as the size of piece is in-
crensed from one-fourth ounce to 2 ounces. Variance duse to size of
Biece is very highly significant when referred to residual error.

espite this fact, the residual error is of such magnitude that the
difference between mean yields for the ¥- and X-ounce pieces is
not significant. (Obsewef=0.19 pound; calculated required=0.46
pound.) All other differences are significant.

TanLe 18.—Effect of size of seed piece on yield per hill of different varicties of
J enésalem artichoke grown in Minnesola and Wyoming and near Weshinglon,
b. C.
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Since the variance due to size of piece is significantly greater than
that duo to interaction between size of piece and test (F=19.2;
l-percent point less than 4.3) it is concluded that size of seed piece
significently allects yield under all conditions of these studies. Since
a wide range of conditions is represented, it is safe to say that, in gen-
eral, the sced piece should be atleast 1 ounce in weight, and preferably
2 ounces. Under conditions similar to those in the coastal counties
in Oregon, pieces as large as 3 ounces can profitably be planted.

In the interests of economy in publication additional tables of
analysis of vields as nflected by size of sced piece are omitted. It
should be stated, however, that the data for Minnesots and for
Washington, ID. C.,, were tabulated and analyzed separately and also
the dota Tor the Blane Ameliore voariety alone for all locations, In all
cases, variance due to size of piece was significant. The differences
in the Minnesota tests were greater and of higher statistieal signifi-
cance than those in the Washington tests. The mean yieldsin pounds
per hill of the Blane Ameliore variety, for the four successive sizes of
picce were: For Minnesota, 3.18, 3.90, 4,25, and 4.62; for Washing-
ton, 3.16,3.68,3.07, and 4.24. The mean yields of the several varieties
grown in Minnesota were, for the four successive sizes of picce, 2.95,
3.30,3.62, and 4.21.  The grentest source of varintion in all instances
(except in Ovegon) was seasonul differences.  The remarkably similar
conditions for the 2 years of the Oregon tests gave such a low variance
ue to year that it was exceeded by the variance due to variety
{table §).

EFFECT OQF SIZE OF BRED PIECH ON NUMBEH OF STEMS PELR HILL

Sinee the variances due to factors other than size of seed piece were
small and relatively unimportant, only the mean values for the six
Oregon tests need be given. The numbers of stems per hill from
2-, 3-, and 4-ounce seed pieces were 1,87, 3.03, and 3.82, respectively.
"The analysis of variance (table 12) shows these differences to be very
highly significant,

Tannn 12—dnalysis of varienee of datn relating ta efiect of size of sced picee on
wumbir of stems per Wit nf JSerusalem artichekes grown in Oregon !

: i Tleprees of Mean

Souree of variatlon Troedorm square
Tl L Lo . . e eeeieea r 17 0.8220
Theww eenn 2fper vl -pml priegy 2 1.5, 7000
THetwien §ears 1 ]
Tebw ey v aaripties . o 3, 5840
Fernr ereninadon - 12 . 1004

3 aarfelies prown in 2 seasins,
* Eeceeds -poereenl jaint.
T Beween Spercent amd l-percent polnts,

Stmilor data Tor the plots in Minnesota, Wyoming, and near Wash-
ington, D. (., are shown in tables 13 and 14. A glance at the latter
shows that with reference o residual crror the variances due to size
of piece, to test, and to interaction between size and test, all are
highly signilicant,  Furthermore, variance due to size of picce is
highly stenificunt when referredd to the interaction between size of
picee and tesl.  (Obscrved F=16.0; 1-percent point=5.95.)
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Thus, from tables 12, 13, and 14 it may be safely conclnded that
the increase in number of stems accompanying increase in size of
seed piece, up to the limit observed, is & practically universal oceur-
rende with this plant.

Tanus 13.—ILffect of size of seed picce on number of stoms per hill of Jernsalem
artichokes growr in Minnesota and Wyoming and near Washinglon, £3. C.

[Guadruplicats plats]

Stemms per hill from seed pleces of indicated sizo

Year sl pluve -
Y ounes 1% nunce 1 ouitee 2 ounces

Number Nuuber Number Number
Minnesota 2,03 313 .63 4.28
Whshlapton. B, C. o e iR 2,86 4. 80 Tl

Washinglon, D, O 2,61

. 2.05
) T T . LT 3.20

Wyoting . 2% 3,65
3L TR . . . L

TapLt IM.—Aualysizs of varinnce of dala for table 13

Begreesof ©+0 Monn
freedon) ; shimTe

FPOBL. o oo e e men et s e t

Betwean slzes of seedd plere.. 0 oL 3
Betweon tasds. ..o .. oaoeao. . E
Sizeg nf seed pleces 3 lesis .

Hrrop {roceinder}

Soures of varlation

! Exceeds (-percent point.
EFRFECT OF SIZE OF SEED PIECE ON WEIGHT OF [[ARVESTED TUZERS

Trom the number and weight of tubers harvested per plot, the mean
weight per tuber was calculated for all tests shown in table 10. Since
the differences in fuber size accompanying the use of diflerent sizes of
seed piees were so slight throughout t{:a detailed tabulation, only the
mean values for the 15 tests need be given. Seed pieces weighing 4,
% 1, and 2 ounces yielded tubers weighing respectively 1.56, 1.55,
1.67, and 1.51 ounces. A glance ab these figures raises doubt as to the
significance of a difference between any two means. From table 15
one may determine that the variance due to size of piece is insignifi-
cant with reference to residual error. None of the interactions are
significant.

PABLE 15.—snelysis of variance of daln veluling to effect of size of sced wicce on
wmean weight of hareested tubers of Jerusalem artivhokes grown in Minnesola
rnd Wyoming and near Washington, D, O

Degrees of MMean

Soeree of varinlion roniom stunre

B 3115 SR - T, @, 6130

Retween slzes of seod] place. .. . . ., e K R<ryd
Hotween o8l .o Lieaes oL L e ieiaeeea . : 8, 4802
‘Botweenreplieates .. ... Lo o . k {. 0S8R}
Sheea W eSS, oocaoes ch . e oL e o [, 1985
Slres 3 replicatos., . o R 13} (. m:ng
(Roensinder} e cns caen . L . . o - (.

Errar. ... ool

7 tests wors dsede frr Minnesotn, 2 In Wyaming, and 8 nenr Washington, 10, C, Quivlriepliente plots,
1 Exeecds percetd proint. 1 Values in parenthesed have boon eombined togive the vilue identiNed pserver.
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It thus appears from 15 tests involving several varieties in 3 loeca-
tions and seasons, that size of sced piece of 2 ounces or smalier is
without consistent effect on size of tubers harvested. The Oregon
data indicate, however, that seed pieces above 2 ounces in weight
result in a decreased size of tuber. Unfortunately, data are not
nvailable for Oregon for seed picces below 2 ounces in weight, nor
above 2 ounces for the other locations,

The mean tuber size harvested from 2-, 3-, and 4-ounce seed pieces
was 3.54, 3.22, and 2.7 ounces, respectively, The analysis of vari-
ance (table 16) shows that tha differences are significant (required
diflerence=0.24¢ ounce), but this decrease in size is probablly ne
clisaflvn:lltage since such very large tubers (or multiple tubers) are
involved.

Tanvy 16— inalysis of variance of duts relating to effect of size of seed micee on
sizg of horvested Dubers of Jerusalem artichokes grown in Oregon b

Hourve of varintlon E;ff':ﬁf;:lf'r ;I[lﬁ:rr:,

Towl. .. g 17 0, 1570

Besween slaes of seel plece.. ... cooenee oo L .- E T 103
T T Y . . 3 S0H
telweon varletles... . ... ... .. - . 11,2227
Error (remninder) oo ..o aoas g A, L OB7Y

L3 warietles grown I Y sepsany,
* Fxeends -poreent polok,
1 Retweon f-perpent aod 1-pereent polols,

TIME OF PLANTING
METHODS

The plots in the tests relating to date of planting in Illinois were
single rows 136 fect long, while at the other locations they were 40
feet long.  The plots were in duplicate in TiHinois and Oregon, and in
quadruplicate in Minnesota, Wyoming, and near Washington, D. C.
All plets at a single location were planted at a uniform depth and
spacing, given uniform cultural conditions, and were harvested by
hand. The tubers of each plot were counted and weighed.

In determining beforchand the dates for making experimental
plantings, the earliest date on which seil and weather normally per-
mitted ficld work was considered as A, 1. e., as the first planting,
regardless of calendar date.  An effort was made to plant on or very
near this earliest date.  Subsequent plantings were to be spaced at
intervals for as long as sced stock could be held in good condition or
until it was apparent that the shortness of the remainder of the
growing scason weuld not permit satisfactory tuber cdevelopment
before {rost.

It may appear that such variations in time of planting would pre-
clude (e comparisons and combinations of results for reaching a
generalized conchizion. On the contrary, earliness or lateness of
planting cannot properly be evaluated on o calendar basis alone, but
must be considered in relation 1o length of growing season available
nnd to the charncteristies of the prevailing weather of each region.
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Thus, the earliest possible planting time is always indicated as A
and the latest ns E, regardless of length of time from A to E. Insa
region of fuirly long and mild spring, followed by a long growing
season, there supposedly would be & greater range of time over
which plunting might be expected to be satisiactory. In northerly
regions or those where unfavorable weather conditions oceur fairl
ecarly, one would expeet & rather short successful planting pertod,
The medivm planting date is marked C, regardless of number of
plantings or length of possible planting range.  The indicated plant-
ing dates are thus relative and should not be considered apart from
tho local conditions of the several tests. The actusl dates of the
several pluniings are shown in table 17.

Tane {7~ Dates of planting of the varions plols in the studies of cffeci of time of
planting on Jerusalom artichokes in filinols, Minnesola, Oregon, and Wyoming
and wear Washington, 1. C,

Lnte of planting—
Flned nint yeur

s
1541 e aaaes e e Apr. 13 . Afny 20 ) June 8
3 2 I Apr. M| Apr. May 14
Mintnsntng
iy .- e e mreee caeiwas oa e A S Moy 27
M, e o e - . PO B, 2 ja.tlo Dlay 3!
Hd . L emrmmeeemeee e JUU SR ORI A { | My 20
Orepon;
[IHZ e e s e imeeae. Apr, 18
: ‘ Apr. 17

110338 . Cmear
Washinpton, 1, O
war . oo L

-..E Apr. 15 e
14 o e 5. .t . Moy 8 | Jups 1
412 a0 | Apr. 18| Apr. 28 | May 13 | May 28
W yonuing: |

193 cecfemecmmea.-| Moy 10 May 3

RESULTS
EFFECT OF TIME OP FLANTING ON YIBLD

On account of unsvoidable irregularities in number and dates of
plantings st the several locations and in the different years, it is
possible to combine results of bub few tests involving mors than two
planting dates. A large number of tabulations have been made so
as to include as many tests as possible in observing the yield differ-
ences accompanying differences in planting time. In many tesis
uncqual frequencies were Involved, thus limiting the number of
sources of variance that can be evaluated when the tabulated date
are analyzed.

The most extensive data were obtained in the Washington, D, C,,
tests and these are presented in tables 18 and 19. It will be noted
that although there is high significance for variance due to tine of
planting in the experiment us = whole, there is no significant differ-
ence in yicld between any two of thoe firss three plantings., (Maxi-
mum observedimean dillerence for all tests=0,22 pound; caleulated
required=0.41 pound.) The third snd fourth plantings resulted in
+ ory marked suecessively lower yields, cach being quite significantly
different from all tho others,
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TasLe 18.—Effect of dale of plunting on yield per plant of Jerusalem artichokes
grown near Washinglon, D, C

[Tripllcate plots}

Yield per plant Irom planting '—
Year and varlety
A B &) D E
1932 Founds | Pounds | Pounds | Pounds | Poundsy

Titnne Amolior ... it ——— .00 ] 5.51 1.4 4
Chitngo......... i ] T.47 7.7 6,74 3.8
B L o 5.01 547 4.18 341 .70
MeAN siar i it cca— . 6,08 6,41 b, B0 4,55 LB
Tane Amelivre ..o dmem e m————————— 2,05 2,77 2.60 1,08 131
Chlengo .. ... U3 1.53 1.E0 1.98 .37
WILBFEE o e eecmerascn mrmme mmeeas .70 1,43 168 1.40 L 06
B 1T A N 2,13 1.8 200 LM 124
RN T o 4 LT | O 410 4, 18 a3 313 2,05

' Plntbnge o wag mde npproximately on Apr 1 successive plantings were made ot npproxiinately
week Intervaly.

TasLe 19— Anulysis of variance of date for luble 18
Source of variation I:géggggf“of J:'{:::L

TOU L oot cvmermtamrr = vamaemrmas s tee—mtrmawnram e m——.———————— 80 4, 581
Thelween dateg of PINRINE. L L et ercer ek o eemm— e ————— 4 114,408
Helween yenrs ..., 1 L2496, 115
Between vorictios. . ... 2 115,348
Dotoy of plenling X yenrs., 4 1582
Daotes of planting X veriotie 8 . 603
Yarjeties X yenrs . ... - 2 17,411
Brror (et o) oo oo e i semssasmmmameammann o M

! Exceels 1-percenl point.

Comparisons of the values in table 18 will show highly significant
variances due to season (years), varieties, and interactions involving
senson, when these aro referred to residual error. The variance due
Lo time of planting is not significantly different from that due to inter-
action betwoeen planting date and year, (Observed F=2.47; 5-percent,
point=6.39.) 'Thus, aTthough, in general, delay in planting reduces
yields as indicated, this response varies from year to year, depending
upon conditions. A 2-week delay in planting in some instances may
resulé in no loss hut even in an inerease if the earlier planting should
happen to have been made when soil conditions were temporarily bad
or the temperature unusually adverse,

In the Oregon tests including three varieties, two plantings were
made each season, The results, together with data for eomparable
plantings in Ilinois and Minnesota and near Washington, D. C,, arc
shown 1n tables 20 and 21. The two plantings at Orcgon were ap-
proximately 3 wecks apart cach season, which represents a longer
mterval than between the B and € plantings in any other instance.
However, the interval is too short to be rated as B to I).  The elassi-
fieation is admittedly rough, and this must be borne in mind when
noting the very severe reduction in yield that resulted from the later
planting. The results are doubtless exaggerated as compared with
other &3 and (' plantings.
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"FapLe 20.—Effect of time of planting on yield per hill of Jerusalem artichokes
grown in {llinois, Minnesola, and Oregon and near Washington, D. C.

[Duplieate plots]

Yield par hill from
nlanting i—

Dlape Ameliore, .. oo .o oooeooronoa-aa| 1032
{*hicogo o 1832
Cregon Woterer ..., 1052

CRAME, Llnne Ameliore. - 133
Chlago 1033
Watorer.. . 193

Mean . v PR — .

Biano AmolorD. e cae e s

’ . Waterer.......
Wishington, Dy Coveneemeeec e riliore.

Chietgo - emv
R LT - ————

Ll ad el ad o

uel|rzrsnz

Blane Amellore. .oo...- tmdmmmaaman o
b3 BN 1] 1 F— drdeimmmmamammemrm—ra

DT T]

iatatataal Bl
RERRE

Minnestta... ..., L Ty
Washlnglon, D, C. Y JRRUR ) |, T farntamammmmma———— .

o

-
]
e

Mean (18 10818 e v cnaa] e . rememmmam e —m—————— .

1 Sea table 17 for nctnnl detey,

TabLe 21.—Analysis of variance of data for table 20

Cregon and 2
Iinois yenrs nesr Wash  Entiro table
ington, I, O,
Souree vf varintion

Vv v

B I 1211 S 3 14.203 13. {18

Tintween dntes of PIANUDE e n e v s e mmmes 472,008 452,720
Botweon tests i 4498, 420 id3, 804
Dales of pluating X Losts 130 17,006 19, 21
Errar {remnlder) . 487 E 1L11g

Qrepon and 2 yeury
near Wiashlogton,

Bonuree of varintipn

v df

— 10. 381 47
C 120,875

1
Batwenn years . . 1
Bolween plces. .. 1
Holween voriotles ... .. 130, 106 2
Lates of pionting ¥ ploces, N 1
Dntes of planting X years. ... ... cne 1 120, 258 1
Tales of planting ¥, varioties . ) {. 136) {?)

