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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

PHYSIOLOGICAL STUDIES OF JERUSALEM.
ARTICHOKE TUBERS, WITH SPECIAL
REFERENCE TO THE REST PERIOD®

By Cranence E. STEINRAUER, associale physiologist, Division of Fruil and
Vegelable Crops and Diseases, Bureau of Plant Indusiry ?
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INTRODUCTION

Within the last few yecars the Jerusalem-artichoke (Helianthus
tuberosus L.) has been given consideration in this country as a possible
commercial source of the sugar levulose, of carbohydrates for alcohol
manufacture, and to a lesser exient as a vegetable and a food for
dirbetics. The top of the plant is used to a limited extent as forage
and the tubers are used as & feed for hogs. Although this plant is a
native of North Americs and can be found growing wild in many
sections of the United States, it has been studied but relatively little.
The history, adaptation, snd general culture of this crop have been
described by Shoemaiter (568),% and results of detailed cultural and
varietal studies in the United States have been reported more recently
by Boswell et al. (17). In the United States the Jerusalem-artichoke
is found from the northern tier of States southward as far as Georgia
and Arkansas. The crop has heen cultivated throughout this range
and has been found well adapted to certain regions on the Pacific
coast, particularly Oregon. The culture of this plant in the warmer
gections of the South has been limited, and in some cases it has been

| Buinitted for publication, March 18, 1934, ;\tll\gill:{i fromt n fhesis snbmiticdd Lo tie Graduate School
of the University of Maryland in partial fulftiiment of the reqpiresnents for the degree of doctor of philosephy,
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a fatlure. In at least one report from a tropical region, that of Piper
{63} in the Philippines, the crop has been reported as a fatlure. Knowl-
edge of the performance of the erop under hot climatic conditions is
very meager. Possibly under such conditions some essential physio-
logical process, such as breaking of the rest periad of tubers, is seriously
retarded or inhibited. That this may be at lesst one Important
factor is suggested by the stuldies of Boswell (1 0}, who noted a remark-
ably long rest period (over 7 months in some varieties) when tubers
of the Jerusalem-artichoke were not exposed to low temperatures
such as normally oeccur under field conditions in regions where the
crop is ordinartly grown.

Ilfjit. is assumed that the general growing conditions of wann regions
are favorable to successful growth of the Jerusalem-artichoke, but
that an unfavorably long or slowly broken rest period is the chief
factor m limiting the production of the crop In such vegions, then a
knowledge of the nature of *he rest period and methods of abhreviating
it becomes Lighly importsnt to the successful eulture of the erop.
I tubers grown in cooler regions are to he used as seed stoclk: for g
winter-grown ¢rop in & warm region, or if tubers from one CTOD Erown
in the warm region are to be used as seed stock for a closely following
6rop, 1t is essentisl to know what temperature or cheraieal treatments
may be applied tu the resting tubers so that prompt. vigorous, and
uniform sprouting of the seed tubers will result.

Although the tubers of the Jerusalem-artichoke resemble, in their
general structure, tubers of the potato, on which many dormancy
and rest-period studies have been nuide, the ciorage carbohydrates in
the tubers of these two crops are differen’. The chief carbohydrates
reserve of the potato is in the form of starch, a potysaccharide com-
posed of glucose condensation products, wherens in the Jerusalem-
artichole malin and closely telated inu ides made up largely of levu-
lose condensation produets rre the principal storuge forins.

The experimental work reported in tvis bulletin was designed (1)
to find means of abbreviating the jong rest period of tubers of the
Jerusalem-artichoke;{2) to determine some of the physiological changes
occurring during entrance into and cmergence from rest; and {3) to
correlate, if possible, any changes in composition or physiological
activity with the beginning or the termination of the resting condition.
Studies were conducted on tubers of two varietios from the beginning
of tuberization until the growth of the tops had been terminated by
frost (some time after the tubers had gone into the resting condition)
and on “mature” tubers of four varieties subiected to numerous
chemical and temperature treatments designed to abbreviate the rest
period.

REVIEW OF LITERATURE

In spite of the vasl extent of the Hterature on rest pertod and dor-
mancy, the exact nature of the resting condition and the fundamentsl
causul agencies involved are still largely unknown. No attempt will
be made in this bulletin to cover all the literature available on rest-
period studies, since excellent reviews of earlier work on the nature of
the rest period and possible actions of agents causing termination of
rest have been presented by Howard (36, 38) and Appleman {4, 6).
Certain of the more recent studies will be mentioned.
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Among the suggested methods for terminating the resting condition
m various plants or plant organs, exposure to various temperatures
and the application, mn any of several ways, of various chemicals to
the dormant plant materials have been most widely used and most
studied. Johannsen (40), studying the ectherization of plants, was
the first to show a growth-inducing eflect by chemical treatment.
Since that time, numerous workers have reported a large number of
chemicals with widely differing properties as being effective in short-
ening the rest period in a number of different plants. Tt still remains
a matter of conjecture as to just what the common function of these
numerous chemical substances with such widely varying properties
can be in stimulating the resting organ to growth, Rosa (55) thought
the action of certain chemicals in hreaking the rest period in potatoes
was due to their common characteristic of being vigorons oxidizing
agents. Boswell (9), Jones (42), Appleman (6), and Schmid (57) have
also thought that certain cases of stimulation of growth may have been
due to the influence of oxygen or oxidizing compounds. However,
since not all rest-breaking compounds are oxidizing substances, it
appears unlikely that oxidution is the direct controlling factor, but
rather that the effect is an indirect one on some other unknown
controlling agency.

Just as different chemieals apparently produce the same rest-break-
ing response, so likewise different temperatures may supply a similar
rest-terminating influence. There appears to be only a hmited range
of temperature, however, that will terminate rest in any one kind
of plant, and the effective ranges are not the same for all species.

Among others, Loomis (45}, Rosa [56), Sehmid (67}, Werner (66),
and Wright and Peacock (67) have reported relatively high storage
temperatures more effective than lower ones in inducing emergence
from dormaney in potato tubers.,  Similar responses have been report-
ed for gladiolus corms by Loomis (46}, Loomis and Evans (48), and
Fairburn (26). The many investigators of dormaney in seeds have
found, in most cases, a distinet advantonge in low temperatures for
afterripening. Steinbaver (59) and Haber (37) have shown low
temperatures to be much more effective than high ones in breaking
the rest period in tuhers of the Jerusalem-artichoke. Loomis (47)
found temperatures either 15° C. above or 15° below normal (20°
considered as normal) to cause & number of plants that he studied to
pass through their rest period in minimum time.

Many workers have considered the enzyme-organic-reserve rela-
tionships important in the breaking of rest by chemical or temperature
trentments. Coville (76) considered the main effect of low-tempera-
ture trentment (upon the woody planis he studied) to be in changing
the permeability - che cells in such a manner as to allow enzymes
to come into con:act with stored stareh. Fe believed the change of
starch to sugar to be intimately associated with a more active metabo-
lism necessary to starting of growth., Howard (2%) likewise considered
the effect of all rest-breaking agents on woody plunts to lie in stimula-
tion of enzyme activity. Resent oxcellent investigations by Denny,
Gutbrie, Miller, and Stanton (22, 23, 24, 25, 29. 51, and others) have
added much to the knowledge of the effects of chemical treatments on
enzyme activiiy.

Studies on changes in composition of plants as n result of rest-hreak-
ing treatments have been, for the most part, concerned with carbo-
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hydrate constituents. An increased sugar content snd a decreased
starch content gs o result of low temperature storage hove been re-
ported for potatoes by Miiller-Thurgau (62), Appleman (2, 8, 8), and
Hopkins (35). Loomus (47} found similar chemical responses in storage
tissues of a number of plants, whether rest brenking resulted from
high or low femperatures. Howard (37} and Gavdner (28) studied
the rest period in deciduous fruit trees and noted sugar accumulations
accompanying low-temperature exposures, but neither proved these
carbohydrate changes to be essential to growth initintion. Some of
tue effects ol low temperature on the composition of Jerusalem-arti-
choke tubers were deseribed by Traub, Thor, Willaman, and Oliver
{643, and by Colin (18). Traub et al, found a decrease in the ratio of
fructose bo glucose and of {ructose to total water-soluble carbohy-
drates from matburity in the fall until the end of January, in tubers
stored under various temperature and hwnidity eonditions or left in
the field. Colin noted a change lrom a negative to & positive rotation
in juice analyzed at intervals during the dormant period, indicating
s transformation of inulin to compounds containing more glicose.
Denny (21) has found in potato tubers treated with various rest-
breglang chemicals carholivdrate changes similar to those found in
tubers subjected to rest-breaking temperature treatmments. He
reported a higher sucrose content but no consistent change in reducing
sugars upon treating tubers with sodium thiceyanate and ammonium
thiocyanate. The sucrose content varied direetly with the chemical
concantrations employed. However, the actual percentage of sugars
or reserve polysaccharides in resting or nonresting plant organs may
have nothing to do with rest itself, smee Appleman (3) has shown that
the sugar-starch equilibrium in the potato is one which can be shifted
at will by temperature alone whether tubers are resting or not.

Only very small changes in nitrogen fractions have heen observed
by varicus workers, Appleman (§). Denny (20). Combes ({5), Stuart
and Appleman (61), Millex-Thurgau (5§%), and others, in plants sub-
jected to rest-breaking agencies.

Practically all of the chemical analvses reported in the literature
for materials subjected to rest-hreaking agencies have heen on twigs,
whole tubers, corms, ete., and not on buds alone. This is rather sur-
prising because as early as 1911, Appleman (2) indicated that changes
peculisr to afterripening might be localized in the buds, and that
the metabolism of the tuber as & whole mieht hear little or no caisal
relation to these processes. Coville (16), In 1920, noted within certain
treated branches, g localization of the response of blucherty to low
temperature, Perhaps the best proof of rest being localized in buds
is that provided by the experiments of Denny and Stanton (25}
By applying chemical treatments to one bud of each of pairs on the
opposite sides of lilac twigs, these investigators were able to force
the treated buds inte growth while the opposite ones remained
dormant.

Incressed respiratory sctivity in material trented to break the rest
period has been almost universally noted by those studying the
problem. Low temperature, high temperature, and chemicals all
seem to hiave given this respoense.

No consistent relationship of catalase activity to the resting condi-
tion has yet been proved. Appleman (2, §) found a striking correla-
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tion of catalase activity with respiratory activity of potato tubers
previously held in eold storage where the temperature had not fallen
below 3° C. He also found greater catalase activity at the end of the
rest period than at the beginning (1), and Miller (51) has also found
this true whether rest was broken naturally or as the resuli of chemical
treatments. Guthrie (29) and Miller (57) found no significant
correlation between the effects of & number of chemical treatments
for breaking rest in potato tubers and the changes in catalase activity.
Guthrie, Denny, and Miller (30) reported increased catalase activity
in dormant and nondormant gladiolus corms as a result of ethylene
chlorhydrin treafments. Barton (8), Crocker and Harrington (17),
Davis (18), and Flemion (27} have reported increased catalase activity
in various seeds afterripened st low temperatures,

Althoughb the composition of Jerusalem-artichoke tubers has been
studied by numerous investizators, most of the analyses have been
published without data relative to the age and size of the tubers
analyzed. Se far as known to the writer, none of these workers
kave made analvses on tubers of a definite size, the resting or pon-
resting condition of which was known, or at least reported. Tanret
(62) was probably the first to make a careful analysis of the reserve
carbohydrates present in artichoke tubers harvested in the fall, and
to state the properties of the various levulosans he found. His work
shows that there is no singled predominating reserve in the Jerusalem-
artichoke corresponding to starel, but rather there are inulin and a
graded series of levulosans differing in their solubilities and other
properties. Colin (13), in 1919, presented data on analyses of arti-
choke tubers dug at intervals between July 28 and November 17.
Unfortunately his analyses were made on different sized tubers at
the different dates, and no reference is made to the physiclogical
state of the plants at any of the harvests. His data reveal that there
were never more than very small amounts of reducing sugars present
during the period studied, and that the percentages of sucrose and
inulin in the various samples varied but little between these dates.
Meyer (50), in 1895, reported the young tubers to be rich in “glycose,”
witiz the quantity decreasing as nulin increased with growth. An-
alyses reported by Collins and Gill (14) for tubers analyzed during
growth on QOctober 2, 30, and December 13 show an inerease in both
free reducing sugars and free levulose between the first and last dates
studied. They suggest that the free levulose really represented the
free reducing sugars, since the values for the two fractions were within
the limits of experimental error. The experiments of Thaysen,
Bakes, and Green {63) have confirmed the properties of the levulosans
isolated from Jerusalem-artichoke titbers by Tanret, and have shown
a definite {rensformation of inulin and closely related inulides to
levulosans containing less levulose during the winter season. They
thought the increase in dextrorotation in tubers dug toward sprin
was at least partially due to suerose. Traub, Thor, Zeleny, and Wil-
laman (65) reported a slightly increased ratio of fructose to glucose
and almost no change in the ratio of fructose to total sugars in tubers
of four varietics of Jerustlem-artichokes, grown under Minnesota
conditions, when analyzed on August 30 and November 3.
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ENTRANCE INTO THE REST PERIOD
MATERIALS AND GENERAL METHODS

On April 4, 1933, & row of Jerusalem-artichokes of the variety
Chicngo was planted from uniform l-ounce tubers on a gently slop-
ing plot of sandy loam soil at the United States Horticultural Field
Station near Beltsville, Md. About April 15, 1934, & similar lot of
the variety Chicago und another of Blanc Ameliore were planted from
approximately 1-ounce tubers in the same field and about 50 feet
distant {rom the 1933 location.

Beginning on July 19, 1933, and on July 23, 1034, when fuber
formation had started, and ot spproximately 10-dav intervals there-
after until early October (also one sample on November 12, 1934,
when the plant tops had been killed by frost and the tubers were
already dormant}, § to 18 hills of each variety were dug, the number
and weight of stolons * and tubers in each of the several size classes
were recorded, and samples of tubers, stolons, or buds of tubers
over 1.4 em in diameter were preserved in ethyl aleohol for chemical
analyses. Tn 1934, catoelnse determinations slso were made on
stolons, tubers, or buds of tubers in sach of the various classes. At
each harvest, samples of 5 to 25 stolons or tubers from each class
were planted in soil in & shaded greenhouse in which the temperature
was kept hbetween 65° and 75° TF. at night and between 75° and 85°
in the daytime. During July and August it was impossible to keep
the maximum temperature down to 85° on some days. Periodic
examinations were made of the greecnhouse plantings to determine
at what time the tubers had cutered the resting condition, as judged
by failure to sprout after 15 or more days. The sprouting trials in
1933 were condneted partly in the field and partly in o greenhouse
similar to that used in 1934, but on & single, composite sample from
each digging.

