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INTRODUCTION 

Within the last few years the Jerusalem-artichoke (Helianth1LS 
tuber08U8 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 extent as a vegetable and a food for 
diabetics. The top of the plant is used to a limited extent as forage 
and the tubers are used as a feed for hogs. ~though this plant is a 
native of North America and can be found grmving wild in many 
sections of the United States, it has been studied but relatively little. 
The history, adaptation, and geneiral culture of this crop have been 
described by Shoenmker (58),3 and results of detailed cultural and 
varietal studies in the Unitcd States hayc been reported more recently 
by Boswell et al. (11). In the United States the Jcrusalcm-artiC'hoke 
is found from the northern tier oJ: States southward as far as Georgia 
and Arkansas. The crop has been cultivated throughout this range 
and has been found well uda.pted to certnin regions on the Pacific 
coast, particularly Oregon. The ('ulture of this plant in the warmer 
sections oE the South has been limite<l, and ill some cases it has been 

I Suhmitted !m puhlication. March 18. Ina!!. Adapted front!\ thesis submitted to the Gradunte School 
of the University oC Maryland in partial fultlliment of the re(H1irement~ for the <ieln'ce (·f do('tor of philosophy. 

, Tbe writer ncknow'~d!!es his indebtedness to the following members of the Dureau of Plant Indu.'try.
V. R. Boswell. Cor his "~ny kindly suggestions nnd criticisms hotl! of the experimcnl.al procedures and of 
tbe manuscript: M. N. r, ,.e. for the lonn oC the catalnse apparatus and su~gestion5 us to its u~e: R. C. ,Vright
amI other memhers of tbe stalT oC the handlinp:. transportution. and stornl!e section oC this Division, Cor 
providing tbe controlled-tempernture storn!!e facilities; nnd I,. E_ Darrett Cor competent Il..,.istance in making 
some of the chemiCAl annlyses . 

• Italic numbers in pnrent.heses refer to Uterature Cited. p. 48. 
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a failure. In at least one report from a, t.ropical region, that of Piper 
(53) in the Philippines, the crop has been reported as a failure. Knowl
edge of the performance of the crop uncler hot climatic conditions is 
very meager. Possibly under such conditions some essentiul physio
logical process, such as breaking of the rest period of tubers, is seriously 
retarded or inhibited. That this may be at lenst one important 
factor is suggested by the stltJies Qf Boswell (10), 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 occur under field conditions in regions where the 
Ctop is ordinarily grown. 

If it is assumed that the geneml gl'O'wing conditions of warm regions 
are fn.vorable to successful growth of the Jerusalem-artichoke, but 
that aJl unfavorably long or slowly broken rest period is the chief 
factor in limiting the produdion of the ('rop in such regions, then a 
knowledge of the nature of 'he rest period and methods of abbreviating 
it becomes highly imporwnt to the suc('essful cultnre of the crop. 
If tubers grown in cCloler regions are to be used as seed stock (or a 
winter-grown crop in a warm region, or if tu bers from one crop grown 
in the warm region are to be used as seed stock for a closely following 
crop, it is essen tin] to Jmow whn1, tempemture or chemical treatments 
may be applied to the resting tubers so that prompt. 'dgorous, nnd 
uniform sprouting of the seed tubers will result. 

Although the tuhers of the ,Terusalem-artiehoke resemble, in their 
genem] structure, tubers of the potato, on which mnny dormancy 
and rest-period studies hnve been made, tlw ot')l"Itge cnrbohydrates in 
the tubers of these two erops are dift'ere}14.. The chief carbohydrates 
reserv(, of the potnto is in the form of ,tarch, a polysu('eharide com
posed of glucose condensation products, whE'l'ens in the .Terusalem
artichoke inulin nnd closely rela ted inu' ides made up largely of levu
lose condensation products nre the prindpnl storage forms. 

The experimental "'ork reported in tl'is lmllptin was designed (1) 
to find means of abbreviating the long rest period of tubers of the 
Jerusalem-artichoke j (2) to determine' some of the physio]ogieal chnnges 
occurring during entrnnce into and emergence from rest; illld (3) to 
correlate, if possible, any chnnges in composition or physiological 
activity with the beginning or the termination of the resting condition. 
Studies were conducted on tubers of two varieties hom the beginning 
of tu herization un til the growth of the tops hud been terminated by 
fl'o:-.t (some tim!' after the tubers had gone into the resting condition) 
and on "mature" tub!'rs of four Yn,rieties subjected to numerous 
chemical nncI temperature treatments designed to abbreviate the rest 
period. 

REVIEW OF LITERATURE 

In spite of the vast extent of the literature on rest period and dor
mancy, the exact nature of the resting condition and the fundamental 
causnl agpneies involved are still largely unknown. No attempt will 
be made in this bulletin to cover aU the literature available on rest
period studies, since, excellent reviews of enrlier work on the nature of 
the rest period and possible action~ of agents causing termination of 
rest ht1.ye been presented by Howard (36, 38) and Appleman (.~, 6). 
Certain of the more recent studies will be mentioned. 
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.1:\.mong the suggested methods for terminating the resting condition 
in various plants or plant organs, e:-.."posure to vnrious tempera.tures 
and the application, in any of several ways, of vn,rious chemicals to 
the dormant plant materials have been most widely used and most 
studied. Johannsen (40), studying the etherization of plants, was 
the first to show a, growth-inducing effect by chemical trentment. 
Since that time, numerous workers have reported II large number of 
chemicals ",,-ith widely difl'ering properties as being effective in short
ening the rest period in a number of different plants. It 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 vigorous o:-..idizing 
agents. Boswell (D), Jones (42), Appleman (6), and Schmid (57) have 
also thought that certain cases of stimulation of grm\-th may have been 
due to the influence of oA-ygen or oxidizing compounds: However, 
since not an rest-breaking compounds are o:ddizing substances, it 
a,ppears unlikely that oxidation is the direct controlling factor, but 
rather that the effect is an indirect oTte on some other unknown 
controlling agency. 

Just as different chemicals appnrently produre the same rest-break
ing respo·f1se, so likewise different tempern,tur(1s mn,y supply a similar 
rest-terminating influence. There appears to he only fi limited range 
of temperature, however, that ,...ill terminn.te rest in nny one kind 
of plant, and the efl'ecti,-e ranges nre not the same for all species. 

Among others, Loomis (45), Rosa (56), Schmid (57), Werner (66), 
lllld Wright und Peacock (67) have reported re1a.tively high storage 
temperatures more effective than lower ones in inducing emergence 
from dormancy in potato tubers. Similar responses hnve been report
ed for gla,diolus corms by Loomis (46), Loomis and Evans (48), and 
Fairburn (26). The many investigntors of dormancy in seeds have 
found, in most C~lses, n distinct nclvalltagc in low temperatures for 
afterripening. Steinhauer (59) and Hnber (31) ha,ve shown low 
temperntures to he much morc effective than high ones in brenking 
the rest period in tuhers of the ,Terusnlem-al'tichoke. Loomis (47) 
found temperatures either 15° C. above or 15° below normal (20° 
considered as norma.J) to cause a 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 brealoog of rest by chemical or tempera.ture 
trentments. Ooville (16) consi([ered the ma,in effect of low-tempera.
ture treatme~~ (upon the woo~ly plants he studied) to he in changing 
the permeabIlIty" ;;he cells ill such a manner as to allow enzymes 
to come into com act with stored stnrch. He helieved the change of 
starch to sugar to be intimately n.ssociated with a more active metabo
lism necessary to sta,rting of growth. Howard (3S) likewise considered 
the effect of all rest-hreaking ll.!;ents on woody pll,nts to lie in stimula
tion of enzymf' activity. R(v.~ent ex('cllent investigations by Denny, 
Guthrie, Miller, and Stanton (22, 23, 24, 25, 2D, 51, and others) haY(' 
added much to the knowledw' of the effects of chemicnl treatments on 
enzyme activity. 

Studies on changes in eomposition of plants as a result of rest-break
ing treatments hnve been, for the most part, concerned with carbo

http:terminn.te
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hydrate 0onstituents. An increased sugar content and a decreased 
starch content as a result or low temperature storage have been re
ported for potatoes by Muller-Thurgau (52), Appleman (2,3, 6), and 
Hopkins (35). Loomis (47) fmmd similar chemical responses in storage 
tissues of a number of plants, whether rest breaking resulted from 
high or low temperatures. Howard (37) and Gardner (28) studied 
the rest period in deciduous fruit trees and noted sugar accumulations 
accompanying low-temperature exposures, but neither proved tbese 
carbohydrate changes to be essential to gro'wth initiu.tion. Some of 
tile effects of low tempemture on the composition of Jerusalem-u.rti
choke tubers were described by Traub, Thor, vVillaman, u.nd Oliver 
(64), and by Colin (13). Traub et a1. fOlmd a decrease in the ratio of 
fructose to glucose and of fructose to total wu.ter-soluble carbohy
drates from matmity in the fu.ll until the end of Januu.ry, in tubers 
stored lmcler vu.rious temperature and humidity conditions or left in 
the field. Colin noted a change from u. negative to It positive rotation 
in juice anu.lyzed at interva.ls during tbe dormant period, indicating 
u. transformn.tion of inulin to compounds containing more glucose. 
Denny (21) has founel in potato tubers treated witb various rest
breaking chemicals c.arhoh:nirate ehanges sinu1a.r to those found in 
tubers subjected to rest-breaking temperature treatments. He 
reported a higher sucrose content but no consistent change in reducing 
sugars upon treating tubers with sodium thiocyanu.te and. ammonium 
thiocyanate. The sucrose content varied directly with the chemical 
concHutrations employed. How('\Ter, the actual percentage of sugars 
or reserve polysaccharides in resti.ng or nonresting plant organs may 
haye nothing to do 'with rest itself, since Appleman (3) has shown that 
the suga.r-stnrch equilibrium in the potato is one whjch can be shifted 
at will by temperature alone ",-hethel' tubers are resting or not. 

Only very small ehanges in nitrogen fractions hnye been observed 
by vnrious workers. Appleman en, Denny (20), Combes (15), Stuart 
and Applen1!t11 (61), ~'Iiiller-Thurgan (52), and others, jn plants sub
jected to rest-breaking agenci.es. 
. Practieally all of the chemical analyses reported in the literature 
for materials subjected to rest-breaking agencies have been on twigs, 
~hole tul)!'rs, eorms, etc., nnd not on buds alone. This is rat.her sur
prising because as early as Hll1, Appleman (2) indicated that changes 
peculiar to afterripening might be localized in the buds, and that 
the metabolism of the tuber as a whole might bear little or no causal 
relation to these processes. Coville (16), in 1920, noted within certain 
treated branches, a localization of the response of blueberry 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 chemicnl treatments to one bud of eMh of pairs on the 
opposite sides of lilac twigs, these investigators were able to force 
the treated buds into growth while the opposite ones remained 
dormant. 

Increased respiratory activity in material treated to break the rest 
period has been almost universally noted by those studying the 
problem. Low temperature, high temperature, and chemicals all 
seem to have given this response. 

No consistent relationship of cntalase nctivity to the resting condi
tion has yet been proyed. Appleman (2, 5) found a striking correla

http:agenci.es
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tion of catalase activity with respiratory activity of potato tubers 
previously held in cold storage where the temperature had not fallen 
below 3° O. 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 result of chemical 
treatments. Guthrie (29) and Miller (51) found no significant 
correlation between the effects of a number of chemical treatments 
for breaking rest in potato tubers and the ch,\1llges in catalase activity. 
Guthrie, DemlY, and Miller (30) reported i'llcreased catalase activity 
in dormant and nonclormant gladiolus corms as a result of ethylene 
chlorhydrin treatments. Barton (8), Crocker and Harrington (1"I}, 
Davis (18), and Flemion (27) have reported increased catalase activity 
in various seeds afterripened a.t low temperatures. 

Although the romposition of Jerusalem-artichoke tubers has been 
studied by numerous investigators, most of the analyses have been 
published without data relative to the age and size of the tubers 
analyzed. So far as known to the writer, none of these workers 
have made anal)'ses on tubers of a definite size, the resting or non
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 sta.rch, 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 physiological 
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, a,nd 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," 
with the quantity decreasing as inulin increased with growth. An
alyses reportecl by Oollins anel Gill (14) for tubers a,nalyzed during 
growth on October 2, 30, a,nd December 13 show an increa,se in both 
free reducing suga,rs and free levulose between the first anellast 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 e:\.1>erimental error. The experiments of Thaysen, 
Bakes, and Green (63) have confirmed the properties of the levulosans 
isolated from Jerusa,lem-artichoke tubers by Tanret, and have shown 
a definite transformation 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 spring 
was at least partially due to sucrose. Traub, Thor, Zeleny, and WiI~ 
Iaman (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 varieties of Jerusalem-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, a row of Jerusalem-artichokes of the vaTiety 
Chicago was planted from uniform I-ounce tubers on a gentlv slop
ing plot of sandy loam soil at the United States Horticultural Field 
Station nen,r Beltsville, Md. About April 15, 1934, a similar lot of 
the variety Ohicago and anoth~r of Blanc Ameliore were planted from 
approximately l-OlIDce tubers in the same field and about 50 feet 
distant from the 1933 location. 