(2

Mlaces X yenrs.... U pems [T P
Vorintles X years. .- LRy
AT 34

' ogrees of frecilar, ? Tatwean S-percent. unid {-percenl points.
3 Aenn seinre frarlonee). + Kxcemls I-pureent poiut,
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For Oregon, slone and also together with Washington, table 21
shows & high interaction between plantmg date and year, as observed
for W nshmn'ton slone in tables 18 and 19, Although the significance
of decrease in yield accompanying later planting is very lugh over B
period of years, these studies show that perfectly consistent resulis
are not to be expected every year, since variance due to plenting date
s nobsignilicantly greater than that of planting dates 3 years,  (Ior
()l{""’[}l‘l, observed #=0.4; 5-percent pomt—]()l 4. TFor QOregon and
Wishington, . C., uhqm'\'cd #=21.8; B-percent point=10614.)
Despite the marked differences in vields of the three varieties that can
be comparedin the 1932 and 1933 crops in Oregon and near Washing-
ton, the verietal response to time of planting is very consistent. 1n
both cases the interactions of these two feetors were quite insignificant
when referred to residual error. (Observed F=1.0 or less than 1.0;
S-percent point=3.0 or more.)

Considering the entire 18 tests shown in tables 20 and 21, the
differences in Yl[‘!{l due to planting date aro very highly swn.lhcant.
(required difference=0.50 pound). "The interaction between dates
of plenting and tests js also highly significant. Despite the very
grenb odds that delay in pl.mtmg gives (llﬂt‘l(}nt results in different
tesls, the varianee due to time of planting in all locations combined
s grenter than that for the interaction just mentioned,  (Observed
F'=0.74; 5-percent point=4.45.) It thus appears safe to prediet an
apprecinble reduction in yield from such a 2-week delay in most places
over o period of a few or several years, |

It is alse of interest to note the response to further delayed planting
inseveral loeations,  Tables 22 an(l 23 present yield data for I}Iant.ln,gs
made at times (°, 1, and £ for 2 years in Minnesota and 2 years near
Washington.,  The means for the 10 tests show, as in the previous
tables, a consistent decrense in yield as planting is delayed. As in
Lthe other tables, analyzed variances due to dute of planting, to test,
anl to interaction between these two, are all highly significant when
referred to resicdual error. Likewise, varianee diie io date of planting
i5 higher than inferaction between date of planting and test (obscr\'cd
F=15. 5; l-pereent point=0.01), permitting genemlu&tlon on the
baisis of thesoe results,

Tanne 22— Hifeet of time of planting on yidd per Wil of Jerusclem artichokes
grows La Minnesoli and near Washington, D, C.

[Trindicnta 1Hids]

Ylelrl per hill from plasting——

Place unil yarfety
C 2] B

Minnesoin: Pnund'.r Pounds }’ulmffs
5

0. 53
828
1.70

. B0

Iiane Amilloro ..o
1w . .
I age
Walmer. ...
AWnshinplon, 13, C.z
Iilane Ammelioro.
il .
Wilerer
lane .\mv![urn
Ellenge. .
Widerer.

.J-f_-.r_-.'_
SR

3 R e

Ll o aiat o
TR LD T e
BEER:

Meano. . L
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TanLe 23.—Analysis of variance of dela for table £2

Houren of verintion quﬁg r;Jl Si\qlltl::ﬁ,

Total . 4ot

Netween diles of planting 1), 07
Hebweai tusida .. .. caee LR
LeLween cepllcilions,. .. . 12,3471
Iintoy of planting 3 tests oL L1208
Brror (Totelilord . .. cocmran . ceeiammae emsen smeeabeascaie o simasaaan LU

I Bxceeds 1-pereent painl,

Although details are omitted here, it should be stated that addi-
tional tubles have been constructed and summarized in table 24,
bringing together all deta that can be properly combined for a total
of 0 tests of B, €, and D plantings in Illinois, Minnesota, and near
Washington, D. C.; 13 tests involving only € and D planting dates in
those sume locations, and 13 tests of ¢ and £ planting dates for
Minnesota, near Washington, and Wyoming., Twelve of these last-
mentioned 13 tests involved 4 groups, each consisting of the same 3
varietics, and oceurring once in Minnesota, once in Wyoming and twico
near Washington. This part of the ¢ and £ tests, mndicated as ¥ in
toble 24, permitted a determination of the variance due to varioty.
In every set of comparisons (table 24) successive deluys in planting
resulted in successively lower yields. In every case the variance due
to planting was significant when referred to either the residual error
or 1o the internction between pianting dates and tests (table 25).

Tanty 24 —Swmmary of four unpublished tables showing effect aof time af planting
on yield per Wil of Jerusolem artichokes grown in four localions

{ Moty in duplicate or triphicte]

Yiel! pur Bl from planbing—

‘tikla Laention of combined Lests r{'&"l';] ——

I c pl

Number] Pounds | Pownds | Pounds | Pounds
lllinols_i)Minnusmu. pod Woshing- il 4, 4% €£ 7 i

Lon, 1. €.
b Al lanesotn und Washington, Tr, Co.. 3.42
Aiinnosolu, Wyoming, sod Waesh. 2 2,0

inprow, D,
D ;! 3.3 .

PapLe 28.—dnalysis of varinnce of dulua for lables stemanarized in fable 24

Talsla 1V Table X

Souree af variallon

daf daf v

LTV R DA e rmmatammmmaam X 4,144

Totween tules of planting . oo crmvaramaas I LI 4 b
Belweon {0818 . .couar oaen i F E (AT
Iantes of planting 3 tests ... . L]
Hepllontes. . oooeeuovoome- . i 22 844
Brror (rémulnder) E Py ols A7

A3 34
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TaBLe 25,—Analysis of variance of dala for lubles summarized in fable 24—Con.

Table ¥ Tabla Z
Bapree of varlation
¢f v df v
B L H 2, 853 7 4,084
BDelweon dielea of planting 1 AT 076 1 L41, 960

Helwoor tosts o ____
‘Betwson groups of tosts
Holweon verlobles. .. .
Diptes of planllng X varlethos. .o o
Dales of pinnthng X testa, ...
Dates of plantipg X groups of Lests
Belween replieatlons o ..o_.....
Errar ir lador), cecuns -

t Bxeewly § poreont paint.

! Butweon f-percent snd i-rercnnt ointa.

2 A proupof tests cotidlsts of 3 varletios ot & singlo loeation b o singls senson thut Is cornpurablo with other
strdine groups of the sntee 3 variatles in other logatlons and sensonsa or tha ssme lacstion In ofbor spayons.

Thus, although it has not been possible to set up all data relating to
time of planting in & single table for analysis, consistent results are
observcc}) for thie several partinl summeries, With the exception of
the tests near Washington, it is shown that all plantings following the
carliest one actually planted yislded successivelyless. fngeneral,these
results hold also for Washington, ID. C., but & few exceptions oscurred.
It is, therefore, safe to recommend the earliest practicable planting,
The data also show that delays early in the p?unt.ing 802SON_CRUSE
relatively less decrease in yield (and sometimes absolutely less) than
a similar delay later on,

EFFECT OF TIME OF PLANTING ON SI4E OF TUBER HMARVESTED

Tables 26 and 27 show that delayed planting brings about a decrease
in the size of the tubers harvested. The tuber size appears to be
distinctly thoughnothighly correlated withrelativeyields. Meantuber
size in the Washington, D, C., plots decreased 28 percent between the
4 snd ¥ plantings while the yields for the same plots decreased 50
percent. ]In Minnesota, size decreased 49 percent between D and E
plantings, and yield decreased 40 percent.

Considering the Minnesota and Washingten, D, C., date either
separately or in combination, the variances due to date of planting are
wll highly significant with reference to residual errer and also to
interaction between date of planting and test. The differences are
obviously so great that it is unnecessary o present the F values. In
the Oregon plots very striking differences were observed between the
iwe plantings. The mean tuber sizes for planting dates B and ¢ for
all tests combined were 3.29 and 2.44 ounces, respectively, representing
& relativo decresse of 26 percent. The decrepse in yield was 41
percent,

VARIETAL HESPONSE TO TIME OF PLANTING

Reference to tables 19, 21, 23, 25, and 27 will reveal no instanece in
which there was @ significant interaction between date of planting
snd vardety. It will be recatled that the three varieties compared
throughout these studies were chosen for their marked differences in
growth liabit and time of maturity, or apparent cessation of nctivity
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in the fall. Despite marked consistent differences in yield, as shown
bfr high varisnce due to venety, they behaved slike in response to
pla

nting time.

TanuLk 26.—Effcet of date of ﬁanu’ng on mean weight of hurvested Lubers of Jerusalem
artichoke in Minnesola and near Washington, D. C.

['Tripiicate plots]

Walght of tubera from plsuting 1—

Place wmi varlety
ol i 2 Fi

Washlpgton, D, O Gurees Ounces 3 Ounce?
Winne Aruolons. ... ceecaccacuminas 1,33 1.0l 3 .86
Ohleago - ave -an . 162 .45 1.10
WIEEIET v camaree 1.32 . .02 .70

o £ T 1,38 } )1 A

Tane Amolloro. . cooeie varisnun 1.42 1. 48
[ L LW W70
WHerOTum e a: can . 58 AT

S 71 T vetmmmmm—— .50 52
Boyenr MOLR e e e - Lo5 M

Minnesotn:
Biune Amellors.. . 1.40 Bl
[ 11— N .
LT T - 456

Menn.. 1L.a2 i
Sens (B tosts) oot L .87

; 1 i‘Iunltlu_L: A wus mndo approsimately on Apr, 1 successive plantiogs were made at approximately 2-weok
THelvais.

TanLe 27.—Analysi of variance of data for table 26

Analysis i

Placa and sourco of vatlation

af

Washlngton, T3, O
Tot

e ahd

nalweon dnios of planting. . vuiieeeaanas RV
Betweon varletlos
Balween FOATS- - ne-
Botweon esis . ooeeeeaan rnmmm
Dutoy of plantlng X varfelles, .o
Dutkes of planting X yents. .
Vatlotics X yenrs
. Daies of planting X tests
Error (romalnder)  ooovmieee e e
Minnesoly:
Tatal oo 4imsmmemmamsmmammsEmeesmas=mesms .

Hetweon dnles of planking. ... weean

[iptweern St8 oot ammam

Datey of plunting X testa. ..

Error (remsainderi.....--

WHinaemts sod Washington, T, Co
T

L 11 ] T ittt

Between nles of planting - t 1, 4344
Botween varlstlos. . oo . 11,050
Hletwoen groupsof testa oo
Hobween Tndividus! tests ..
Dotes of pinotlng X varlotles. .
ntes of planting X testd. ...
Variutlos X fedts. o emaan
Error (rumalnder).

t BExeeeris 1-pereont polit,
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The data for both Minnesota and Washington, D. C., in table 28
were analyzed by another bresk-down (not shown) in addition to that
presented in table 27, in order to determine whether there. were
significant interactions of planting date and variety with reference to
size of tubers harvested. A barely significant interaction (F=>5-per-
cent point) appeared in the single season’s results from Minnesota, but
in neither the Washington results not those of the combined locations.
In all of the varieties observed thus far an appreciable decrease in
size of tubers resulted from delayed planting and in all to about the
same relative extent.

DEPTH OF PLANTING
METHODS

All plots to be compared with reference to depth of planting the
seed plece were planted on the same date at any one loeation in o
single year. Furrows were opened to such a depth that the seed piece
would be covered to the desired depth when the furrow was closed.
Special care was. taken to drop the pieces at the same level in the
furrow, then they were carefully covered by hand 2nd the row leveled
off. Efforts were made to change the contours of soil surface as little
as possible in cultivating the plots, to aveid the addition or removal
of soil from the immediate vicinity of the plants. Some difficulty in
this connection was encounterad where irrigation was necessary, and
those results will be found rather at variance with the others.

At harvest time the tubers of five typical hills of each plot atb
Waslington, D). C., and in Wyo.ning were carefully removed, one ot
o time, to successive depths, the number and weight being recorded
for successive 2-inch depths for each plot. The number and position
of stolons were also noted on these plants. The object was to deter-
mine whether planting depth influences the depth of the tubers to
be harvested or the depth of origin of the stolons on which they are
borne. After the removal of the tubers from the selected hills, the
remainder of the plot was harvested by hand in the usual manner,

The plot sizes in the several locations were the same as those
described for time of planting (p. 20). The number of plots was as
follows: In Oregon and Illinois, duplicate; near Washington, tripli-
cate; in Wyoming, quadruplicate. Certain of the plots in Wyoming
wers damaged, reducing the number for which complete data are
available, All yields were recorded on an individual plot basis, but
cortain of the data on responses other than yield have been corapiled
from means of plots in a single test. The final mean values are not
aflected, but the estimated errors, of course, are higher than if caleu-
lated on an individual plot hasis. .

RESULTS

EFFECT OF DEI'TII OF I'LANTING ON YIELD

The most extensive set of data upon depth of planting was obtained
in tho Oregon tests. Although but a single location is involved,
these dota are of sufficient interest to be presented and analyzed
separately from those of other tests. Tables 28 and 29 show the
response of three vavietics to planting at depths of 3, 4, 5, and 6 inches
in 1932 and 1033, The results are not very consistent either smong
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the varieties or for the 2 years. Despite these fluctuations, the 2-year
means for all varieties show o generally best yield from the 4-inch
depth, and the difference is significant. (Observed minimum dif-
ference between means=1.27 pounds; calculated required difference=
1.03 pounds.) The mean for the 6-inch depth is significantly lower
than for the 5-inch and approximates a significant difference frem the
3-inch depth.

TasLe 28.—Bffect of depth of planting on yield per hill of § varieties of Jerusalem
i artichoke at Corvallis, Oreg.

[Dipllente plots]

Yiald from plantiog of lndleatad depth

Year and varlety
3 inches 4 inchey 5 Inehes § inehes

Pounddys Pounds Pounds Founde

Blane Ametore 12.70 18. 23 1341 13. Gl
Chleapes. e . 0467 1283 1521 14, 05
Wualerar 124 13,40 .73 BOH

Mean .73 14,82 12,12 11 B8

Titwne Amellore. - e caiiaaaan Pre—temsmsemamamaeran 12 30 13.91 12. 8 12.B4
K 1146 HIRH 1L7L
Whnlorer. . 8.77 .78 7.62

B8 [T | TS 10, 86 1L, &4 {1 ]

doveur pieun . R 11 30 12,50 143

TaBLE 29.—Analysis of variance of dula for table £8

Degrees of Alean

Bource of varintion trocdom squAre

8.47

Detween planting dapths ¢ 19,42
Hatwosn yonrs 1 G2, 247
Rotween vericile 1 8§0. 351
Phutloe depths 3 varletles L1,
Planumng dopths X years. 3 6. 057
Virletles X yoars . (2. 142}
. . (L 5du}
1. 504

1 Exeeads 1-percent polnt.
2 Tlgtween b-jorcent nnd 1-percent polits.

3 Vajues In parontbesea nre combined to glve tha value {dentified a3 error.

Table 20 shows significant variances due to varicty, year, and the
interactions planting depth X variety and planting depth X year.
Significant differences in yield between these three varieites will be
noted throughout theso studies. The variance due to planting depth
is not significantly greater than cither of the two interactions involving
depths. Therefore, with these limited date no definite conclusions
as to varietal response can be reached. In the light of observations
reported later, it would seem that many of the varietal differences
in response are due merely to chance. 1t can only be said that, in

the long run, 4 inches is the best planting depth and that 6 inches is
deﬁnitcﬁy too deep.
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In tables not presented here were combined the results of all tests
in Oregon, Wyoming, and near Washington, D. (. Since the same
varieties were nob planted in all places, determination of varietal
response, unfortunntely, is precluded. Again, as for Oregon alone,
the 4-ineh depth was found (o be the best (8.95 pounds per hill), 3
and 5 inches nearly cqual (7.91 and 8.16 pounds) and next in order,
with the G-inch depth definitely inferior to those of 3 and 5 inches
(7.48 pounds). The variunce due to depth was highly significant
with relerence to residual error {observed F=224; l-percent point
=4.31) hut not with reflerence to the interaction of planting depth
and test (observed F=168; j-pereent point=2.98). The interaction
wits signifieant with reference to residual error (observed F=13.5;
l-pereent point<2.20).  In this Instance the factor of test involved
buth variety and place, so that ciuses of the vaviations in results
could not be determined.  The conclusions reached are the same as
for Oregon alone,

When the dats from triplicate plots near Washington are aoalyzed
ulone, the yields for the successive 3-, 4-, 5-, and 6-inch depths,
respeciively, nre found to be 3.23, 3,58, 3.46, and 3.10 pounds per hill.
AMrhough the trend of the resulis agrees with those of the Oregon
plots, the verivace due Lo depth of planting is nof significant {ob-
served f=2.0; S-pereent point=2.92),

Since the combination of all the Orecon daby with the less extensive
Wyoniing and Washington, D. (., data (see second paragraph
anbove, diseussing tables not preseuted) mighé produce a table top-
henvy with results from Oregon, tables 30 and 31 are presented.