METHODS OF BIOCHEMICAL ANALYSIS

SAMPLING

Each harvest was begun about 9 a. m., and required about 2 hovrs
for completion. During this period harvested tubers were kept in &
manila. hag in the shade, beneath wet burlap. Immediately after
completion of digging, the samples were taken to the laboratory,
abhout 15 miles distant, where the tubers were washed in cool water,
dried with towels, and classified as to size. After the tubers or stolons
in each olass were welghed and counted, a random composite sample
was taleen from each class, the tubors or stolons cut into slices approxi-
mately one-eighth of an inch thick, and duplicate samples of the cut
materiel quickly weighed out and dropped at once inte sufficient
boiling 95-percent aleohol (in glass-top fruit jars confaining 0.2 g of
caleium carbonate) to give a final concentration of about 80 percent.
After the jars were boiled in a water bath for 15 to 20 minutes, they
were sealed and set away until the time of analysis. The total time

¢ Unlass spocified ntherwise, the tarnin “stolon™ o5 used in this bulletin rolers to the 2- to 3-inch_apiend
portion of an unthickened stolon.  Where defloile thickening of this apical portion, as compnred with the
rest of Lhie stoion, whs ovident, Leberizalion was considered Lo have begun,
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{from completion of digging uniil completion of sampling was, for the
later, larger samples, about 4 hours, For the earlier harvests with
fewer tuber-size classes, the time was somewhat less.

Buds for anelysis were removed from fubers over 1.4 cm in diameter
with a 9-mm cork borer, aud the tissues deeper than one-cighth of
an inch below the base of the bud were discarded. The buds, after
being cut in two longitudinally, were preserved in sleohol in the same
manner 8s the tuber samples.

EXTRACTING

The entire preseyved sample was macerated in & mortar and filtered
through a& 50-mm Alundum exiraction thimble. The aleoholic fil-
trate was transferred to a 500-ml volumetric flask. The residue was
extracted in the Soxblet apparatus for 16 to 20 hows, starting with
80-percent sleohol in the extraction flask. This extract was added
to that in the 500-ml volumetrie flask, and the whole made up to
volume with 80-percent alcchol.

DRY MATTER

Aleochol-soluble solids were determined on a 50-ml alignot of the
aleoholic extract by evaporating off the aleohol on n water bath at
70° to 80° C. with the aid of an air stream, then drying to constant
weight by successive 30-minute dryings at 80° in an oven,

Alcohol-insoluble solids were determined by partielly drying the
extracted rvesidue, thoroughly mixing, dividing the sample, and dry-
ing in an oven one-half of the residue to constant weight at 100° C.

CARBOHYDRATES

One-half of the aleoholic extract was evaporated to a thin sirup
free of alecchol in 1 400-cc beaker on a water bath at 70° to 80°C. with
the nid of an atr stream. To this sirup was added the hall of the
extracted aleohol-insoluble mnterizl not previously used for the in-
soluble-solids determination, and 50 ml of water. The henker was
then placed in a boiling-water bath for 1 hour, after which the agneous
extract was pressed out, while hot, mto a 250-m! volwmetrie flask,
using a hydraunlic press with a pressure of 3,000 pounds per square
inch, the sample being cnclosed in a fine linen eloth. The press cake
was further washed and pressed thres thmes, using approximately
40-m! portions of boiling water at each wash. The washings were
added to the volumetric flask, the flask was cooled, and the contents
were made up to volume with water. A 30-ml aliguot withdrawn
into a 100-m{) volumetric flask was clarified with saturated neutral
lead acetate solution, made up to volume with water, and filteved,
and the excess lead was removed {rom the filtrate by precipitating
with solid potasstum oxalate, and refiltering.

Determinations of free reducing substances were made on aliquots
of the cleared fltrate by the Bertrand modification of the Munson
and Walker mothod. T'ree levulose also was determined on sliquots
of the filtrate by the Jackson and Mathews modifieation of the Nyns
method (39}, using the volumetric permanganate method for deter-
mining reduced copper.
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To the remaining 200-ml portion ef the expressed juice in the 250-ml
flask 7.5 ml of 8.12 N hydrochloric acid were then added, and the
flask was placed in a water bath at 70° to 80° C. for 35 minutes,
after which the flask was cooled, the contents were neutralized with
anhydrous sodium carbonate, then cleared as outlined above. This
procedure is a slight modification of that used by Traub et al (64).
Suitable aliquots of the final filtrate were used in determining total
levalese by the Jackson and Mathews meodification of the Nyns
method (39). Total reducing substances from the water extraction
were determined on the filtrate by the Lane and Evnon volumetrie
method (44). :

An aliquot of the alcoholic extract was evaporated on a water bath,
clarified as outlined above for free reducing substances, then hydro-
lyzed with 10 ml hydrochloric acid (sp. gr. 1.125) per 100 ml of solu-
tion hydrolized. After neutralizing with anhydrous sodium earbonate
total reducing substances in the nlecholic extract were determined by
the Bertrand modification of the Munson and Walker method.

The press cake remaining after expression of the aqueous extract was
dried, ground in a small Wiley-type mill to pass a 60-mesh screen, and
extracted for § hours in a Soxhiet extractor, starting with 80-percent
aleohol in the exiraction Aask. After the residue was dried overnight
at 55° C., it was transferred to u wide-mouthed 500-ml Erlenmeyer
flaslk. 100 ml of water and 10 mi ol hyvdrochloric acid (sp. gr. 1.125)
were added, and the sample was refluxed for 24 hours. After the
mixture was cooled and neufralized, it was transferred to a 250-ml
volumetric Aask. made up to volume with water, and filtered. Suit-

able aliquots of the filtrate were used for determination of reducing
substances by the Bertrand modification of the Munson and Waller
method (7). This fraction will be designated in this bulletin as
““seid-hydrolyzable hot-water-insolithle polysaccharides.”

In all determinations of reducing power, dilitions were varied to
suit the size of the original samples and their carbohydrate contents.

CATALASE

Bud samples for eatalase determinations were taken by first quickly
removing the outer bud scales and the epidermis at the base of the
buds with a scalpel (to avoid introduction of foreign matter), removing
the buds from the tubers with a 3-mm cork borer, and discarding that
portion of the cylinder of tissue below the base of the bud lying deeper
than one-eichth of an ineli,  Stelon samples consisted of those por-
tions of the stolons iving within one-half inch of the apical end. In
malking determinations on tubers less than 0.9 em in diameter halves
of whole tubers were used; on all tubers larger than this only the
halves of the terminal buds were used. The corresponding halves of
these tubers or buds were used in dry-matter determinations, Dry-
matter samples of stolon tissue were made up of an equal number of
stolons comparable in size with those used in the catalase determina-
tions. Composite samples consisted of 10 tn 30 stolons or 5 to 20
buds or tubers except where the limited number of tubers in a few
of the large-sized-tuber classes of later harvests made necessary the
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use of 2 to 4 buds per sample. Comparisons of 5- and 10-tuber com-
posite samples showed the former gave practically the same eatalase
results as the lafter. Determinations were made with the apparatus
described and ilustrated by Pope (54). The technique used, except
for minor modifications, was also that deseribed by Pope. In all
cases determinations were made at 24.5° C.

PRESENTATION OF RESULTS

TUBER DISTRIBUTION DURING THE PERIOD OF TUBERIZATION AND ENTRANCE INTO
REST

In tables 1 and 2 data are presented showing the distribution in
number and weight of tubers and stolons produced by the varieties
Blane Ameliore and Chicago during the period of tuber growth in the
1934 season.

TarLe L—Number and weight distribution ' of Jerusalem-ariichoke tibors af the
variety Blanc Ameliore during the period of tuber developent in the field, season
of 198

DISTRIBUTION OF NUMBERRA

Dinte for tubers harvested—

Trnmeler of Lebers -
(zentimotes)

Tly @) Aug. 2 pAug. 1| Aup, 23 | Sept. 4 [Sept. 17 {Sent. 26 Qcl. 10

Percent Percent] Purcent] Percent| Pereent| Percent| Percent
1 52.3 LT k H.0 16. 8

MNonluberized stolons - 2
than 0.5 1| 19 ¥ .5
4 B 13.2

—_
-]

2O hd = e B =)

o rg e

L NN
1 =
bl ol ok

~8
W S

Noentuberized stolnns

=
e

K . WE| 14
d i oz o,

B3N
PEEZLIEL
~HESw,

O O =T B
LR R e L ) 2 e )

[ ]

MEAN NUMBERS AND WEIGHTS OF TUBERS AND STCLONS PER LILI

5 T :
Numher| Wumler| Nuuber; Number Number]Numbn‘r Numnber| MNimber | Number
| i 9.1 2.0 4.7 10 4. 7

L2, B2 2] a7 1.0
2 b 1 AP 25,4 i Lt 37 AR 7.4

Towl, ... ... _f i B 35,3 45,0 5.0 40, v t 4.3 39,2 Al SR
r

Giratise § Greaan | Grams | Grasas | Grass | Crewes | e | Groms | Grnma
1AL P E a i 14 ! 2 1 1
Tubers. . ... cea__L 8 25 . % 03 137 A0 200 4z 816 1, 067

e e L L

Talal vy eeeeeeen 2 & 75 M4 Yo % 331 817 1,067
; : i

! Leulers indicute thal no tubers were fowaed in the size otuss Jesleonted.

B4410 —in -—2
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TarLE 2.—Number and weight disiribulion 1 of Jerusalem-artichoke fubers of the
variety Chicago during the period of tuber development in the field, season of 1954

PISTRIBUTION OF NUMBERS

Dats for tuibers harvasted—

Lrinmeter of tnbers
(pentimeters)

July 23 Aug. 23 Auve. 14| Aug. 231 Sept. 4 | Sepl. 17 | Bept. 28| Oct, 12 | Nov, 12

FPergent! Pervent| Percentl Percent| Fercent| Percend Pereend) Percent

toberired stolens 40,3 36.7 5% 6 4.0 3.0 4.

than 00, o.o..o.] 204 %77 17.9 32.3 32.8

ol - 30 3 15.1 15.1 ar.8
18 _ T3 . T.d 3.4

i
]

Pyt

23

=SEBEAEe

—

Q-
T 1D
S5r5E

P Cad et
(=2~ R

OF WE

Montuberized stolops. .. __. | . 107

TS OF STOLONS AWND TUDERS FER ITILL

Nwnber] Number Naabee| N ber| Nizmader| Number | Number| N ber] Aipsaber
NN 13 250 2, 119G 0. 0,0 3.0 0.0
1.5 .7 JLEN] 3.3 403 E1M o B8.0 163, 2

2.8 | 30.0| 80| 4] 30| L1} TmO| 8.6 a2

Grawis | Grame | Graws | Grams | Gremns | Graws | Grams | Grawy | (ramns

tolons. .. [ — 3 3 LN 10 N [O4] L 0 0.0 .

Tuhers ! 35 . 1) 3 A4 : 1,451 e
a8 87| 5 46 1,451 1 2,147

i Leaders indicate that o tubers were found in Lhe size elass designated.

These data show that, in general, during the period of tuber growth
there was an incresse in both the total number and fotal weight of
tubers and stolons produced per plant. As the season advanced, &
progressive decrease in the proportion of the total number and weight
of tubers and stolons in the smaller-sized-tuber classes and a corre-
sponding increase in the proportion in the larger-sized-tubzr classes
were observed. These changes in number and weight «id not, how-
ever, progress at the same rate. A more rapid shift toward the larger
sizes in the total weight of tubers than in their total number suggests
that the earlier-formed tubers may be physiologically dominant to
later-formed ones and msy have a “first call” on elaborated storage
and growth materials. This supposition of physiological dominance
appears to be supported by the catalase data presented later (see fa-
bles 5 and 6). Clark (12) has reported for potatoes a similar case of
a failure of later-formed tubers to develop at as fast o rate ns those
formed earlier.

The data for the mean numbers and weights of stolons and tubers
produced per plant, given at the bottom of cach table, show that the
mean total number per plant did net increase regularly from the first
to last harvests. The total number increased from July 23 to August
23, then o decided drop is evident in the September 4 harvest. There
was little change in this total number for approximately a month,



http:Nontuberir.ed

STUDIES OF JERUSALEM-ARTICHOKE TUBERS 11

after which a noticeable increase in the total number agsin oceurred
for the remainder of the season. A study of the data for stolons and
tubers separately revesls tbat the decrease in nmumbers occurred
largely in the stolon class. The maximum stolon number was reached
at the August 28 harvest, and there was o steady decline thereafter.
The fact that the mean tuber number per plant increased maore
rapidly than the stolon number decreased during the period from
September 4 onward indicates that stelon formation had not stopped.
Clark (12), studying tuber formation in potatoes, found actual shrink-
age and disintegration of smaller tubers at certain periods during
tuber development. It seems quite possible that the apparent losses
in totel numbers found in the present study may have been due to &
similar disintegration of stolons and small tubers for a time after
August 23 (until about September 20 in the variety Chicage, and
about October 1 in Blane Ameliore).

Both the low total weight and the small size of the November 12
tubers of the variety Chica o suggest lhat the plants har vested on
(tih&t date were not comparable with those harvested on the previous

ates.

The failure to find any stolons in the harvests of the Chicago plants
between September 17 and November 12 may be due to cither or
both of two factors: (1) This variety has & very spreading habit of
fuber placement, and it seems guite likely that some of the stolons
may have been broken oftf and lost in digging; (2} the later formed
stolons tended to be more thickened than earlier formed ones and
therefore were probably classified as showing some tubetization. This
would cause them to be placed in the tuber class less than 0.9 em in

diameter.
TIME OF INITIATION OF REST PERIOD

Data presented in table 3, for the variety Chicago, show the rela-
tion of time of harvest in 1933 to the amount and character of sprout-
ing that occurred when representative tuber samples were planted
immediately after each harvest. Under the 1933 conditions the im-
mature tubers apparently entered the resting condition some time
between August 28 and September 7. The tubers dug on July 25
and August 28 had not entered the resting condition. The reason for
the r-hfmcre in type of growth of sprouts from tubers planted from the
August, 28 harvest 1s not lenown but may have been due to a decreasing
photoperiod.

Tante 3—Time of enlrance 1ulo the rest period of Jerusalem-arlichoke tubers of the
variety Chicago as indicated by the percentage of tubers sprouled on QOct. 25, 19533

[t]l tithers iﬂml;ed i the fleld or menhnu'-r_' mmw:imlnl) nl’ler hem[.. :lugl

Tubers
Trate of dipging FPlace planted aprouted, Character of prowih
Oet, 25

Percend
0 ¢ Norma) plangs 10 to 16 inches tall,
Rosette t¥pe of growth: piants 2 to 4 incheﬁ tail,
No %'mnrenb prowth.