Beginning on July 19, 1933, and 011 July 23, 1934, when tuber 
formation had started, and at approximately 10-day 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), 5 to 18 hills of each val·iety were dug, the number 
and weight of stolons 4 and tubers in each of the several size classes 
were recorded, and samples of tubers, stolons, or buds of tubers 
oycr 1.4 cm in diameter were preserved in ethyl alcohol for chemical 
analyses. Tn 1934, catalase determinations also were made on 
stolons, tubers, or buds of tubers in each of the various classes. At 
each harYest" samples of 5 to 25 stolons or tubers from each class 
were planted in soil in a shaded greenhouse in which the temperature 
was kept between 65° and 75° F. at night and between 75° and 8i5° 
in the daytime. During July and August it was impossible to keep 
the mn::<.-imum tempemture down to 85° on some days. Periodic. 
examinations were made of the greenhouse plantings to determine 
at what time the tubers had entered the resting c.ondition, as judged 
hy fa.ilure to sprout after 15 or more days. The sprouting trials in 
1933 were cond;lcted partly in the field and partly in it greenhouse 
similar to that used in 1934, but on it single, composite sample from 
each digging. 

METHODS OF BIOCHEMICAL ANALYSIS 

SAMI'UNG 

Each haryest was begun about!) a. m., and required about 2 hours 
for completion. Dming this period harvested tubers were kept in a 
manila hag in the shade, beneath wet, bmlap. Immediately after 
completion of digging, the samples were taken to the laboratory, 
about 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 class were weighed and counted, a random composite sample 
was taken from each class, the tubers or stolons cut into slices n,ppro~-i.
mately one-eighth of an inch thick, and duplicate samples of the cut 
material quickly weighed out and dropped at once into sufficient 
hoiling 95-percent alcohol (in glass-top fruit jars ('.ontaining 0.2 g of 
calcium carbonate) to give a final concentration of [l,bout 80 percent. 
After the jars were boiled in a water bath for 15 to 20 minutes, they 
were seale·cl and set away until the time of analysis. The total time 

• Un loss specified otherwise, the term "stolon" as used ill this bulletin refers to Lhe 2· to 3·inch apical 
portion of 1I1l nnthlrkenerl stoion. Where dellnl!e thickening of this apienl portion, as compnred with tbe 
rest of the stolon. wns ovirlenl, tuberizlltion was considered to hn,·e lJegun. 



i· 

STUDIES Ol!' JERUSALEM-ARTICHOKE TUllERS 7 

from completion of digging until completion of sampling was, for the 
later, larger samples, about 4 hoUl's. F(\l' the earlier harvests with 
fewer tuber-size classes, the time was somewhat less. 

Buds for analysis were removed froni tubers over 1.4 cm in diameter 
with a 9-mm cork borer, and the tissues deeper than one-eighth of 
an inch below the base of the bud were discarded. The buds, after 
being cut in two longitudinally, were preserved in alcohol in the same 
manner as the tuber samples. 

EXTRACTING 

The entire preserved sample was macerated il1 a mortar and filtered 
through a 50-mm Alundum extraction thimble. The alcoholic fil
trate was transfet'l'ed to il 500-ml vohulletriefiask. The residue was 
extracted in the Soxblet apparatus for 16 to 20 hoUl's, starting with 
80-percent alcohol in the extraction flask. This extract was added 
to that in the 500-ml volumetric flask, and the wbole made up to 
volume with 80-percent a!c.ohol. 

DRY MATTER 

Alcohol-soluble solids were determined on a 50-ml aliquot of the 
alcoholic extmct by evap0l'llting of\' the alcohol on a ,Yater bath at 
70 0 to 80 0 O. with the aid of fLll airstream, then drying to constant 
weight by successive 30-minute dl'yings at 800 in. an oven. 

Alcohol-insoluble solids were determined by partially drying the 
extl'Ucted residue, thoroughl), mh'1ng, dividing the sample, and dry
ing in an oven one-half of the residue to constant weight iLt 1000 O. 

CARJlOHYDRATES 

One-half of thr alcoholic extruct was eVII,porat.ed to a thin sirup 
free of alcohol in n 400-ec benker on a water bath at, 70 0 to 80 0 C, with 
the aid of an ail' i'ltream. To this sirup was added the half of tIH' 
extracted alcohol-insoluble material not previously used for the in
soluble-solids dE'tel'mination, ilnd 50 ml of water. The beaker was 
then plnced in a boiling-wl1ter bath for 1 hour, after which the aqueous 
extract was pressed out, while hot, llltO a 250-ml volumetric flask, 
using a hydraulic press with a pressure of 3,000 pounds pel' square 
inch, the sample being enclosed in n. fine linen cloth. The press cnke 
was further washed and pressed three times, using approximately 
40-ml portions of boiling water at each wash. The washings were 
I1dded to the volumetTicflask, the flask was cooled, and the contents 
were made up to volume with water. A 50-nll aliquot withdrawn 
into a 100-111.1 volumetric flask was clarified with satm'ated neutral 
lead aeetate solution, made up to volume with water, and filtered, 
and the excess lend was removed from the filtrate by precipitating 
with solid potassium oxulate, and J'efiltering. 

Determinations of free reducing substances were made on aliquots 
of the cleared Hltru,te hy the Bertrand modifi.C'iltion of the Munson 
and Walker method. Free levulose also was determined 011 aliquots 
of the filtrate by the tTaeksoll and ·Mathews modifien,tion of the Nyns 
method (39), using the volumetric permanganate method for deter
mining reduced copper. 

http:eVII,porat.ed


8 TECHNICAL BULLETIN 657, U. S. DEPT. OF AGRICULTURE 

To the remaining 200-ml portion of the e}...'Pressed juice in the 250-ml 
flask 7,5 ml of S .12 N hydrochloric acid were then fidded, 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 cleaTed as outlined above. This 
procedure is a slight modification of that used by Traub et al (64). 
Suitable nliquots of the final filtrate were used in determining total 
levulose by the Ja.ckson and Mathews modifiea.tion of the Nyns 
method (39). Total reducing substanees from the wa.ter extraction 
were determined on the filtrate by the Lane and Eynon yolumetrie 
method (44). 

An aliquot of the alcoholic extmct wus evaporated on a water bath, 
clarified as outlined above for free reduc:.ng substances, then hydro
lyzed with 10 ml hydrochlorie add (sp. gr. 1.125) per 100 ml of solu
tion lwdrolized. After neutralizing with nnlwdrous Rodium carbonate. 
totall:educing substances in the a1"('oholic ex(ract WE're determined by 
the Bertrund modification of the. 11unson and Walker method. . 

The press cake remaining after expression of the aqueous extract was 
dried, ground in a small ,\Yiley-t:\1)e mill to pass a GO-mesh screen, and 
extraetecl for 8 hours in a Soxhlet extractor, starting with SO-percent 
alcohol in the extraction flask. After the residue was dried overnight 
at 55° C., it was transferred to u wide-mouthed 500-ml Erlenmeyer 
flask, 100 ml of water and 10 ml of hydrochloric acid (sp. gr. ] .125) 
were added, and the sample was refluxecl for 2}6 hours. After the 
mixture was cooled and neutralized, it was transferred to a 250-Illl 
volumetric flask made up to volume with water, and filtered. Suit
ahle aliquot.s of the filtrn.te were used for deteTll1inn.tion of recineing 
substances by the Bertnllld modification of the ~!Iunson and Walker 
method (7). This fraction will be designated in this bulletin as 
"acid-hydrol:yzable hot-wntcr-insolu hIe polysaccharides." 

In all determinations uf reducing pOWN. dilutions were varied to 
suit the size of the original sample'S and their carbohydrate contents. 

CATALASE 

Bud samples for catalase determinations were tnken by first quickly 
removing the outer bud scnles 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 9-mm cork horer, nnd discnrding thnt. 
portion of the cylinder of tissue below the bnse of the bud lying deeper 
than one-eighth of an inch. Stolon samples consisted of those por
tions of the stolons lying within one-half inch of the apical end. In 
making determinations 011 tubenl less than 0.9 em in diameter halYes 
of whole tubers were used; on all ttl bel'S lurger than this only the 
halves of the terminal buds were nSf'd. The corresponding halns of 
these tubers or buds were used in dry-matter determinations. Dry
matter samples of stolon tissue were'mfide up of an equal number 'Of 
stolons comparable in size wit.h those used in the cfitaln.se determinfi
tions. Composite samples consisted of 10 to 30 "tolons 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 

http:cfitaln.se
http:filtrn.te
http:reduc:.ng
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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 catalase 
results as the latter. Determinations were made with the apparatus 
described and illustrated by Pope (54). The technique used, except 
for minor modifications, was also that described by Pope. In all 
cases determinations were made at 24.5° C. 

PRESENTATION OF RESULTS 

TUBER DISTRIBUTION DURING THE PERIOD 0 .. TUBERIZATION AND ENTRANCE INTO 
REST 

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

TABLE I.-Number and weight distribution 1 of .Jerusalem-artichoke tubers of Ihe 
variety Blanc Ameliore during the period of tuber development in the field, season 
of 1934 

DISTlUBUTION 0]<' NUMBERS 

Dota for tubers han'esled-
Diameler 0f tubers 

(centimeters) . I I 
_________. .Tulr 2a Aug.2 Aug. ~ Aug.23 Rept.·1 Sept. 17 Sept. 26 Oct~~ 

T • • Ipercen'l Pe!ce~t Perge?ll PCr,cf!!t Percent Pe~cent Percent Percen! Percent 
Noutuhenzed stolons....... 45.0 54. _ "_.3 03. , 37." _9.8 14.0 10.8 1. 7 
Less than 0.9.••••••••.••... 22.1 17.9 10.7 10.3 2'1.8 12.3 11.9 9.7 11.0 

l0.9 to 1.4••••••. _.••••••.•..• ,' 27.4 W.O 15.9 18.3 13.2 19.9 15.5 8.2 11.3 
l.Ho1.9.................... 5.5, 9.8 10.a j 0.-1 17.2 16.4 21.3 11.4 8.2 
1.9t02.4......•.•••........t·..·.·. 1 1. 5 1 1.0 I 2.3 8.3 15.8 23.8 22.1 15.1 

~H~:.t======:==::::::=::!::::::::)::::::::::::::::f:::::f:::::: ::::~=~: ...~~~!. i~: g ~lg 

DIS'L'RIBU'l'LON OF WEIGHTS 

Xontuberizedstolons .....•.! 11.°18.9 S.R 9. Ii 3.0 1.1 0.3 0.1 0.0 
LessthauO.9.•.......••.... 13.4 8.0 9.5 7.6 5.7 .6 .2 .2
1.4 
0.9 to 1.4.................. 48.7 31. 3 29.5 34.9 I!. 0 8.5 2.9 .7 .9

1.4 to 1.9.................... 2fi.·1 39.S 40.4 33.9 38.9 2LIi 12.0 3.5 1.5 

1.9t02.4_........•.......... 1_ .•.••. ) 12.0 11.8 14.0 39.0 42.4 ~~:~ 17.8 6.9 


38.0 23.7U ~~ ~:L:::::::::: ::::::: .:. :::=.J::::::::::::::: :::::::: :::::::: ...:~'.~. 10.3 35.1 40. -I 
over3.4··········~········+·······:········i········1 .......- ..................•...... ·1.5 26.5 


MEAN NUMBERS AND WEIGHTS OF 'fUBERS AND STOLONS PER HILL 

NumberlNumber N,\mIJe;N1LlIIber Number Number Number Nlttnbcr/NILmber 
Stolons..................... 10.5/, 19.1 22.fi 31.7 15.2 13.2 5.n 5.7 1.0 
Tubers .••.•••. __ ..••••.•.. 12.8 Hi. 2 20..; 27.3 25. .1 31.1 33.7 ·16.8 57.4I

Total............ .. •. 1- 23.3 -;j5.3 ---:;a.o -;:0--:to:7 44.3 --:i9.2 .-.52. 5 .~ 

I " I 
!. Gram,,, !aram: ,GrfL7IL! Gra7TI:'1 Grm1l,'1 '. OTa71la arum.If IGTfItll8 Gmmt(

Stolons..................... 3 D • II 6 ' 2 I I 0 

Tubers •• _••••.••••••••• )--:~..i-.~r~.-.:..=..I-__.~~L---=~._~_~ I,Or.7 

'I'otaL... .........' 28 . 53 , 71i j J.Il I 140 I 211! 3'13 i 817 J,067 
, . I I 

l Lenders indicate ihat no tubers were found in the si7.e clns~ ucsl~nllted. 