Tannt 30— Effeet of depth of pluating on yicld per hill of Jerusalem artichokes
grown in Oregon and Wyoming and negr Washinglon, . C.

[ Duplleate plais]

Yield from planting of indlested depth

Voriety
3 Inchies | 4 inches | 5 inches | Oinches

Foundy Pornds
Oregon 3 T2 70 . 14, 44
iy 206 k 12. 8

w

' N . 202

Wshington, ), (5 { 5.58 3 £ 44
193 215 207

Wyoniing WIETET, oy i | 15341 .75 . 2,51

I L SR e u.csl L 57 6. 50

‘Tanny 3 le—.Analysis of variance of data for table 30

Deprees of

HSotrree af wrlgton freedoim

Beeween pluiting deptiss. ... 0 . L.
Huetweon bpurs

[Euzbime depths K fests

eror tronnandery

3
&
15
H

CHgeeed Fpercenl pont,
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The data for 2 years in Oregon and for 3 years near Washington,
D. ., all relate tothe Blane Ameliore variety. The Wyoming figures
were obtained upon Waterer. Removal of part of the dominating effect
of the high Oregon yields results in more striking refative dillerences
in yicld at the diflerent planting depths.

As in other tables referred to, table 30 shows that the 4-inch depth
eave distinetly the highest yield. The significance of variance duc to
:lc-pth_ (table 31) is very high, as is also that due to interaction of
planting depth 3 test. ~ Again, variance duc to planting depth is not
significantly greater than that of planting depth < test. {Observed
F=2.67; 5-percent point=3.29.) For comparing the mean yields of
the six tests, o difference of 0.47 pound is calculated to be significant,

In a further oifort to analyze the dota in o way that would permit
drawing definite conclusions as to the specific applicability of the
results obtained in gencral, the values for a single variety, Blane
Ameliore, were analyzed for 2 years each in Oregon and near Wash-
ington, D. (!, No additional information was gained.

In the Tlinois studies of depth of planting, tubers were planted at
3, 5, and 7 inches in 1931 and 3%, 5k, and 7 inches in 1932, In
analyzing the data, the 3- and 3'-inch depths were tabulated in the
sama column, and the 5- and 5%-inch together, In 1932 the yields
from the three depths were almost identical, being 2.71, 2.70, and
2.73 pounds per Iill, respectively. In 1931 they were less close
together, yielding 3.05, 8.15, and 2.75 pounds per hill, respeetively.
Since only a single variety was used, involving o total of but 12 plots,
significance could not be expected for such smail differences in yield.
Variance due to depth was 0.036, and when referred to o residuat
error of 0.031 was obviously insignificant. Nevertlieless, planting at
g depth of less thun 4 inches or more than 6 inches tended to be in-
ferior to that at the moderate depth of 5 to 54 inches.

One year's restlls in Wyoming indicated the desivability of rather
deep pl}nnting (5 inches), bub this was exceptional and based on a
single set of guadruplicate plots. It is possible that planting at a
depth less than 5 inches under semiarid, high-altitude conditions
resulted in insufficient moisture in proximity to the sced pieces, which
are eusily desiceated.

EFFECT OF REPTI OF PLANTING ON DEPTH OF STOLON OQRIGEN

Regardiess of the depth of planting of the seed plece, practically
16 stolons were found to emerge from the stems of the plants more
than 6 inches below the soil surface.  This finding is only what would
be expected. since no seed pieces were purposely planted deeper than
4 inches.

Under Wyoming conditions depth of planting scemed.to be without
effect upon the position of origin of stolons,  The figures for Wyoming
in table 32 represent means of 10 records taken for each planting
depth listed.  Table 33 shows that for Wyoming the variance due to
planting depth is practically identient with that due to residual error.
Thore was such more variation among replications than among
treatments. These results are discussed later.



http:sCt'med.to
http:point=:3.29

32 TECHNICAL BULLETIN 514, U. 5. DEPT. OF AGRICULTURE

TanLe 32-—Effect of depth of planting on depth of stolons ut. point of origin upon
%e E;mm stem of Jerusalem artichokes grown in Wyeming and near Washinglon,

Stolons 1 arising at depth af 0 to 4 Inches
E'Dmhseed piecos plnnted ut Indicated
et

3 inehes | 4inches | 5inchey | 6 inches

Pereent | Percenf | Pereent | Percent
80.0 58,0 5.2 43.7
100.0 4.0 N ) 57,9
0. 4 080 56.4 50,8

Inches? | Inchesd | Inchea?
. 3.00 L &

Ineher 1
3.7 3. 60 3,76

Wyoming

! Bxpress] us iu:rmnmuu of Lotul numler of stelgng an pinal.

15 ninnty per plot; tripllenty plots.,
3 Moun dopth uf gtelony befow soif surface {10 reeords per trenkivat).

Tasrs 33— Analysis of varfunce of data for table 32

Place and source of variation ?fﬁ?lfr

307,363

Thelwowrt LeStS . oy ane e camna mes . P47, B84
Hotween I:limling opLhs. .. . L1, 8440 315
Tasts X deptie of planting.. 12. 554
Errar (remindmier) 115. 307
Wyoining:
Total

Datween filantiug depthy. .
Hotween repdentions
Erear {rornulnilery

* Fxeoeits 1-percent paind,
t Boptween Spercent and -pereent polnts.

In 1932 a windstorm so damaged the plots near Washington, D. C.,
that atiempts to siudy stolon and tuber distribution were useless.
After heavy roin, the full-grown plants were literally “tipped over”
soon before harvest, lifting large clumps of tubers from the soil on
the windward side of the plants. Tubers and stolons were so greatly
disturbed that their normal positions could not be determined. The
crop had to be promptly harvested or soil shoveled over the exposed
tubers to prevent damage by rodents and by desiccation.

Some very interesting data were obtained, however, in 1931 and
1033. Sineo over 98 percent of the stolons arose within the upper 6
inches of soil, the differences between 100 and the values in the first
part of table 32 represent fairly sccurately the percentage of the
stolons arising in the 4-inch to 6-inch soil zone.

The stolons arising at deptlis greater than 6 inches were on stems
apparently arising from pieces accidentally placed deeper than 6
inches or on stems that came from the lower side of the seed pieco and
that grew dewnward slightly belore curving to a straight upward
position. Excessive covering of the row may have occurred in a few
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cases. It will be noted first that the stolons were deeper in 1931 than
in 1033. ‘The reason for this is not clear since the plots were on light,
sandy Joarn soils both years; if any difference existed, the soil was
lighterin 1933 than in 1931, Theloss of the 1932 material was ver,
unlortunute, since those plots were on much heavier, silt leam soil
and would have aflorded a valuable comparison,

Table 32 shows that as the plunting depth increased the depth of
stolon origin tended to increase in the Washington, D. C,, plots. The
2-year means indicate 00 pereent of the stolons in the first 4 inches for
the 3-inch planting depth, decreasing consistently to 51 percent in the
G-inel planting depth.  The variance due to depth ol planting {table
23) is highly significant, as is also that due to test.  However, the
internetion of depth X test is practically negligible, indicating o very
higrh degree of dependubility of the results under the conditions of
Lhis study,

EFFRCT OF DEPMN OF PLANTING ON 5122 OF TUBBRS HARVERTED

Tuble 34 shows the mean sizes of tubers harvested for each test.
Although it appears that the tubers from tho 4-inch planting depth
are considerably lnrger than those from the other treatments (see
mean for 10 tests), the analysis of variance (table 35) shows that
differenices between planting depths are nob significant when referred
to residunl error. Despite the lln(’k of sienificance ol differcnces, the
fendeney for tuber size to vary with tuber yield is of intorest.

Tanve b Bfford of depth of planting on mean weighl of hareested febers of Jeru-
sulcur ortivfindes geaen i Oregon and Wyoming and near Washingion, D,

. —
i Welght of tubers from indieated dephoof planting

Place waned List

3 inelies : £ Inches 3 inehey G ineeles

Oniteey ! Chucey Cunces Cutnees
Taalal of My gests it B pdmea e e LT3 €040 2 kN Iy
@ dents al Washipeton, L0 8  mmeee 1,01 1.10 L7 1.4

U ynrie b, 2 years e Dipegen; b ovaclers, # wears near Wiahington, 1007 5 1 vardets, | your In Wromng.
Nu replivat s )
73 wvaril oy, 3 years, driivnbs g ats,

Pasne 33 JAnalpsis of rarionee of date for telle 34

Place andd soureo of variaton | of freee | e

* N aree of varlution j of lepee-
Ploee nndd souree } t Trot stiunre

dhuart dom

' i N
Adgwrees g !] 13eprecs
!
i

Opornt, Wynaning, wml Wriel-
ey, 1> L

[ * Wushingten, 3. C.:3
! i Tot

Totil. oL v el 3 LI Y

i M

{

Al e 4 0. 5y

Porwoendepths. b LG
: Between tesls (yonrs). . TG
i Hoetween replientions. .. & LGOS
I¥ Iteplbeatinns o deplhs. - L N1 F
" Feror fremmdurlery.. ... .. p 0T

Between depths. oo L. LIS -t
lotwoen losis .. - [ G
frroe {cemuinderd i

U vnrlotivs, 2 years in Oregon; | variery, 3 years nenr Washilngton, BoCs Eyorlely, 1 year in Wyoming.
o oregdienriogs

1 Exgveds 1opercent polol,

41 varisty, 3 years, troplicaie plots,

43 V0
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ErFECT OF DEFTH OF PLANTING ON DISTHIBUTION OF TUBENRS

Only rather fragmentary date were obtuined relative to the effect of
depth of planting upon the distribution of tubers in the soil st harvest
time. Two years’ data were obtained near Washington, . C.,and 1
year'sin Wyoming. Although not extensive, they are of considerable
interest and appear in tables 36 and 37. Results are presented both
on the basis of weight of tubers and number of tubers.

It may be noted first that the percentage of the total number found
in a single soil zone is essentially the same as the percentage of the
total weight found in the same zone, indicating no great difference
in size of tubers from the various zones. The significance of this
observation is hardly clear, sinec it is based on such limited data, but
it would seemn to indicate that stolon and tuber development are
initinted at the various soil depths at about the same time and that
tuber enlargement proceeds ab an approximately similar rate regardless
of tuber depth,

In the Washington, D. C,, tests in both years there was o definite
tendency lor incressing depth of planting to increaso the dopth of the
tubers harvested. The percentage of total found in the 4- to 8-inch
layer of soil increased in 1933 from 1 percent in the 3-inch planting
depti: to over 38 percent in the §-inch plots. In 1931, on somewhat
heavier soil, about 13.5 pereent of the tubers were found in the 4- to
B-inch level of the 3-inch plots and 34 percent in the corresponding
level of the G-inch plots. Table 37 shows that the variance due to
planting depth is very highly significant,

Fanin $6.—Efect of depth of planting of Jerusalem artichokes on distribution of
tubery karvested, cxpressed as percentuge of tolal weight or number of tubers har-
vested that were taken from various soil depths

BASED ON WEIGHT OF TURERS HARVESTED

Tuhers fren seed pleces planted
nt indiented dopth

Depth of tebhers
harvested {inches)

k) 4 5
Inchies | inches | inches

Pereent| Precent| Pereent
L1 TR 8. 1 118 o4
Washington, {2, 0 PR [ 1L = R, 1 e . [I!.Q £ m8
. 5.0
Wyomlng 2 .. . it . . ST
1.7

HASED ON NUMBER UF TUBERS HARVESTED

{IMI. . &30

Wishington, DL CA L L e o bowen

=y
2R

Meatt..__.,.

B Lot

Mena. ...

Wromiog t...

HRB| 828y
o ffoe | ts0eflen | osen

1 Qumelraplivate plots.
1 Bupiieco plots.
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TABLE 37.—Analysis of variance of daty for lable 36

BASED ON WEIONT OF TUBERS HARVESTED

Washlngton,
D.C., tubmrs

o Wyoming, tubers from indicated depth
G~4-inch Jdepth

Houree of varistlon

04 {nches 4-t lnchea Balow & tnches

df 4 df v

Fotnle s irana e 300, 873 L0 228,186

Ratween plonting depths. .o ..o .n 1,255 072 0. 4460 3| ™R.597
Hutween roplientlony. ... e (7501 (1.5, 000} {13, 005)
Brror (reinnloder) o covaenucuaaanns 12 5. 343 4 311 130 4 . 132

BASED OGN NUMBER OF TUBERS HARVESTED

Wasldapton, 1. O, w
: yoming,
tuhurs fﬁ’é;:{ﬁ‘m‘"‘mi tuthers from Indicalod dapth

Buourcp of variie | Source of varintlon
; G-tinches | 46 lnchus 1-6 inches Iiglcti:&eaﬂ

gl v el v v gl v & v

1
Total. .. .. 3 205, G, 3!; 1ire 1 12 20 203, 430 LHA TN

Ueiween replica-
11,283,074 tions £11[(47. 45} {08, 445} {1.505)
Bolween tests. : vy fost 1 3415 00G] Hetween plonting | 3 [751 285 | 3 4T 430 | 3 Het. 302
Drepthy X tests.. .. 3 3284345 3 241621  depibs.

Error (remalmlur}.i o4 84 :iB!)I 2—!1 [T i\!l?; Error (retalnder).| 2, BOS 05, 40 524. 592

Between planting l l

depths..__q....”l 30408 3
]

\ Exeoadd 1-percent poinl.
T Vilues In parentheses nre fclaced in the vajues jdentitted ss error,
1 Retween f-pereent sid -percent folots,

Unfavorable conditions interfered somewhat with these fests in
Wyoming. The values in the table represent means of duplicate plots
but are of doubtiul significance on sccount of great discrepancies
between duplicates, The reason for these discrepancies has not been
determined. The behavior of the 6-inch depth of planting is not at
all in conformity with the trend of the other Wyoming plots or with
the Washington, D. C., results. Among the 3-, 4-, and 5-inch plots,
however, there appeurs to be & tendency for deeper planting to result
in deeper tuber development. The analysis o{) variance (table 37)
shows none of these apparent trends to be significant.

With reference to the lack of influence of depth of planting on depth
of stolon formation and of tubers in the Wyoming tests, the following
possible explanation is suggested. Under irrigation, it may be that
there is & comparntively narrow soil zone within which moisture
conditions are conducive to stolon and tuber development. Appli-
cation of water by the furrow method produces & temporary high
water table in the Tows, beneath tho plants. Such repeated applica-
tions may prevenb origination of stolons 2t depths as low as those
found in certain nonirrigated places where the soil-moisture conditions
are subject to less drastic change.
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The date are too meager to permit drawing very definite conclu-
sions, but they indicate that planting as deep s 5 or 6 inches will
materially increase the labor of harvesting by induecing deep tuber
development.

PLANTING DISTANCES

METHODS

Plots for the studies of the effect of planting distance on yield and
development of the Jerusalem artichoke, for a single loeation and
season, were planted all on the smme day.  Size ol sced picce was as
nearly the sume ns possible for all plotsin a single test, but differed
in diflerent locations.  In the Oregon tests 2- to 3-ounce seed pieces
were planted ab o depth of about 5 inches; in the other tests, 1- to
2-ounce seed pieces were planted ab o depth of about 4 inches.  Plots
lor studies of the eflect of distanee between hills in fhe row were
planted in rows 4 fect apart in [llinois, Minnesota, and Wyoming,
[n Oregon and near Washington, 1), ', the rows were & foeb apart.
In the studies of the effect of distance between rows, the hills were
2 feet upird i the row except in Oregon, where they were 4 feet
aport on aecovnl of the enormous top growth normally made there,
ach plot was hurvested by hand the hills counted, and the tubers
counied gnd weighed,

Caleulations of all yields were made on u yield-per-nere busis.

+

RESULTH
BIMFECT GF IHaTANCE RETWEREN HILLS ON VIELD PEIL ACE

As in the other studies reported, varintions in planting plans at the
various Jocations have necessitated the examination of the results by
an overlapping series of tubles instead ol by & single table combining
all data.  Despite (he disudvantages of sneh & procedure, some
conelusions ean be drawn from the data herein presented.