X Buds somewhsl swollen, but no evidence of sprouting,
i [ T \!o nppnrum. chnnga in f.ha bu(]v-

More extensive sprouting data for the varieties Blane Ameliore and
Chicago in the 1934 season are presented in table 4. These data show
very clearly that the larger the tuber size, the later is the time of en-




12 TECHNICAL BULLETIN 6357, U. S. DBPT. 0F AGRIQULTURE

trance Intc complete rest. For example, stolons or tubers less than
0.9 cm in diameter (under 1 g in weight) in Blanc Ameliore attained
deep rest some time between September 4 and 17, whereas tubers 2.9
to 3.4 em In diameter {42 to 44 g in weight) did not resch this state
until sometime between September 26 and October 10. There is also
some evidence from the data that at any date prior to enfrance into
deep rest, the larger the tubers are the greater is their capacity for
sprouting. Thus, for any date of hanest there is a tendency for the
percentage of tubers sprouting fo increase proceeding from stolons to
the largest-size tubers. The datn for Blane Ameliore indicate this
somewhat more clearly than the data for Chicago.

TABL‘E 4. —T%ime of entrance tnio the vesi period of tubers of the Jerusalem-artichoke,
as tndicated by the percentage of tubers sprouted on Oel. 25, 1934

[Ttehers pinnted in o graenhouse immediately nfler being (ug]

Tuhers sprotted on Ok, 23 harveslad 1—
Variefy and taber dimnotor
{centimmeters)

Aur. | Awog. | Sept. | Sepd. | Bept.
it} 23 4 17 28

Blanc Amelisre: s Pereent) Percent| Pereent) Prrcent| Porcent

Montiberized stolons. L ¥ 45 Ll 56 1] ]
i ia n
b 2 5
I Ll n
§ 1]
0

il
Nentuberized stolons. ...
Tiess than 0.9 .

! Laaders indleale thal ao lllherc were finu] in Phe Size ~lass dosignated,
t Tarvested Sept. 28, ¥ Harvested Ok, 12,

It also seems from the data of tables 3 and 4 that the time of initia-
tion of rest in tubers of o varlety may vary somewhat from season to
season, due, perhaps, to the effects of the date of planting and of
various environmental factors, such as temperature and ramnfall, on
the relative development of the tuber- -producing mother plant. Afso,
varieties may differ even when grown under “the same condltlons
Rest appears to have been established later in 1934 than in 1933 in
the variety Chicago although the planting date was also about 10
days later in 1934. Rest was also cstablished later in the Blanc
Anieliore than in the Chicago in 1934, The Chicago has been ob-
served to be an em}v-mq.t.unng variety, the plants tending to drop
more of their loaves before frost than plants of Blanc Ameliore.

These sprouting dabn indicate that entrance into rest in the Jeru-
salem-artichioke tuber is a process that takes place gradually but one
which shows g somewhat more abrupt change as rest is closely ap-

proached.
CATALASE ACTIVITY DURING I(NITIATION OF REST

The apparent correlztion of catalase activity with various metabolie
processes of a number of plants or plant parts, as reported by Apple-
man {{, &), Heinicke (84), Harding (32}, Pope (§4), and numerous
others, suggested the possibility that catalnse activity might bear
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some relation to the entrance of Jerusalem-artichoke tubers into the

rest period. Determinations of eatalase activity on stolons and the

various size classes of tubers were therefore made at each harvest.
esults of these determinations are presented in tables 5 and 6.

Tasre 5.—Culalase activity during initiation of rest in the developing tubers of
Jerusalem-ertichokes of the variety Blanc Ameliore, season of 1934

EXPREBSED A8 CUBIC CENTIMETERS OF OXYGEN EVOLVED PER 0.04 G OF FRESH
TISSUE IN 6§ MINUTES AT 24.5° C.1

Cntalnsa aetivity of tubers harvested 1—

Tuber dismeter (conti-
meters)

July 23 Ang. 14) Aug. 23] Sept. 4 |Sepe, 17 Sept. 26 | Get. 10 [Nov, 12

Noatoberized stolons. . 10,93 1208 | 34,03
thao 0.9 . 70

—t

CENTIMETERS OF OXYQ@EN EVGLVED PER CENTIGRAM OF
DRY MATTER IN § MINUTES AT 21.5° Ol ;

27,17 | 31,33
B.08 | 1600
20, 65

30. 78
11,34
12,05
12,91
11. 41
13.14
313.09
13:77

B¥h¥ss

il o et B
mn-&a%m

! Determinations made nn terminal buds only, except with stolons sod tubers less theo 0.9 ¢m, in which
cases the wholé stolons or tubers were used.  Volues are averages of duplicate determinatlons.

! Leaders indieato no malerial availabla for determination.

# Approximate date of eotranes into deep rest 1s Judged by sprouting tests.

TaABLE 6.—Catalase activily during indtiation of rest in the developing tubers of

Jerusalem-artichokes of the variety Chicage, season of 1984

EXPRESSED AS CUBIC CENTIMETERS OF OXYGEN EVOLVED PER 0.04 G OF FRESH
TISSUE IN 5 MINUTES AT 24.5° 0

Catulase activity aof Luhers harvested 2—
Tuber diameter {centi- ¥ !

meters) July 23| Ang. 2 | Augd | Aug 23| Sepr. § Sept. 28] Oct. 12

Nontuherized stolony 15. 58 3 2 11. 65 . .
Less than (.0___. 5 L 10, 25 3 5 I3. %0 15. 60
5 10. 55 . . 14. 20

12. 65
14.13
14,20
14.98
115,15

£9 0083 e
e o,

EXPRESSED AS CUBIC CENTIMETERS OF OXYGEN EVOGLVED PER CENTIGRAM dF
DRY MATTER IN 5 MINUTES AT 24.5° Cut

32,60 { 4520 3A73| 2807 .
15.20 1 2808 | 20.30 ¢ 25,39 | 216,60
15,26 | 43.768 | 2500 | 28.74 | 210,40
1518 | M82 |..._.__.

! Determinations mnde on termina® biwds only, except with stolons and tubaers less than 0.0 em, in which
cased the winle stolons or tubers wers used, Valuas nri: avernges of duplicute determinations,

3 Leadurs indients no materinl nvailable for detarminntion,

¥ Approvimnta date of entrance Into deap rest a8 Judged by spronting tests,
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It can be seen from the tables that in general catalase activity
reaches a maxirnum value al the fime of or prior to entering rest,
and that it shows a rather consistent decrense thereafter for the
remainder of the developmental period. . )

It seems significant that in both varieties studied the catalase
values for the successively larger tuber size classes, when expressed
on 8 dry-weight basis, form o regular ascending series at the time of
or immediately preceding the time of entrance into complete dor-
mancy. Only one exception to this generalization can be noted,
that of the size elass 1.9 to 2.4 ¢m in the variety Chicago, and even this
value might be found to be in the proper relation to the others if it
could be known exactly when entrance into the rest pe-iod occurred.
Further examination of these data shows that in most cas « this greater
activity of the larger tubers continues to the end of the period studied.

These catalase results seem important when considered in connec-
tion with the more rapid increase in the proportion of total weight of
tubers than in their total numbers, reprosented by the larger-sized
subers (tables 1 and 2), and with the delaved entrance into rest by
larger sizes of tubers as compared with smaller tubers (tables 3 and 4).
The data taken together suggest o physiclogical dominance of the
first formed tubers {the larger ones later on) over later formed tubers,
a first call on carbohydrates and other substunces used for growth
and storage, and a delayed rest period because of this more active
metabolismm.

Tt is interesting that the wvariety Chicago, which is the earlier
“maturing” vaviety of the two studied. is also the one to show the
earlier decline in catalnse acfivity.

CHANGES [N CANIBONWYDRATE COMIP'OSITION

It was believed that since the vest period has been shown by other
investigators to be confined to buds in other plants and is not systemic
in nature, analyses of buds of Jerusalem-articholke tubers might give
some significant mformation on carbohydrate changes oceurring dur-
ing the entrance into rest. In order to find what ehanges oceur in
whole tubers during the same period, tubers of the largest-size class
for which a fairly complete scries was wvailable were analyzed. The
results for the 1934 scason of chemical analyses of terminal buds from
tubers over 1.4 em in diameter of the varieties Blane Ameliore and
Chicago and of tubers 1.9 to 2.4 em in diameter of the variety Blanc
Ameliore are given in table 7,

The most striking feature of the data is the much greater changes in
composition of terminal buds than of the whole tubers during the period
studied. It will be noted that the content of hot-water-soluble redue-
ing substances, levuiose, and ry matter were lower and that the
arnount of free reducing substances nnd alcohol-soluble reducing sub-
stences were higher in buds than in tubers during the early stiges of
development. Toward the end of the period studied the percentages of
the various constituents in the buds tend to approach those of the
whole tubers, particularly when expressed on the dry-waight basis.

Acid-hydrolyzahle hot-water-insoluble polysaccharides form a2 small
part of the dry matter with nonsignificant changes, and this is practi-
cally the same in both buds and whole tubers.
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TaBLE 7.—Chemicel composition of terminal-buds and fubers of Jerusalem-artichokes
during the period of tuber development in 1 934

[Dry-wealght basis)
BLANC AMELIORE—BUDS FROM TUBERS OVER 14 CM IN DIAMETER

Ratios

g sub-

Free
redue-
og
sub-
stunces

reducin

Dat# of harvest

(s invort supar)

stanees (g plucese)
aub-

sacehorides (as plucosa)

Free reducing substances
Tatal levuinse
hat-wat pr-snlizhls

Total aleoholsalnble redueing substances
Hot-water-soluable

Tt
Atealiol-solutlare-
dueing substaones

reducing

Dicy matter
Free tevnloso
SthRNQe

Tatul
Acid-hydretyzuble hot-water-Inspluble poly-

Hot-water-saluble

Percenl | Percent | Perrent | Percent { Pereent | Percent | Pereent
0.71 41, 3 T

R pIORE
1

. 618

24 CAr APPROXIMATELY U

D415 | 0.050
ALs -D&T
L4483 Q47
-7 M6
LH0 . M0

J07
.00l
003

9212 | 6529
Sl | 6822
43. 3)

0
1
4

3.0
b
4.2
4, B8
3.61
312
2,12
28]

OVER 14 COM IN DIAMETE

13. 00 0.00 . 7. 083 | 38.47 - 0,622
16.07 .0 K 7 L2 b 4018 N .52
20, 3% . 00 . 8, 3, 51 ar.3 -487
To24.98 Tz . * .76 | 34.488 § .58

LApproximate dile of entmnes tnto deep rest as Judged by sproutine tests.

Some interesting relationships are shown by the ratios of the various
fractions to each other given in table 7. The ratio of alechol-soluble
substances (dextrose, free levulose, sucrose, and the more labile, higher-
dextrose-containing “inulides) to hot-wuter-soluble substances (the
alcohol-soluble materials, the less labile inulides, and inulin) is high in
terminal buds early in the season and shows a progressive decrense
until the time the resting-condition is reached. Such s not the case in
whole tubers. In the latter this ratio is at & minjmum during the
eerly part of the season. Early in the season the ratio of tota] levulose
to hot-water-soluble substances is low in buds and high in tubers and
bears a reciprocal relation with that of aleohol-soluble substances to
hot-water-soluble substances. This suggests that the tubers begin
storing reserves in the form of inulin and i%he higher inulides very early
in the season, but that buds, while retaining the capacity for active
growth, instead of storing carhohydrates as levulose condensation
products tend to keep a greater proportion of the total in the form of
glucose or glucose containing compounds. This is suggested further
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by the relative magnitude of the ratios of reducing sugars to alcohol-
soluble reducing substances in the two cases.

Although it is impossible to point to any abrupt or large change or
changes among the {ractions studied that might account for entrance
of buds into the resting condition, & noticeable change occurred in
most fractions around September 20.  The data point toweard a greater
accumulation of the less labile reserve substances, such as inulin or the
higher inulides, bearing a high degree of association (but not necessarily
1 causal relationship) with the resting condition.

Tnasmuch as the Blanc Ameliore whole-tuber analyses reported in
table 7 were for only the tuber-size class, 1.9 to 2.4 cm in diameter, 1%
seemed desirable to asceriain whether the composition of tubers of the
other size classes might exhibit changes at successively later harvests
similar to the tubers of this one class. 1t was no{ practicable, how-
ever, to make complete analyses of ell samples. Examination of the
results shown in table 7 indicated that the aleohol-soluble redneing-
substance fraction showed a fairly consistent trend over the period
studied ; therefore analyses of this fraction were made on samples of the
othier Blane Ameliore tuber sizes. Results of the Iatter are presented
in table 8, together with similar analyses for the variety Chicago.

Tastk S—Drymalter and total alcohol-soluble reducing-swbstance contenls of
Jerasalgm-griichoke tubers of different sizes harvested during the period of tuder
developnent in 1994

Diry-mailer conlent on barvest date—
fuher dinnieter {om) EE e ———— e
Al 3 Ape. T3 l Sapt. 4 | Sept. 17 | Sepe. 86 ] Ocbl 10 | Kav. i2

Blrne Ameliore: Fercent | Pereent | Percemt | Percent | Percent | Percent | Pereent
Mentuherized stojons... 12,83 845 9. 3% (71 U
Less than 49 _.._ ... .. Wi 26 . j. 5
GRteid. .. s 42 I
. 1 S, 135. 66
. 24 - 15.46

34to38....

Chicaro: i
Nontuberized stolons...... ..
Less than 0.8 -, . !
Noto i ...

L]

32182
3299
220
38261
12305
1IERA L

Aleohoi-solzhle redzeing substonces (dry-weighit basis) oo harvest dute—

-

[IETE

PR NN
oo e on e
=== R
Lo PR

Fuher digtmeter {em)

Aung, 23 | Sept, d | Sept. 37 | Sep. W | Oct 10 | Neov. 12
Binnc Ameliore: o Pereent | Pereent | Percent | Pereent | Pereent | Percent
Nontuherived stolons S 2360 360 Rl 2. 30 e . .

Jeess than 00, . . ; 1% 81 o8, 50 . 52 32 2840

. . E 05 2740 N 4. 130,32

L8 27,350 24, 52 H2 39.31
Lrig i) 30385 a8, 45 3. kAR
.- I P 13758

AR

Pereent

7"5'3". 1940

0!
Tontnberized stolons ...

b

1023
1333, 86

ORI R D
AR N Y

1 Approximate dole of gntrancs Into deeys rest us Judped by sprontting tests.
: Harvested Sept, 28, Hnrvested Ool. 12,
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There are some fluctuations in the actual percentages of aleohol-
soiuble reducing substances and dry matter in the various samples on
any one harvest date, but the same general seesonal trends can be
noted in all stze classes. It seems likely, therefore, that if analyses
hed been made for the various other fractions reported in table 7, the
trends for sll tuber sizes probably would have been found similar.
Further study of the data of table 8 makes it appear unlikely that there
is any definite threshold value of alcoliol-soluble reducing substances
associated with the beginning of deep rest, since a given value associ-
ated with rest in tubers of one size class is not associgted with the rest-
ing condition in tubers of other size classes.

DISCUSSION

Results of this study show that the degree of development (size) of
tubers bears a fairly definite relationship to the time of initiation of
rest. This relationship, however, is the opposite of what might be
expected in that the date show rest to be established first in stolons
and smaller younger tubers rather than in the larger and older ones.
The latter class of tubers would ordinarily be considered more mature.