84410 -3ll .-:.! 
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TABLE 2.-Number and weight distribution 1 of Jerusalem-artichoke tubers of the 
variety Chicago during the period of tuber development in the field, season of 1934 

DlSTRIBU'I'ION OF NUMBERS 

Data (or tubers harvested-
Diameter of tUbers 

(centimeters) 
July23 Aug. 2 Aug.14 Aug.23 Sept.4 Sept.li Sept.28 Oct. 12 No,-.12 

Percent Percent Percent Percent Percent Percent Percent Percent Percent 
Nontuberir.ed stolons ____ ••• 40.3 30. i 59.0 49.0 31.0 '__•••_•..••••..••___............ 
Less thnll 0.9•.••••.•_______ 21.4 2i.i 17.9 32.3 32.8 4.0 3.8 2.i 0.0 
0.9 to 1,4________________ .___ 31. 0 23.1 15.1 15.3 27. S 25.5 10.1 12.4 '20. I 
1,4 to 1.9____________ •• ______ 7.3 12. a 7,,1 3.4 8.4 a9.5 19.6 7.4 30.1 
1.9 to 2.4 ___________________________________ • _______ •.. __ •• ________ • 25.8 26.8 12.4 28.5 
2.4 t" 2.9____ • _______________ _______________________________. ________ ii.2 32.8 33.4 8.5 

~~,!~ ~.t:::=::=:::::::::::: ::=::::=1==:::::: :::::::: :::::::: :::::::: :::::=~-==.~~~_, 2g: 81______ ~~ 
1 

DlSTRml;TIO~ OF WETGlITS 

1 
NontuberJzeostolons. ___ •..I i.·J ·1.7 lU.4 10.7 9.4 __ - __ .1.: _____________. ________ 
Less thnn 0.9 _________ • ___ •• ) 12.8 10.5 10.6 18.6 20.7 0.2 0.1 O.J 0.4 
0.9 to 1.4_____• _______ •••___ • 55.1 38.1 34.3 40.1 44.8 0.0 .8 .0 4.5 
1.4 to 1.9____________________ 2·1. i ·16.7 32.6 18.5 2ii.1 33. I 5.8 1. 0 22.0
1.9 to 2.4_________ •_________ •• ___ ... __ "" •• __________ • __• ______ .. H. 9 20.2 .1. 6 ·13.5 

t~l~ff.t:==::::::::::::::l::::==,=::::::: :=::::::!::::::::!::::=:::::::~~=\--~~~~.i 1i:! :----:~~~ 
MEAN NUl\IllERS AND WBIOnTS OF S'],OI,ONS AND 'rUnERS PER lIILL 

Number l\Tumber l"lu,mber Nu.mber l~t1J..m})cr iVumber Number ]\.Tnmber l:\Tutnber 
Stolons ____________________ .IO.O 14.328029.1 13.(; 0.0 0.0 0.0 0.0 
Tullcrs_____________________ 14.8 2·1. i 20 0 al).3 30.3 41.1 ;$.9 88.6 102.2 

'l'otaL. __• ___ •__ • ____ • 24.S 30.0 48.0 59.-1. ~3.0 11.1 i8.9 88.6 162.2 

s Gra1lJ8 !Gram8 Gmms Grants Gra11t! Gru7WJ Gram,If Grams Gram.'l
, tolons. __ • _______ • ____ .• _. 3 3 1-1 16 • 0.0 0.0 0.0 0.0 
Tubers.. ______ •____________ ; 38 65 i3 8J 68 401), 1,4,51 2,147 J,402 

Totlll. ___ • ___ ·· _______I--4-1'1-6ilI-8'7T97f75'i-·-:;;mTl.451j2.l47l,402 
I _~1_~__!__~~_.__ _~. j } 

I Lcnders indicate that 110 tubers were found in the size class designutcd. 

These data show that, in general, during the period of tuber ~l'owth 
there was an increase :in both the total number and total weIght of 
tubers and stolons produced per plant. A.s the season advanced, a 
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 laTger-sized-tub3r classes 
were observer!. These changes in number and weight did 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 may have a "first call" on elaborated storage 
and growth materials. This supposition of physiological dominu,nce 
a.ppears to be supported by the catalase data presented later (see ta
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 a rate as those 
formed earlier. 

The data for the mean numbers and weights of stolons and tubers 
produced per plant, given at the bottom of each table, show that the 
mean total number per plant did not increase regularly from the first 
to last harvests. The total number increased from July 23 to August 
23, then a decided drop is evident in the September 4 barvest. There 
was little change in this total number for approximately a month, 

http:Nontuberir.ed
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after which a noticeable increase in the total number again occurred 
for the remainder of the season. A. study of the data for stolons and 
tubers separately reveals that the decrease in numbers occurred 
largely in the stolon class. The maximum stolon number was reached 
at the August 23 harvest, and there was a steady decline thereafter. 
The fact that the mean tuber number per pla,nt increased more 
rapidly than the stolon number decreased during the peri01 from 
September 4 onward indicates that stolon formation had not stopped. 
Clark (12), studying tuber formation in potatoes, found actual shrink
age and disintegra.tion of smaner tubers at certain periods during 
tuber development. It seems quite possible that the apparent losses 
in. total numbers found in the present study may have been due to a 
similar disintegration of stolons and small tubers for a time after 
August 23 (lmtil about September 20 in the variety Chicago, a,nd 
about October 1 in Blanc Ameliore). 

Both the low total weight and the small size of the November 12 
tubers of the variety Chicago suggest that the plants harvested on 
that datt were not compam ble with those harvested on the previous 
dates. 

The failure to find any stolons in the harvests of the Chicago plants 
between September 17 nnd November 12 may be due to either or 
both of two factors: (1) This variety has a very spreading habit of 
tuber placement, and it seems quite likely that some of the stolons 
may have been broken off and lost in digging; (2) the later formed 
stolons tended to be more thickened than earlier formed ones and 
therefore 'were probably classified as sho"ring some tuberization. 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 varietv Chicago, show the rela
tion of time of harvest in 1933 to the amoun't and cllaracter 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 hac1not entered the resting condition. The reason for 
the change in type of growth of sprouts from tubers planted from the 
August 28 harvest is not known but may have been due to a decreasing 
photoperiod. 

TABLE 3.-Time of e71tra.nce into the rest period oJ .Jerullall'm-artichoke tubers of the 
, variety Chicago as indicated bylhe percentage of tubers sprouted on Oct. 2/), 1,933 
f' [All tubers planted in the field or ~rcenht)n~e inunedinl('!;' after hein!: dn!!i 

Character of growth 

:More extensive sprouting data for the varieties Blanc 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
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trance into complete rest. For example, stolons or tubers less than 
0.9 em 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 reach this state 
until sometime between September 26 and October 10. There is also 
some evidence from the data that at any date prior to entrance into 
deep rest, the larger the tubers are the greater is their capacity for 
sprouting. Thus, fol' any date of haryest there is a tendency for the 
percentage of tubers sprouting to increase proceeding from stolons to 
the largest-size tubers. The data for Blanc Ameliore indicate this 
somewhat more clearly than the data for Chicago. 

TABLE 4.-Time of entmnce into lilt rest lleriod of tubers of the Jerusalem-artichoke, 
. as indicated by the percentage of tuber.s sprouted on Oct. 25, 1.934 

[TuherR plnnted ill a greenhouse immedialelr lifter being dug] 

Tuhers sprouted 011 Oct. 25 harvested 1-


Variety and tuber diameter 

(centimeters) 


July Aug. Aug. Aug. Sept. ISept. Sept. Oct. 
23 ~ 14 23 4 17 26 10 ------------ - - -- ~- ----- - -- .- ..•. ~ - - --•....-

Blanc Ameliore: PerCelLt Percent Percent Percent Percent Percent Percent Percent 
NOIII,nberi?erl stolons............ 10 .j.) 40 56 5 0 0 0 
Less than 0.9._ ................ __ 50 GO 70 1.5 10 0 0 0 
0.0 to l.L........... _........... no !l0 50 53 0 S 0 0 

1.4 to 1.9......................... 100 !l0 80 70 10 ao 10 0 

1.91.02.4........................... _.... 100 8:1 80 50 60 ~o 0 

2.4 to 2.9........._............... ........ .. 80 0 0 

; .2.9 to 3.4........................ " ..... 1 ..... ........ .. .... ........ 20 0 
ChIC8!,O: ' 
. Nontuheri?ed s[ololls. .... ..... .50 I 30 50 60 7 0 20 '0 

Less than 0.0.................... 60 70 75 29 20 0 20 'U 

0.9 to lA...... ............ ....... 100 no 78 I 40 33 0 ' 0 20 

1.4[01.0............. """'" 67 .50 ' 80 0 I 25 7 , 0 '0 


'0 

'0

, 0 i! ~il~:::::::::::::::::~l-:J: .:-:i-:::::::: :::::::1::)i __:i_, '0 

I T.Jeac]ers indientc that no ttthers were fouud in the size :-lnss designated . 
• IIarvosted Sept. 28. 3 Hnn'esterl Oct. 12. 

It also seems from the data of tables 3 and 4 that the time of initia
tion of rest in tubers of a variety 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 rainfall, 011 

the relative development of the tuber-producing mother plant. Also, 
varieties may differ even whell grown under the same conditions. 
Rest appears to have been established lrrter in 1934 than in 1933 in 
the va.ricty Chicago although the planting dn,te was also about 10 .J. 

days luter in 1934. Rest was also established later in the Blanc 
Ameliore than in the Chicago in 1934. The Chicago has been ob
served to be an early-maturing yariety, the plants tending to drop 
more of their leaves bnfore frost than plnnts oj' Blane Ameliore. 

These sprouting dfltit. indicate that entranco into rest in the Jeru
sal~m-artiehoke tuber is a process that takes plrrce gradually but one 
whIch shows a somewhat more abrupt change as rest is closely ap
proached. 

CATALASE ACTIVITY I)URlNGINITIATION OF REST 

The apparent correlation of catalase activity with various metabolic 
processes of a number of plants or plan t parts, as reported by Apple
I;llan (1, 5), Heinicke (34), Harding (32), Pope (54,), a.lld numerous 
others, suggested the possibility that catalase activity might bear 
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some relation to the entrance of Jerusalem-artichoke tubers into therest period. Determinations of catalase activity on stolons and thevarious size classes of tubers were therefore made at each harvest.Results of these determinations a,re presented in tables 5 and 6. 
TABLE 5.-Catalase activity during initiation of rest in the developing tubers ofJerusalem-artichokes of the variety Blanc Ameliore, season of 1934
EXPRESSED AS OUBIC CENTIMETERS OF OXYGEN EVOLVED PER 0.04 G OF FRESHTISSUE IN 5 MINUTES AT 24.50 0.1 

Oatalase activity of tubers harvested .-Tuber diameter (centi·

meters) 


July 23 Aug.2 Aug.14 Aug. 23 , Sept. 4 Sept. 17 Sept.26 Oct. 10 Nov. 12---------1--------------------~
Nontuberized stolons....... II. 78 11.95 10.93 
 11.65 12.08 34.93 6.83 4.53Less than 0.9................ 9.58 10.18 9.65 8.70 

9.30

10.38 3 10.35 10.70 8.95 9.850.9 to 1.4•.__ .... __ ....••.... 9.05 8.98 10.43 12.35 11.48 ]0.90 310.60 9.65 10.851.4 to 1.9•..• __ .....__ ...__ .. 10.48 9.53 11.95 12.80 12.80 12.35 '11. 781.9 to 2.4__....................__ .... 8.23 __ ...". 11.05 10.35
12.83 13.20 12.88 312.28 9.902.4 to 2.9__..........__............____• __........... __...... __ •__ ..• 
 13.70 312.88 13.13 10.802.9 to 3.4.__ ........____.•.__ ........ __ ..•__ . __ •. __...........____......__ ..• ........ 13.15 311.53
3.4 to 3.9.__..__ .................,,__ . __ ..................__ •••.•__.......................... 11.95 


EXPRESSED AS OUBro OENTIMETERS OF OXYGEN EVOLVED PER OENTIGRAM OFDRY MATTER IN 5 MINUTES AT Zi.5° 0.1 , 

Nontuberized stolons....... 
 20.77 27.17 31.33 38.20 35.77 3 13.18 14.07 14.52 30.78Less than 0.9................ 13.13 
 18.06 16.00 19.78 18.97 3 19.68 0.9 to 1.4....__ .............. 13.49 16.98 20.65 
17.72 12.41 11.34


1.4 to 1.9.................... 16.97 19.53 
25.11 21.10 20.19 315.45 13.63 12.05
24.80 25.15 25.34 21. 79 3 15.79 12.911.9 to 2.4..................__ ........ 15.36 ........ 21.01 25.21 
 26.72 22.59 317.49 11.412.4 to 2.9.................... "'''''' ......................" __ .•••.. 30.18 322.48
2.9 to 3.4............................ " ..., .................. __ ...... ........ ........ 

18.87 13.14

18.37 3 ]3.093.4 to 3.9.............................__.....,................................................ 13.-11 


I Determinations made on terminal uuds only. ext'ept with stolons and tubers less than 0.9 cm, in whichcases the whole stolons or tubers were used. Values are averages of duplicate determinations •• Leaders indicate no material available for determination.• Approximate date of entrance into deep rest as judg~d by sprouting tests. 