Table 38 shows Lhe yields obtained by planting at 12, 24, 30, and 36
inches hetween bills, in Wyoming and near Washington, D. (. For
botl Jocations, nlone and in comhbination, the variances due to dis-
tances between hills are all so much greater than those representing re-
sidunl exror thab mere inspeetion indicates their significance (table 39).
‘There are also significant internctions between tests and planting
distances, indicaling distinctly varinble responses among the several
tests.  Although all these interactions are quite siguifieant, the
variences e to plunting distance are all still significantly greater
than the interactions.  (For Washington, D. C.: Observed #=16.2;
L-pereent point =4.87.  For Wyopming: Observed F=7.6° 5-percent
point==4,76. llorcombined data: Observed #=3.8; 5-pereent point==
2.02.) ‘Fhus, despite local and seasonul variations in response in
these two locations, it can be concluded safely that yields per acre
are materially influenced by the distance between hills in the row.
Table 38 shows no real difference between 24- and 30-inch spacings
near Washington, D, (', but the ditferences for Wyoming and lor all
other spucings in both places are relatively greab. As o basis for deter-
mining the signilicnnee of dillferences in comparing individuul means
in the_table, the enleulated ditferences required for significance are:
For Washington, D, C., 0.84 pound: for Wyoming, 1.23 pounds; and
for the combined results, 0.53 pound.
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Tanik 38.—Effect of distunce belween hills on yield per acve of Jerusalem artichokes
grown newr Washinglon, D. L., and in Wyoming
{Quadruplicale plots)
TEATI NEAR WASHINGTON, D, (4

Yleld per nere fromn plantings ot indieated

. distanee between hlils
Venr ant! varisly

12inches | 2¢inches [ 20 loches § 30 Inches

K31 | Tone §  Fons Tona Tony
Blane Ameliore .. oooooiiioiie o L oL oL 611 $ W0 4, W 314

Blane Amellore. . .. .. ny 18,10 13. 22
Chlengo, .. ... . R P 2o 15,04 14, 08
Walerero..o.... . .. s e . . 2121 [EWLry 1L 83

Blanc Amellora. . . .. ot 8,03 Nt G 1§
Cllewo... ... . . . . T g 1X1)]1
Waterer, . . . 4. 65 513 4. 58
Beeclllngr o, . .. . . . o N lGlJu 5.41

Mean. . e u‘.’.u 0.95 |

TESTS IN WYDMING

151

Hane Ameliore . . e - 12,08

Chitg .. . . e Al

Waterer . . e ;
Mean, .

Mean for 2 locitivis

Tavee 8- dnalysis of vericper of dala for table 38

eprees of Alean

Flocs nrd sourey of variution Treedom sqLary

\\'nshn[u.lm:. i

L e TR

42, 14y

“

Botween distonces between hiils
Helween raplivitions

Hebween testd.

Tusts X iiskanres bolseen iulh
Tuts X replicattons

Lreor (retanioders ...

i l.h [UT

=1r b

Wynmlng:
T'otal.

Belween Mslopees bebween Milla.. .. . . . . - L5, 647
Between tests (yarlutivg e . . P L e . L/ B
Tesls 36 dislances hulween Inllq e - I e H 17 G
Firmar (retimiieT oo o ot i e e meeiae o e s UL 1K)

Wuslilngton, 13 ", pnd Wyoming:
T

L L T 1

Halween diglonees hetween hifls, e e e .. |1l17 ll"’
Uelween replications. .. . e e e . 3 VA5, 874
liptwern josts L Cam e e 1346, 1
"osly X distunced betweon Il G e et

Lreor {reinuindery oo ... .

Varlelpl differences:
Tols

L T L TF T T uprupu Y

Ly Fr Ui

1 (3, ¥4
b1, 708,723
LIl gl

L 515
by
1257460
V7L G
L424

Detwenn dislaneds lJcl.m.un hilla
lictween varletles.. ........ .
Botween 1esks... ..

Lisfween rrpllmuona

Varteties 3 distanees fwebween Dillls.
Variaties X Lests. .

Tosht distances between Bl
Trats X varfetisg X llial’mm‘»
P.rrur (runl.uu.ticrj R .

[y )

CBRoemen

7 I‘.xmud& {-pereciit faintt.
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The last part of table 39 shows the analysis of varianco of the three
varieties that oceurred uniformly near Washington, D. €., in 1932 and
1033 and in Wyoming in 1933, It is of particular interest because it
shows thit despite enormous variances due to other factors and inter-
actions there was no significant interaction between varietiea and dis-
tances, Since no significant reaction appears between planting distance
and such diverse varieties as Blane Ameliore, Chicago, and Waterer,
under the conditions indicated for these tests, it scems to be perfectly
reasonable to group together for analysis individual tests involving dis-
proportionate varietel frequencies. Obviously, such & procedure pre-
cludes identificntion of the effect of the varietal component of the fac-
tor for tests, but thai is relatively unimportant in the present studies.
Lack of uniformity of plot procedure, insofat as the varicty planted is
concerned, should not detract from the vaelidity of the results.

Variance due to replication is presented in table 38, since this was
ono of tho rare instunces in these studies where it was significantly
greater than residual error.  Most of this effect was due to asteep and
consistent gradient in the field where the Washingtor, D. C., plots
werc located 1 year,

Tuble 40 presents data for 12-, 18-, 24-, and 30-inch spacings in
[Mlinois and Minnesotn, ‘The trends of the yields are similar to those
presented in table 38, but the differences are less striking, In these
particular tests the number of plots was rather smail and the diiler-
ences grent between some of the tests.  Under such conditions only
low odds of significance and somewhat questionuble conclusions ean
be expeeted. Nevertheless, variance due to planting distance (table
41} is significant with reference to restdual error, nlthough it is nos
signilicantly greater than interzetion between planting distances and
tests, {Observed f'=1,63; 5-percent point=3.86.) The calculated
required difference for signifieance between menns is 1.35 tons. The
30-inch spacing thus yielkded definitely less than tha 12- or 18-inclh;
and the 24.inch less than the 2-inch,  More comprehiensive datn on
the 12«0 18-, and 24-inch spacings in Minnesota cast doubt on the
validity of the particular Minnesots resulis shown in table 40.

Tanny A0~ Mffoet of distance betweeen hills o yicdd per were of Jerusalem artichokes
grows tn flinois und Minnesole

[equmelrngtients plots]

Ylebd per peen from pinntings nt indleated
distanca Between hills

Mowe s yene -
j 12inches I 18 Tncliey l

P nches § 80 ks

FREERTL TS Tons Fons 7 Yang
[LI5Y8 . LM PR - .
[1Lx v . . A L o -4, 14} i61

Afean, . . o0 - K . 11,26

Mol '
12, . . 2550 5,8 18, L
103 o L 5 T 1,88

Mean. . oo NG 2, . L6

Mteni of d loentions . k i 1
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Tasui 41,—. nalysis of variance of date for table 40

" . Degrecs of
Soires of varislion itk paeiy

Dotween distances botween hitla..
Netween Lesle .y oo cvvisieaaun
Puity > dlsLanees betwecn b
Frror (rerlnder)

1 lfutween Epwrcent snd Lpercent points,
? [xcels 1-pereont point,

Table 42 presents the results of six tests in Minnesota involving a
number of varicties over n period of 3 years. It will be scen that no
important difference in yield existed between the 12- and 24-inch
distunces, although the 18-inch plot wppears much lower than either.
The variance due to planting distance }or the table as a whole is not
significant when referred to residual error and is even staeller than
tho intornction of tests and plunting distances (table 43). It thus
appenrs that within a planting-distance range of 12 to 24 inches,
under Minnesota and Iilinois conditions, yields per acre are not greatly
affected; certainly they have not shown any consistent bebavior in
these studies.

Tannk A0 —Effect of distance between hilly on yield per wcre of Jerusalem artichokes
! A 7
grown in Minnesola

[Quadrupiiente plots]

Yiphl per apte from pinotings sl
inlented distanca belweorn billy

Yunr nard viripty

12 [nehes | 18 ioches | 28 Inchey

e ¥ Tons Tona
Mummoth Fremeh White. ..o o, + cocrmaeear & P . X 143 16. 80

T cmmmamamar - N 10, 44 1511
12

Alunmotdy Freneh Whiltd, o ocmueeean 0 0 wieenn . X 0.0
WHLEIUT .. 4 . i ierermrasscsacmmammm i . n

CHicagn . o e rnamran
Mo, MTE-1, L

M. aiiiiie L amdeaiuna

I Itanted 1o rows 3 ot sparl: other tests plunted o rowa 4 feat npui-f..

Tanwk: 13.—Analysis of variance of data for table 2

‘Daogrees of Mean

Sotires of vurintion treedom stuare

L 7] O SR . 33. 550

Hetween distanees hetwoun hilla 0 M7
Netwoen tesla,. ... R . . 1412712
‘Teats x distanoea bet . - . 110, 639
Error (ommalnder) .. ool el -

I Exceeds L-porcent jwint.
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If the dnta presonted for the 12-, 24-, and 30-inch spacings (tables
38, 40, and 42) are placed in o singlo fable for analysis as & whole, the
results shown in table 44 are obtained. In the interest of economy
of space the tabulation of the yiclds is not repeated. In 18 tests in-
volving 7 different varieties grown in 3 different yeats on duplicate
plots, the mean yields were 10.97, 9.59, und 8.19 tons per acre from
plots planted in rows 12, 24, and 30 inches apart, respectively.
Despite the tendency toward an insignificant or variable effect of
plenting distance on yield in Minnesote and Illinois, the consistent
respons in other loerbions outweighs it, resulting in significunt differ-
ences hetween the menns shown,  The variance due to distance be-
tween lills is obviously highly significant with reference to residual
crror and 1o internction between tests and distances between hills,
'This interaction also is significant with reference to residual ervor.
Thus, in general, within the rango of conditions represented, 12-ineh
spacing gives stightly higher yields than 24-inch and both 12- and
24-inch spacings yield substantially more than 80-inch spacing,

Tanne -~ Analysis of variaaee of date reluting o effoct of distance between hills
on givhd of tubers per acre of Serusalem artichokes grown in fllinols, Minnesolu,
und Wyoming end wear Washinglon, D. Ct

Sotiree of varintlen Detreed of Menn

freadott $tlnra
b NV R 107 32,071
Belween dkstanees belwesn Lills, .., 2 40, 848
Hulwesp fosly, ., oo o0 L 17 1132 478
Tusta X distaneey batwoon Bills. 51 1427
Ereor {rotslider) oo oieiiiaen L oL . 54 I BHT

P14 dests Tnvolving 7 diferent varlgtics grown in 8 differont years,  Duplicats plots,
3 Bxeeedds 1-pereent polnt,

On account of the enormous top growih normally made under
western Oregon conditions, the Jerusalem artichoke is usually planted
at much wider spacing in Oregon than in most other places. In
these studies, therefore, spacings in the row were established at 24,
30, 36, and 48 inches, The 48-inch spacing is common practice
whers tho Oregon tests were made.  The results with threo varicties
for 2 years are shown in tables 45 and 46. It will be noted that plant-
ing closer than 4 feet produced no significant difference in “yield.
The varanco due to distance between hills was very low and not
significantly greater than the residual error by either ol the two meth-
odls of breaking down the data.  The chiel source of varintion was in
varieties grown.  Interactions bebween years and spacing, between
variclies and spacing, and between varictics and years were all
significant with reference to residusl error, and of greater (though
nok signilicantly greater) magnitude than the variance dne to spacing.
Apparently, such o Inrge plant development iz attaived at 4-loot
spacing under these conditions, which are so favorable for the plant
that closer spaecing only erowds the plants, permitting no greater
total development per untt of area,



http:signifien.nt

CULTURE OF THE JERUSALEM ARTICHOKE 41

Tanrn 48.—Effect of distance between hills on yield per acre of Jerusalem griichokes
grown in Oregon

{Dupliento plots)

Yiek! per nero from pinnt!n&:ﬂ ot indieated
distancy botwesn hills
Varieby naud year

2% Inehes | 30 Ynchss | 80 inehes | 48 Inches

Blane Awmsliore Tona Tonx
164 12,87 10, 2%
B ] i, 11

Moan. ... R - 13,48 13. 67

ehl‘i’iﬁgf....... Creamimeeeas - 14, 50 12,34
W, ... 12.05 12.02

Mosn. . ceeen . . 3.2r 12,13

12,85 it 14
19,30 B.78

1. 18 0. 40
12,8 .72

Tanve 46.—Analysis of ".u;amb of dala for table 45

Auniyals L Arnalyshy 2

Tregrees|

Mesn Sgureo af variatlon of ftee-
stiunre dom

Degreos
Source of varintion of frea-
dom

47| 8548 AT

Huiwoernt dlstanesy between hitly . 415 4815 |[ Between distances between M. 3
Bt woun Yenrd. .o e ceeeeccaaes §]97.048 ¢ Botwesn: tOSIR. . oo e b
intwupt varieties 4 GTATY [ Tesis X distances hetweon Bl ., i6
Vurlothes 3 disinnees belweoen Error (retuninsder) 2

{113 k5, 258
Varfelles ¥ yearts,.. - 8.0
Years W distancoy bet 47 k21l
Error (omuinder).. . E 1,086

! Hotweetl &-poreeat sid -percont polnls,
¥ Bxcoods 1-porcent point,

EFFECT OF DISTANCE VETWEEN HILLB ON NUMAER AND YIELR OF TUDERS PER
HRILL

From tho data on number of hills and number and weight of tubers
per plot were caleulated the mean numbers and weights of tubers per
hilt.” Theso figures are of interest as an indication of the mean sizes
of tubers doveloped and also beesuse they cmphasize more clearly than
yields per unit area the effects of competition among plants of this
erop.

Table 47 shows that in four tests in Minnesota, involving spacings
of 12, 18, and 24 inches, esch successively greater spacing resulted n
a greater number and greater weight of tubers per hill, without ex-
ception. In table (8 the magnitudes of variances due to spacing are
so great in comparison with error that reference to F values to show
signifieznes s unnceessary here.
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PapLE 47— Effect of distance between hills on number and yield of tubers per hill of
different varieties of Jerusalem artichoke grown in Minnesols

[Quadruplicate plats]

Yield of tubers per hill from plantings at jodicated dlstance
batwean hilla
Yenar anil vorjety

12 Inches 18 inches 24 Inches
1931
Number | Pounds | Number | Poundr | Number | Poundy
Mammoth Froneh White. ..o ovrmanan. 33.8 3.78 44,0 5. 10 8811 6.08.
T ececrecmcanssamsmma—————— 3.9 2,08 8.2 3. B0 3.8 4.0
16533 "
CHICHED . o cce e v e m mmmmmrmm o rwmm mmmm =] 16. 3 1.73 18,3 2 48 210 1.2
272314, [ 8.4 138 9.1 168 0.2 2.40
Menn . - 2.4 2,48 274 1.3 g2.0 34

I Planted I tows 3 feet apart; ol athers o rows 4 foot apart.

TapLe 48 —Analysis of variance of data for lable 47

Number of tnhers TYietd of tubers
Soyres of varistion
af v af v

TObB). o e smmmmmrmiacimmammmsmmmc—rue—msessmas=emmaaas 47 209, 12 47 2081
Retween 1listnnces hetwesn i, .o o 2 1380, 07 2 18,705
BotweeD Lesis oo odcn o rmemiascmmmmmsaeaa—aeama a1 13,30115 3 12 ML
Ppals X dlstenoces botwean hilla ] 1112 15 3 () {, 391}
Error (remainder) o cce e eeeaecamesamscommmc e e mm 20 ar. 41 42 . 261

| Exceeds 1-pereent polot,
' Botweon Spercent gnd 1-percent points.
3 Values 1o parcatheses are incleded in the values identifled as error.

Tables 49 and 51 show the tuber number and tuber yield, respec-
tively, per hill, in response to spacings of 12, 24, 30, and 36 inches for
geveral varieties and locations. There are but few tests in which the
number or yield of tubers per hill at any stated spacing fails to exceed
thet of closer spacings. The response is distinctly more consistent
than for yield per unit area. Tables 50 and 52 present the analyses
of variance for the data in tables 49 and 51, respectively. They show
in all instances such large variances due to distance between hills and
such small values for error that inspection alone is sufficient to reveal
the high significance of the former. It may be of interest, however,
to present the calculated required differences for significance to facili-
tate comparisons. They are as follows:

. Tohery

For means of Wyoming testsintable 40 ________ ... 3.9
Tor means of Washington, D. C,, tests in table 49_________ 3.6
For means of all tests in table 49 _ . oo - 33
Pounds

For means of Wyoming testsinfable 51__ ... . ._____ 0. 51
For means of Washington, D. C., tests in table 51...._____ .38

Tor meanz of all testzin table 51 . _o-- .32
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TasLy 49.—Effect of distance between hills on number of tubers }ger hill from Jerusalem
urlichokes grown in Minnesota and Wyoming and near Washington, D. C.