In the Jerusslem-sriichoke full maturity is commonly considered as
that condition existing in tubers when the tops of the plants are fully
developed (usually dead because of senescence). Fully mature tubers
make no further increase in size and hnve attained a composition
characterized by & masimuwm content of the less labile carbohydrate
reserves. More specific definition of the mature condition has not yet
been accomplished. It is certain that in the present study full
maturity, as here defined, was not essential to entrance of tubers into
the resting condition, since rest was established in stolons and tubers
long before frost stopped the mafturation process. If, however, in
developing tubers there is some particular stage or degree of maturity
characterized by definite chemical relationships that is responsible for
cessation of bud growth and entrance into rest, then such chemical
relationships must be concerned with substances or enzyme systems
that have not yet been studied. While it appears that the constituents
thus far investigated are not the ones directly involved in the cessation
of growth or entrance into rest, nevertheless, some interesting associa-
tions are found in the data.

The capacity for active growth in buds appears to be closely asso-
ciated with a low ratio of levulose to total hot-water-soluble carbohy-
drates and a correspondingly high ratio of alcohol-soluble to hot-
water-soluble reducing substances. The high proportion of levulose
in the reserve substances when rest is attained might be assumed to
indicate inactivetion of inulase and other enzymes by acrumulation
of higher levulosans, or it might mean thet synthesis of the latter
proceeds at so fast a rate that insufficient simpler carbohydrates are
available for growth. On the other hand, the observed relztion of
carbohydrate changes to initiation of rest may be merely a coin-
cidence bearing no causal relation to the real regulator of growth,
whatever it may be.

Chemical analyses show that changes in tubers of the same size
harvested at intervals do not fluctuate as widely in the carbohydrate
fractions studied (except in the aleohol-soluble reducing-substance

A4410°- 391
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fraction) as do changes in the terminal buds of tubers. The relatively
small changes in tubers corroborate the findings of Colin (13) that the
composition of tubers is almost the same throughout the pericd of
development. The much greater changes occurring in buds than in
whole tubers may explain why other investigators, practically all of
whom ansalyzed only whole tubers, twigs, ete., have iniled to correlate
chemical differences with differences m rest, if there really are any
such relations. Hope of finding significant relationships in this regard
in any future studies appears to Le in intensive studies of buds rather
than whole tubers, or other organs.

These data do not support the statement of Meyer (60) that young
tubers are rich in glucose, nor the findings of Collins end Gill (14) that
there is an increase in both free reducing sugars and free levulose dur-
ing tuberization. The supposition of the latter workers that free
levulose constitutes the free reducing sugars is likewise not borne out
in this study (table 7}.

EMERGENCE FROM THE REST PERIOD
MATERIALS AND METHODS

The phase of the problem dealing with emergence from rest was
conducted in the laboratories and greenhouses of the Buresu located
at the Arlington Experiment Farm, Arlington, Va., at the United
States Horticultural Station, Beltsville, Md., and at Washington, D. C.

All tubers used in the experiments in any one year were from plants
of uniform age, grown on the experimental plots at Arlington Farm

(1931 and 1932), and at the United States Horticultural Station near
Beltsville (1933 and 1934). Tubers were dug during November or the
first week in December of each season, after the tops of the piants had
been killed by frost, but before freezing of the soil had occurred (one
very slight surface freezing of the soil occurred before digging was
completed in 1933). Tubers (in most cases 1 ounce) were selected by
weight, within 48 g of the desired size, then kept in & cool {about
60° to 70° F.} greenhouse head-house during the short period that
the various experiments were being started.

PROCEDURE FOR CHEMICAL TREATMENTS TO HASTEN EMERGENCE OR SPROUTING

In the 1931 tests i- and 2-ounce tubers of four varieties {Blanc
Ameliore, Chicago, Waterer, and Tait) were used. Immedintely
before treatment the 2-ounce tubers were cut longitudinally into
two pieces weighing approximately i-ounce each. In the 1932 tests
only 1-ounce whole tubers of the varieties Blanc Ameliore and Chicago
were used, since the 1931 work had indicated n very similar response
to the treatments by both cut and whole tubers, except that when
any treatment was toxic it was more so to the cut tubers.

Three types of treatment were used to hasten emergence: (a) The
dip method, in which the tubers were dipped into the chemical solu-
tion, removed immediately and planted, or in some cases placed in
2-quart serew-top fruit jars for a given period before planting to sllow
vapors from the chemicals fo act on the tubers; (b) the vapor method,
in which tubers were placed in a metal container, the chemical placed
in a shallow vessel on top of the sample and the can sealed for given
periods, after which the tubers were removed and planted; and (c) the
sosk method, in which tubers were submerged for given periods in &
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treating solution, then removed and either planted at once, or placed
in covered 2-quart fruit jars for given perlods of time before planting.
All treatments were made at room temperature, a,pproximate{)y 70° k.

After treatment the tubers were planted in flats of damp peat moss.
In the 1931-32 work all flats were kept In a cool greenhouse {(45° to
55° F.) during the winter and spring months. In the 1932-33 investi-
gations, in addition to the lots kept in the cool house, a duplicate lot
for each treatment was kept in a warm greenhouse {65° to 75°) in
order to determine whether the low sprouting temperature was the
cause of the abnormally slow development of plants observed with
many trestments in 1931. Near the end of the experimental perlods
in both seasons it was Impossible to keep the day temperatures from
going somewhat higher than desired.

Samples consisted of 25 to 30 cut or whole tubers, and controls con-
tained a ke number of tubers planted at the time of making chemicai
treatments, and in the same manner as the treated lots.

At 15-day intervals from the time of treating, the tubers of each lot
were removed from the peat, examined as {o the nmount of sprout
growth, root development, and extent of rotting, and the sound tubers
were then carefully replanted. Such examinations were continued
until all sound tubers had sprouted.

PROCEDURE FOR TEMPERATURE TREATMENTS

Tn the 1931 experiments 35 samples, of 25 to 30 1-ounce tubers each,
were selected from each of the 4 varieties, Blane Ameliore, Chicago,
Waterer, and Tait. Of these samples, 14 were putin ordinary manila-
paper bags, and of the 14, 7 were placed at 36° F. (relative humidity
77 to 97 percent), and the other 7 at 50° (relative humidity 69 to 88

ereent) in constant-temperature chambers of the cold-storage
aboratory at Arlington Farm. The tubers of each of the other 21 sam-
ples were carefully packed in damp clay in manila-paper bags to retard
water loss and the latter placed inside snug-fitting cloth bags. Seven
of these clay-packed samples were then placed in each of three con-
stant-temperature chambers held at 18° (very low humidity), 32°
{relative humidity 76 to 99 percent), and 32° (relative humidity 50 to
75 percent), respectively. Auv additional sample of about 250 untreated
tubers of each varlety was placed in o well-drained pit covered with
about 8 inches of soil in an open field, care being taken to keep layers
of wubers separated by thin layers of soil. No records were taken as
to temperatures existing in the field pits. At successive infervals of
approximately 15 days each, after the beginning of the treatments,
samples of each variety were removed from the constant-temperature
chambers and the field pits, planted in flats of moist peat and sprout-
ing tests conducted the same as for the chemicaily treated samples
mentioned above. Abeach interval of planting & sample of five to eight
tubers from each of the various lots planted was taken for chemical
analysis.

In the 1932 studies I-ounce tubers of two varieties, Blane Ameliore
and Chicago, wore used. All tubers stored at 32°, 36°, and 59° F¥.
were kept in manila-paper bags. Tubers stored at 15° were packed in
demp clay similar to the 18° samples of 1931.  One lot of each variety
was placed in a field pit similar to that used in 1931, and a continuous
thermographic record was kept of soil temperature at the average
depth of the pit. Thirty-tuber samples were removed at 15-day
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intervels and sprouting tests were conducted in moist peat in the cool
greenhouse in the same menner as with the chemically treated semples.
At each planting date 20 to £5 tubers were removed from esch storage
Jot for chemical analysis of the buds. '

In 1933, samples of the variety Blanc Ameliore were stored at 32°
with high humidity and at 50° ¥. Sprouting tests were conducted
at 15-day intervals by planting 15 tubers from each tempernture in
moist sand in the bench of a greenhouse kept at 65° to 75° F. during
the first 30 days of the experiment and at 55° thereafter. At cach
removal from storage, samples of tubers were taken for catslase
determinations.

The 1934 studies were similar to those of 1938 except that two
varieties, Blanc Ameliore and Chieago, were treated and that respira-
tion determinations were made on each lot removed from the storage
chambers.

METHODS OF BIGCHEMICAL ANALYSIS

SaxspLiNg

In 1931-32 the whole tubers were carefully washed in cool water,
dried af once with a towel, and ground through the fine knife of & food
chopper. This material was thorougly mixed, and & 100-g sample
was quickly weighed out. and preserved in aleoho! as described on

age B,
P %n 1932-33 the bud samples of 15 or 25 g were taken and preserved
as previously deseribed,

ExrracTing, Dry Marrer, CARBOHYDRATE FRACTIONS
The procedures previously outlined (pp. 7, 8) were used.
NitrogeN

Total alcohol-soluble and aleohol-insoluble organic nitrogen deter-
minations were made on aliquots of the alcoholic extracts and aleohol-
insoluble residues by the K ieldahl-Gunning-Arnold method (7).

CATALABE

Catalase determinations were made on terminal buds, pith, and
cortex separately. Bud samples were taken as described on page 7.
Pith samples were obtained by cutting a cylinder of tissue from the
center of the tuber siong the main longitudinal axis with a 6-mm cork
borer. Approximately one-fourth inch was discarded from each end
of the cylmder. Cortex, as here used, refers to that portion of the
tuber lying between the epidermis and the pith. Samples of cortex
were obtalned with a 6-mm cork borer by cutting a eylinder of tissue
through the tuber near the ceuter at right angles to the longitudinal
axis (zvoiding inclusion of any bud tissue), discarding the epidermis
and pith, and using the two intervening portions of the cylinder for the
determination. The same apparatus and technique previously men-
tioned {p. 9) were used in making the determinations.

RERPIRATION

The tubers used In the respiration studies were counted and weighed
at the time they were put in storage at 32° and at 50° F., at the time
they were removed from storage, and again immediately before the
respiration determinations were begun.
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Determinations were made at a4 common temperature of 77° F. on
comparable samples from the two storage chambers.

Upon removal from the storage chambers the samples were trans-
ferred to s constant-temperature room at 70° F. to allow them i{o
approach: the temperature at which the respiration determinations were
to be meade. (A 77° chamber was not available for this purpose.)
After 72 hours the samples were removed to the room in which the
respiration determinavions were to be made and they were kept there
at room teruperature (about 70° to 77°) until the following morning
when the determinations were begun.

An apparatus patterned after that described by Harding, Maney,
and Plagge (33} was found well suited to the needs of this study. In
the apparatus used, duplicate Truog towers were connected in each
system to facilitate periodic titration of samples without stopping the
continuous gir flow through the system.

In making determinations the samples were placed in separate
systems set up side by side, with the respiration chambers placed in the
same water bath the temperature of which was thermostatically con-
trolled at 77° F. At the beginning of a determination the system was
swept free of carbon dioxide by drawing carbon-dioxide-free air through
it for 1 to 1} hours before beginning absorption of carbon dioxide in the
Truog towers. The rate of air flow through the chambers was se
regulated as to change the air in the chambers approximately once
" each 30 minutes. Composite moisture samples were taken for each
treatment at the beginning of each determination. With one or two
exceptions the tobal period during which carbon-dioxide evolution was
measured was 9 or 12 hours. The size of samples used varied hetween
33 and 107 approximately I-ounce tubers, but most of the samples
contained 45 or more tubers.

Excess bariuvm hydroxide in the Truog towers at the end of a deter-
mination was titrated with 0.2 N hydrechlorie acid.

PRESENTATION OF RESULTS
EFFECT OF CHEMICAL TREATMENTS

In this investigation a considerable number of chemicals previously
found more or less successful in breaking the rest period of other plants
or plant parts (19 and others) were applied to Jerusalem-artichoke
tubers. None of the chemicals or methods are new, but as far as
known to the writer none of them had been used on Jerusalem-
artichoke tubers prior to the time the present investigations were
started. A briefl report of this work was published by Steinbauer (60)
in 1833. Haber (81) has since (1934) also reported chemicel treat-
ments of Jerusalem-artichcke tubers. He found that ethylene
chlorhydrin, thicurea, and sodium thiocyanate were somewhat effec-
tive, but sodium nitrate gave no response.

It will not be practicable to present all the detailed observations
made as to the effectiveness or toxicity of the various chemicals used.
Results of the various treatments for 1931-32 and 1932-33 are pre-
sented in tables 9, 10, and 11. The data in those tables show the
effectiveness of the treatments in shortening the rest period, as indi-
cated by the time elapsing to the first-evident sprout growth and the
time when 50 percent of the tubers showed evidence of sprouting.
The toxicity of certain treatments is indicated in the values for per-
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centage of tubers rotting. Sprouting was considered to have occurred
when the bud scales were definitely elongating and spreading away
from the bud proper. In most samples more or less swelling of the
buds and often root growth occurred, but unless the changes in bud
seales were evident growth was not recorded as having ocourred. It
is not to be interpreted, however, that because a treatment stimulated
bud activity in a single bud, or even in 50 percent or more of the
buds, that normal plant development followed. As early as 1909,
McCallum (49) noted that some substances used on potatoes stimu-
lated buds quite vigorously but at the same time killed tissues of the
tuber. In the present studies it was found that many treatments
that caused breaking of rest in buds of Jerusalem-artichokes cuused
only a temporary stimulation, in most cases followed by a period,
often of considerable length, when little further development took
place. This was particularly true in the 1931-32 work. (See pl. 1.
Note that although the tubers were planted early in December 1931
and growth was soon stimulated, very little actual sprout growth
had oceurred by March 15, 1932.)
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Effect of various chemniea! trentments in bresking the rest period in Jernsalem-
artichoke tubers, variety Blune Amecliore, in 1981- 32, All lots photographed
Mareh 15, 1932. A, Tubers soaked in 20-pereent ethyl aleohol 1 hour, refuoved
and stored in a closed container for 24 hours. Plunted December 3, 1931.
B, Same as A but treated with 20-percens acctone ustewd of aleohol, C,
Tubers exposed Lo erbon disnlphide vapors at | ce per 35-liter spaee for 24
hours. Planted December 3, 1931, 1, Control, untreated lubers planted
November 25, 1931,
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PLATE 2

Sple o060
Rep oo sb®

Untreated control fubers of Jerusaliin-artichoke, varicty Blane Awmeliore, A1,
planted in a eool greenhouse €13° 55° F.o Decombor 3, 1032, and photo-
graphod January 11, 1933; 14, Wabers similare to fhose of 1 hut planted in 2 wirm
greenhouse (65°-75°1 (Compare with Juts shown in pls, 3 and L)




TABLE 9.—Effect of various chemical treatments on the length of rest period in Jerusolem-artichoke tubers of the varieties Blanc Ameliore and
Taitl in 1931-82

Blanc Ameliore

Tait

Treatnent

Time until first
sprouting

Thoe untit §0
percent of
tubers sprouted

Tubers rotted
(before sprout-
ing) prior to
June 1

Time until first
sprouting

Time until 50
percent of
tubers sprotted

Tubers rotted
(before sprout-
ing) prior to'
June 1

Whole ! {Halves!