TABLE 6.-Catalase activity during initiation of rest in the developing tubers ofJerusalem-artichokes of the variety Chicago, season of 1934
EXPRESSED AS CUBIC CENTIMETERS OF OXYGEN EVOLVED PEU 0.04 G OF FRESHTISSUE IN 5 MINUTES AT 24.50 0.1 

Tuber diameter (centl· Catalase activity of tulJers harvested . 

meters) July 231 Aug. 2 
 Aug.14 Aug.23 Sept.4 Sept.17 Sept. 28 Oct.12 Nov.12 

Nontuberized stolons ...___ • 15..58 13.98 12. i5 
 ]1. 65 15.75 ..................__............
Less than 0.9...........__ ... 9.9S 9. i5 10.28 10.25 13.30 312.28 13.90 ]a.60 n.03
0.9 to 1.4......_...._........ 9.43 
 10. i8 12.02 10. M 14.40 312.201.4 to 1.9......_............. 8.05 11.30 

14.38 14.20 12.75
11. 70 ........ 13. US 13.80 313. e8
1.9 to 2.4........_____ ...................., ....__ .... __ ._ ... __ •• __ ._ 
12.65 12.83


14.10 314.18 14.13 ]3.782.4 to 2.9 .................................... _........ _._ •••. """" 314.63 
 14.78 14.20 14.25~:~ ~~ ~t=:=::=:==::::::::::!:=:::::: :::::::: ::::::::,:::::::: :::::::= :::::::: .3.:~~:~. 3 i~: ~~ 15.00 

EXPRESSED AS CUBIC CEN'rIME'l'ERS OF OXYGEN EVOLVED PER CENTIGRAM OFDRY MATTER IN 5 lIUNUTES AT 24.50 0.1 

Nontuberlzed stolons.. ..... 32.43 32.60 45.20 3.5.73 28.97Less than 0.9................ 12.04 1.5.20 28.08 29.20
0.9 to 1.4............... ____ " 
25.38 "16:iio' "17:10' --15:04' '--11:37
13.f3 15.2/; 33.711 25.00 28.74 310.40 20.18 18.28 13.121.4 to 1.9.__ .............__ •• 10.97 
 15. 19 20. fl2 . ____ .__ 25.63 23.71' 20.501.9 to 2.4........................__ .. ........ ........ ........ ........ 

23.00 14.56

20.09 326.162.4 to 2.9......................................................__ •__ . 331. 60 

]8.09 14.08

22.02 17.11 16.32i:~ ~ ~t:::::::::=:::::=::: :::=:::: ::::::::\:::::::: :::=:=:: :::::::: ::::=:== .~:~~~~. 3 I§: ~~ p.36 

I Determinations made on tennina~ buds only, except with ocolons and tubers less than 0.9 cm In whichcases the whole stolons or tubcrs were used. Values tire avemges of duplicate determinations. 'I Leadtrs Indicate no material avnllable for determination.• Approdmate date of entmnce Into deep rest as judged by sprouting tests. 
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It can be seen from the tables that in general catalase activity 
reaches a maximum value a.t the time of or prior to entering rest, 
and that it shows a rather consistent decrease 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 a dry-weight basis, form a regular ascending series at the time of 
or immediately preceding the time of entmnce into complete dor
mancy. Only one exception to this generalization can be noted, 
that of the size class 1.9 to 2.4 cm 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 entmnce into the rest p('~iocl occurred. 
Further examination of these data shows that in most cati r~; 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, represented by the larger-sized 
tubers (tables 1 and 2), and with the clebyecl entrance into rest by 
larger sizes of tubers as compared with smaller tubers (tables 3 and 4). 
The data tu,ken toget.her suggest a physiological dominance of the 
first formed tubers (the larger ones later on) over later formed tubers, 
a first can on carhohydmtes and other S11 bstances used for growth 
and storage, n,nd. a deln.yecl rest period because of this more active 
metabolism. 

It is interesting that the va.riety Ohicago, which is the earlier 
"maturing" variety of the two studied. is also the one to show the 
earlier decline in cu,talase activity. 

CHANGES I8 C:ARBOHYDRA1'~~ COMPOSITION 

It was believed that since the rest period lws been shown by other 
investign,tors to be confined to huds in other plants and is not systemic 
in nature, analyses of buds of .TerusaJem-artichoke tubers might give 
some significant informu,tion on carbohydrate changes occurring dur
ing the entrance into rest. In order to find wllitt ChaJlges occur in 
whole tubers during the same period, tubers of the largest-size class 
for which a fnirly complete series wns ,lvu,ilable were ilTutlyzed. rrhe 
results for the 1034 season of chemicfl.l ftl1alvses of terminal huds from 
tubers over 1.4 cm in diu,meter of the Yfll:ieties Blanc Ameliore and 
Chicago and of tuberg 1.9 to 2.4 em in dimneter of the vnriety Blanc 
Ameliore are given in table 7. . 

The most striking feature of the du.ta is the mueh greater changes in 
composition of terminal buds thnn of the whole tubers during the period 
studied. It will be noted thu,t the content of hot-wn,ter-soluble reduc J 
ing substanees, levulose, and dry matter were lower and that the 
amount of free reducing substu,nces and nlcohol-soluble reducing sub
stances were higher in buds than in tubers cLUling the early stages of 
development. Towu,rd the end of the period studied the percentages of 
the various constituents in the buds tend to approach those of the 
whole tubers, partic.ularly when expressed on the dry-waight basis. 

Acid-hydrolyzable hot-water-insolubJe polysaccha,rides form n, small 
part of the dry mu,ttcr with nonsignificant changes, and this is practi
cally the same in both buds nud whole tubers. 
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TABLE 7.-Chemical composition of terminal-buds and t~bers of Jerusalem-artichokesduring the period of tuber dellelopment in 1984 

[Dry-weight basis] 

BLANC AMELIORE-BUDS FROM TUBERS OVER 1.4 CM IN DIAMETER 


.Q 21 ~ Ratios~ c 8
~ ~ :a Alco'" -gC r.f.I '" hol- Free0'.g..,. .. ~ 3l soluble reduc- Total
C,) v; c......... "j" g reduc- ing levu.... 8 "§ ~ ~.E ing sub- lose 

Dat. oC harvest 
~ ~~ 'g;1 ~ ~ s~~~~ stnnces
~ =~ ~~ ~~ --------~ ~i:§ ~ -=08 ~ I Q •.g
v; 

Eg ~~ :ai -.0 ~8:a-§_ ... , d.: -; ;; ~ § ::I tn
Q ~ ~ ~~ 0'""" ~.g"O .o~ g£ "0= .::;..:3 _5 -_~ e ffi ~ t:D .g-§ s!. t:D... "C Be. errr. oc~ ~..: c:: E=. ;::]8 t -_S'g: ;;'08

i:: o~ ~ S ~ Z-g.s! _~gr:: c C - 10 ~~~OJ-otn .... :::::: O .... tnA r=. '" E< E< ::::; <l ;!l -toe Il1
-------:-p-er-ce-n-t p;;;;;;; Perrent ~.- Percent Percent ~ ---j-Aug.H____________ 11.46 0.71 S.33 10.8.; 41.36 35.35 4.76Aug. 23____________ 12.20 .10 6.35 15.97 

0.8551 O.23h 0.26241. 35 32.78 4.46 .793 .194Sept.4_____________ .38fi13.27 .00 1.26 33.45 50.15 29.94 3.24 .597! .042 .66;Sept. 17____________ 12.17 .00 2.76Sept. 26____________ 1 15.25 
22.76 iiI. 57 39.81 2.89 .7.72 .069 .441.00 .32 4S.85 65.21Oct. 10 ,____________ 18.16 .00 

36. M 3. 1~ .560 .009 .749.05 53.10 72.49 41. 06 2.20Nov. 12____________ ",6 .001 .73323.12 .00 .0050.7972.2244.60 2.70 .618 .000 .703 

BLANC A::vmCIORE-TUBERS 1.9 TO 2.4 c:r-r IN DlAMWrER (APPROXIMATEljY 15 0)
Aug. 2___________ • ---~-------15. ·JO 0.00 1.60 52.13 65.29 27.10 3.90 0.415 0.05916.69 0.798Tr 1.01 51.19 f,s.22 28.30 3.81 .415 .057 .75015.45 TrX~~: ~=======:===_Sept. 4___ .. _________ 1.44 53.31 fi9.62 30.85 4.24 .443 .047 .76ti13.00 Tr 1.40Sept. 17____________ 51. 37 r,s.17 30.45 4.88 .447 .046 .754
Sept. 26 ____________ 1 

13.41 .00 1.45 50.48 09.94 35.70 3.61 .510 .040 .722
Oct. 10 ,________ • ~ __ ! 15.65 Tr .25 M.39 i·l.uCi 33.24 3.12 .440 .007 .i3018.33 Tr .04Nov. 12_________ • __ 57.. 90 75.00 3:1.34 2.12 .439 .001 .76221. 76 , .00 .12 51.30 70.88 44.ar, 2.81 .626 .003 .72·11

CHIC'AGO-'Bn)S FROM TUBERS OVER 1.4 C'M IN DLAl\n~TER 

Sept.Sept. 17------------113.99128 ,___________ 4616.07 0.00.00 I 1.32147.,;0161.83138.47 I 3. 
034 0.769.29 47.52 fr!.24 1 0.6221Oct. 12_____________ 20.39 :14.18 2.78 .5.12 0..008 1 .740

Nov. 12__________ ._' 24.98 
.00 .00 :8.55 fl3.51 37.31 2. SO .587 .000 .765Tr .00 44. 59 05.76 34. fk~ 2. U2 • .127 .000 .fi7S

----~--~.----~----I Approximate date of entrlllWo Into deep rest as judged by sprOlltin!! tests. 

Some interesting relationships are sho,...-n by the ratios of the variousfractions to each other given in table 7. The mtio of alcohol-solublesubstances (dextrose, free levulose, sucrose, and the more labile, higherdextrose-containing inulides) to hot-water-soluble substances (thealcohol-soluble materials, the less labile inulides, and inulin) is high interminal buds early in the season and shows a progressive decreaseuntil the time the resting· condition is reached. Such is not the case inwhole tubers. In the latter this ra.tio is at a minimum during theearly part of the season. Early in the season the ratio of total levuloseto hot-water-soluble substances is low in buds and high in tubers andbears a reciprocal relation with that of alcohol-soluble substances tohot-water-soluble substances. This' suggests that the tubers beginstoring reserves in the form of inulin and the higher inulides very earlyin the season, but that buds, while retaining the capacity for activegrowth, instead of storing carbohydmtes as levulose condensationproducts tend to keep a. greater proportion of the total in the form ofglucose 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 fractions studied that might account for entrance 
of buds into the resting condition, a noticeable change occurred in 
most fractions around September 20. The data point toward 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 
a causal relationship) with the resting condition. 

Inasmuch as the Blanc .A.llleliore whole-tuber analyses reported in 
table 7 were for only the tuber-size clnss, 1.9 to 2.4 cm ill diameter, it 
seemed desirable to ascertain whet.her the composition of tubers of the 
other size classes might exhibit chnnges n,t successively Inter haryests 
similar to the tubers of this one class. It was not prarticable, how
ever, to make complete illlalyses of all snmples. Examination of the 
results shown in table 7 indieated that the aleohol-soluble reduring
substance frnction showed n fnirly consistent trend oyer the period 
studied; therefore n.llaJyses of this fraetion were mnde on snmples of the 
other Blanc Ameliore tllbpr sizeH. Results of the latter are presented 
in table 8, together with similnr nnnlyses for the viLl'iety Chicago. 

TABLE 8.-Dry-maller and total alcohol-soluble reducing-substance contents of 
J erllsalCUI-artichoke tubers of diffenmt sizes harvested durtng the period of tuber 
development in 19,'M 

Dry·matter content on harvest dnte
'I'uher din meter (ern) 

Sept. 26 Oct. 10 Nov. 12 

'. L~l:'~I.soluhle r~llleing sub~'t';-nccs ~i~;'W.":~llt_I>lISiS) on han'cst d";~
Tuher <liameter (ern) 

I 

-----_.._.. '-'
AU!".2 I Aug. 23 Sept.·j Sept. 17 Sept. 26 0,,(. 10 Nov. 12 

Blane AmelioTe: Perrent Purenl PeTCell! Perce7lt Percenl PrTcent Perrellt 
Nontubcrized stolon, 
I,es; than 0.0._ . 
0.9 to 1.4..... 
1.4 to 1.9_ ••••_.... . 

2:1.00 
IP RI 
~(l. 0.5 
2:l.87 

30.811 
28.50 
27.40 
27.35 

29.39 
:?S.62 
27.53 
24.52 

Il~ 48 
132.79 

:14.411 
32. UI 

28. flO 
'30. :12 

:10.31 
:10. Ii 

, 34.01 
45:78 
44.32 

UI to 2.4......... . 27. to 30.S5 30.45 35.70 3:1.2·1 133.:H 44.35 
2.4 to 2.9 ........... .. 30.63 127.IR W.OD 49.05 
2.!l to :l.4....... __ ..... .._ 2·1.86 '211.21 42.01 
3.4 to 3.0.. .. ............ _ 20.87 42.73 

Ohicago:
Nontllberlzed stolons ••• _... 20.21 :11.78 W.87..._ 
Less thun 0.9.... .... ..... 15. 90 
0.9 to 1.4. ••_............... 15.53 

1.9 to 2.4. ••••••_._ ••••_.... ... 
2.4 to 2.9•• _. ___• ___.......... ... 
2.0 to 3 ..L................... .... 