[Quadruplicate plats}

Tubers per hill trom plantlngs at
mﬂlmted distance batween
5

Varlaty

30
lnches

Number
MIz ¢ 844

Wyomlng. ... { )

L]

Washington, b, C..__..| Blane
a

SEEERRFE

e G L I 5 T b O

Ghicags

Waterar
Blane Amelicre.

[T ; | S,

PR |7 DR P ;
3246
46, &
42,8

gl
wrllen

TasLE 50.—Analysiz of variance of dala for lable 48

Wyoming Wyoming, and

Washington, Mianesota,
D. . Washington, D. C.

Hource of variatlon

df df v

Between distances botween hills,
Dobweon tosts. .. pammpamaaa
Botwesn ruplivations

Tosts ¥ distnnees botwedn hills
Error (remainder)

! Excecsds 1-parcent point.
1 Hetween S-percent and l-percont polnts.
# Values in parentheses are lncluded in the values ldeatified as error.
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TanLe 5l.— Efect of distance between hills on yield of tubers Fcr hifl from Jerusalem
artichal:es grown in Minnesvie and Wyoming and neor Vashington, D. C.

[Guadruplleats plots]

Yleld of tubers fram pluntings at
Variety  indicated distance batwcen hills

12 24 30 a0
[nehes | Inches | inches | lnches

Pounds | Pounds
Minpesola 5.05 L B4 7.1 8.30

&
o]
33
& 57

. 3 . a4,
WO e e i . 5 2
P 3 2,

Washingten, L. Co. .. malc Amellore
VS ¥ s N

el

V5

53

48

3

13

Waterer.. 0
75

L.

a8,

B,

Blune Areliore., .- . . X KR
¥ ; 3.

2.

a.

4.

kA
+4.02

-
wa

Meun (12 tests}_..

TabLy 52.—Analysis of variance of data for {uble 51

Mipgesata,
wWiashington, D, C. Wyoming Wyoming, and
. Washingtan, D. C
Source of variation

iF ar v

LY 1 O Y

Between distances hetween hilis. ..., -
Pl Wwean LSS ., clacniieinn -
Holween replications o

Tosis % dlatances

Error {romplodery... .- ..

1 Kxeveds L-pereent pinint.
1 Betwean Spercent nnd I-percent 1Mints.
3 Values in parentheses are inehided in the values identified as errer.

Although but a single year’s results are available for Wyoming,
there is a strong indication that at the 24-inch spacing the plants
muke the maximum development possible uncer those conditions
and that ab wider spacings lack of competition among plants is of
no benefit with reference to individual plant development.

The data relative to mean size of tubers per plot are summarized
in table 53. There it will be seen that as spacing is inereased from
12 to 24 inches there is an apparently substantial increase in mean
tuber size, but that wider spacings produce no further increase. In
table 54 the variances dus to spacing, for the three diflerent groups
of tests, are all significantly higher than those of residual error.
Despite these highly significant values, tho mean tuber size of the
12-inch spacing is the only one significantly different from the others.
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The calculnted difference required for significance in the different
tests and groups of tests are as follows:
[T
Tor means of Wyoming tesls
For means of Washington, D. C,, tests
For means of ai! tests

TasLe 53.—Effect of distence betweon hills on meen weight of harvested tubera of
Serusulem artichokes grown in Minnesola and Wyoming und near Washinglon,

|Guadrupliente plota)

Mean weight of tubers from pluntings at
imlipated distance belwean hills

12 inches | M inches | 30 loches | 30 inches

Number Qunces Ounces Cunces Ounees
Minnesaln. ... .. oo i carraaoaae 1 1.8 1.2 1.6

3 1.7l o2 1,94 .00
8 115 1,20 1,31 1.2

a

Wyaming .. ..
Washinglon, 13 C

S 07T Ry L2 143 . 1,45

TasLe 51— Anaelysiv of variance of dala for lable 53

R S . . Drigirees of Mean
PInce nnd sueree af variation . freadaim suare

Wopoming:
Tobil
Thalwesn istunees.
Botween testy, .
Frror (remminder) .
Washinglan, 1, C..
Talal

-
[T T

.

o]

=1 =14 s

labween dlstunees, .
Tetween tests [ cann
Error [remaitdert .. o oo voeiniaisaosias caca s
Mlmm].-‘;omi Wyornlng, nied Wasiiingten, D, O
Totwl .o ..o .
DBotween distanees. ..
Tlerwesn Lesis_ ... - . [ A
Error (remulnderd. oo e are e e reeamnnman

1 Exeecds 1-pereenl point.

Tt is recognized that these data on mean tuber size illustrate but a
part of the status of tuber development. Detailed data on frequeney
distributions of various tuber sizes are needed in order to draw souad
conclusions fis to the elfect of cultural practices on market quality or
gracto of product. One of the writers ® is making studies of ellects
of certain culturrl practices on size distribution of tubers.

Despite the incompleteness of the datn on tuber size, number,
and yield per plant, it appears that size of tuber is reduced only by
extreme crowding. Apparently, at spacings of 2 feet and further,
the development of larger tops is accompunied by & more or less
proportional increase in number of tubers set, this number being
keptin balance or proportion with top development, so that the mean
sizo that can be developed by the available claborated foods remains
nenrly constant.

10, E. Steinbaner.
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EFFECT OF DISTANCE HETWEEN LBOWS ON YIKLD ER ACHE

In general, the effects of distance between rows on yield were much
the snme as those of distnnee between hills, When planted with 2
fect between hills, rows which ave 3, 4, 5, and 8 feet apart have the
same number of hills per acre as rows uniformly 4 feet apart but with
hills spaced at 18, 24, 30, and 36 inches. Under similar conditions
the yvields might be expected to be similar for equal rates of planting.

On necount of Himited fneilities, fewer data were obtained relative
to row cistunce than to hill spacing.

Table 55 presents the results of row spacing studies near Washington,
. ¢, and in Wyoeming., Although a rather consistent decrease in mean
viclds per aere gccompanied inereased spacing from 3 Teet to 4 and 5
feet, the G-loot spacing yielded practically the same ns the 5-foot
planting.  fn & number of individual tests, the 6-loot yicll slightly
exceeded the 3-foot yield. Theso discrepancies doubtless were due
to plot heterngeneity, since there is no evident reason why these
row spacings should produce responses fundamentally dilferent from
those of other similar tests and of hill spacings.

Tanny 55~ Kffeet of distanee belivcen raws on ypiehd per qere of Sernsalem arlicholes
grown near Washington, 0, O and in Wyoming

{Duplicate plats}

Yleld per aers (rom plantings ot indiested
distanee hotween rows ’
ILyew, year, nind varjoly

3 leet 94 faat A feat 4 feot

Washington: f Tons ‘t'ons
14, DHnne Awelicre . . ) 13 i a.8h
108, llsee Auebhore b . t 547 . oL s
WA, Chicagn ®. . 5.30 b4 4,97
I, Wateper b L . R 108 4. 38

AMean, ... oL o . e i
Mean for 1543 - . . 3. 0 4,55

WynIing:
1903, Binne Ametbore. .
1538, Chirnen
10, Waterer_ .

Moan .

Muan for 2 plages

T hesa Begares are Based o piesn2 of quintoaplicie phots,

Tn table 506, annlyses of varinnce of portions of the data entering
into table 55 nre presented separately and for dilTerent combinations.
In all five analyses, the variance due Lo row spacing s significant with
reference to residual error. Only in the Wyoming tesis i3 the inter-
netion between varicties and row distances significant with reference
to residual error,  [n this case varianee due (o spacing i3 not signili-
eantly greater thun the interaction in question.  {(Observed F=2.74;
g-percent point=4.76.) I[n all the other comparisons, the lack of
signilicance of internction shows that the decrease in yield accom-
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penying incrensed row distance can be counted on regardless of variety
ot test. The enleculated difference required for signifieance between
means for the entire table is 0.4% ton. Other required differences
can be caleulated from the mean sguares shown for residual errors.

Tanne 56, — Analysis of variance of dale for feble 53

PR . e

19372 dlgtn for Wash- Totil dhutn for Wash-
Inglon, B O, ington, L. C
Saren of varladlbin

Tothd . e oo

Tiobweent distanges between rmows ... .
ebween varlebtdes ... ... L. 0 L .
Butwesn replilons .o .ol
Belween sty . .0 . . LL.o..

Varigties X dlstaneea hetweon rows. .

Tests ¥ hnlabees bubween rowy

Ereor fromaimler -

. 1933 data for Wy-
m\‘?‘\,‘g;m;éﬂr omnlng und Wnsh-

. ioglon, D, O,
Raures af varfution wan,

df

B 7

Netween dislunees Between raws, ... . e i 1o, 30
TR TR ST N [T R e e L i, 105
Between saeix. I e e I
et X distanees holween tows. . ...,

Varfelies X distuntes bobween tows .,

Error {retibielery, o e

Alldutu

Souree of variation

Tawl.. e e e e

TleLween distamees Betwern rows_. ... ... .
Holween losts.. . o 0 un Leaes - & .-

Testa 3 dsinneey Begween rows

Error framalnder)

b Exepmis tapereant point. . .
ARl I parencheses pre fneliclm! in tho volues fentifiad ok eccor.
3 Betwectl SBpercent and L-pereend points.

Tables 57 and 38 present data for Iiinois and Minnesota which are
similar to those just discussed lor Washington, D. C., and Wyoming
but which involve fewer tests and varieties, The Washington and
Wyoming data were tabulnted separately to permit a determination
of the elfeets of variety.  The means for the four tes(s in table 57show
dilterences of approximately the same order as those for Washington
and Wyoming, except that the deerense in yield continues to the 6-foot
spacing, ‘The relative decrease in yickl is approximately 20 percent,
necompanying a 50-percent decrease in number of plants per acre.
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Tanue 57 —Effect of dislance belween rows on yield per acre of Jerusalem arlichokes
in Illinois and Minnesola
[Bupliesta plots]

Yleld per nere fram plantings ot
Indicsted disinnco belwenn rowa
Ploce gl varioty Yeur
3 feet -+ feet 5 fuut 0 {ect
el Tans Tona Yuna Tous
Doelle ..., 1831 I3, 65 1L 0 11. 38 I L4
Blane Amellore. . 1932 10.-H B.78 5 5L 4,47
Al L e B R, 12,08 10.19 8,44 7. 490
Minnesol:
Blane Amolinre . P 1031 16, H 10,41 15,28 4. 54
AMuntneath Freneh W hite 153 17.80 17.74 186 15.33
Moenn.., ., I ST 14, 45 17.07 10.04 1464
Mean fur-dlesis.. L . [T L, 44 [ .71 1L 42

Tannp 88.—Anulysis of variunce of datu for tuble 37

Sourco of voriation Hinols Minnesoln I*{I[iﬂ;ﬂi;:;ﬂ:

df i df l Vv df v
Toll . ceieieicr v 15 | 5. 02 l 1h [ w375 H 18. 222
Holween istnnees belweoen rows 3 VLA, gh b ] LS. 808
Hetween duplimdes. 0 .. 1 ik 1 1 | B, N
Tlolwean Lests . R, 1 VR 400 1 3 b7, B2
Tedls ¥ distanees between rows ... PR O 4 LA AL
Error (reaualndery. . . 0 0 0 1] J ) 11} 15 .78y

b Fxeeeds 1-pereent paint.,
T Between Spervent aind 1-percant points,

The varfances <ue to row spacing are significant with reference to
resideal ervor for IHinois and Minnesota separately and combined.
The interaction belween row spacings and tests for the combined data
is significent with reference to residual error. The variance duo to
row spacing is_also significantly greater than the interaction just
mentioned. (Observed F=4.05; 5-percent point=3.86.) Thus, al-
though there is variation in degree of response to row spacing, the
results in (hese two Stales indicate that lower yields will accompany
widler spacing with reasonable certainty.

Table 59 gives the analysis of vanance of combined dnta from
tables 55 and 57 involving u totel of 11 testsin 4 regions. The mean
yiclds were 9.03, 8.11, 7.40, and 6.68 tons per nere for 3-, 4-, 5., and
i-foot rows, respectively.  The varience due to row spaeing is highly
significant with reference to both residusl error and the internction
between tesls end spacings.  The interaction is also significant with
referencs to residual ervor. The diflorences between all the varinnces
are so greab that inspection indientes the relatively high F values in
COMPATISons.

1t will be reealled that, in the Oregon tests, at coustant row spacings
and varying intervals between hills the resulis were contrary to those
in other loeations,  The yields were practically the same for 24-, 30-,
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36-, and 48-inch intervals between hills. Table 80 shows a similar
result for different distances between rows, again contrary to the
results from other places. 1n 1932 the mean yields from rows spaced
4, 5, und 6 feet apart remained nearly constant, butin 1933 the wider
spacings showed successively higher yields. 'The 2-year moans show

but & stight increase in yield of the 6-foot over the 4-foot plots,
npproximately 10 percent.

TanLe 59.—Analysis of rariance of dule relating to cffect of distance belween rows
on el per qere of Jeruselem artichokes !

Dogroes of Menn

suritlion
Boureo of viri fresdam BejtTe

24, 083

Netwenn sinncts et Wett DOWS. . crevaen: ccsmmmmrmmmsom s smmmsmmm e tmsna s 117. 618
Tebween teald, conecaiiien e e . 1 180, 601
Pealy X distances between TOWS- ... ... k TLHN
Error {rataninder} ceaes . sy

1 Cymldae! dete for tebles 55 nucl 57,
1 Excealy 1-pereenl pofol,

Tanue 60.—Effect of distance between rvows on yield of 3 varieties of Jerusalem
articholes grown ab Corvallis, Oreg.

fDubllents plots)

Yigld per sere front Hantings ok
Intlleated distanee Bolwsan rows
Yeur nmi varioty

4 fent & fual [ -1

Tonx
Mang Awmeliore. ... L - .
Chlenpo. .- .

Wotleror. .. ...

Menn _

e Ameliere, .
Chlengn o
Waolerer....o.. . .

B

QuyCAr MIPAY . .. . . o e ey oemaieeras . oA 1L

Table 61 shows the variance due to sprcing to be significant with
reference to residual error but not with reference to any of the inter-
actions listed. Despite the significance of the differences between the
2-year means for 4- and 6-foot spacings {observed = 1.09 tons; caleu-
Inted required = 0.75 ton) and_that of variance relerred to residual
error, the lack ol ngreement in the two separate years should be borne
inmind. Two tesls are hardly sufficient to justify conclusions which
are dinmetrically opposed to all other locations and which are not in
confnrmily with otllmr Oregon results. It is not very probable that
tho G-foot spacing consistently outyielded the 4-foot and 5-foot spac-
ingg. llowever, the conclusion ean be very sufely drawn that neither
the 4- nor 5-foot spacing outyiclds the 6-foot, under these QOregon
conditions. These Oregon results are the more remarkable when 16 is
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recalled that in the bill- p_acinf stndies the rows were 5 feet instead of
4 feet apart, as elsewhere; and the hills in the row-spacing work were
4 feet insteed of 2 feet apart,

Tasue 61 —dnalysiy of varionce of dafa for tuble 80

Dogrees of Muean

Sourea of veristion treedom st

R, 083

Rolween distuncas Between rowa,
Bolweon ¥eurd, oovovvrony rras
TPutwesn varfetles . ..o
Dstances bubween raws X yonrs, ..
Distances belweenl Tows % varkeLies
Yoars ¥ varletled. .o,
Eeror {remainiter) ...

b Between Spercent nid -pereent peloly,
¥ Exvewls l-percent point.
#valnes In parentieses neo Ingloded 1o the values [deatifld ag error,

Thus, in Oregon, increasing the area per plant from 16 to 24 square
fect in the row studies and from 10 to 20 square feet in the hill-spacing
trinls resulted in no significant decrease in yield from approximately
12 fons per acre. Jn contrast, ab other locations quite significant
yield decreases accompanied much smaller relative increases in space,
and this was at closer planting distances wherein competition might
bé expected o play a greater part than here.