‘Whole | Halves

Whole | Halves

Whole | Halves

Whole | Halves

‘Whole | Halves

Control :
Soaked 1 hour'in 1-percéut sodium thiocyanate.. .o .oocooooonn U .
main axis;

Tubers split twice at right angles across basal end, paralle] to
sosked 1 hour in 1-percent sodium thiocyanate. . v o-eeuiuan..

Sonked 1 hour in 3-pereent sodium thiocyanate....

Soaked 1 hour in 1-percent ammoniuin thiocyanate..

. Soaked 1 hour in 2-percent ammonium thiocyanate.

Sonked 1 hour in 3-percent sammonium thiocyanate.

Dipped in 0.5molar sodium nitrate. .. ...oo.. -

Dipped in I-molar sodjum nitrate_..___...

Soaked 1 hour in 5-percent ethyl alcohol; subjeeted to vapors 24 hours.

Soaked 1 hour in 20-percent ethyl aleohol; subjected to vapors 24 hours. ..

Soaked 1 hour in 50-percent ethyl alcohol; subjected to vapors 24 hours..

Soaked 1 hour in 70-percent ethyl alcohol; subjected to vapars 24 hours..

Soaked 1 hour in 95-percent ethyl alcohol; subjected to vapors 24 hours...

Soaked 1 hour in 5-percent acetone; subjected to vapors 24 hours

S8oaked 1 hour in 20-pet cent acetone; subjected to vapors 24 hours_._

Subjected to ether vapors, I part in 59, 200, 400, or 1,000, for 24 hours

Subjected to ether vapors, 1 part in 2,000, for 24 hours,

Subjected to chloroform vapors, 1 part in 50 or 400, for 24 hours

Subjected to carhon tetrachloride vapors, 1 part in 14,000, for 24 hours.

Subjected to carbon disulphide vapors, 1 part in 17,500, for 24 hours. ..

Subjected to carbon disulphide vapors, 1 part in 35,000, for 24 hours. ..

Subjected to ethyl bromide vapors, 1 part in 5,400, for 24 hours....

Subjected to ethyl bromide vapors, 1 part in 8,000, for 24 hours.._.

Subjected to ethyl iodide vapors, 1 part in 48,500, for 24 hours...

Subjected to ethyl jodide vapors, 1 part in 97,000, for 24 hours

Subiected to othylene chlorhydrin vapors at 0.75 cc {40 percent) per liter
SPACE 24 ROUTS. o oo oo e ccccacstmcmm e cmacamn i — e

Sonked 2 hours in 0.2-percent ethylene chlorhydrin. ..o -

Dipped in 6-percent ethylene chlorhydrin; subjected to. vapors 24 houts.....

Dipped in 2-percent ethylene chlorhydrin; subjected to vapors 24 hours. ...

Soaked in 3-percent thiourea for 1 hour_...

Soaked in 1-percent thiourea for 1 hour.

‘Wrapped in cotton batting saturated with 10-percent hydrogen peroxide;
unwrapped after 7 days
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i Whole:1-0unce whole tubers; halves=1-ouncé halves from 2-ounce whole tubers.
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TaBLE 10.—Effect of various chemical treatments on the length of rest period in Jerusalem-artichoke lubers of the varieties Chicago and Walerer .

n 1981-32

Treatment

Chicago

‘Waterer

Time until first
sprouting

Time until 50
percert of
tubers sprouted

Tubers rotted
(before sprout-
ing) priorto
June 1

Time until first
sprouting

Time until 50
percent of
tubers sprouted

Tubers rotted
(before sprout-
ing) prior to
Jupe 1

‘Whole ! {Halves!

‘Whole | Halves

‘Whole | Halves

‘Whole | Halves

‘Whole | Halves

‘Whole | Halves

Control
‘Soaked 1 hour in 1-percent ammonium thiocyanate
Soaked 1 hour in 2-percent ammonium thiocyanate
Sosked 1 hour in 3-percent ammoniun: thiocyanate
Dipped in 0.5-molar sodium nitrate........ e ————————n
Dipped in 1-molar sodium nitrate.
Soaked 1 hour in 5-percent ethyl alcohol; subjected to vapors 24 hours...
Soaked 1 hour in 20-percent ethyl alcohol; subjected to vapors 24 hours.
Soaked 1 hour in 5-percent acetone; subjected to vapors 24 hours.
Soaked 1 hourin 20-percent acetone; subjected to vapors 24 hours
Subjected to ether vapors, 1 part.in 1,000 or 2,000, for 24 hours -
Subjected to ether vapors, 1 part in 10,000, for 24 hours (tubers dug Dec. 21)-
Sub, ectt)eed) to ether vapors, 1 part in 10,000, for 24 hours (tubers dug in No-
vember) . -
Subjecéed) to ether vapors, 1 part in 20,000, {for 24 hours (tubers dug in No-
vember)._ -
Subjected to ether vapors, 1 part in 20,000, for 24 hours (tubers dug Dec. 21) .
Sl;lbjected to chloroformn vapors, 1 part in-400; 1,000, 2,000, or 10,000, for 24
ours
Subject
Subjected to chloroform vapors, 1 part in 100,000, for 24 hours_
Subjected to carbon tetrachloride vapors, 1 part in 14,000, for 24 -hou
Subjected to carbon disulphide vapors, 1 part in 17,500, for 24 hours
Subjected to carbon disu]é)hide vapors, 1 part in.35,000, for 24 hours
Subjected to ethyl bromide vapors, 1 part in 5,400, for 24 hours.
8Subjected to ethyl bromide vapors, 1 part in 8,000, for 24 hour:
Subjected to ethyl iodide vapors, 1 part in 48,500, for 24 hours
Subjected to ethyl iodide vagors, 1 part in 97,000, for 24 hours
Bubjected to ethylene chlorhydrin vapors at 0.75 ce (40 per
space 24 hours,
Soaked 2 hours in 0.2-percent ethylene chlorhydrin
Dipped in 6-percent ethylene chlorhydrin; subjected to vapors for 24 h -
Dipped in 2-percent ethylene chlorhydrin; subjected to vapors for 24 hours._
Soaked in 3-percent thioures for 1 hour
Soaked in 1-percent thiourea for 1 hour
Wrapped in_cotton batting saturated
unwrapped after 7 days
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! Whole=1-ounce whole tubers; halves=1-ounce halves from 2-ounce whole tubers.
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TABLE 11.;1?ﬁect.oj" various chemical treatments on the length of rest period in Jerusalem-artichoke tubers of the varieties Blanc Ameliore
and Chicago {n 1932~33

Treatment

[61] {18 {1 DO U S VRN e et mma—eaan
Soaked 2 hours in3-percent sodium thiocynnate
Sogked 1 hour In f-pereent, sodiuny thioeyanale ... ... .
Soaked 1 hour in 5-percent ethyl aleobiol; subjected Lo vapors 24 hours
Sonked 1 hour in 20-percent ethyl aleohol; subjected to vapors 24 hours.
Soaked 1 hour in 20-percent acetone; subjected to vapors 21 hours
Subjected to ether vapors, 1 part in 2,000, for 3 hours
Subjected to ather vapors, 1 part. in 2,000, for 6 hours. .
Subjected-to ether vapors, ) part in 2,000, for 24 hours. ...
Subjected to sther vapors, 1 part in 30,000, for 24 hours.... .
Subjected to chloroform vapors, 1 part in 10,000, for 3 hours
Subjected to chloroform vapors, 1 part in 10,000, for 6 hours
Subjected to chloroform vapors, & part in 10,000, for 24 hours..
Subjected to chloroform vapors, 1 part in 20,000, for 24 hours... ... ...
Sublected to-¢arbon disulphide vapors, 1 part in 32,000, for 24 hours. . ..
Subjected to ethyl bromide vapors, 1 part in 8,000, for 24 hours .
Subjected to ethyl bromide vapors, 1 part in 5,400, for 24 hours_ ... -
Dipped in 2-percent ethylenc ehlorhydring subjected to vapors 24 hours . .
Dig{md in 6-percent ethylene chlorhydrin; subjected to vapors 24 hours. . ;.
Subjected: to vapors of ethylene clhitarhydrin at 0.78 ¢¢ (48 percent) per liter
Space 24 hours.. . o, cocenecuoi Amvmmmhae b ceemman mma s OO
Sonked 2 hours in 5-percent thiouren.......c..q - ocommnnoeenanan PN

Blane Ameliore

Chieago

Time until first
sprouting

Canl ¢

Warn !

Days Duays

45

ih
14

W
B1) ) -

15

30

! Cool==planted in 45° {0 56° ¥ greenliouse; wartn==planded in 65° to 759 F, greenbouse,
1 Days until 50 percent of tubers that wore sound at the previous examination sprouted,

“Time until 50
poreent of tubers
sprouted

Coal | Warm

Duys Days
735 5

06 |
il
90

Ty

o
i
15

120
30 !

Tubers rotted
{before sprout-
ing) prior to
June10-

Time until first,
sprouting

‘Pime until 50
percent of tubers|
sprouted

‘Tubers rotted
(before sprout-
ing) prior to
June 10

Cool | Warm

Cool | Warm

Ceool | Warm

Cool | 'Warm

Percent
37,5
8.0
92,3
40.0
40,0
42,3

Percent

Days
4
30
30
Rl

Days
135
10

90

Percent
21,3
42,8
02,8

8.0

60.0
48,0

Percent.

100.0

70,0 -
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The data for 50 percent of tubers sprouting are probably a better
index of the effectiveness of a treatment in breaking the rest period of
alot of tubers than the data for either Arst sprouting or for 100-percent
sprouting. Often onc tuber in a sample may start to sprout, but a
considerable time may elapse before any more tubers show any evi-
dence of growth. Incidence of rots and toxicity of treatments make
the 100-percent-sprouted basis inaccurate and misleading.

Tables 9, 10, and 11 show that depth of rest and ease of breaking of
rest varied from season to sesson even within the same variety, and
tlso between varieties in the same season. Whole tubers and half
tubers, in general, were stimulated much alike by chemical treatments.
Injury by toxic treatments, however, was generally greater with cut
tubers. The data in table 11 indicate that there was a greater, or at
least more readily observed, stimulation by effective treatments at
the higher temperatures than at the lower sprouting temperatures
employed. The lower temperatures were chosen in 1931 because,
under field conditions, sprouting usually occurs while the soil tempera-
ture is still quite low. Tt appears, however, that for tests of efficacy
of a chemical in breaking rest the higher temperatures may he better.
(Compure illustration of similarly treated tubers sprouted under the
two temperature conditions shown in pls. 2, 3, and 4.)

The following classification according to the effects of the treatments
summarizes, in a general manner, the results secured over the 2-year
period on the four varieties, with cut and uncut tubers, and at two
sprouting temperatures. The classification is based on the data of
tables 9 to 11, and on other data and observations not presented herein.

A. Treatinents producing some shortening nf the rest period and having little
or no deletcrious effect on the tubers:

Soaking in 20-percent ethyl aleohol for 1 hour, followed by exposure to vapors
for 24 hours.

Soaking in 3-percent thiourea for 2 hours and planting at once.

Dipping in 2-percent cthylene chlothydrin solution, Followed by exposure to
vapors for 24 hours.

LExposing to vapars of carbon disulphide, 1 part in 85,000 of air, for 24 hours.

B. Treatments producing some shortening of the resi period but with noticeable
toxic effeets on the tubers:

So}s;.king in 20-pereent acelone 1 hour, followed by exposure o vapors for 24

QUrs.

Dipping in #-percent ethylene chlorhydrin solution, followed by exposure to
vapors for 24 honrs.

Lxposing to ethyl bromide vapors, 1 part in 8,000 of air, for 24 hours.

Exposing to earbon disulphide vapors, | part in 32,000 of air, for 24 hours.

Lixposing to chloroform vapors, 1 part in 20,000 of air, for 24 hours,

C. Trestments definitely toxic and not shortening the rest period or so toxic
that the extent of shortening could not be determined:

Seaking in 50-, 70-, or 95-percent cthy! aleohel 1 hour, followed by exposure
to vapors for 24 hours.

Sosaking in B-pergent sodium thioeyanate for 2 hours and planting at once.

Soaking in 5-percent sodium thioeyanate for | hour and planting at once.

Exposing to ether vapors, 1 part in 2,000 of air, for 3, 8, or 24 hours.

Tixposing to ether vapors, 1 part in 50, 200, 400, 1,000, or 2,000 of air, for 24
hours,

Exposing tr ehloroform vapors, 1 part in 50, 400, 1,000, or 2,000 of air, for 24
hours.

Expaosing, to ehlorolorm vapors, 1 part in 10,000 of air, for 3, 6, ar 24 hours.

Exposiug to ethyl bromide vapors, 1 part in 5,400 of air, for 24 hours.
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V-3

NS

Jerusalem-artichoke Lubors, variety Blane Amoliore. by Sunked in 20-percent
ethyl aleoliol | hawr, removed and stured in elosed container 24 hours.  Planied
in a cool greenhouse {(45°-353° ) December 13, 1932: pholographed January 12,
1933. B, Tubers troated e saine as those of A exeept that they were planted
in a warm greenhouse (63%-75%). (Compare with lols shown in pl 2
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Jerusalem-prtichoke tubwers, variely Blane Ameliore. A, Dipped in 2-pereent
cthylene chlorhyvdrin, removed and stored in closed contniner 24 hours.
Planted in a ool greenhouse (45°-35° I} December 16, 1932; photographed
January 12, 18338, B3, Similar tubers treated the same ns those of A except
that they were planted in 2 warm greenhouse (65°-75°%). (Compare with lots
shown in pl, 2.}
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Expoging to carbon disulphide vapors, 1 part in {7,500 of air, for 24 hours.
Wrapping tubers in cotton batting saturated with 10 pereent solution of com-
mereial hydrogen peroxide, removing the cotton after 7 days,

D. Treatments not toxic to tubers, but shortening the rest period onfy a littie
or not at all:

Seaking in i- or 3-percent sodium thiceyanate 1 hour, and planting at once,

Soaking in 1- or 2-percent ammonium thiceyanate 1 hour, and planting at
once.

Soaking in G-percent ethyl alechol 1 hour, foilowed by cxposurs to vapors for
24 hours.

So;:king in 3-perceni geetone 1 hour, followed by exposure to vapors for 24

oura.

Soaking in 1- or 3-pereent thioures 1 hour, and planting at once,

Dipping ie 0.5- or 1.0-molar sodium nitrate, and planting at once,

Exposing o carbon tetrachloride vapors, I part in 14,000 of air, for 24 hours.

Exposing to ether vapors, 1 part in 10,000 or 20,000 of air, for 24 hours.

Exposingto ether vapors, 1 part in 100,000 of air, for 16 hours.