1.4 to 1.9_ ............. __ .... 13.43 

3.4 to 3.9_.... __ ....... ,- ',"" 

~'3. 00 
Iii. 74 
12.0:1 

3·US. _.... . _ .•.. _ 
24. go 127.00 I '2.1. 41i 

27.4:' " .. _., .•• 
'._. 129.01 '20.31 

. ....... I' IS. 80 

:10.44 

1 

27.10 I" 211.20 

•• 1...... 

'26.01 
, 27.2·1 
325.2ft 
'20. H 
'2'2.8.1 

13 23.86 

27.42 
:?S.2.'i 
20.80 
39.8:; 
53.07 

--~--~---~----~--~---~---~. 
I Approximate date of cntrnncclnto deep rest us Judged hy sprullLing tests. 
I lInrvested Sept. 28. 'Harvested Oct. 12. 
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There are some fluctuations in the actual percentages of alcohol
soluble reducing substances and dry matter in the various samples on 
anyone harvest date, but the same general seasonal trends can be 
noted in all size classes. It seems likely, therefore, that if analyses 
had been made for the various other fractions reported in table 7, the 
trends for all 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 alcohol-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 associated 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 data 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 Jerusalem-artichoke full maturity is commonly considered as 
that condition existing in tubers when the tops of the plants are fully 
developed (us:ually dead because of senescence). Fully mature tubers 
make no further increase in size and have attained a composition 
characterized by a maximum 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 restmg condition, since rest was established in stolons and tubers 
long before frost stopped the maturation 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 cOITespondingly 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 inactivation of inulase and other enzymes by ac(\umulation 
of higher levulosans, or it might mean that svnthesis of the latter 
proceeds at so fast a rate that insufficient simpler carbohydrates are 
available for growth. On the other hand, the observed relation 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 alcohol-soluble reducing-substance 

R4HO°· ll9-ll 
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fraction) as do changes in the tenninal buds of tubers. The relatively 
small changes in tubers corroborate the findings of Colin (13) that the 
composition of tubers is almost the same throu~hout the period of 
development. The much greater changes occurrIng in buds than in 
whole tubers may explain why other investigators, practically all of 
whom analyzed only whole tubers, twigs, etc., have failed to correlate 
chemical differences with differences in rest, if there really are any 
such relations. Hope of finding significant relationships in this regard 
in any future studies appears to lie in intensive studies of buds rather 
than whole tubers, or other organs. 

These data do not support the statement of Meyer (50) that young 
tubers are rich in glucose, nor the findings of Collins nnd 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 greenhouse;; of the Bureau 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 anyone 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 plants had 
been k-illed by frost, but before freezin~ 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 ±8 g of the desired size, then kept in a 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 193] tests 1- and 2-oullce tubers of four Yarieties (Blanc, 
Ameliore, Chicago, Waterer, and Tait) were used. Immediately 
before treatment the 2-ounce tubers were cut longitudinally into 
two pieces weighing approximately I-ounce each. In the 1932 tests 
only I-ounce whole tubers of the varieties Blanc Ameliore and Chicago 
were used, since the 1931 work hud indicated a 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 screw-top fruit jars for a given period before planting to allow 
vapors from the chemicals to 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 
soak method, in which tubers were submerged for given periods in a 
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treating solution, then removed and either planted at once, or placed 
in covered 2-quart fruit jars for given periods of time before planting. 
.All treatments were made at room temperature, approximately 70° F. 

Mter treatment the tubers were planted in flats of damp peat moss. 
In the 1931-32 work all flats were kept in a cool greenhouse (450 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 treatments in 1931. Near the end of the e::\.--perimental periods 
in both seasons it was impossible to keep the day temgeratures from 
going somewhat higher than desired. ' 

Samples consisted of 25 to 30 cut or whole tubers, and contI-ols con
tained a like number of tubers planted at the time of making chemical 
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 to the amount of sprout 
growth, root development, and extent of rotting, and the sound tubers 
were then carefully replanted. Such examinations w'ere continued 
until all sound tubers had sprouted. 

PROCEDURE FOR TEMPERATURE TREATMENTS 

In the 1931 e::\.--periments 35 samples, of 2,15 to 30 I-ounce tubers each, 
were selected from each of the 4 varieties, Blanc Ameliore, Chicago, 
Waterer, and Tait. Of these samples, 14 were pu t in ordinary manila
paper bags, and of the 14, 7 were placed ut 36° F. (relative humidity 
77 to 97 percent), and the other 7 at 50° (relative humidity 69 to 88 
percent) in constant-temperature chambers of the cold-storage 
laboratory 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. An additional sample of about 250 untreated 
tubers of each variety was pillced in a well-drained pit covered with 
about 8 inches of soil in an open field, care being ta.ken to keep layers 
of (,lIbel'S sepa.rated by thin layers of soil. No records were taken as 
to temperatures existing in the field pits. At successive intervals 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 ns for the chemically treated samples 
mentioned above. At each interval of planting a sample of five to eight 
tubers from each of the various lots planted was taken for chcmiclll 
analysis. 

In the 1932 studies I-ounce tubers of two vllrieties, BliU1(, AmeHore 
and Chicago, were used. All tubers st.:>red at 32°, 36°, and 50° F. 
were kept in manila-paper bags. Tubers stored at 15° were packed in 
damp 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 avera~e 
depth of the pit. Thirty-tuber samples were removed at I5-day 
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intervals and sprouting tests were conducted in moist peat in the cool 
greenhouse in the same manner as with the chemically treated samples. 
At each planting date 20 to 25 tubers were removed from each storage 
Jot for chemical analysis of the buds. . 

In 1933, samples of the variety Blanc A.meliore were stored at 32° 
with high humidity and at 50° F. Sprouting tests were conducted 
at I5-day intervals by planting 15 tubers from each temperature 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 each 
removal from storage, samples of tubers were taken for catalase 
determinations. 

The 1934 studies were similar to those of 1933 except that two 
varieties, Blanc Ameliore and Chicago, were treated and that respira
tion determinations were made on each lot removed from the storage
chambers. 

METHODS OF BIOCHEMICAl. ANALYSIS 

SAMPLING 

In 1931-32 the whole tubers were carefully washed in cool water, 
dried at once with a towel, and ground through the fine knife of a food 
chopper. This material was thorougly mixed, a11d a lOO-g sample 
was quickly weighed out. and preserved in alcohol as described on 
page 6. 

In 1932-33 the bud samples of 15 or 25 g were taken and preserved 
as previously described. 

EXTRACTING, DRY MATnm, CARaOHYDRATE FRACTIONS 

The procedures previously outlined (pp. 7, 8) were used. 
NITRI)GEN 

Total alcohol-soluble and alcohol-insoluble organic nitrogen deter
minations were made on aliquots of the alcoholic extracts and a1cohol
insoluble residues by the Kjeldahl-Gunning-Arnold method (7). 

CATALASE 

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 along the main longitudinal axis with a 6-mm cork 
borer. Approximately one-fourth inch was discarded from each end 
of the cylinder. Cortex, as here used, refers to that portion of the 
tuber lyIng between the epidermis and the pith. Samples of cortex 
were obtained with a 6-mm cork borer by cutting a cylinder of tissue 
through the tuber near the center at right anB'les to the longitudinal ..axis (avoiding 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. 

RESPIRATION 

The t\lbers used in the respiration studies were counted and weighed 
at the time they were put in storage at 32° and at 50 0 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 a common tempera.ture of 77° F. on 
compara.ble samples from the two storage chambers. 

Upon removal from the storage chambers the samples were trans
fe.fred to ~ constant-temperature room at 70° F. to allow them to 
approach the temperature at which the respiration determinations were 
to -be made. (A 77° chamber was not available for this purpose.) 
After 72 hours the samples were removed to the room in which the 
respiratioD determinations were to be made and they were kept there 
at room temperature (about 70° to 77°) until the following morning 
when the dderminations were begun. 

An apparatus pat,temed {lfter that described bv 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 air flow throu~h 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 ca,rbon dioxide by drawing carbon-dioxide-free air through 
it for 1 to 1Yz hours before beginning absorption of carbon dio}'-l.de in the 
Truog towers. The rate of air flow through the chambers was so 
regulated as to change the air in the chambers approximately once 
each 30 minutes. Composite moisture samples were taken fo'r each 
tl'l~atment at the beginning of each determina,tion. With one or two 
exceptions the total period during which carbon-dioxide evolution wa.s 
measured was 9 or 12 hours. The size of samples used varied betwf.'en 
33 and ] 07 appro},-l.mately l-ounce tubers, but most of the samples 
contained 45 or more tubers. 

Excess barium hyclro:\-l.de in the Truog towers at the end of a deter
mination was titmted with 0.2 N hydrochloric acid. 

PRESENTATION OF RESULTS 

EFFECT OF CHEMICAl. TREATMENTS 

In this investiga.tion 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 methocls 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 brief report of this work was published by Steinbauer (60) 
in 1933. Haber (31) ha.s since (1934) also reported chemical treat
ments of Jerusalem-artichoke tubers. He found that ethylene 
chlorhydrin, thiourea" 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 a.s 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 these tables show the 
effectiveness of the treatments in shortening the rest period, as indi
cated by the time elapsin~ to the first-evident sprout growth and the 
time when 50 percent of tIl(' tuhers showed evidence of sprouting. 
The toxicity of certain treatments is indicated in the values for per

http:hyclro:\-l.de
http:dio}'-l.de
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centage of tubers rotting. Sprouting was considered to have occurred 
"Then 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 
scales were evident growth was not recorded as having occurred. 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 ,Terusalem-artichokes caused 
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 pI. l. 
Note that although the tubers were planted early in December 1931 
and growth was soon stimulated, very little actual sprout growth 
had occurred by March 15, 1932.) 

-
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Effect of various chemi('al treatments in breakinl{ the Test period ill Jerusalem
artichoke tubers, variety Blanc.: AIllC'liorl', in HJ31~-32. All lots photugraphed 
March 15, 1932. A, Tubers ~;oaked ill 20-percent ethyl alcohol 1 hour, rcrllOved 
and stored in a closed container for 24 hours. Planted December 3, 1931. 
B, Same as A bllt trcated with 20-perccnt acetonc instead of alcohoL C, 
Tubers exposed to carbo II disulphidc vapors at I cc.: pCI' :35-liter space for 2.1 
hours. Planted December 8, 1931. 1), Control, untreated tubers planted
November 25, 193L 



rechnicnl Bulletin 657. U. S. Department of Agriculture PLATE 2 

~f>' 
_•..-

A 

Llltl"l'aled eOJltrol lllbl'r;; of ,It'l"lIsalplI1-al'l,if'hok(', \'ul'il'ty Blalll' AlI1l'liol'l', ..t, 
plallll'd ill IL ('001 gT('l'llhOIlS(' (,1.-," i);jO F.) /)('('('1111>1'1' :3, 10:32, and photo
gl'llphpd .Jalluul',\' J1, I nail; IJ, lul)(,I"S sill1i1m' III I ho:o;(' of ~I hut plalltl'd ill a warm 
grccllhOIlSI~ (6(j°-i;j°). (C'OJllpal'(' lI'ith lot!'; shO\\'I1 ill pIs. a tllld .1.) 



TABLE 9.-Effect of various chemical treatments on the length of rest period in J eru8olem-artichoke tuber8 of the varieties Blanc Ameliore and 
Tait in 1981-82 

Blanc AmeBore Tait 

Tubers rotted Tuberu rotted
Time until 50 Time until 50Treatment Time until first (before sprout- ITime until first (br.fore sprout

percent of percent of 
sprouting ing) prior to sprouting Ing) prior to 

tubers sprouted tubers spr!!!!t~dIune I June I 

_________________________IWllOle I !Halves'L~~§..1 Halves IWhole IHalves IWhole I~I Whole! Halves IWhole I~ ~ 
DaU8 f)ava Dava Dava Iperc.711 IP.rant DaU8 DaV8 Dav_ Daua Ipercent IPercent t;jControl __________________ ••____ . ____ •• ____ •• __ ._. __" ___ •__ . _______ . __ . _.• _. 135 JOO 105 I) 0150 150 165 0 0 135 150 Ul 

Soaked 1 hour in 1-perceut sodium thiocyunute ______ ._ .• ______ •____ ....._." 135 150 165 IDS 0 0 
Tubers split twice at right angles neross basnl end, pamllcl to m:lin axis; 

I;j 
o 

soaked 1 hour in I-perceni sodiUlu thiocyanate .... ____ •••_•.••.••_. ___ .___ 135 165 3.4 ________ ---_._._ ---- •••• ---.---- ---.-.-- .------- --------
Soaked I hour in 3-percent sodium thlocyanate ________ •_____ ••••••• ______ ._. 135 150 ISO ISO 3.4 0 --.----- -.-.-••- .-•• ---- -.--.--- -------- --------
Sonked I hour in l-percentammoniUlu thiocyanate.__•. _._ .•______ . ___ •__ ••• 135 150 ISO ISO 3.3 3.1 150 150 165 165 0 9.7 ~ 