KFFECT OF DINTANCE BETWEEN HOWS ON YIHELD AND NOMEBEL OF TOBELS I'EnR
Ll

As in the tests on effect of distances between hills, increasing the
distance between rows greatly increased the number of tubers and
yields of tubers per hill.  The results are so similar to those already
presented that there is Jittle point in tabulating them in detail here.
Eight tests involving three dilferent locations (Minnesoty, Wyoming,
and Washington, D. €.} resulted in mean yields of 1.75, 2.17, 2.55,
and 2.84 pounds per hill, in rows 3, 4, 5, and 6 fect apart, respectively.
The differences are all highly significant,

In addition to yield datn, information on number of tubers per hill
is of interest, but only indirectly, insofar as it has a bearing on the
size of tubers produced. Instend of giving detailed data upon tuber
number, the matter of size will be considered.

EFFECT OF HATANCE BETWEEN NOWS ON MEAN SIZE OF TUBERS HARVESTED

Tebles 62 and 63 show a slight tendency for the mean size of tubers
to increase as the distunce between rows is increased. 'This tendency,
Lowever, is pronounced only in rows 4 fect apart as compared with
those 3 feet apart. Although thie means for all tests show the mean
tuber size for 5-foot rows to be 1.54 ounces, compared with 1.48 and
1.30 ounces for 4-loot and 3-foot rows, respectively, the apparent
superiority in sizo is quite insignificant (re(‘{uiretl for significance, 0.163
ounce} except over the 3-lfoob spacing. Table 63 shows that among
the three loceations the variance due to spacing is significant with
refevence to residual error only in the Wyeming tests, The differences
in those tests have sullicient weight to reveal signilicance in the
combined Wyoming and Washington, D. ¢, data.
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Panse 02—Effect of distunce between rows on_mean weight of tubers of Jerusalem
artichokes grown in Minnesota and Wyoming and near Wushinglon, D. €

{Duplimie plats)

Weight af tubers from plantings

ar indieated istunos belween
rowa

Placa pnd year Varioty

3teet | hfeet | 5 feet

Quncer | Gunces j Quncea
{nlamc Amelinro 1,38 1.5 1.28

Miunneshl, B3l o veecenener oo Mamnoth French While Zos| zoll %66

MeNt . e cveevomam———— (] 1.87 LU

['Iilnm: Amellore. .. .41 145 0
Chlengo . coee e L7 1,88 2.3
Walsrer. ... .89 210 214

AIDHN. o ensmeecmmamm s omdpfam i mmmr b .. wAskmrEtes.uma- LBl L4947 213
Blone Amellore. .. ... ... . . [ 1L

Woshington, 13 O W e Ohlego. o e . . 3K
WWVBLRIE e e s oo rvnnes B . LHS

Wyoinlng, 16

MUOM, ccamamrsmimene oee © ima mimimeesanoameeah. A . . B

Mona for Wyombng anel Wishe | ol e e L2 162
Ington, 1, .

Woshingloo, 1L O W80 Rlane Amellore. .. .. .5 Bl

Mt\nu.rnr 4 Lusfs, Woahingion, i..- . . LBy

Alonn far total o6 WSS, oo o ean.

Fanng 63, Analysis of varianee of dala for table 62

AMiane Washing- | Washing- | yoming]

. Sy [ wnel Wash-l ‘Tolal,
i Wwyniing to"ig%l o tn_:ll,{i‘)s.lg., Jngton, | ol tests

Sourie of varintton DL O, WY

) lf 1'\.;{\ v : :ff\ varj v |

Totnl .- .._IJ.E'J[ 2 0062, 2 0.0 RAER N 2 T

0,284 TI

]

e : . . —_—

Detwern distnnees Belwern rows I I P a . an | ]

ljokw ivn tests . 1 . I 1 ISR TR I
H

’I‘|-:uax:Ilsl:lnwﬁ%ml\rwnru'\\';s. S S TR | 1 O N ) L T I ) I ] Riirg
Error tromaindert [ /1 IQl ol 18 .D‘L"ﬂi o1l L0350 S L Do)

PR

1 Hebweae f-perisn) il Lwreent points.
1 Gxeeeds Lopercent point,

A reconsideration of the data in table 53 is particularly interesting
at this point. The hill spacings lisled there are equivalent to 4, 8, 10,
and 12 square foet per plant,  No increase in size of tuber is noted in
sprcings above 8 square feet.  Tn table 62, the spacings represent 6,
8, 10, and 12 squara feet per plant, and agaln no increase in tuber
size is found for plots baving more than 8 square feet.  Furthermore,
the four final means of table 53 are remarkably similar, respectively,
to those of tuble 62,

HARVESTING TOPS AS FOR SILAGE

References in the Hterature (5, 6) to the value ol harvesting the
ghove-ground portions of the Jerusalem artichoke plant forsilage have
raisee! the qrestion a0 1o the elfect ol this practice on the yield and
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quality of the tubers, Obviously, the effect on the tuber crop will
depend largely on the time that the tops ere harvested. Schoth (5),
working in Oregon, presented limited data showing that when the
tops were removed, September 25, the yields of three varieties were
but 0.8 to 0.9 ton per acre, while leaving the tops undisturbed until
alter [rost resulted in yields of 5.5 to 6.5 tons. Likewise, tho suitability
of tops for silage depends on their stage of development, since they
hecome quite woody and lose their leaves ns maturity approaches.

METHORS

Studies were conducted for one season in Illinols, two sensons in
Minnesotn, and three seasons near Washington, D. C. From 1 to 3
varietics were included in the plots at each location, giving g total
of 12 tests during the progress of this work.

Bloeks of one or moro varieties were planted enily to provide g Sup-
ply of as uniform materinl as coukl be obtuined.” Individual plots
were 40 feet long and consisted of single rows 4 feet apart planted with
hilis 2 Joet apart except near Washington, where the rows wers 5 foet
apart.  In lilinols duplicate plots were provided, and triplicate plots
of cacl variety in the other locations.

It has been suggested that the optimum time of harvesting the tops,
in order to get maximum yield of silage and to avoid excessive woodi-
ness of the materinl, woul({bc about or just after the time of flowering.
This slags, then, was arbitrarily considered as medium (), and har-
vests were made bolli earlier and later as well as at that stage,  In the
IHinois studies, one enrly harvest (1) was made abous 7 weeks before
C, nnd one 4 wecks after, at maturity (£). The A harvest was much
carlier than in the other tests and is not strictly comparable. In
Minnesota slso three havvests were made (4, C, and £), at intervals
of about 8 weeks. Near Washington, five harvests were made at
intervals of 12 days, except the last (/7), which followed D by approxi-
mately 4 weeks,  The £ harvests in all locntions involved practically
mature plants that had lost & large proportion or most of their leaves.
Tuble 64 shows the dates upon which the tops were harvested from
the several plots,

Tanee 64.-- Dates on which tops of Jerusalem artichokes were harvesivd

Buite of indleatwl arvest of lops

Place mink yoear
A yis o y2l B

Eisala:

s A U OO (. 1 | (N 13 [ Oct, & \...... Nav, 2
Minpesotn:

3 U Sopty 14 focemcaan, Oct, & f oo . Cct. 2

L -7 1T RS PR . T Out, 2o
Wushinglon, £, '

[fxt e . ce e o dhirE 31 Sepd, B0 Sept. 1] Oot, 3 Nov. 10

2 . e o A 2y Hept, T oo oo ] Nov, 5

s e e aea ,.-_ti[}...--* Sept, 6 Sept, 183 Ot 2] Oer, 38

The tops were cut near the soil surface, the green welght was deter-
mined per plot, and the number of harvested hills recorded. In the
Minnesota snd Washington, ). €., tests the tops from severnl typical
hills were chopped into a composite sample which was theroughly
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mixed nnd from which samples were drawn for the determination of
moisturs and crude {iber.

Tho tubers in tho hills from which the tops were removed were left
in place until the time of harvesting all plots, when the weight and
number of tubers per plot were determined.

Moisture and erude fiber were determined by the recommended
proeedure of the Association of Official Agrieultural Chemists {,
pp. 280-281).

RESULTS

REFRT {3F TINME OF TOIF IREMOYAL ON YIELD OF TUHERS

Tha most extensive dala upon the effccts of early top removil wero
obtained near Washington, D. . In 1931 bub ono variety was
erown, while in 1932 and 1933 threo were studied. Table 65 presents
the results for the Blane Ameliore variety as grown near Washington
for 3 yeawrs. Without exception, successively later top removal
resulled in markedly increased numbers and yiclds of tubers per hill.
Reference to table 66 shows that the variances due to time of top
removal are so very much greater than residual ecror that they are of
practically infinito odds ol significance. Thoso variances are nlso
signilicantly greater than interaction between dittes of removal and
years. (For number of tubers: Observed F=7.10; 1-pereent point=
7.01. Yor vield of tubers: Observed f==546; S-percent point=3.84.)
Thus, one muy confidently expeet such results, consistently, year alter
vear, within the range of conditions of these observatlonis. The
dillerences between 3-yenr means are all highty significant {minimum
ohserved =030 pound and 4.5 tubers; caleulnted required differonce=
0.30 pound and 4.+ tubers), with one exception—the difference in yield
of tubers botween the A and B harvests. This exce tion serves to
emphasize what is apparent in the table. Up to and inciuding the
socond hurvest (Sept. 6-9) the tubers had hardly begun to enlarge,
nvernging only about 0.018 to 0.024 pound in size, or 40 to 50 per
pound; and yielding only about a half pound per hill, or about one-
hinth of their ultimate vield. Even at the supposed optimum time
lor top cutting, the yield ol tubers was but 25 to 30 percent of the
nliimate yield,

Tannis Br.—Rifect of time af top removal on wimber und yicld per hill of Jerugalem
artichoke lubers of the Blune sAmcliore varviety growsn newr Washinglon, D. €.

[Uriplients plots]

Yicl! of tuters pes Ui after top removal

o l n

! 1 i 1
E.\'muhr;r Poitnddy Nuapher! Poaids - Number ."‘mmrl'a-_.\'rwwc’r]; Pounn‘s'l.'\'umhzrl."ui.'mi':
an i 1 . F- % A i i R IR

L1 a1 w15 WAy wTdg o BEd [ L5
a0t T U L, 18 [ B gi, 3 .t .2 .Y

13
.4 1 - 1. 5 .20 i 0.8 f Mt 21.0 140 o 2 N1

Aoj Wy owl] o .e | .8 l Lt i BLY | 2T l B3 | 495
1,1 ropresonts earbhest removals 43, seeond eicliest; C medimn; &2, medinn lute; B, Infe, See p. 52 for
s plnnntion,
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TABLE §6.~—sAnalysis of varienee of dala for table 85

Numbar of tubers Yiold of tubers

Source of varlation
v

4,853

Tiebwaan dutes of removal \ ¢ a5, MD
Hylween yenrs, N . 3 V34, T
Yours ¥ tutes of reinoval . -

Error {reutslnder}

t ‘Hyooods 1-percont potnt.

Table 67 presents data for three varieties for 1932 and 1933. The
final means n table 67 ave in very close agreement with those of table
65 for the Blane Ameliore variety, An inspection of the, detailed
results for the Waterer variety indicates that its tubers develop some-
what later than do those of the other varieties. Itis & late variety.
The significant interaction of date of top removal X variety (table 66)
emphasizes this varietal difference. Although Chicago ““matures”
distinctly earlier than Blance Ameliors, it does not appear io develop
its tubers any earlier. Earliness of flowering and dropping of leaves
may or may not be sssocisted with early development of large tubers,

Tanui 67.-—Effect of time of top removal on number and yield per NIl of tubers of
trree varicties of Jerusalem artichokes grown near Washingion, D, C

[Triplicats plats]

Yield of tizbars per hill after top removal!

Yarlaty sindd yenr
A B o D - E

Number| Pounds | Number Nuniber Number| Pounds | Number| Pounids
350 071 Bt 58,8 5.3 £.41 68. 2 Ft]

we| LUz 1450 . 68| . 20,03 L30| 2.3
28| . 0.8 | . 28| & s6.21 s8] o2z

5,2 75. 4 5.82 82.2
219 . 3Lo 134 38.7

o (L] PR s 3 . .t . 53,2 3.58 80,8

Waterer:
[+ 3 N X . 36.3 i.22 50.0 3.04 877 595
ELL= K R —— 2, I 3 . M, G ] 35,2 U8 G B 2,08

MeR e eean 3.8 . 22, . b i) 41 2,00 63. 9 AL
Mean for 3
viriethoyd. .. 2.8 N 4, . 37.4 1,28 5L 2 308 025 4.18

L.t ropresentd enrllest romovel; B, second enrvifest; ©, medimn; D, wmediun late; E, lota. Sce p. 52 for
explunution,

Table 68 shows that variances due to time ol top removal are prac-
tically infinitely significant with reference to residual error and very
highly so with reference to the interaction of varieties X dates of
removal. {For number, observed F=—114.1; for yield, observed F=
64.1; 1-percent point = 7.01,) The kind of response shown may well
he expected regordless of variety or vear,
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TaBLE 68.—Analysis of veriance of data for tuble 87

Numbor of tubera Yield of tubers

Hource nf varlatlon
df Vv

Tolnl . 4,503

Tatween dntesd of removul
Tistween verlotles
LBobwoth yuars,

Yonry X Jdntea of reovel____
vurletlas X dales of romaval.
VArioblod 2 YU car e e rrae -
Eeror {reinalider)

t ¥ixeeells 1-poreont polnl.
1 Vulupd In purentheses are Includad In the valnea identlfled aa error.

Data relating to threo dates of top removal in Hlinois nnd Minne-
sota are presented in table 69,  Again, asin the more extensive Wash-
ington, D. C., tests, there is observed a very marked reduction in yield
of tubers as o result of early top removal. The parliest removal (4}
resulted in but about one-third the yield obtained when tops were
cut at the supposed optimum time*((), and this in turn represented
put about 60 porcent of the ultimate yield. Table 70 shows the
variance due to time of top removal to be very highly significant with
reference both to residual error and to interaction between tesis and
dates of top removal. (Observed F==11.7; 1-percent point==8.65.)

Tanne 60.—FEfJect of time of top removal on yield £ tubers per hill of Jerusalem

a
artichokes grown in Ilinois and Minnesota

['Friplieate plots]

{ tubera after top

Yield per hill o
ramoaval

Ploee and varlety

A o E

Minnls: Pounds Founda Pounds
Doul! 0.74 2.5 3
Mlnnosoin:
THune A meolinre. . 322
Do L. N 1.37
Chleage-. b . .78
WALETRY e v e e om o= X . .7

Monn. . .oc.-

Tapnn T0.—Analysis of variance of data for table 89

Dregroes of | Moosn

Sourco of varlotion frocdom SQULro

14 2.050

Detween dates of removal 2 V17,825
JL TRy | ] K-S —" [, . U . 4 18, 618
ety X dalog of rnoyil.... [ tebmuaems e 8 + 1610
JEFEOF CPBENRLNUBTY e sacmmeva s crmaen e mm o ssmms see watcemesans awowanes 0 , 24

1 Exerels L porcont polnl,
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EFFECT OF TIME OF TOP REMOVAL ON YIELD CF TORS

As stated under Methods of this section, efforts were made to so
time the removel of tops that the € or medium date would repre-
sent o high top yield end still avoid the disadvantages of too sd-
vanced maturity, Table 71 presents the green and ry weights of
tops per plant, harvested from the Washington, D. C., plots.

Tavrs 71.—Effect of time of lop removal on yield per hill of green and dry tops of
Jerusalemn artichokes grown near Washinglon, D. C.

[Triplicata plots)
GREEN WEIGHT

Yield of tops per hit after top romavall

Yanr and varloty
1 o I

Pounds Poumuly
Binne Amelinro .82 8. 53 860

Bikne Anivtore . 10,57 . 11. 66
Cdenyo., .. 10,47 3 10,20
Whtorer_ .. &7l .

Rlane Amallora.
Chieaper. .. (...,
Wistercr

Birne Anwlioro

Nang Awmellore. ..
Chiengo
Waterer. ...

Blnnie Awpeli . . .21 .
RN, e e eeenn . . 114 .
Wuterer . . 107 .