Exposing to chloroform vapors, I part in 100,000 of air, for 16 hours.

Expesing to ethylene chlorliydrin vupors, 1 ec 40-percent solution in 1,300
cc space, for 24 hours.

Exposing to ethyl iodide vapors, 1 part in 48,500 or 97,000 of air, for 24 hours.

Photographs of a few of the chemically treated lots are reproduced
in plates 1 to 4.

Although considerable shortening of the rest period was found with
some of the chemical treatments, subsequent growth and development
in all cases was much slower than that induced when the rest period
was terminated by the low-temperature ireatments described on
page 19. The large number of chemicals, concentrations, and periods
of exposure tried are only a very small proportion of the almost
infinite combinations of these factors that could be used. It seems
possible that certain combinations, not vet found, may induce as good
response as the temperature treatments.

EFFECT OF TEMPERATURE TREATMENTS

SPROUTING

Results of sprouting tests for the four seasons and four varieties of
dJerusalem-artichokes studied are presented in tables 12 and 12, It is
clearly evident from the data that there is, in general, a consistent
decrease in the length of the rest period as the temperature of storage
is decreased from 50° to 32° F., not only when the time until 50 per-
cent sprouting is considered but also when the time for production of
first sprouts ts the measure; storage at 36° was only slightly less effec-
tive than that at 32° in reducing the sprouting time, but at 50° it was
markedly less effective than at the lower temperatures. Since the
date on the extent of sprouting were recorded only at 15-day intervals,
they cannot show abbreviations of the rest period to less than 15 days.
QOther unrecorded observations, however, showed that treatment at
the lower temperatures, particnlarly at 32°, continued to shorten the
sprouting time until by the time the trials were terminated. 50-percent
sprouting was occurning in less than 7 days from planting. There
were ohly minor differences in sprouting periods between tubers stored
under the two conditions of humidity at 32°,




TABLE 12, Effect on length of rest period of temperalure conditions to which dormant Jerusalem-artichoke tubers of 4 varieties were exposed, 1931
DAYS FROM PLANTING TQ FIRST EVIDENT SPROUTING

Blane Ametiore Chicago Waterer

P
P
1
i
f

gh
v

humidit

Period of exprosure
days

v
1

32° F,, low
humidit
i 32° F., high
humidity
| Field pit i
32° F., low
humidity
32°F,, I
| 32° F., low
humidity
32°F., high
humidity
Fisld pit
32° F., low
humidity
32° F,, high
humidity
Field pit

i

AYS FROM PLANTING UNTIL 50 PERCENT OF TUBERS SPROUTED?

i

| i
160§ 180 | 150 | 150 i 150 | 1504 150 + 150 0 1854 195 195 195 | 1851 150
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v All tubers rotted without sprouting. 2 Pereentape hased on ntnber of sound tubers at preceding examination,




Tasie 13.—Effect on length of rest period of temperature conditions lo which dormant Jerusalem-artichoke lubers of 2 ‘varieties were exposed,
1932-8/

DAYS FROM PLANTING TO FIRST EVIDENT SPROUTING

*

Blanc Ameliore, 1932 Chieago, 1932 Blanc Ameliore, Blanc Amellore.| ghicago, 194

& 94

Period of exposure
(days) 32°F., F., 32°F,, ] 320 F.,

low Field low high
humid- : pit humid- ‘ it hlilénld-

e amnla S snamine

&

UNTIL

SYHENL UMOHOILIV-WHIVSAYHAL A0 SHIAOIS

1 All tubers rotted without sprouting.
! Percentage based on number of sound tubers at. preceding examination.
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Sprouting tests on tubers stored in field pits, where the tempera-
ture was subject to fluctuations between about 30° and 40° F., showed
that such tubers were intermediate in their sprouting responee be-
tween the 36° and 50° constant-temperature treatments. The two
temperatures below 32° that were used (18° in 1931-32, and 15° in
1932-33) did not give as prompt sprouting as might have been
expected. It is important to note, however, that at both these low
tempergsures freezing injury occurred, in most cases followed by more
or less break-down of fissues of the tubers, the pith in particular
quickly decomposing. Although several attempts were made to grad-
ually thaw tubers frozen at these low temperatures, by bringing them
from the low to successively hicher temperatures for periods of about
1 day each, none were successful.

The 50° F. treatment was markedly inferior to the 32°, 36°, or
field-pit trestments, not only in its effect on the sprouting time but
also in the type of growth obtained after sprouting had begun. This
inferiority is apparent in the photographs of the 1934-35 experiments
shown in plate 5. It can be seen that while the 50° samples are less
vigorous in their growth throughout the series of hoth varieties studied,
the longer the period of exposure the more nearly the growth ap-
proaches that of the 32° samples, In determining what storage treat-
ments are most effective for breaking rest, it therefore seems necessary
to distinguish hetween those that break rest and those that not only
bresk rest but also induce normal subsequent plant development,

Since the publication of a preliminary report (59) on the author's
1931 experiments, Haber (37) has drawn essentially the same con-
clusions as those discussed herein and in the preliminary report rela-
tive to the shortening of the rest period by low-temperature storage.

Another factor that must be taken into account in determining any
practical methed of bresking the rest period of Jerusalem-artichokes
is that of susceptibility of tuhers to disenses during or following treat-
ment. The data given in tables 12 and 13 show that, in general, &
much greater percentage of the tubers stored at 50° ¥, rotted after
planting than of those stored at any of the lower temperatures {(above
freezing} employed. Johnson {41) concluded from a study of storage
rots of the Jerusalem-artichoke that high temperature and compara-
tively low relative humidity seem fo be the conditions most favorable
for development of such rots, while temperatures near the freczing
point were the only means of keeping the tubers free of rot.

From the standpoint of more rapid bresking of rest, indicing normal
plant development, and in keeping down the amount of rotting, it is
evident that the 32° and 36° F. temperature treatments are {ar superior
to the 50° treatment.

CATALASE z\C"I'i\'IT\'

Results of catalase determinations made on ferminal buds, pith,
and cortex of Blane Ameliore and Chicago tubers exposed at 32° and
50° ¥, for the various periods in 1933-34 and in 1934-35 are given in
figures 1, 2, and 3. There were noticeable fluctuations in the mois-
ture content of tubers stored for the different periods and under
different temperature conditions; therefore, it was thought desirable
to present data on the dry-weight as well as on the fresh-weight baats.

Critical examination of these results fails to reveal any consistent
relation of catalese activity, when expressed on the fresh or on the dry
basis, to the sprouting response. In Blanc Ameliore the terminal-
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Relative sprout development of Blane Amelinre aud Chieaso Jerusalem-artichoke
tubers when planted in sand after storage at 50° or at 32° F. and hiph humidity
for various periods. Tubers placed in storage November 16, 1934; photo-
graphed March L and 3, 1935. .4, Variety Biane Ameliore: ¢, Unstored control
planted November 17, 1034; Jot 1, 32° storape, and lot 2, 50° storage, for 15
days before planting; lot 5, 32° storage, and lot 6, 50° storage, for 30 days before
planting; lot 9, 32° storage, and lot 10, 50° storaze, for 43 davs before planting;
lot 13, 32° storage, and lot 14, 50° storage, for 60 days before planting; lot 17,
32° storage, and ot 18, 50° storage, for 75 days before planting; lot BC1, 32°
storage, and lot LI, 50° storage, for 90 days before planting.” B, €, and B,
Variety Chicago: ¢, Unstored control planted November 17, 1934; lot 1, 32°
storage, and lot 2, 50° storage, for 15 days hefore planting; lot 3, 32° storage,
and lot 4, 50° storage, for 30 days hefore planting: lot 5, 32° storage, and
lot 6, 50° storage, for 45 days before planting; Iot 7, 32° storage, and lot
8, 50° storage, for 80 days before planting: lot 9, 329 storage, and lot 10, 50°
storage, for 75 days hefore planting: Jlob RCIL, 32° storage, and lot BRI, 50°
storage, for 90 days before planting.
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Fieuex 1. —Catalase actlvity of buds, pith, sud cortex of Jerusalem-artichoke tubers of Lhe varlety Blupe
Ameitore stored ut 32° and 8° F. for different periods in 1933-34.

bud catalase values of the two temperature treatments show similar
relationships in the two seasons, but only when expressed on the fresh-
weight basis. That is, the tubers of the 50° F. treatment showed
greater activity per unit of fresh weight ihan the corresponding tubers
of the 32° treatment or any date, although the values are much more
nea.r(l{y alike for the two treatments in 1934-35 than in 1933-34. The
trends 1 catalase activity over the whole period studied are quite
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FiGurE 2,—Cstnlase activity of buds, pith, and cortex af Jerusalem-nrtichoke tubers of the variety Blanc
Amallore stored at 32° and 50° F. for different periods in 1834-35,

dissimilar in the two seasons, especially for the buds of the 32° expo-
sures. In 1933-34 the latter showed a tendency for a decreased cata-
lase activity until the tubers had been exposed for almost 45 days,
after which there was a slightly increased activity; in 1934-35 the
activity showed an increase until the 45-day storage period, after
which there was a decline for the next 15 days followed by a second
period of inerease. It is puzzling that the catalase values for the 32°
and 50° exposures should have been so much more widely divergent
in the 1933-34 season, when growth was more nearly alike in these
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Figunr 3.—Catalase activity of buds, fith and portex of Jerusslem-artichoks tubera of the varlety Chlcago
stored a2 32% and 50° F. for different perfads in 1634-35.

samples (as judged by the time to 50-percent sprouting}, than in
1934-35, when the sprouting responses were not so similar.

In Blanc Ameliore the relationships between the cortex catalase
values of the 32° F. treatments and of the 50° treatments are different
in the two seasona, The same is also true for the pith catalese values
for the two temperature ireatments.

Not only were the catalase values and trends different in Blanc
Ameliore in the two seasons, but those of Chicago were quite different
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from those of Blanc Ameliore in the same sesson; in fact, the relative
catalase activity per unit of fresh weight in the two trestments was
just reversed. In Chicago the tissues of 32° F. tubes exhibited con-
siderably grenter activity than the corresponding tissues of 50° tubers ;
in Blanc Ameliore the tissues of 32° tubers had less activity than the
50° tissues.

An attempt to find » definite catalase activity associated with the
nonresting condition (immediately following breaking of rest) irre-
spective of the previous treatment was unfruitful., It was thought
possible that the catalase value for & 32° F. sample at the time rest is
broken, say at 30 days’ exposure, might be of the same order of mag-
nitude as that of & 50° sample of the same variety when rest terminated
at perhaps 60 days’ exposure. The data do not indicate that such a
value exists. .

REesrirartion

Resuits of the respiration determinations conducted in the 1934-35
season on the two varieties, Blanc Ameliore and Chicago, are presented
n table 14. The relative losses in weight during the storage period
at 32° and 50° F, and during the 72-hour period at 70° immediately
following removal from the 32° and 50° storage conditions can be
noted from the data of table 15. The respiration data are expressed
on three different bases. Probably the best measure of respiratory
activity and that used in discussing the results, is that given on the
per-tuber basis, since tubers were of uniform size in all lots. The
data show that in this study the relative respiratory values for differ-
ent treatments are practically the same regardless of the manner of
expression used. Only in the 45- and 60-day lots of Chicago and the
75-day lot of Blane Amecliore are the relationships between the 32°
and 50° treatments reversed when expressed on the fresh-weight
basis, as compared with the dry weight or per-tuber methods of
expression,

Tawvue 14.— Rales of respiration of Jerusalem-artichoke tubers stored Nov. 18, 1834,
al 32° and 50° F. for various periods

EXPRESSEL A8 MILLIGRAMS OF CARBON DIOXIDE EVOLVED PEN AVERAGE
TUBER PER HOUR AT 17°F

Porioi of expo-  Blaot Amelior Chicugo

Il Period afexpg. | Blane Amoliore;  Chicage
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ni 0.88%  O.880 ] 0817 BT 'S Log2.) L0450 r3es| g o
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32° and 50° F, sneniplos. ’
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2 Thne of termination of rest ng judged by St-pereent sproming eretaring within 15 dnys niter planting of
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TanLE 15.-—~Losses in weight of Jerusalem-artichoke tubers during storage of 38°
and 50° F. and during a 72-hour period at 70° F. immediately following removal
Sfrom the 82° and 650° F. storage condilions

BLANC AMELIORE

Loss  of orlginal

Loss in woight dar-{  weight durlng | Moisture at the
ing storage at— the 72-hqur pe- | end of 70° F. parind

Period in storage {days) rled st 0° F.

32°F. " F, 3 F. 50° F,

Pereent

No very significant correlation is evident in these data between
respiratory activity and emergence from rest. If fime of emergence
from rest be judged by the time required to give 50-percent sprouting
within 15 days from planting, the respiratory values for the two treat-~
ments are not widely different in either variety (for example, between
the 30-day exposure at 32° F. and the 60-day exposure at 50° in Blane
Ameliore), yet the fact that the differences between the two treat-
ments are even smalier at times when the sprouting response is not
the same (for example, at the 45-day exposure in Blanc Ameliore) sug-
gests that little importance can be attached to the similarity of these
values.

The two varieties studied exhibited differences in the relative respir-
atory response to the two temperatures. In the Chicago variety the
respiratory rate of the 50° F. samples expressed on the per-tuber basis
remained lower than that of the 32° lois over the entire period studied,
and in Blane Ameliore it was lower only at the 15- and 75-day periods.

A consistently increasing respiratory rate can be observed in the
Chicago data throughout the period studied in both the 32° and 50° F,
samples. A similar tendency, though not as consistent, can also be
seen for Blene Ameliore.

The results of this phase of the investigation show that, under the
conditions of this experiment, the exact time of emergence from rest
resulting from exposures at 32° and 50° F. cannot be determined by
the respiratory rate of the whole tubers. Emergence from rest does
oceur, however, during » rising gradient of respiratory activity.

: Caemical Composrrion
191 WHOLE-TUBER SAMPLER
Whole-tuber samples of two varieties from the 1931-32 studies were

analyzed. In Blanc Ameliore, dry matter, alcohol-soluble nitrogen,
alcobol-inscluble nitrogen, total hot-water-soluble reducing sub-




36 ‘TECHNICAL: BULLETIN 657, U. & DEPT. OF AGRICULTURE

stances, and total levulose (levulosans determined as lsvulose} deter-
minations were made. Although attempts were made to determine
free levulose on several samples, none of those analyzed showed more
than traces, consequently no determinations were made on the re-
maining samples. Data for Blane Ameliore are given in table 16.
Determinations of dry matter, {ree levulose, free reducing substances,
total levulose (levulosans determined as levulose), total aleohol-
soluble reducing substances, total hot-water-soluble reducing sub-
stances, and acid-hydrolyzable hot-water-insoluble polysaccharides
were made for the Thait series, and the resulis are presented in table 17.