Soaked 1 hour in 2·percent ammonium thiocyanate_ ••• ___ •____ ... __ •__..___ 165 135 ISO ISO 3. I 3.3 150 150 105 165 11.0 20.7 
Soaked I hour in 3-percent ammonium thlocyanate •.• _. ___ ••••• _________ .• _ 30 150 ISO ISO 13.3 28. I 150 150 165 12.3 78.6 

i 
~ 

Dipped In O.5-molar sodium nitrate________ •• __ ._ ..___ .... _._._ •• __ •• ___ •• _ 135 135 135 150 0 0 135 135 150 150 0 0 c:: 
DiPIJCd in I-molar sodium nltrate. _____._. __________ ._.___________________ 135 135 JOO 135 0 0 135 135 150 150 0 0 
Sonked 1 hour in 5-perccnt ethyl alcohol; subjected to ,l\pors 24 hOUfS_ ••• _._ 30 15 150 150 6.7 0 1211 15 135 150 0 0 
Soaked 1 hour in 2O·pcrcent ethyl alcohol; subj~cted to vapors 24 hours...• ___ 15 1.; 30 30 0 3.~. 3 15 15 15 36.7 40.0 
Soaked 1 hour in IiO-percentethyl alcohol; subjected to v8por.21 hours. ___ ._ :10 "_00__ 90.0 100.0 75 .•• ____ •• __ ..•. _______ 00.7 100.0 
Soaked 1 hour in 70-PI'rcent ethyl alcohol; subjected to vapors 24. hours____ .. 3(1 .. __ .... 03.3 100.0 -- .•. _._ ------- --.-.--. --.---.- -------- -------- I 
Soaked 1 hour In 95-percent ethyl aleohol; subjected to vapors 2-1 hours _____ • . _ •• ________ ._._ . _____ .• __ ._ •• __ 100.0 100.0 -- •• --- .----.-- ----.--- -------- -------- -------. 
!loaked 1 hour in 5-perccnt acetone; subjected to vapors 24 hours. _____ •____ . 135 150 150 1fi5 0 0 135 150 150 1.50 0 0 
Soaked 1 hour in 2O-pelcent acetone; subjected to vapors 24 hours___ •_____ •• 15 15 30 150 35.6 428 . 30 30 60 150 17.9 46.7 ~ 
Subjected to ether vapors, 1 pnrt In 50, 200, 400, or 1,000, lor 2~ hours________________ ...____ • __ ._ .•••._._ •• __ !OO.O 100.0 ..... ____ •. _____ ._.•• ___ •___ ._._ ]00.0 100.0 
Suhjeetcd to ether vapors, I psrt lu2,ooo, for 24 hours. __________ . _____ . ___ •__ ••• __ ._ ._.____ ••__ •• _••_._ .•____________ •___ •• 60 __________ ••• _____._____ 66.7 
Subjected to chloroform vapors, 1 part in 50 or 400, ror 24 hours._____..._____ ._ ._." . ____ • ___•__ ••_._ .• __ 100.0 100.0 • ___ . ___ •_______ • ___ ._ ••• _______ 100.0 ---i(x'i:ti 
Suhjected to carbon tetrachloride vapors, 1 part In 14,000, for 24 hours_...... 30 15 165 105 10.0 \} 135 135 150 150 0 o 
Subjected to carbon disuJphidc vapors, 1 part In 17,500. ror 24 hours_____ ._. 1,'; 15 15 ._. __ .__ 33.3 71.4 15 15 15 15 50.0 36.0 
Subjected to carbon disuJphide vapors, 1 part In 35,000, for 24 hours __ . _ .... _ 15 15 15 15 20.0 6.7 15 15 150 go 3.8 11.5 I
Subjected to ethyl brom!de vapors, 1 part!n 5,400, for 24 hours___ .. ,._. ___ ._ 15 15 15 ._•.• ___ 41. 7 ~. 5 15 15 15 45.0 56.0 
SubJecterl. to ethyl bromIde ,'apors, 1 part m 8,000, for 24 hours •• ____ ...__ •• _ 15 15 15 150 20.0 10.4 15 15 IS 15 20.0 20.0 
Subjected to ethyl iodide vapors, 1 part in 48,500, for 24 hours......___ ._ .••_ 135 135 165 150 4.8 8.3 15 13S 100 135 4. 2 20.0 
Subjected to ethyl iodide vspors, 1 part in 07,000. for 24 hours •• _. ____ •___ ._ 135 135 150 150 4.2 3.8 la.5 13S 150 135 6.3 so. 0 
Subjected to ethylene chlorhydrin vapors at 0.75 cc (40 percent) per literspace 24 hours.____________• _______________________ ••. ___________ . _.• _____ _ 30 135 ISO iI.5 20.8 120 135 135 . 135 4.2 25.0 i1"Soaked 2 hours in 0.2-percent ethylene chlorhyclrln _________________ . __ •__ •._ 15 15 1&1 135 o 4.3 105 15 150 135 0 8.3 
Dipped in O·percent ethylene chlorhydrln; subjected to vapors 24 hours____ _ 30 SO. 0 100.\) 15 --_ ...... - -------- -- .. -.... Sl.8 100.0 
Dipped in 2-pert'ent ethylene chlorhydrin; subjected to vapors 24 hours._. __ 15 42.1 81. 5 15 135 30 -------- 31.6 83.3 
Soaked In 3-percent thiouren for 1 hour ___ . _________________________________ _ 120 --·-iU-I----i~-I::::i~- o 3.8 65 120 165 150 

~-

4.3 3.6 
Sookedln I-percent thiourea for 1 hour. _____________ •____________________._. 120 o o 120 120 135 135 4.0 7.7 
Wrapped in cotton batting saturated with ID-percent hydrogen peroxide; unwrapped after 7 days__________________________________________________ _ 135 165 40.0 150 -- .. __ .. -- --_ .._--- ------ .. - 70.0 

~ 
I Whole-1-ounce whole tubers; haIves=I-ounee halves from 2-ounce whole tubers. CI-' 
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TABLE lO.-Effect of various chemical treatments on the le'ilgth of res! period in Jerusale1ll-art'ichoke tubers of the varieties Ohicago and Waterer .t.j 
in 1931-3S ~ 

_._-,----_.----......... 


Chicago Waterer ba 
Q'1" til 50 Tubers rotted T' til 50 Tubers rotted 

Trentment 1'lme until first Ime un (before sprout- Time until first Ime un (before sprout ~ ti perce!!t of .). t t' percent of I) I t 
sprou ng tubers sprouted mgJJ~!of 0 sprou mg tubers sprouted ngJJ:ie or 0 !2: 

_______________________1Whole I IHalves I Whole IHalves Whole IHalves -Whole Halves Whole Halves Whole 1Halves ~ DaV_ DaV- DaV3 DaV8 Percent Percent DaV3 DaV3 DaV3 DaV- Percent Percent 
ControL___________________________________________________________________ 150 150 150 150 0 o ISO 180 195 195 0 o 
Soaked I hour In I-percent ammonium thiocyanate••_______________________ 150 165 180 4.2 27.659.4 _____________________ . __ ________ 4.0 b:I 

37.5 _________________ .______ ________ 15.6 ttlSoaked 1 hour In 2-percent ammonium thiocyanate__________________________ 165 150 180 ISO 16.0 4.0
Soaked 1 hour in 3-percent ammonium thiocyanate__________________________ ________ ________ ________ ________ 100.0 100.0 ________ ________ ________ ________ 36.0 100.0 t:' 
Dipped in O.5-molarsodium nitrate_________ •__ . ________________________ .___ 150 135 150 165 0 o 165 165 ______________ ._ 32.0 80.0 ~ Dipped In I-molar sodinm nitrate_________________________________________ .. 150 150 150 150 0 o 150 120 _______________ • 0 o6.5 135 150 _.______ ________ 8.3 
Soaked 1 honr In 2O-percent ethyl alcohol; snbjected to vapors 24 honrs __ . ___ 15 15 15 15 4.3 o 30 45 135 90 26. 9 13.8 .2: 
Soaked 1 hour in 5-percent acetone; subjected to vapors 24 honrs___________ _ 120 135 135 165 4.3 6.3 

Soaked 1 hour in 5-percent ethyl alcohol; subjected to vapors 24 hours __ •... _ 15 15 150 135 4.1 3.1 ~ 
o 150 135 ________ ________ 68.0 

Soaked 1 hour In 2O-percent acetone; snbjected to vapors 24 honrs. __ ._______ 15 15 165 ________ 47.8 66.7 135 135 ________ _______ 28.0 85.7 0> 
Subjected to ether vapors, 1 part in 1,000 or 2,000, for 24 hours ___________________ . _____ ..._________________ .. 100.0 ______ ._ ________ ________ ________ ________ 98.0 0. 
Subjected to ether vapors, 1 part in 10,000, for 24 hOUTS (tnbers dug Dec. 21)_ 15 ________ 45 ________ 0 ..." 

Snbjected to ether vapors, 1 part In 10,000, for 24 hours (tnbers dug in November) _________________________________________________________________ _ 
120 135 4.5 ~ Subjected to ether vapors, 1 part in 20,000, for 24 hours (tubers dng in November) ________________ _______________________________ __________________ 120 ________ 135 

4.2 
Suhjected to ether vapors, 1 part In 20,000, for 24 hours (tnbers dng Dec. 21) _ 45 ________ 75 o :n 
Subjected to chloroform vapors, 1 part in 400, 1,000, 2,000, or 10,000, for 2·1hours _______________________________________ •_________ . ___________________ •_______________ -_______ -------- 100.0 100.0 . _______ .-.----- ._ 100.0 I 100.0.0 ____ --------

Snbjected to chloroform vapors, 1 part in 20,000, for 24 hours_ _______________ 105 _. ___ .__ 105 ________ 37_ 5 _________ . ___________ •_____________________ •• _. ______• __ ;; 

Subjected to chloroform vapors, 1 part in 100,000, for 24 hours________________________ • ______ ._._____ •• __________ •________•• __ ....._________________ • _••_••__ 2.3.1 

Subjected to carbon tetrachloride v.apors, 1 part in 14,000, for 24 honrs_ •• ___ • 120 120 150 150 0 0 120 120 ISO ISO 10.0 10.0 ~ 

Subjected to carbon disulphide vapors, I part in 17,500, for 2·' hOUTS ____ •• ___ . _____ ._ ________ ________ ________ 100.0 100.0 65 135 ___________•___. 50.0 92.9 
Subjected to carbon disulphlde vapors,l part in 35,000, for 24 hOUTS ____ ••• __ 15 15 150 150 0 0 135 135 180 ISO 12.5 o o 

I:jSubjected to ethyl bromide vapors, 1 part in 5,400, for 24 honrs.o. ___ •• ______ 15 15 ____ .____ 60.0 58.6 ____•______ .•••_ • _______ ••_..... 100.0 100.00 ___ • __ 

Subjected to ethyl bromide vapors, 1 part in 8,000, for 24 hours ___ •• ________• 15 15 15 15 16.7 46.9 15 15 _._._. __ •••• ____ 56.0 70.0 
Subjected to ethyl iodide vapors, 1 part in 48,500, for 24 hOUTS._ •• ___•.• __ •• _ 15 15 150 165 8.3 0 135 135 •____._. _______• 29.2 90.0 ~ 

____ • _____ ••Snbjected to ethyl iodide vapors, 1 part in 97,000. for 24 hours_. 0 15 15 150 165 4.0 6.7 150 __ •••__ ••_••___ • _••• ____ 8.3 64.3 
Subjected to ethylene ehlorhydrin vapors at 0.75 ce (40 percent) per liter ~ 

space 24 honrs___• ___ ._ • ____ •• _'" _•••_. ___ •___ •__________••_. __ ••_. _•• _._. 150 165 Q15 15 16.0 16.7 150 ISO 8.7 3.1 
Soaked 2 hOUTS In O.2-percent ethylene chlorhydrln__•. _____ ._. __ •. __ ..• __ ._. 30 15 165 150 13.0 0.7 120 l~ I-"-iiio' 165 16.0 40.6 
Dipped in 6-percent ethylene chlorhydrin; subjected to vapors for 24 hours._ 15 30 56.5 93.3 30 95.8 100.0 
Dipped In 2-percent ethylene chlorhydrin; subjected to vapors for 24 honrs._ 15 15 75 75 13.0 17.2 135 135 ••• _•• __ _ 50.0 100.0 ~ 
Soaked in 3-percent thionrea for 1 hour___ ._._.____ ••• _._._._ ••• _•••.______ ._ 30 15 65.4 83.0 165 24.0 22.2 
Soaked in l-percent thiourea for 1 hour______••••.•__ •___ •• _••• ___ ._. __ •__ ••• 30 150 150 150 4.1 :l.2 150 l~ I:::::::T:::::=: S.O 3.6 
Wrapped in cotton batting saturated with 100percent hydrogen peroxide; ~ 

unwrapped after 7 days___ .•_•••••_••_•••••••_•••••_._. ___ ._._ ._____••_. __ 1 30 ISO ,___ ._.__ 30.0 90.0 ____~____L_________________~______________~~__~__~___ 

1 Whole-l-ounce whole tnbers; halves= l-ounce halves from 2-ounce whole tubers. 
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TABLE l1.-Dffect uJ various chemical treat1nent.~ on tite lcngth oj ),,'11/ period in J erusulw/II-arl'icllOke tubers of the varieHes Blanc A1IIeliore 
and Chicago -in L9.'~2-"J3 

t ...-..---.. --- ..,.. ....... ,,-~-.--~-

£ 
 lJIone A melloro Ohlcngl) 