0
M
a9

At 2,00 L48

! ropeovents earhingt removil; B3, second earliest; ¢, medium; £, medium Into; E, late. Seo p. 62 for
axipianition,

It is a bit surprising thatin two of the three seasons the highest green
weight was obtained from the earliest harvests, while in the other
year the C harvest yielded slightly more than the first two. The
cause of this rather unexpected finding was not determined, but it is
probably due to loss of lower leaves befors the time of the B and O
harvests.  Thoeloss of leaves that had occurred after the Charvest was
ruito noticeable. At the £harvest of the Washington, D. C., plots, the
branches were practically bare. The 3-year means show a sii ght and
statistically insignificant decrease in green weight from the 4, through
the B, to the ¢ harvest. (Observed differences from A=0.14 and
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0.22 pound; caleulated required =0.67 pound.) However, the D
and £ harvests show very marked and significant losses in green
weight. The variance due to time of removal is very highly signilicant
with reference to residual error and to interaction between tests and
time of removal {table 72). The intersction is so small as to be
insignificant, with reference to residual error. Therefore, top cutting
later than € not only yields older, woodier plants but a markedly
lower green weight of material,

Panty 72— Anclysis of varience of date for table 71

Cireen welght Ty welght

Source of varistion
df ¥V df ¥

< PP 1L oy

Botwson dates of reinoval PO 113 68
Tietwoeen tests. .o ... ... gy, 2
'esty K dates of remoyrl... 3 1,171
Brrar {rertha e o e e et mm iy paaa e 1,175

1 Bxeoeds L-pereant pobod,

The values for dry weight of tops, of course, differ from the fore-
going, but they also show a significant increase in dry weight from
fhe A to the G harvest, followed by a decrense in the later ones, This
decrense is doubtless chielly due to loss of lcaves, but there may also
be n heavy loss of claborated foods by tramslocation to the tubers.
Table 72 shows the variance due to time of top removal to be very
highly significant with reference to both residual error and interaction
betwoen tests and time of removal. The caleulated required differ-
ence for significance between means for the seven tests is 0.14 pound,
Thus, there are significant differences between any and all means,
The (¢ harvest is seen to yield significantly the greatest amount of
dry matter per plant. But it should be recalled that top cutting at
this time results in o sericus reduction in the yield obtainsble from
undisturbed plants,

Table 73 shows the green and dry weights of tops harvested at
three stages of development in Illinois and Minnesota. The effect
of time ol harvest upon green weight will be seen to be very similar
to that observed for the Washington, D). €., plots. The dry weights
also decrense rather consistently from the earliest harvest, in three of
the five tests, but the data are rather Himited and may net be repre-
sentative of responses to conditions in those regions. It is possible,
however, that in Minnesots, whero the lower dry weights ocourred at
the ¢ harvest, harvest time should be rated as D rather than €, on
aceount of the brovity of the autumn season. It appears evident that
ab that time the plants were more nearly mature than was supposed
beforehand. Regardless of the explanation, there appears to be no
chance of obtaining @ good yield of tops without reducing the tuber
yield to & mere {raction of the ultimale yield.
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TasLe 73 —Effect of time of top removal on yicld of greer and dry lops per hill of
Jeruselem arlichokes grown in Ilisnois and Minnesola

[Dezplicate plota]

Yield of tops per hill after top remaval |

Placa nnd year Vurjaty A o E

[=]
i

CGreen | Dry

Tlinofs: Pourids
Blane Amelinre 38 0.71

¥

p[1ospe =f
SESER Ba

JREPO s R . . . 1.92
10y, | R I 1. 2 . - 1.00
JLFch .| Chitage... . . . N . &0
103, .| Walerer_., . . . . 1.52

Menz ves N BT B 1.41

&g

1ol tepresents earllest removaly B, second eartiest; O, medium; 2, medium {ate; £, late, See p. 52 for
explanalinn,

Tnble 74 shows for green weight a variance due to date of top
removal that is highly significant when referred to residual error or
to interaction between dates of removal and tests. The interaction,
however, is not significantly greater than residual error, but is even
insignificantly smaller. (Observed F=1.23; 5-percent point=3.12.)
Variance in dry weight due to date of removal is significantly greater
than that of residual ercor but not greater than the interaction of
tests X dates of removal. (Observed #=3.33; 5-percent point=4.46.)

Tavue T4—Analysis of variance of data for tuble 78

Cireen weight Dry weight

Senree of varintlon
df v df v

Total. o . ciiveeiaic,

Detween tlnlcs of removal
Totween lests. ., ..., L.
Tesla X dutog pf removal
‘Error (remainder)

I Expeveds 1-pereent point.

Table 75 presents the analysis of variance for a summary of the
combined datn for the 4, €, and E harvests shown in tables 71 and
73. TFor the 12 tests, the mean yields of green and dry tops per hill
were 6.41 and 1.74, 5.91 and 1.82, and 2.41 and 1.28 pounds after top
removals A, €, and FE, respectively. Note first that variances in
betl green and dry weights are of very great significance with refer-
ence to residual errors; they are also significant when referred to
the vespective interactions between tests and dates of removal.
(Observed F for green weight=25.8; for dry weight=5.29; 5-percent
point=3.44.) Thus it can be safely concluded that the response
shown in the first part of table 73 can be expected with a high degree
of probability. The maximum green weight of tops is obtained just
hefore blossoming time and declines rapidly thereafter. The maxi-
mum dry weight, however, appears to be reached just after blossom-
g and before the dropping of leaves becomes noticeable,



http:oint=3.44
http:weight=5.29
http:1.74,5.91
http:point=4.46
http:point=3.12

CULTURE OF THE JERUSALEM ARTICHOKE 59

Tanup T5.—Analysis of variance of data relating to effect of removal of fops of
Jerusalem artichokes on yicld of green and dry tops per hill grown fn Iilinois and
Minnesota and near Washington, D. C

Greon woelght Dry welght

Souree of varintion
13

Hetwest WWalH, . cvnveenya-
Testy X dates of reioval.
Ereor (zemaloder) . . eavaea. s

t Dupllcata phits.
t Kxeveds W-percent polnt,

CHRUDE FIBKL CONTENT OF TOPMS IN RELATION TO TIME OF HARVEST

Limited data (5) on composition of artichoke tops both dried and
s silnge show that they may compare favorably with corn stover
and silage, respectively. Obviously, overmaturity and dropping of
teaves miust bo guarded against if this favorable composition 13 to be
obtained. In the present studies, estimations of erude-fiber content
were made to obtain » rough index of change of feeding quality as
the tops approached maturity.

Table 76 shows the erude-fiber content of tops from the successive
harvests from the plots near Washington, D. C. The crude-fiber con-
tent showed but little change, on the dry-weight basis, from the 4 to
the T? harvest, but the & lots were very much higher. As suggested
varlier, this doubtless was due to heavy loss of leaves, with little more
than the woody stems and branches remaining at harvest. On the
fresh-weight basis crude fiber increased steadily from A to D from
about 5 up to 8 percent, then very abruptly to about 25 percent in the
last harvest. The fresh-weight values are of the greater iraportance
here, because they better illustrate the nature of the product at the
different times of hnrvest.

Tavun 76.—Effect of time of lop removal an crude-fiber conlent of tops of Jerusalem
artichokes grown near Washington, D. C.
DRY-WEIGHT BASIS

Crude-8her content of taps slter top removil !

A I 14 n i

Percent | Percent | Percent | Pereenl | Pereent

Tiiape Amelioro. ... ... ... 24. 7 .78 /A m 234 42 H
Uhlenme., .. . ... - N oL = 27,80 24,63 23,13 45. 28
WRECHUT. Lo iinnr - oan X .87 7. 568 o2, 10 2. 82 3.7

BT O g 24,95 27,05 AR 3. B8 43.98
filnme Amellorm. ..o e e ; =02 24, 08 24,85 27,47 3. 77
Chivmm - 1K 21,43 12,43 2185 2292 4. 89
Waterer. .o e e ] 2175 7T 2282 .10 4628

Lt €T 5 [ 1w 22.28 =7 2618 34.98

Moenn for 6 fests. .. . ... . AR 24. 85 207 244 0. 45
Binge Amellora. . . . oo . . o6, 82 7. 88 T w45 48, 55

Menn for TLOSIS. L. .oosieeeccmaatiaaas 2111 25. 11 5. 82 24,01 0. 48

! fi re;;rcsems anrllest removal] &, second gorllest; €, medlum; D, medium Inte; E, Jate. Sce p. 62 for
explanation.
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Tanre 76, ——Effect of time of lop removal on cﬁ:dszibcr content of lops of Jorusalem
articholes grown neqr Washinglon, D, C.—Continued.

FRESU-WEIGIIT BASIS

I Crude-fiber content of tops after Lop removal

Virlety Year | N ; i =
\ £ $) i I

Frereent | Pereent | Percend | Pereent | Perecnt
Ripote Admellore., ..o, L., - 4,14 5,50 4,40 7. 10 314
Chlenpo.. ... . .- - . A .18 T 5. 37 3580
LR 1701 23 SR P Al 1] 7. 40 T 50 7.5 32 80

Mot .o . PR .73 . 51 7.35 749 32
Rinng Amellare. ... R . 58 548 541 L Ir. 11

Chlengo. ... . . ) & 03 7,20 17.%1
WM e i e ; , 3 G, 8 . 15,18

D5 2 5. 21 i, B0 T A 18, 87

o {01 B T IS S 5,47 0. 43 . , 24, 81
Hinne AmoHore. .. cariev srecaccu oo« 43 5. 54 B 3 31,15

Moewns for T esba. e G, 31 .30 . . 25 71

The first part of tuble 77 shows that for both the dry-weight and
the fresh-weight hasis the variance due to time of harvest is highly
significant with reference to residunl error and to Interasctions be-
tween varleties and times of harvest. Variznce due to variety is
very small, being no greater than remainder error.  The interactions
involving years and time of harvest gave varisnces of signifieance
whea referred to residual error. On the dry basis, variance dus to
Lime of harvest was significantly greater than this interaection
(observed f=11.4; 5-percent point=6.39), but on the fresh basis
it was not significantly greater (observed F=5.78; 5-percent point=
6.30). Apparently, the high meisture content nn{[) the prohably
somewhat less mature stage of 1932 samples of the E harvest 1s
responsible for this very high interaction between years and time
of harvest. In other respects the data for the different years agree
very well.

TanLe 77— dnalysis of rariance of deda for table 76
BATA FOR 1932 ANTY 1433

Dry-welght bosis | Fresli-weight hnsis

Sotrew of vriniion 7
df ! ¥

B P SN R:S ! 6h. 107

Hetween dntes of harvest .. .. 1 1230, pos - L30T, U85
Tlebwee Yourra. .. maaeema i e . LN e ] o HE
{lutween varietles_ . e e eie e mveelaa il
Yoarg Wdaiesef barvost. 0 .. L0 .0 Ll L. - 125, 36h
Varfetios W dntesol huevest ... .. ... 0 . 5 3, 118
Yonrs X vardeties oo ... R 124,847
Areor {remimlnder) oo L e crmeee s Lose

POIA. ooy comvramines s o e emveeeeien caeeeend] sass i m| Tasm
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Although there are no significant differences among the 2-year
means of erude-fiber content {dry-weight basis) ameng the first
four harvests, the lower content of the (?lut. approaches a signifiennt
difference when compared with that of 8. A simitar Jow content for
the €7 lot will be noted in table 78, which shows the Minnesota
resulls. .Although the evidence is meager, there is an indication
that blossoming (whieh oceurred at or socn befors the ¢ harvest)
is necompanted ov followed shortly by such an increased efficiency
of syntliesis and storage of claborated food teserves thit the pro-
portion of erude fiber is slightly lowered for a time.  Clooler weathier
ab this time may also be u fuctor by redueing the rate of respiration
and translocation to o groater degree than synthesis of food materials.

The valnes for means of Mresh weight for six tests show no deerease
in erude fiber at any harvest, but it will be noted that the incrense
from #3 Lo (7 is dislinetly less (han for other consecutive harvests.
The caleulntod required.difference for significance between means is
2.0 poercent, which would east doubt upen the importance of the
mecossive inerenses i erude fiber were they not so consistent in
relation fo timo of harvest.

The Minneseta results differed from the Washington, I, O, resulls
chielly in lower erude-fiber content at the lnst harvest. Within
the Minnesoln tests, however, the same general observation can he
medo as diseussed above. Table 78 containg ihe results of crude-
Hber esGmetions made hy B, L. Aailet, of (he Minnesota Agricultu rad
Sxpeciment Sintion, and table 79 presents the analyses of variance
of those dute. it will be noted that although the data are rather
Limited the resulls are quite consistent, yiclding low ecrrors and
showing highly stenificant differences between means of harvesia.

Panhas TH.Urnde-filier content of tops of Jeewsdem artichokes grown in Minnesola
in reletion to Lme of hrresting

. Cnuele-itlier coplent of tops alier frucdicutsel Log
H remaval

Voireiy i Year o Proyswelgiit basls Frosh-welghi nsis

ST

Blane Snebaee uM o, B BT

HiERT) {1 7.4
Mot French Whele

g Gunil A2y M0 AT

'Pereemd Percenl 1."r:crﬂ£ FPrreeuf l."rr{'rn! ' Precent

Mean | . " Comm g BRER L BN ool
Blize S melivre o, ) . ;
NIRRT
Woakerer

A

Meap for Sfesks




62 7TECHNICAL BULLETIN 5l4, U. 8. DEPT. OF AGRICULTURE

TanLa 79.—Aralysis of variance of date jor tuble 78
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As mentivned previously, it is of considerable interest that erude-
fiber content (on the dry-weight basis) for the € harvest was lower
than that Ior the o1 harvest. (Observed difference=2.25 percent;
caleulated required for significance=1.68 pereent.)

The determinations of crude fiber for both localions suggest that
barvesting tops 9 late as ¢ results in practically as good quality of
raw producet, for silage purposes, as does earlier harvesting.  Appar-
ently, even some little delny of harvest beyond €, before leal fall
becotnes serious, would be accompanicd by no great deterioration of
tho material.  However, it should be borue in mind that harvests as
late a5 (7 yield less green matter and in some cases less dry matter
than earlier harvests. Still later harvests involve quite apprecinble
losses of both green and dry matter.  And, of paramount importanee
to the grower who expects to harvest a crop of tubers, ¢ harvests of
tops result in tuber yields 40 to 60 percens lower than if the tops were
undisturbed unti frost, and D harvests 25 to 35 percent lower. Tt
seems improbabloe that satisfactory yields of both forage and tubers
can boobtuined from the same plants.  The most substantial increases
in fonnage ol tubers appear to occur after the optimum stage for
harvest for forage is past,

ERADICATION OF VOLUNTEER GROWTH

Since it is practically impossible to remove all small tubers from the
soil at harvest time, varying numbers ard sonetimes guite consider-
able quuntities remain to sprout in the spring following the crop year.
The J[arga number of sprouts that usuaelly appear emphasizes the
difficulty of a really thorough harvesting of this crop. 7This volunteer
growth is not easy to dispose of, Early plowing and sowing of some
spring crops may breal off or thoroughly cover the young fops that
are showing at planting time, but the tubers have a remarkable
resprouting capacity, so that o second set of sprouts will emerge to
infest the spring crop sown on the land.  Furthermore, even if most
of the volunteer plants are kiflled and a few escape here and there
over the field, they must he destroyed before August lest they form
tubers which will sprout the following year,

No extensive or exhaustive studies were carried through in regard
to this problem of eradication ol volunteer growth, but some limited
data were obtained and & number of trinls and observations made
that doubtless ure worth reporting here.
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METHO1S
Tn 1931, near Washington, D. C., a field was used which had grown

artichokes in 1030 and which showed a heavy volunteer growth.
Five treantments were applied on single plots (each of cight rows 43
feet long) in this field of volunteer artichokes, beginning June 13
when the plants were 2 feet high. The treatments were as follows:

] l1"lnl;l’l.—-»l"‘lunls hoed off at soil surface and later sprouts removed at 7-duy
inleryals,

. ll’!n!, lf.’,.—v-l‘lnnts hoed off sb soil surface and later sprouts removed at 10-day
mnkeryiis,

Blot 3. ~Plunts plowed under deeply and completely without previous cutling.

Plot 4.— - Plants boed off at soil surface and plot cultivated with ordinary row
cultivalor ol 13- to 15-day intervals.

Plob 5.--Mands hoed O at soil surfnee and turned under as Lhoroughly as
pousible.

The efficney of the eradieation treatments was measured by
counting the number of sprouts per row (or for the whole plot where
it tmd been plowed) belore the treatments were applied, and at
intervals subsequent to the treatments. The nwmuber of sprouts
appearing afler trentment was then expressed as n pereentage of the
original number present per row or per piot.