TasLe 16— Chemical composition of Jeruselem-artichoke tubers of the variely
Blane Ameliore subjected lo different temperature conditions for various periods in
1831-32

[Dry-welght basis]
DRY MATTER (FRESH-WEIGHT BABIB)

Chemienl comnposition alter Leeatment for—

Treatment?
(°F.)
15days | 20 days | 45days | 60days | 765 days | 60 days | 105 days

Perent | Parcent | Pereent | Percenl | Percent | Pereent
24,20 24,20 24,40 2420 24, 20 24.20
23. 86 36, 40 234 89 20. 87
24, 87 T4t 124,78 2417
25, 44 134 82 23. I8 24. 37
26, 02 i A 30,91
22 44 22.20 120,80 21, 47

ALCOHOL-EOLUBLE NITROGEN

Conlrel . . 1.07 107
aiL . . .72 %84
1.03 161
192 1.08
L85 [N
Rt 114

288535

ALCOHOL-INSOLUBLE NITROGEN

0.85 0. 85

87 1,88
187
S|
T4

OTAL NITROGEN

1,
1.
3L
1
1
1

e B N - 1
] R £
ok R D

50... .
Field pit_. il

1]

TOTAL HNOT-WATER-30LUBL

Contrel 0. 81 60. 61 . & Gu, 6l 60. 1
3z - G002 al. 42 . 158, 67 5. 0
- .. L a7 60, 22 ., 40, 45 6i. 84
65 10 f2.72 02, 53 60. 69
3. 25 7. 38 3 52 72 50.78
62 ¢ 63.90 , &1 250 04 60,83

Be¢ footnotes af emd ol tahle.
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TaeLe 16.—Chemical composition of Jerusalem-artichoke fubers of the variety
Blanc Ameliore subjecled lo different lemperatlure dilions for various periods in
1931-32—Continued

[Dyry-weight basis]
TOTAL LEVULOBE

Chemical composition efter treatment for—

16da¥s | 30 days | 45days | 80 days | 75 deys | 80 days | 105 days

Pereent Percent | Pereent | Percent | Percenl | Percent

52.20 52,20 52,90 52,20 52.
52,81
47.96
4517
48, 80
47. 50

ES OTHER THAN LEVULOSE

8.41 N 8,41 8.41
12,15 . 213.19 13. 6%
i4. 62 112,76 13. 88
12. 41 i 11.75 15. B2
10. 13 . 30 13,24 10,68
16. 01 L 114,23 13.38

t LH=low humidity; BEH =high humidity.
* Qriginal tobers at barvesitime.
. i ’fién: cg termination of rest g3 judged by 50-pereent sprovting cceurring within 15 days after planting of
reated tubers,

TasLE 17— Chemicel composition of Jerusalem-artichoke tubers of the variety Tadl
subjecled to different temperaiure conditions for various periods in 1531-82
[Dry-waight bosis]

DRY MATTER (FRESH-WEIGHT BAZIS)

Chemical comnposition after treatment for—

15cdays | 30dsys | 46doys | 60 days | 75days | 00 days

Treatmendt
¢ F)

Percemt | Percent | Percemt | Percent | Perceni | Percent
Control ! 54, 34 24,34 24,34 24,34 24 34 24, 34
32 21,43 24.33 128,55 28. 13 30,62 40, 65

L $2.33 2L, 78 192,70 24,26 23,01
28 11 25,13 P61 27.81 26.15
25, 68 8. 67 29 11 328 34 30,12
22, 1% 20,82 218.G2 2L 18 2517

YULOSE

0.05
L84
L5
88

2 12
Field pit : .35

AS DEXTROSE)

Control... 3 L 49,13
11,84
1.4t
Log

) . . .88
Fiold pit 12

Bee footnotes ot end of table,
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TasLe 17.—Chemical compesition of Jerusalem-ariichoke tubers of tRe variely Tait
subjected o different temperature conditions for various periods ¢n 1981-32—Con.
{Dry-weight basis]

TOTAL LEVULOSE

Chamigal composition affer treatment for—

15deys | 3 days | 45days | 83 days | Thdays

Pereent | Percent [ Pereend | Percent | Pereent
Control A 47. 18 47. 18 47,18 47,18
32LH.. ) 3 33415 . 36,19
32HH A . 33. 53 . 38, 18
36 3 3 32.40 . 36. 14
] . . 33.17 . 37,72
Fiald pit . . L9 3 24.21

TOTAL ALCOHOL-SOLUBLE REDUCING SUBSTANCES (AS INVERT SUGAR)

34.33
14108
10,62
37.58 3 .
. 87.21 148, 8
Fleid plt . 8.7 38, 43

TOTAL HOT-WATER-S0LUBLE REDUCING SUBSTANCES (A8 LEVULOSE)

B7.02 §7.02 £7.02 . 67,02
8802 6213 ' . 65.70
3,08 . . 81,43
. A2, 75 X . 55, B
B e . £5.32 a i} L83 57
Fleid pit : . 6. 48 ) . 57.84

ACID-BEYDROLYZABLEHOT-WATER-INSOLUBLE POLYSACCO S{ASDEXTROSE)

Control

o
the S P 51 0

2HERss
e
TRERRBE

50
Floid pit

' LE=iow humidity; HE=high hamidily.

* Original tabers nt harvestiime,

1 Timg of termination of rest as judged by 50-percent sprouting aceurring within 15 days after planting
of treated tabars.

The data reveal no consistent relation of aleohol-soluble nitrogen,
alcohol-insoluble nitrogen, or total nitrogen either to the temperatures
of exposure used or to termination of the resting condition ss judged
by sprouting tests. '

Total hot-water-soluble reducing substances showed considerable
fiuctuation during the period studied. In both varieties there was
less fluctuation under the 32° ¥, high-humidity exposure than under
any of the others used, and the data show that this treatment also
exhibited the most consistent dry-matter content. In Blane Ameliore
the 50° treatment exhibited a considerably larger content of hot-water-
soluble reducing substances than either of the 32° treatments during




STUDIES OF JERUSALEM-ARTICHOKE TUBERS 39

the first 60 days of the experiment. The Tait variety did not show
this. A much greater loss of hot-water-soluble reducing substances
occurred with sﬁf exposures in Tait than in Blane Ameliore during
the experimental pertod.

The total levulose content (levulosans determined as levulose)
underwent a more consistent change than hot-water-soluble reducing
substances, apparently as a result of the differences in temperature.
Throughout most of the period studied and particularly during the
first 60 days with Blanc Ameliore and the first 15 days with Tait, the
total levulose content (on the dry-weight basis) was much higher with
the 50° F. exposure than with the lower temperature treatments.
This suggests that a larger proportion of the reserves at 50° are in
the form of inulin or closely related higher-levulose inulides than at
the lower temperatures, This contention is supported by the values
for percentage of alcohol-seluble reducing substances and free reducing
substances in Tait, which show, in general, a lower content of these
substances at 50° than at lower constant-temperature exposures, and
consequently a higher percentage of the alcohol-insoluble substances,
largely inulin or higher inulides. Further, the data show that of this
aleohol-soluble fraction, & smaller proportion is present in the form of
free reducing substances, the most labile form of carbohydrates. The
maximum free reducing substance and free levulose contents vecurred
at 15 days’ exposure for all temperatures below 502, but not until 75
days’ exposure at 50°.

The reducing substances other than levulose in the total hot-water-
soluble fraction (largely glucose) in Blanc Amecliore also indiente that
at 50° . a smaller proportion of the hot-water-soluble reducing sub-
stances are in the form of the more labile (higher-dextrose-containing)
substances than at 32° exposures, particularly during the first 45 days
of treatment. Since no analyses were made on this variety, there is
no justification for assuming that the free reducing-substance content
of the 50° samples was diffterent from that of samples treated at lower
temperatures. This is particularly true in view of the fact thut
almost no free levulose was found and that analyses of certain bud
samples, given later in this bulletin (p. 41). showed no free reducing
substance where no free levulose could be detected.

A higher free levalose content during the first 45 days of exposure
at 32° F. than at 50° is observed in table 17. It appears, however,
that this is not of universal occurrence under these conditions, since
the {ree levulose content was cither nonexistent or so small as to be
unmeasurable in the variety Blanc Ameliore.

The acid-hydrolyzable hot-water-insoluble polysaccharide fraction
formed a slightly higher percentage of the dry matter from the 30- to
75-day lengths of exposure at 32° F. than at 50°. The differences
are not large, however, and are probahly of little significance.

1832 HUD ANALYSES

Tables 18 and 19 give dats on the composition of buds of the Blane
Ameliore and Chicego tubers.
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TasLe 18.—Chemical composition of buds from Jerusalem-artichoke tubers of the
variely Blanc Ameliore previously subjecled lo different temperature conditions Jor
vartous periods in 1982-38

[Dry-weight basis]
DEY MATTER (FRESH-WEIGHT BASIf)

Chemical compasition after treatmant for—

Treatment ! (° F.}
15days | 30days | 45days | 60days | 75days

FPereent | Perceni | Percent
28.45 2B. 45 28,
3421 36.20
23.62 30. 61

30. 53

50 33275

Field pit..._. . .18

FREE LEVULOSE

Control

32HH
-1 T

$0___
Field pit....

Control. . 51.42 51.42
12 LH 349, 18 47.75
14917 .87
8111 14882 174

.28 | 5067 | ssaisg

1B. 84 4B.84 4B.84
50. 53 162.03 £9,39
0. 31 16L.78 58. 88
6l.03 6. 24 162.70
40,1368 57.45

57,04 (3}

TOTAL HOT-WATER-SOLUBLE REDUCING SUBSTANCES (A% LEVULOS

74, 60 T4.60 74. 60
75,18 283,24
78.40 i72.82
79.30 75. 62
74. 30 ™1
74,49 168, 53

Sev footnotes at end of table,
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TaBLE 18— Chemical eomposition of buds from Jerusalem-ariichoke lubers of the
vartety Blane Ameliore previously subjected lo differenl temperature conditions for
various periods in 1932-33—Continued

ACID-HYDRCOLYZABLE HOT-WATER-INSOLUBLE POLYSBACCHARIDES (AS DEXTROSE)

Chemical composition afier treatment for—
Traatmant (* )1

15 days | 30 days | 45 days | 60 days | 75 days

Fercent | Percenl | Percent | Percent | Pereent
3.07 3.07 3.07 3.07 .47
13.93 3.40

3.70
33.23

1 LH =low humidity; HH =high homidity.
1 Originnl tebers at harvesttime,

3 Time ol termination of rest 25 judged by 50-percent sprouting occurring within 15 days after planting of
treated tubers.

TABLE 19— Chemical composition of buds from Jeruselem-artichake tubers of the
variety Chicago previously subjected 1o differenl temperalure condilions for various
perieds in 1984-33

[Dry-weight basis]

DRY MATTER (FRESH-WEIGHT BAS(S)

, Chenieal enmpogition ? after troatmont for 2—
Treatment ! (° F.} — e
¢ 15 duys | 30 deys | 45 deys | 60 days | 75 days

Control ' O,

34.65 A, 34.65 34,65
.33
34,57

3. 70
50 3750
Field pit. - 200 PO LT | 30, 70

!
1Pm-cm! Pervent | Percent | Percent

TOTAL LEVULOSE

o ;
Gontrol . . G 8,51 4853 |
32 LII.... . 4419 10,67
32 TTH.oo....ooe 3.8 0 sdgar,
T S A N RN U
A Wb 45,20 44,511
Flald pib coeeeeeeoem e et e e | 4534 dL43 ] Sz [

TOTAT. ALCOIOI-80LUBLE RELLCING 3UBSTANCES (AS INVERT SUGAR)

Control. k 45,34 3. 80 F 1539
32LH._ 7. 87 40, 03 40.00
32 HH.. N 54704

7 44, 46
41,40 L
46, 00 i 4836 |

TOTAL AOT-WATER-BOLUBLE REDUCING SUBSTANCES (A5 LEVULOS

1
0. 58 0. 68 i 70, 58
66,75 | SOO.EO: 6344
64.001 S8LST .. .
#5541  enam1 @
M.6E D 8507 6448
87, 74 E a1 63,50,
\ '

Hep feotnates et end of tuble,
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TavLe 19.—Chemical composition of buds from Jerusalem-artichoke tubers of the
variely Chicago previously subjected {o different temperaiure condilions for various
periods in 1932-33—Continued

ACID HYDROLYZABLE HOT-WATER-INSOLUBLE POLYBACCHARIDES (A5 DEXTROSE)

Chemienl compesition after treatment for—

Treatment {* F.}
Vidavs | 30days | 45 days | 80days | 75days

Percent Pmrm;;t5 Percent | Pereent | Peroent
. 4.

Control 4. 03 03 4,05 4.05
32 LH 3,57 + 148 4.85 4.8 4,82
JE2HH. e 3.84 436 5. 4.78 4.83
36___ 4.07 4.83 [ &) +.40 523
i 4.0 +, 46 4.43 4.48 4. 06
Field pit 4.10 317 458 4. 58 41.65

| LH=low humidity; TTH=high humidity.
Il Ko free reducing substances nor free levulese were found under any temperaturs trestment or period
of storane.
# Leaders indicate that no analyses were made flue to loss of tha ¢hetnical samples.
1 Original tubers at hiarvesitime, X
} Time of termination of rest as fudged by 50-percent sprouring aecurring within 15 deys after planting of
treated tubers.

Large fluctuations in the content of total hot-water-soluble reducing
substances are again nbserved in the variety Blane Ameliore. The
percentages in Chicago are much less varisble, No consistent effect
of temperature on the magnitude of this [raction is evident from the
data. Larger differences are shown by samples stored under the two
conditions of humidity at 32° F. than extst between either of
these and ihe 50° axposure.

The total levulose content of the 50° F. samples is generally higher
in both varieties, and total alcohol-soluble reducing substances lower
than those of either 32° treatment.

No free reducing substances or free levulose were found in any
samples of Chicago. This is a very striking fact when the data for
Blanc Ameliore at the same time show up to 4.5 percent of the dry
matter to be in the form of free reducing substances and almost 3.3
percent of the dry matier to be present, in one case, as [ree levulose.
Moreover, the excellent correlation of the temperature of constant-
temperature exposures with the content of both these {ractions in
Blane Aneliore gives s strong suggestion of some importance of free
levulose and free reducing substances to the general regularity of
the rest breaking response to temperature. However, since these
changes do not oceur, or ot least are not apparent, in all varieties,
it must necessarily be concluded that any suspected relationship
probably does not really exist. It will be recalled that only traces
of free levulose could be found in the 1931 whole-tuber samples of
Blanc Ameliore, yet the buds of similar tubers in the same variety
showed comsiderable amounts.of free levulose in 1932,

The content of acid-hydrolyzable hot-water-insoiuble polysac-
charides in both varieties was lower at the lower temperatures of
exposure than at 50° ¥. at the end of the first 15-day period of ex-
posure, but thereafter the lower temperatures generally gave some-
what higher values than the 50° treatment,

It is difficult to see any correlation of time of emergence from rest
with chemical data ohtained on the whole tubers or on buds of such
tubers in any of the three varieties. There is no conclusive evidence
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that any particular percentage value of the various constituents
studied or of ratios of these comstituents to each other determines
the time of termination of the resting condition. Comparisons of
results of sprouting tests, given in tables 12 and 13, with these chemical
analyses do show, however, that growth of buds oceurs at a time when
the total levulose content is at or near & minimum and the more
soluble carbohydrate constituents are at a correspondingly hLigh value.