. ~----=-~..-,,,,-

'I'hne unW flrst I 'Philo ulltn 51l j'l'UbCrs rottod I I wI Treatment sprotlt.in~ .. p~rcent of tubers (~cforo spront· 'Pima ulltll first ~['hlle Ulltil 51l I,['ubers rottoll
sprouted mg) Jlrlor te sprouting' pereollt 01 tuilers (beloro sprollt· t-3JUlie ]() sprouted IIIIl) prior to

June \0 ~ 

I-~,· S 
[oj 

C'onl I IWarm' Cool 'Vnflll Cnnl I W..rm Coni I W..rlll Coni I Wnrrtl Cool I Wnrm CfJ 

--- --- ._- ._-- ._-- --- o 
h:!- ();;u.~ I f)flg., IJII1/., /)111/., l'acr.,,1 Pcrce.ul J)"V·' lJIIV~ /)111/' [JIII/" Pucmt PUcMlt 

Control. •• : .••••••.•••••••.••••.••••.••••••. "' ...... ,.•.•.. __ ......... 121) ·15 21:15 iIi 1\1\.7 a7••~ fll) 'Ifl la.1 120 20.1l 21,3 ~ 
Soaked 2. hOUTS In a'pert'Cnt sodlulIl thiocyllnllte ..................... lin :\11 sa. :1 fl8.0 Ill) ao lli!) IW) ·Is.n ·12.3 [oj 

Soaked l huur In f"PI'rL'ClIt sodium thlocYllllllt,l1 ._...... .. .... . ao :10 88.0 112.3 lin ;!() 72. n 112. fi ;d 
Soakell 1 hOllr in ["percent elhvlnl(!ohol: ~lIhjcclll1l to vlIllors 2,1 hlJur~_. no 15 11m 7!i ~·I.I) ·IO.n :til :Ill IK) 7ft t) R.O c: 
Sotlked I hour in 21l·perceni etliY\lI\(ooho\; suhJm'tetl to \'npors ~I hours 15 Iii 110 15 I,~. 4 ·10.0 Ili If, 75 60.0 Cf'I) 
Soaked I hour in 2O·percenl, ncetone; subjected 10 rllpors ~I huur" 15 Iii IX) ·1 it 2·I.n ·I~. :l 45 15 90 45 ~U. 0 48. U 
Subjected to ether vUJlors, I pllrt in 2,000, for :I hOllrs. _ .... - .... -.- .. - 4li 15 9U 5U.O iO,O ~ 

~ ~ -~ [oj
Subjected to ather VUPOTS, I Jlllri. in 2,000, lor II hours ......... _. -,.. .. .. -. ~ --.. ~ no 15 ~5. 7 100.0 !;oj
Sub ected t.o ether \'UPOTS, J pllrt In 2,000, for 24 hours. _•.. 

~ 

100.0 IOIl.n h,
Subjecilltl to ether ""pors, I Ilnrt in JO,OOO. lor 2·\ hours ••• IHl :m Ill! 20. U :1:1.:1 75 ou las ·14. ·1IXl 4 'I 

SUbjected to chlorolorm vUllors, 1 part in IU,OOIl, for :J hours 75 :10 Ian lUI 44.4 0 ~ Sub ected to chlorolorm mpors. 1 pnr! in ](),O<Xl. for Ii hours 110 J5 87.5 88.9 t-3l::lSub eeted to chlorolorm VUllors, 1 Jlurt in 1O,(KK), for 24 hours .. 30 ao IXI 02.3 12.0 I-< 

Subjected to chloroform vllllor$, J pnrt in 21),0011, for 2·1 hours... .. . :lU au ":10:" --·'4:1/' 15 lli tar, tlO 10.7 lH.O o 
1r.1Subjected to cnrbon diSlIly,hidu vtlllnrs, 1 part in 32,000, {or 2·\ hllllr~. \5 15 92.:\ 70. U HI Hi fJtl. (1 H2.li p; 

Sub ected to ethyl bromil e \'IIJlOrS, 1 purt in 8,000, fill' ~·I hOLlrR liD lEi ._ 88.n 7H. (] .. _. - -... 87.5 87. II o 
Subjected to uthyl bromide vupors, I pnrt in 5,400, lor 2·' hours...... .' I., !l2. a 100,0 

~ ~ 

1110.0 lOO.1) .-,I-< 

ifi- If, '" .....Dipped in 2-perCl'llt ethyleue chlorhydriu; subject011 tu VUJlor~ 2·1 h()ur~ ..1 15 Iii! If! 10.0 n --'''W··-·lf '··-ai,· :10 IJ 15.4 [oj 
DIC~Od iu a·percent et.hylene l'illorhYIlrin; subjel!ted to vllpor~ 24 h()llr~ .. - __ j 15 15 . 15 15 2:.!. i 2.~, (] :1(1 an 2U.O ~>(). II 

I t-3Slls~~~~g4tho~~~r.s.~~ ::~~:~~~~.:I~:~:l~:~r.i~~ ~_t. ~:~~ .(~(~:~~_lle~~~lt\I,:. per. \i~e~_ ao 1ft 12(1 
I 

1»1 111.2 4.0 In) all Ian 00 ·j.U 12.0 ~ 
Son ed 2 hours III 5-percent thiotlrcll ... _...... __ ....................._..... :10 , au i ao ao 28.0 :U) 30 :lU al) 12.n 0
, I 8.°1 i ~ 

"----.~-----. i:d 
1 Cool=pJRuted in 450 to 55° It. ~reCnl\(Ht$e; ,\tl[tll=l'hlutc<l iu (ific to 750 {i\ grcouh\l\I::.e. w 
I Duys until 50 poreant. III tubers thllt worn sound lit tho prol'fous eXlImlnulion sprcllllcd. 

I:...:l 
Cl 
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The data for 50 percent of bubel's sprouting are probably a better 
index of the effectiveness of a treatment in breaking the rest period of 
a lot of tubers than the dn.ta for either first sprouting or for !0O-percent 
sprouting. Often one tuber in It 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 tm..-icity of treatments make 
the lOO-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 senson even within the same v&.riety, and 
also between varieties in the same season. Whole tubers and half 
tubers, in general, were stimulated much alike by chemicnJ treatments. 
Injury by to).:ic treatments, however, was generally greater with cut 
tubers. The data in tn,hle 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. It appears, however, that for tests of efficacy 
of a chemical in breaking rest the higher temperatures may be better. 
(Oompare illustration of similarly treated tubers sprouted under the 
two temperature conditions shown in pIs. 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-yeur 
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. Treatments producing some shortening of the rest perior[ and having little 
or no deleterious effect on the tubers: 

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

Soaking in 5-percent thiourea for 2 hours and planting at once. 
Dipping in 2-pereent ethylene chlorhydrin solution, followed by exposure to 

vapors for 24 hours. 
Exposing to vapors of carbon disulphide, 1 part in 35,000 of air, for 24 hours. 

E. Treatments producing some shortening of the rest period but with noticeable 
toxic effects on thc tubers: 

Soaking in 20-p~~rcelll acetone 1 hour, followed by expOS\lfC to vapors for 24 
hours. 

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

Exposing to ethyl bromide vapors, 1 part in 8,000 of air, for 24 hours. 
Exposing to carbon disulphide vapors, 1 part in 32,000 of air, for 24 hours. 
Exposing to chloroform vapors, 1 part in 20,000 of air, for 24 hours. 

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

Soaking in 50-, 70-, or 95-percent cthyl alcohol 1 hour, followed by cxposure 
to vapors for 24 hours. 

Soaking in 3-percent sodium thiocyanate for 2 hours and pla.nting at once. 
Soaking in 5-percent sodium thiocyanate for 1 hour and planting at once. 
Exposing to ether vapors, 1 part in 2,000 of air, for 3, 6', or 24 hours. 
Exposing to ether vapors, 1 part in 50, 200, 400, 1,000, or 2,00~ of air, for 24 

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

hours. 
Exposinr, to chloroform vapors, 1 part in 10,000 of air, for 3, 6, or 24 hours. 
EXPOS!;lg to ethyl bromide vapors, 1 part in 5,400 of air, for 24 hours. 
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,Jcrusalcm-artichokc tub('r~, nlriety Blanc Anl('liorp. .1, Hoakecl iu 20-pcrccut 
ethyl alcohol 1 hour, l'('lIw\'ecl and stored in closed containcr 2-l hours. Plant('d 
in a cool /!:rcpnlIOlls(' (<liio-55° F.) December ]3, 1932; photographed .Jalluary 12, 
1933. E, Tubers treat('d thl' sunil' as those of A eXCl'pt that they \\'pre planted 
in a warm grl'l'nhousc (li5°'-7ijo). (COlli pan' with lots showll in pI. 2.) 
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'. 
J·crusalcm-artichoke tubers, variety manc Ameliorc. fl, Dipped in 2-perccnt 

ethylenc chlorhydrin, removed and stored in closcd container 24 hours. 
Planted in a cool gr('ellhousc (45°-55° F.) December 16, 1932; photographed 
January 12, 1933. B, Similar tubers treated the same as those of fl except 
that they were planted ill a warm greenhouse (65°-75°). (Comparc with lots 
shown in pI. 2.) 
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Exposing to carbon disulphide vapors, 1 part in 17,500 of air;for 24 hours. 
Wrapping tubers in cotton batting saturated with 10 percent solution of com

mercial hydrogen peroxide, removing the cotton after 7 days. 

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

Soaking in l- or 3-percent sodium thiocyanate I hour, and planting at once. 
Soaking in 1- or 2-percent ammonium thiocyanate 1 hour, and planting at 

once. . 
Soaking in ii-percent ethyl alcohol 1 hour, follO\\'ed by exposure to vapors for 

24 hours. 
Soaking in ii-percent acetone 1 hour, followed by exposure to vapors for 24 

hours. 
Soaking in 1- or 3-percent thiourea 1 hour, and planting at once. 
Dipping in 0.5- or 1.0-molar sodium nitrate, and planting at once. 
Exposing to carbon tetrachloride vapors, 1 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, ] part in 100,000 of nil', for 16 hours. 
Exposing to ethylene chiorllydrin vapors, 1 cc 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 
un 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 treatments 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 yet found, may induce as good 
response as the temperature treatments. 

EFFECT OF TEMPt;RATURE TREATMENTS 

SPROUTIXG 

Results of sprouting tests for the four seasons and four varieties of 
Jerusalem-artichokes studied are presented in tables 12 and 13. It is 
clearly evident from the data that there is, in general, a consistent 
decrease in tbe length of the rest period IlS 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 is 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 
data 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. 
Other unrecorded observations, however, showed that treatment' at 
the lower temperatures, particularly at 32°, continued to shorten the 
sprouting time until by- the time the trials were terminated. 50-percent 
sprouting was occurnng in less thun 7 days from planting. There 
were only minor differences in sprouting periods between tubers stored 
under the two conditions of humidity at 32°. 
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TABLE 12, - Effect on length of Test period of /cmpcm/llre contiit ':QI!,~ to which dC/mum/ .!eTlIsalem-artichoke tlLber., of.4 varietie8 Wllrll exposed, 19S1 ~ 

I>A YH h'ROMI'I,AN'I'INO '1'0 (o'1I~ST EVI DI!:N'l' srUOU'rING 

~ DIone A mellore Chlcogn Waterer T81t 

I~"'~·f-~- - -----,----;--.---,.---,---,---'----;--,-----,---,---:--- @
-~-'"-' ,-- I 

Period of exposure ~ ~. ~:,... Il:., Il:., ~>. 

(dnys) :a;!:: -:::! :a= .,S:<.: .c'- :a.!:!
0., g~. fc~'l .... ~t· .!a,t:: ..' ~ 

-;~ ::E '0. ::E ::E 's.
r.; o r.,5 r.; t.: i";~ .,;~ I t.: :E r..S r.; r.; :sl r.:] r.; r.; ~r..§_ ~ t.: ~ r.:] ~ r..8 

g,.::1 ""Cl 01°:3 0= .!l o o ::I g,.::1 o . o ::I o ::I
0 ~ 

- ~ M ~ r., '" r.. !:I.c ~"'.c ~ 00 ,,~.= ~,..:::: co ",.c ~• .c ~ "".c 51 ~ 51 ~ "".c 51 ~ 51 !"" '" '" '"'" ~ 
0._•••••••••• __ • - I, tr.o 1 150 150 llr.o 150 150 150 I Ir.o, ~~;;-j IrlO I 150 15O I ltiO 180 1180 IIlU I 80 I IStI I 150: IfIO 150 15U 150 150 t" 
15•• __ ••••• ___ • ___ 'II:!O 60 4fJ ~,; in in !)O ao !lU I ,\5 la5 is, 120 45 ·j5 -15 20, 120' lOS' GO 60 60 75 60 t" 
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TABLE 13.-Effect on length of rest period of temperature conditions to which dormant Jerusalem-artichoke tubers of 2 'varieties were tl:posed, 
1992-94 

DAYS FROM PLANTING TO FIRST EVIDENT SPROUTING 

Blanc Amellore,\B1Bnc Amellore. Rlane Amellorc, 1932 Ohlcago, 1932 Ohlcago, 1934193.1 1934 

,-----"Period of exposun, 

(daYRl 0


32° F.,!32" J"., 
Field 150 

32°low'1"'1320high"1>' ! I 32high 0' !:12°high1<".'! ° !'12
0 

1<'.,F. ~"'! high
10° 1>". I h~~d. h~~~d.l 36° F. I 00° F. pit humid. humid. :10° F.!OOO F. Field humid. 00 F. humid. 00 F. humld.l 50" F. 