In 1linois and Minnesota, various times of plowing under, disking,
and planting of dillerent crops were tried, and the results were
ovaluiled by inspeetion.  The methods used in those instances will
be mentioned in the discussion ol results.

RESULTH
WASHINOTON, D. €,

It was found that turning the plants completely under when they
wero 2 [eot higligave fairly good control.  Three weeks later, less than
{ peveent of the original sprouts had been replaced by newones.  Four
woeks after plowing there was o replacement of about 600 sprouts
per acre, none of the new sprouts being over 4 inches tall. 1t appears
(hat planting a quick-growing hay erop alter plowing under in mid-
June would give practical control, for the small sprouts would he
shaded out. {1 not shaded out entirely, the fow survivors could be
hand pulled.

Hycing off the tops belore plowing resulted in less efficient crad-
ication ihan earelul plowing under without hoeing. Four weeks
alter plowing there was o replacement of about 2,500 sprouts per acre,
which is considered rather far from satisfactory control.  Thut num-
bor of survivors in competition with another crop would no doubt
b very troublesome. 1t is probable that the loose tops on the soil
surfnes so interfered witl thorough plowing that a farge number of
tubers eseaped deep covering.

Altempled conlrol by hoeing ofl the Lops and Tollowing this by
cultivition at [0- to T5-day intervals appreximates probuble con-
ditions in the culture of an early planted vow crop immediately after
artichokes.  This method was still less efficient than either of the
two just doseribed. Two weeks alter hoeing off the plants there
wis ity approsimately 50-percent replicement, equivalent to about
7700 sprouts per acre.  Four weeks after loeing (nfter three culti-
vutions) there was still n 20-percent replacement of sprouts, so Lthis
method ennnot be considered effective.
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Plots 1 and 2 were hoed repeatedly to determine how LY Cfops
of sprouts need to be removed before the tubers finally beeoms ex-
hrusted and further sprouting prevented. The results of repenied
removals at 7- and 10-day infervals are shown in table 80. 1t will
be scen that the second and first hoeings in the respective plots were
fellowed by increases in sprout number. This was dou&)t.loss the
result of multiple sprouting of tubers rather than appearance of origi-
nal sprouts from tubers not previously sprouted.  Removals nb 7-dluy
intervals were in general less effective than at 10-day intervals, as
shown by the values after thesecond removal. 6 requited sixremovals
nb 7-day intervals to accomplish the snme results as five removals ab
LO-day intervals, although the elapsed time was o little less.  These
datn show elearly that merely chopping off sprouts is a poor method
of control or even of ridding o field of the oecasionat plants that sur-
vive the more efficient methods,  Tand pulling is Tar better. Hoeing
or sproub cutling nlone, as & method of eradication, is entirely {oo
expensive of time and Inbor,

Tanswn 8- Bffeet of repeated remorval of aprouty by hoeing on replaccment of sprouts
of Jevwsalem artivhokes grown wader firld conditions

t i H
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ILAENGIS

In an offort to determine what erops should Follow articholees in the
rotation, the following crops were grown in 1931 on ground which had
grown & heavy erop of articheokes in the 1930 season: Sovheans for
hay, Budan grass, oats, and corn. The cheek plot was sunmer-
fellowed.  None of these erops was sucecessful in smothering out the
artichokes, although there was g considerable difference in the degree
to which the artichokes were suppressed. The plot that was fallowed
during the 1931 season was practically free from artichokes during
1932, OF the erops, sovbeans and corn appear (o be the loast sue-
vossful in the rolation following artichokes.

Artichoke tubers start developing during August, and the corn and
soyheans cannob be remeved In time 1o start eradiention. The corn
nand sovboans were so heavily infested with nrtichokes in 1032 tha
1o crops could be seeured. 16 was necessary Lo fallow during most of
the summer to prevent the artichoke tubers from maturing,  The oats
were removed when malire and the grovnd was plowed Auwgust 5.
[t was possible to erop this plok in 1932, but some hand weeding was
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required.  One plot was seeded to Sudan grass on May 15,  The first
erop of hay was removed and the plot plowed on August 5. Another
plot was seeded to Sudan grass on June 15, and the first crop of hay
removed nnd ground plowed by August 20, These plots were cropped
in 1932, but some hand weeding was required to prevent volunteer
artichokes [rom moturing,

A mpidly growing hay crop such as Swdan grass is the most suc-
cossful erop i a rotation following artichokes. A small-grain crop
i next best. T4 is necessary to remove any crop and plow the ground
carly und to practice exceptionally clean cultivation throughout the
remaincer of the season,

MINNESQTA

Tle Minnesota trinls, observations, and conelusions regarding eradi-
ention of volunteer growth from the 1930 artichoke crop may bo
suminarized as follows:

The plot was allowed to stand untouched until nbout June 1, when
the young plants were about 12 to 18 inches high. It was gone over
then very thoroughly with o heavy double tractor-drawn disk harrow.
About the middle of June the plots were ngain theroughly disked and
worked with a spring-looth harrow, At that time new sprouts had
come up and were standing about 8 inches in height. The disking or
hnerowing destroyed nearly all of these sprouts, and an examination of
Lhe tubors indivated that they were rapidly deteriorating—becoming
goft and in some coses decaying. About July 1 the ground was
plowed ns deeply s possible, the plow running 8 to 9 inches deep.
AG that time there were still o good many sprouts showing, although
the number had been greatly reduced.  This was followed by disking
and harrowing until the ground was in good condition, when it was
phanted (o Sudan grass.  This mde a very runk heavy growth and
practically smothered ouf all the weak sprouts that came up after the
lirst of July.  Any tubers which survive this treatment and send up
a sprout the following year can easily be removed by hand digging,
sinee there will be sueh a small number that o man can easily go over
an aere in an hour or so. 1T a heed crop such as corn were placed on
the land the yvear Tollowing the Sudan grass, there would be no diffi-
culty ab all in tuking eare of any stray sprouts that might remain.
[l the nnd should be planted to small graing the year after Sudan grass
there would still be no difliculty, as the spring oats or similar crop
would greatly diseourage the growth of the artichokes and the crop
would he cut belore the tubers would form,

SUMMARY AND CONCLUSIONS

T'his bulletin reports the results of the cooperative investigations ol
2{) varicties nnel certain eultural practices relating to the growing of
the Jerusalen: aetichoke,  The studies were carricd out at the lollow-
ing loentions by the agencies numed: (1) Near Washington, 1D, C,,
by (he Division of Fruit and Vegetable Crops and Discuses of the
Bureau of Plant Industry, United States Department of Agriculture;
(23 at Urbann, T, by the IHinois Agricultural ¥xperiment Stationt
(%) at Kxeelsior, Minn., by the Minnesotn Agricultural Bxperimen;
Station; (4) at Corvallis, Oreg., by the Division of Forage Crops and
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Diseascs cooperating with the Oregon Agricultural Ex])erimcnt
Station; and (3) st Cheyenne, Wyo., by the Division of TFruit and
Vegeluble Crops and Diseases.

The various prohlems receiving consideration st two or more of the
locations numed were as follows: (1) Yarietal adapiability; (2) effect
of size of seed piece on plant development, yield, and size of tubers;
(13) effoet of depth of planting on vield and distribution of tubers; (4)
effect of time of planting on yiek! and size of tubers; (5) effect of
spacing in the row end between rows on yield per plant and per acre
and on size and number of tubers; {6 relation of time of cutting tops
for stlage to crude-fiber content of tops, and to yield, size, and num-
ber of tubers; and (7) eradication of volunteer plunts.

Al plots exeept those relating to certain vartefal studies were
replicated nb exch place ench year.

Al dutn exeept those relating to eradication of volunteer growth
woere subjected to statisiien] study by Fisher's method of analysis of
variancs o8 wlapted by Snedecor (73

Of 20 vartetios grown in lllinels, Qregon, and near Washington,
. (., for 3 vears, three varieties were gutstandingly superior in yield
in all loeations, numely, nos. 27574, 27095, and 27007, followed closely
by no. 26044, High-yielding varieties tended to be so in all loeations,
andd the converse was also true, although the order of superiority wus
not identieat Tor all locations.  These facts indicate & very wide range
of adaplability of cortain superior sorts but ulso show that differences
in regional adnptation among varieties should be given consideration
in selecting » variety or stoek for commercial culture,

Analyses of levulose content of hundreds of stocks and varieties
(made by the Burenu of Stundards, United States Department of
Commerce, i cooperation with the Bureau of Plant Industry, United
States Department of Agricelture) have shown a disconcerting
negative correlation between tuber-yielding capacily and levulose
content.  Despite this high negative correlution, ne. 27574, referred
lo as the highest yielding variety, showed the highest 6-year mean
percentage of levalose and total sngars of the 20 varieties discussed
in this bulleting Thus, the search for bigh-yielding, high-analysis
varieties is an entirely reasonable one which should yield further
valuable results,

It comparing yields produced Trom seed pieces ), %, 1, and 2 ounces
in weight, in Minnesota and Wyoming and near Washington, D. C,,
ench suceessively larger picce produced successively aruer net yields.
tNet vield equals Llotal harvesi minus mmount required for planting.)
In Oregon, seed pieces greater than 2 ounces in weight produced no
srenler vields than did 2-ounce picces.

[nerensing the size of seed picce was consistently accompanied by
inerease in number of stalks per hill, rezardless of Tocalion or season.
Faeh hill was planted with a single seed pece.

Inerensing the size of the secd picee wios not necompanied by
inerense in nean size of tubers harvested.  In Oregon, very large
seed pieces, 4 ounees in weight, produced n smaller mean size of tuber
than did 2-ounee or 3-ounee pieees, hut such tubers were still of good
size.

in none of these studies could any pinntings practieably be made
early enough Lo result in yields being significantly lower than from any
subsequent planting,  Although in the Washington, 1. (., tests there

ool



CULTURE OF THE JERUSALEM ARTICHOKE 67

was no significant difference in yield of plantings at any time during
April, the results from all other locations (whero weather conditions
necessitated later planting) showed very marked deereases in yield for
every planting after the first one made under those conditions.  With
apparently “everything to gain and nothing to lose”, the carliest
yossible planting is to be recommended, regardless of variety or
ocrtion.

Jith . . .

T'ime of planting appears to exert on size of tubers harvested an
effect more or less comparablo with that on yield. If the yicld is
depressed by delnyed planting, so is the mean tuber size. These
results apply to all varicties observed.

Although the different planting depths studied have for less eflect
on viell than cortain other factors considered in this work, there is a
ing%zl; hut consistent difference in favor of the 4-inch depth over the
3-, 5-, ov U-inch depth in the humid regions, In the Wyoming tests
only (irrigated) was the 5-inch depth superior to the 4-inch depth. In
all tocations, 3 inches and 6 inches gave consistently inferior results.

fn Wyoming, planting depth was apparently without elleet on
depth of stolon origin, possibly on account of the narrow zone within
which favorable moisture conditions were maintained by irrigation.
Nenr Washington, 1. (., however, suceessively deeper plantings re-
sulted in suceessively greater percentages of the stolons arising from
the stem at a depth below 4 inches,  As no seed pieces were purposely
planted deeper than 6 inches, very few stolons arose at depths greater
than that,

Depth of planting was without effect on size of tubers harvested,
hut it hind & marked effect on depth of tubers harvested in tho Wash-
ington, D, (!, studies, Based on either number or weight of tubers,
sticeessively deeper plantings resulted in suceessively deeper tuber
formution.  How Lubers were found below a depth of § inches, but
the percentage of the total harvest that eame from the 4- to 6-inch
soil zone increased very signifienntly with deeper planting. Deep
planting thas invreases the difliculty of harvesting.

In all loentions except Oregon planting distunces between hills
greatly alfocted the yields. 1n genernl, the 12-inch spacing gave
higher yields than the 18-, 24+, 30-, or 36-inch plantings, hut there
were oxceptions.  In Oregon 2-, 3-, and 4-foot spacings yielded equally
well.

“The 12-inch spacings produced tubers of significantly lower mean
woight than did the wider spacings, but there were no differences
among (he others,  Unlortunately, size distribution of the tubers of
the erops at Lhe several stations could nob be determined, but only
tatal weight and number of tubers. ‘Thus there Is some question as
to the sdvisability of recommending & 12-inch spacing for eastern
and mideontinentnl regions, even though the mean total yields per
aere were in general the highest by about & ton. Pending further
information on (his point, spacings of 2 feet in the row are recom-
mended eseopt for conditions similar to those of the Oregon tests,
where 4 feet is adequate.

Studies of row distances of 3, 4, 5, and § fect with the planis 2 feet
apart in the rows showed consistently the highest yiclds per acre
from the S-fool distance in all locations except Oregon. There, 4+, 5-,
and G-Tool spacings with the plunts 4 feet apurd in the row gave no
significant ifferences in yield per ncre.
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In all locations the effects of rate of planting on number and yvield
of tubers per hill were uite consistent.  As distances between hills or
batweoen rows were increased, the number and yield of tubers per hill
inereased.  Only in Oregon, however, was the increase in yield per
hill great enough to result in a practically constant yield per acre for
all planting distances obhserved.

In Minnesota and Wyoming and near Washington, D. €., tho 12-
inch row interval and the 3-foob row spacing both resulted in mean
sizes of harvested tubers significantly smaller than any of the other
planting distunces in the respective studies. There were no signifi-
cant elleets of spacing on tuber size among distances of planting that
rosulted in 8 square feet or more of gruun(Tﬂrt‘a. per plant.

Maximum yields of green tops werc obtained by huarvesting just
prior to blosseming, but maximunm yiclds of dry matier ol tops re-
sulled from harvesting just alter blossoming. Top harvesting
delnyed heyond this latler time results in grent losses of both green
and dry matter on aceount of dropping of leaves, and also, possibly,
very marked food translocation to the tubers,

Removal of tops at such time as to obtain maximum yields of dry
matler very seriously interrupts tuber development, reducing the
olherwise ultimate tuber yicld by 40 to 60 pereent,  Elarvesting tops
early enough to obtain muximuny geeen weight decreases tuber yields
065 1o 75 pereent.  Bven the very lutest top hurvess likely to produce
fornge of even medium quality and yield reduces tuber yields about
30 pereent.

There i3 o gradual inerense of erude fiber in the tops in percentage
of fresh weight, from the earliest probable top harvest ustil appre-
cinble lenl Tall hegins, after which there is & much more rapid increase.
After many leaves are lost, the tops ure apparently of only medioere
vallue as fornge.  On the dry-weight basis, crude fiber remains nearly
constant from the earliest harvest of tops until lenf Inll becomes
apprecinble, then increases greally.

It seoms vory improbable that really satisfactory yields both of
{ops for forage and of tubers enn bo obtained from the same plants,
A given nereage or plot shoukl be grown for hub one purpose.

Voluntoer growth cannaot be efliciently controtled by merely chop-
ping or cutling ol tops or sprouts, since ik requires ab least a half
dozen trenlments to be elfeetive.  Deep, very thorough, lute spring
or eavly summer plowing, after the volunteer growth has uttuined o
height of nbout 11 feet, is very effective, purticularly It Tollowed im-
medintely by a quick-growing hay crop that forms n dense cover to
shade out the lew surviving sprouts. Any survivors should be hand
pulled or destroyed, incidental to harvest of the hay crop, before
fuber [ormation i August,

BRIEF CULTURAL RECOMMENDATIONS

{irow only strains known Lo be high-yielding and ol aceeplable
compostlion, coloe, and shape,

Use only good, sound seed tubers that are free from injury snd
disense,

Plaut as carly as Uhe soil ean be properly worked in the spring.

Plant seed picees approximately 2 ounces in weight, preferably
whaole, but eut if neeessary.
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Exeept in unusually favorable regions for the crop, as in the semi-
humid, western part of Qregon, plant in rows 3 fect apart with seed
picces 2 feet apart in the rows,  In loenlities comparable to Corvallis,
Oreg., plant in rows 5 to § feet apart with seed picces 3 to 4 feet apart
in the rows.

Cover the sced pieces to a depth of 4 inches excopt in certain arid
regions ab high altitude where the surface goil dries out quickly.
Under suelh conditions plant 5 inches deep,

It the crop is grown for its tubers, leave the tops undisturbed untit
they are killed by frost.

Follow artichokes next season with o late-sown, quick-growing hay
erop or cultivated crop,  Plow deeply and thoroughly when volunteer
aritvhokes are o foot or more high.  IHand-pull the survivors, unless
they will bo destroyed by harvesting the crop in which they are
growing before August.
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