DISCUSSION

It appears that the factor releasing first growth of buds is entirely
separate from those changes in composition that allow later growth
to atfain normal expression. In practice, trentments are recuired
that not only break the rest period but promote normal growth as
well. The low-temperature treatments apparently influence both
responses favorably, whereas higher ones may affect neither response
very much, or possibly only the second.

Although s few chemical treatments of these experiments were
found effective in breaking rest, it Is significant that very few of them
gave subsequent normal growth such as resulted with low-temperature
treatments. Apparently, at least some of the cffective chemical
treatments influence the first of these responses favorably, but not
the second. Since no determinations were made of the chemical
composition of tubers subjected to chemical treatments, it is im-
possible to tell whether lack of normal development of sprouts after
rest had been broken was determined by or related to changes in
composition.

While discussing the matter of inferior growth following certain
treatments, 1t seems a justifiable criticism of certain investigntions of
the rest period, at least one of which included the Jerusalem-artichoke
(813, that the time of breaking of rest was measured by the time
when sprouts were visible ahove ground. In reports of the investi-
gations referred to, no mention was made of the depth of planting in
soil, and 1t is assumed therefore that it was probably at loast one-half
inch. It is obvious that while rest was broken in some of the tubers
ltustrated in the plates (for example, lots ¢, 1, 2, 6, and 10 in plate 5,
4}, no sprout growth would be visible above ground for some time if
the tubers were planted at any ordinary planting depth {the tubers
illustrated in plate 5 were purposely kept just at the soil surface).
An investigator might thus conclude that certain lots of tubers were
still in a resting condition when as a matter of fact they might alreacly
be out of rest but incapable of making normal growth. Such a
method of judging termination of rest seems to confuse the matter
of rest with that of normal growth. The evidence (rom hoth chemical
and temperature treatments in this study indicates that the two
conditions are regulated by entirely different agencies (at least
directly), and that care must be taken to differentiate between them.

Denny (21) has reported increascs in the sucrose eontent of potatoes
treated with ethylene chlorhydrin, sodium thioeyanate, and thioures,
similar to the changes resulting from exposures 1o low temperatures
as reported by Appleman (3. 4, 6) and others. Denny suggests that
in judging the eflectivencss of a chemieal in hreaking rest the sucrose
changes may be belter evidence than the changes in reducing sugars.
In the present Jerusalem-artichoke cxperimenis in some varieties
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feirly large and apparently significant differences were noted in the
free reducing substance and free levulose fractions of samples treated
differently to brenk the rest period, yet in tubers of other varioties
these fractions were not evident in amounts large enough to be
measurable. This makes it seem highly dubious that any great
significance in the breaking of rest can be attached to these fractions.
Sucrose was not isolated and determined, as such, n these experiments,
but the data do show that the total aleohol-soluble reducing-substance
fraction, which includes sucrose, was at a high value at the time
active growth of buds resulted.

That changes in the chemical constituents studied are not directly
associated with termination of rest is further evident from compart-
sons of the composition and behavior of field-pit tubers or buds of
such tubers with those of the samples treated at 50° F. Sprouting
tests show that rest is broken considerably sooner in the Seid pit
than at 50°, yet some of the carbohydrate fractions of field-pit tubers
that might otherwise he suspected of being important to growth
release, show more similarity to the 50° samples than te any other
treatment used. Obviously, if the composition of the tubers or buds
determined the resting or nonresting condition. then samples as unlike
in sprouting response as the field-pit and 50° samples ought to be
more dissimilar in composition than lots showing more similar sprout-
ing Tesponses, for example, the field-pit and 36° or 32° samples,

The main effect of the effective temperature treatments upon the
chemical constituents analyvzed appears to have been in making
available the more labile materinls necessary for normal growth in-
dependent of some other, as yet unknown, controlling factor (possibly
something of the nature of & hormone) that was activated or set in
motion by the exposure, thus making growth possible. These ex-
periments were not designed to ascertain the reintionship between
composition and normal growth. It appears, however, from the
analyses of buds and observations on the character of growth obtained
in the sprouting trials that for normal growth of buds to occur, once
rest is broken, n relatively large amount of the more labile aleohaol-
soluble materinls must be available. With storage temperatures as
high as 50° T. the process of transformation of the more stable re-
serves to the more labile forms is apparently retarded. and mare of
the labile forms are used up in respiration than with lower storage
temperatures. There are couscquently less of the readily usable
materials available, and a more or less stunted growth results.  Fow-
ever, with the Jupse of a sufficiently long time, apparently enough of
the required materinls are nccumulated to permit normsl sprout
development even at 50° T,

No consistent relation was evident in these studies between eatalase
activity and respiraiion of buds and tubers of the two variefies
studied n two seasons, or hetween these factors sepavately and the
sprouting response,

The cntalase values of cortex, pith, and terminal buds at ench
temperature exposare in ench season showed a fairly consistent ten-
dency to exhibit parallel varintions. This suggests that eatalase
activity mensures a general systomic response fo the treatments, and
not necessarily a rvesponse in the bud slone, in which rest-period
ehanges are thought to be loealized.
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That the terminal-bud catalase values for the 50° F. exposures are,
in general, higher than those for the corresponding 32° samples in
the variety Blanc Ameliore is o somewhat puzzling result. Just the
opposite might be expected, since the 32° samples were the ones
showing the growth response first and in a more vigorous manner.
If catalase measures the relative metabolism, then the 32° samples
would be expected to show the greater magnitude of catelase values.
From sn examination of the data for the variety Chicago in 1934, it
is found that the catalase values are higher with the 32° treatment,
rotonly in the buds but also in the cortex and pith. It is possible that
in these experiments the catalase determinations were made too
soon (the next day) after removal from constant temperature storage
to allow the 32° samples to aftain their maximum catalase activity,
while the 50° samples may have slready reached the maximum,
There is another possibility—that catalnse activity of Jerusalem-
artichoke tubers is gradually reduced with storage at 32° in & manner
similar to that found in potatoes by Appleman (2), who suggested
that the reduction might be due to accumulation of organic acids at
the low temperature, If such were the case, why did the variety
Chicago show higher values in 1934 with 32° storage than with the
50° treatment?

It is surprising that the differences between the respiratory rates
of the 32° and 50° F. lots were not larger than the data show them to
be. Table 15 shows that the 30° samples suffered much greater
losses in weight during storage than the 32° samples, and that & much
greater amount of the weight loss was due to loss of substances other
than water. Since the necessarily higher respiratory rate of the 50°
samples during storage must have occurred at the expense of the
simpler reserve substances and since there is n larger proportion of
the more labile carbohydrates in the 32° samples, one would expect
2 much higher respiratory rate in the 32° samples than in those at
50° upon removal fo the 77° temperature. Kimbrough (48), working
with potatoes, found a much higher respiratory rate to occur for &
period after removal from low-temperature storage than in potatoes
stored continuously at higher temperatures.

Regardless of whether the storage temperature employed in the
present studies was 32° or 50° F., the data show that in general the
longer the tubers were stored at either of these temperatures the
higher was the respiratory activity upon removal of the tubers to a
temperature of 77°. The respiratory rate ohserved at the latter
temperature continued fo increase with the duration of storage at
32° or 50° up to the time the studies were terminated (after over
10 weeks of such storage). In the case of the potato, Kimhrough
(43} found that the maximum respiratory rate at 72° was obtained
after only about 3 weeks of storage at 38°.

Although this study was concerned primarily with the rest-period
problem, it has supphed considerable dats with regard to storage of
the crop and also methods of handling required where the tubers
are to be utilized in verious industrial processes such as levulose pro-
duction or eleobnl manufacture. The data have confirmed the recom-
mendations of others that temperatures slightly above freezing and
high humidities are essential to maintenance of the tubers in good
condition and reasonably free from storage rots. The results of the
chemical analyses show clearly that if the maximum inulin or levulose
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content is desired in any manufacturing process, tubers must be used
when they have reached their greatest development and before they
have been stored for any appreciable length of time. Delaying the
time of utilization beyond this period will invariably result in lowered
percentage and absolute yields of levulose and other carbohydrates.

1t seems desirable also to point out that this study has been lergely
an exploratory one. Very little was known about the rest period of
the Jerusalem-artichoke when this study was started; in [lact, a
single short paper by Boswell (10) then comprised the entire litera-
ture on the subject. The first attack on the problem was a practical
one—finding means of terminating the resting condition.  Although
the results of chemical treatments weve on the whole rather disap-
pointing, those with temperature trentments have been very grati-
[ying. Subsequent studies on initiation of rest. catalase activity,
respiration, and chemical romposition have only opened up starting
points for more intensive studies of the fundamentals underlying
the whole rest-period problem: in this crop. In conducting these
investigations it might have heen desirable to have used but a single
variety for all studies. 1t ix felt, however, that it has been helpiul
rather than detrimental to have used several variefics, not always
the same in all seasons. This course has, for instance, proved the
universality of the sprouting response to low-temperature exposures,
and af the snme time it has prevented drawing of erronecous con-
clusions concerning composition and physiologieal behavior. The
responses ol a single variety in a single season rany or may not be
that of all varietics in the same or different sensons.

SUMMARY AND CONCLUSIONS

Changes in size, number, and composition of tubers of two varietios
of derusalem-artichokes weve studied during the period of tuber for-
mation and entrance inlo the rest period in the feld. Calalase
activity of stolons, tubers, and buds was moeasured to determine the
relation hetween cnlrance inte vest {as indicated by sprouting tests)
and the metabolic condilions of the orgnns.

Of the total weight of tubers and stolons, during the period of
tuber formation, the proportion represented by the larger tubers
increased more rapidly than the proportion of these larger tubers
in the total number of tubers and stolons produced. This is inter-
preted ns indieafing a physiological dominance of the lnrge (first-
formed} tubers, which apparently aives them a first call on elaborated
growth and storage mnterinls.

Time of cutering rest varied with the tuber size. The largoest
tubers were the last to become dormant.

Sprouting tests indicate that entrance into rest is a quile gradual
process—nof an abrupt change, regavdless of the tuboer size studied,

Catalase activity of stolons and terminal buds of tubers reached
& maximum value at, or a short time preceding, the entrance into
complete rest,  Cafalase values {or lerminal buds of tubers at the
time the largest tubers entered complete rest formed an ascending
series corresponding to the increasing sizes of tubers from which the
bud samples were tsken.  Although eatalase netivify decreased from
this time onward, in most cases the larger-sized Lubers continued to
have the higher cataluse activity.
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Chemical analyses of tubers 1.9 to 2.4 em in diameter and of buds
of tubers over 1.4 cm in dinmeter showed the latter to exhibit much
greater changes in composition during the period of tuber develop-
ment in most of the carbohydrate fractions than the whole tubers.
The percentage of total hot-water-soluble reducing substances, total
levulose, and dry matter were lower, and the percentages of free
reducing sugars and total aleohol-soluble reducing substances higher
in the buds than in the whole tubers during the carly stages of
development. As compared with buds, only reTntivel.y small changes
occurred in the whole tubers during the period studied. There was
a tendency for the percentages of the various constituents in the
buds to approach those of the whole tubers toward the end of the
period studied (around Cetober 10).

The available data indicate that an accumulation of the less labile
reserve carbohydrates such as inulin and the higher inulides bears o
high degree of association (but not a causal relution) to the resting
condition,

Ahout 50 different treatments invelving 15 different chemieal com-
pounds, applied in different ways and in varyving concentrations, were
used on four varieties of Jerusalem-artichoke tubers during two
seasons. Only four of the chemieal treatments tried were found
consistent in giving suflicient shortening of rest and worthy to he
recommended for further use, without having noticenble toxic effects
on the tubers. Other treatments were found which shortened the
rest period but which were decidedly injuricus to the tubers.  None
of the chemical treatments tried were entirvely satisiactory in giving
rapid sprout development after the rest period was hroken.

The effects of holding four varieties of Jerusalem-artichokes in
cold-stornge rooms at 15°, 18°, 32°, 36°, and 50° F,, and in field pits
for various periods, on the sprouting response. catalase activity,
respiratory rate. and chemical composition of the tubers were studiad.

The sprouting response was poor {rom the lots held »t 159 18° and
50° F. Freezing injury occurred at the two lowest temperatures.
The sprouting response was very prompt and vigorous from tubers
stored at 32° and 36° and in ficll pits, and was best at 32° The
period of cxposure vequired for good respenses at the 32° and 36°
and field-pit exposures varied somewhat between sersons and between
varieties, but 30 to 45 days’ exposure gave good sprouting and good
subsequent growth in all varieties and seasons studied.

The data secured showed no conclusive evidence of any correlation
of chemienl composition of tubers, or buds of tubers, with time of
emergence from the rest period. The data did show, however, a
gradunl atteinment of a low value of total levulosans and of acor-
respondlingly high value for the more soluble carbohydrate constituents
from harvest up to the time growth of buds vceurred.

Although the content of [ree reducing substances and that of free
levulose showed excellent imverse relationships with temperature of
exposure in some varieties, none of cither of these fractions could be
detected in tubers of otlier varieties subjected o the same conditions.
Tt is concluded, therefore, that these substances cannot be irnportant
in the growth-release process.

There was a tendency for both the whole tubers and buds of tubers
subjected to 50° I exposures to be higher in levulose and the ratio of
levulose to hot-water-soluble reducing substances, and lower In
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alcohol-soluble reducing substances than those exposed at lower
ternperatures.

In the single variety and season in which certain nitrogen fraetions
were determined there was not a good correlation of the nitrogen
fractions either with the temperature of exposure or with breaking
of the rest period. '

The chemical constituents studied in the variously exposed tubers
or buds of tubers do not appear to control or be related to breaking of
rest, although at least some of the constituents secem important in
determining the vigor of sprout growth following termination of rest.

No consistent relation was found between catalase nctivity of buds
and tubers and respiration of tubers of the two varieties studied in
two seasons, or between either of these [actors and the sprouting
response alter storing the tubers nt 50° and 32° 7.

These investigations have provided considerable evidence suggest-
ing that bresking of rest in buds is governed by an entirely different
agent from that governing subsequent development of the activated
buds., The two factors have apparently been confused in the past,
and it is pointed cut that termmation of the rest period, at least in
some plant materinls, cannot be judged with certainty by the time
sprouts appear above ground in sprouting tests.

The chemical analyses of tubers stored under the various conditions
indicate that where tubers arve to be used for manufacturing purposes
requiring a high inulin or levulose content, it is essential that they be
used immediately after harvest, or alter only relatively short periods of
storage. Prolonged storage results in marked reductions in both the
percentage and absolute vields of Ievulose.

Large losses due to rotting of tubers oceurred during storage at 50° .
Storage temperitures slightly above freezing are essential in reducing
such losses to & minimom.
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