Ity Ity Ity Ity pit Ity Ity Ity I 
0••• __ .. _______ ..._... •• 120 120 120 120 120 120 60 60 60 60 60 60 120 120 15 10 60 60 ~ 
15........ - .......... ___ • 15 15 15 30 60 30 30 30 15 30 45 45 30 60 15 15 15 75 
30••• __ ......... eo,... 15 15 15 15 30 15 15 15 15 15 45 15 15 a'J 16 15 15 15 
45~ .. __ ... __ •• _. __ .. _•.•• 15 15 15 15 15 15 15 15 15 15 30 15 15 15 15 15 15 60 
60. ______ . __ ............. 15 15 15 15 15 15 15 15 15 15 30 15 15 15 15 15 15 30 

15 15 15 15 15 15 15 15' 15 15 15 ~ 
15 __ ..______...__ •~: ..--::::::::::::::: ...~'!_.......~~_ .....~~...__ .~~......~5••__ •• ~5. ~:l 15 15 15 15 15 15
15 15 

i 
~ 

DAYS FROM l'LANTINO UN'!'I!. 00 PERQENT OF 'I'UngRS SPROUT1>;D J 

0.. ~-. 135 135 135 135 135 135 135 135 135 135 135 135 135 135 60 60 1351 135 
15. __ 45 60 45 45 110 60 105 60 60 45 120 75 75 911 30 45 45 11030__ _ 

__ 60 15 15 30 45 15 45 15 15 30 110 30 30 45 15 60 15 105 
45. . •• 30 15 15 15 30 30 45 15 15 15 75 15 30 30 15 45 151 90 ~ 60.-- . . .....__ •• 15 15 15 15 15 15 15 15 15 60 15 15 15 15 15 15 30 o75. 30 
gIL. :: ...~'!__ .....~~. -- __ .~~......~~...--.~~. ____ .~~. ~:l :~ :g :~ ~ :~ .... ~~...... ~~. :g :~ :~ 5 ~ 

t'l 

;-3Pl<;RQEN'I'AGE 01<' TUBERS ROT,!'ED PRIOR TO JUNE 1 c: , .--...---~-"-". -'-'-- --- ..... -------.~ \:!l 
t'l0 •. 67 67 67 67 67 67 18 18 18 18 18 18 0 0 20 .20 15 6 

16.. 115 5 o o 16 10 32 0 4 0 0 0 0 0 20 15 0 5 ~ :10. 70 o o o 6 o 32 0 0 0 4 0 0 0 0 :15 0 58 
45.. _••••____ ."•• 75 o o o o o 70 0 0 0 0 0 0 0 5 45 0 55 
60................. _ 92 6 o o 25 o 64 0 0 0 0 0 0 0 0 40 0 10 
75.... _ ............. __ • 100 25 o o 2,~ o 100 9 0 5 0 0 0 0 0 5 0 20o . ____ ...110. 100 0 0 0 0 -- .. _--"' .. 0 63 0 

-"""--
I All tubers rotted without sprouting. ~ 
J Percentaie based on number of sound tubers at preceding oxamlnatlon. c.c~""",~"•. ",., .~-,::- ~!. ~~~!. :.....~ "':'" 
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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 response 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 
temperatures freezing injury occurred, in most cases followed by more 
or less break-down of tissues 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 hi~her 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 treatments, not only in its effect on the sprouting time but 
also in the type of growth obtained 11fter 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 both varieties studied, 
the longer the period of e)..llosure 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 between those t,hat break rest and those that not only 
break rest but also induce normal subsequent plant development. 

Since the publica.tion of a preliminary report (5.9) on the author's 
1931 experiments, Haber (31) 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 mllst be taken into account in determining any 
practical method of breaking the rest period of Jerusalem-artichokes 
is that of susceptibility of tubers to diseases during or following treat
mE'nt. The da.ta given in tables 12 and 13 show that, in general, a 
milch greater percentnge of the tubers stored at 50° F. rotted after 
planting than of those stored at any of the lower temperatures (above 
freezing) employed. ,Johnson (4.1) concluded from a study of storagE' 
rots of the Jerusalem-artichoke that high temperature and compara
tively low relative humidity seem to be the conditions most favorable 
for development of such rots, while temperatures near the freezing 
point were the only means of keeping the tubers free of rot. 

From the standpoint of more rapid breaking of rest, inducing normal 
plant development, and in keeping down the amount of rotting, it is 
evident that tlw 32° and 36° F. temperature treatments are far superior 
to the 50° tren.tmpll t. 

CATAl,ASE AC1'1\"ITY 

ResuI ts of catalas(' determinations made on terminal buds, pith, 
and cortex of BIn.ne Am('liore and Chirago tubers exposed at 32° and 
50° F. for the various periods in 1933-34 and in 1934-3.5 are given in 
figlll'es 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 baRis. 

Critical examination of these results fails to reveal any consistent 
reIntiou of catalase 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 dl'Yt'!opment of Blanc Amclbrc aud Chicago ,Jerusalem-artichoke 
tubers when planted in saud after storage at 50° or at 32" F. and high humidity 
for various periods. Tubers placcd in storage Xo\-clllbcr 16, 1934; photo
graphed March -4 and 5, 1935. A, Variety Blanc Ameliore: c, l'nstored control 
planted Xovember 17, 1934: Jot 1, 32" storage, amI 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" storage, for 45 days before planting; 
lot 13, 32" storage, allrl lot 14, 50" storage, for 60 days before planting; lot 17, 
32" storage, and lot 18, 50° storage, for 75 days before planting; lot RCl, 32° 
storage, and lot RDl, 50" storag(', for 90 days before planting. B, C, and D, 
Variety Chicago: c, rnstorrd control planted Xo\'ernber 17, 1934; Jot 1, 32° 
storage, and lot 2, 50" storage, for 15 days hl'fore planting; lot 3, 32° storage, 
and lot 4, 50" storage, for 30 days before planting; lot 5, 32° storage, and 
lot 6, 50" storage, for 45 days beforc planting; lot 7, 32" storagl', and lot 
8, 50" storage, for 60 days bcfore planting: lot 9, 32" storage, and lot 10, 50" 
storage, for 75 days before plant!r.g; lot Rell, 32" storage, and lot llDll, 50° 
storage, for 90 days before plantlllg. 
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PERIOD OF EXPOSURE (DAYS) 
FIGURE I.-Catalase activity of buds, pith, 8Ild cortex of Jerusalem-artichoke tubers oC the variety Blnnc> 

Ameliore stored nt 32° and 00° F. for different periods in 1933-34. 

bud catalase values of the two temperature treatments show simila.r 
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 than the corresponding tubers 
of the 32° treatment on any date, although the values are much more 
nearly alike for the two treatments in 1934-35 than in 1933-34. The 
trends in catalase activity over the whole period studied are quite 



32 TECHNICAL BULLETIN 657, U. S. DEPT. OF AGRICULTURE 

f----" 50fr. I-... /
tf{

~/'-~.~JJ~~ /
/ /.,.; ~ .... 

7 1-- ..
J"."" .~ le!Th'32~. _.-.-.- -._,~." '"~:.-. ._.-._.' SCJ"/i: _';:..oc.:,-p/TII __.t. 

~tv ~..::::: --------;p.":.::...- '-
I-~" r-,.~-:..._-o'fftfXJi'l:. ...- ...

....... 
... ----- --~~'f'E5§e~-

/ 

I 

V 
/ 

,.',. 
".. / ,. , 

,............... 8l1PS50".F. ,

[:: .-.~V ,./ -.pS32'f':.·- " ..~[77 '(Jt/. r Olf. >< -'-X.J2·.· ....· . ~.......... 
./ ./ co,eZf...-·:t:- . " ................... '-t;~
, ......... .. - ...::p:.. • ~. 


,-:........ C'0-Ei-- ........ "",..~ 

"',!.o~..... 'r~~~ ,," ,,"S'o~1-

·-1·..· . ...,....". .... 

~" 

,. __ ~ • ...c-- ,.......... "f!/1ft 3£:i: -c:-----'
1/ 


, . ..... ~~ .............. .,. ... .............. 

~~ ,.,:,.. ~o~ ... ,

,~:, .. 

I..." 


15 30 45 60 75 90 
PERIOD OF EXPOSURE (DAYS) 

FIGURE 2.-Catnlase activity of buds, pith, and cortex of Jerusalem·artlchoke tubers of the variety Bianc 

Amellore stored at 32° and roo F. for different periods in 1934-35. 


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 j 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 increase. It is puzzling that the catalase values for the 32° 
and 50° exposures should have been so much more widell divergent 
in the 1933-34 season, when growth was more nearly alike in these 
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PERIOD OF EXPOSURE (DAYS) 
FIGUIlE a.-Catalase activity of buds,,plth and cortex or JeruSlllem-arllchoke tubers or the variety ChlCQio 

stored at 32 ana t roo F. for different periods In 1934-35. 

samples (as judged by the time to 50-percent sprouting), than in 
19.'34-35, when the sprouting responses were not so similar. 

In Blanc Ameliore the relationships between the cortex catflolase 
values of the 32° F. treatments and of the 50° treatments are different 
in the two seasons. The same is alBO true for the pith cflotalase values 
for the two temperature treatments. 

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 season; in fact, the relative 
catalase activity per unit of fresh weight in the two treatments was 
just rf'versed. In Chicago the tissues of 32° F. tube::s exhibited con
!'l~derably greater 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 a 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 a 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 a 50° sample of the same variety when rest terminated 
at perhaps 60 days' exposure. The data do not indicate that such a 
value exists .. 

RESPiRA'fION 

Results of the respiration determinations conducted in the 1934-35 
season on the two varieties, Blanc Ameliore and Chicago, are presented 
in 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 e)l.-pressed 
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 pra.ctically the same regardless of the manner of 
expression used. Only in the 45- and 60-day lots of Chicngo and the 
75-day lot of Blanc Ameliore are the relationships between the 32° 
and 50° treatments rev(i'sed when expressed on the fresh-weight 
basis, as compared with the dry weight or per-tuber methods of 
expression. 

TAllLE 14.-·Rates oj res7Jirati071. oj Jertlsule1!l-articllOke tuber.~ stored Nov. 16, 1931" 
at 820 and .;00 F. Jor various pI'riods 

.EXPRESSED A;; M 1I,/.lGIU!\[S OF CARBO;..' DIOX1OI': EVOI,VED PEn A VER.-I.GE 
'ITBI':R PER lIOeR ..1.'1' n° F.' 

'~erio;;:c:X{lO' '~I~n~'· ~\m'-IIOr~ __~;liC"g_O- ··U P~;i~'~ o~ expo. ~ IlIlInc Ar;:~i;;;;--'Chicago 
:ure (days) I'~L'_; 5O°F.::_1~.~ '.~!l°.F'.~.• il sur~ (dayS)., ~ 50" F. 32° F'I~ 

0'••••••_._____ ._ 0.SS9' 0.889 I 0.017 O.Oli d·15.. •••______._.. 1.032 1.045 1.325 1. 299 
15•••___.._______ .998' .780 I 1.158 .897,1 60...._______.••• .934' I.ooa 1.422: 1.384 
30._•••.••••_.___ '.~~7_ LQH.' 1.:~1i 1.1~~li 75.:==::=::......~~~~ 1.611~ L~ 

EXPRESSED .~S M.IU,IORA.MS OF ('AHBON IlJQXIDE EVOLVED PER KfJ,OOHAM 

OF FRJ.:Srr W~;!OJI'I' PER HOUR AT n° F.' 


o,···..·_···___·T;5.4S--ar,.48. 24.711 ;4:79"1145-........__.____151.651.;:1.701 64.191'. 78.0~ 

1.5..._.••_. __• __ .. 40.59 34.26. 51.81 42.5211 fiIL ..________._. 40.59 '40.871 68.26 75.49 

;10..__.._.••_... _1 1 42. 2'2 48.10' ~5!_22. ~3:~!i.... ?~':'.'=.=.'=_ 63.8L 74 ..02: _ 79. III , 75.:.-00 

EXPRESSED AS MI/,f,IORAMS OF CAJUlO;..' IHOX[[)E EVOL\'~:D PER K[I,OHRAM

OF DRY MA'["I'ER PBn noun A'l' n° FJ 


o ' ......-----....11:18:";.,. ;;-:S~81. 47 !·sI:":;;·j';4r. ......__.... '117~.4; (rn.24rl75~g7170.5S
15.........__•.... 177.761131.111152.114; 124,70 /60.........._•••• 1411.20 ;'If.5.IIO' ISS.2:1 166.64 
30.....__•____ •••1' 1M. 56 1167.27 ' 178.2·1 1:\0.6\1 i 75........_._ .... 2:!11.1l:1 : 23H.8IJ ' 227.114 l 1.57.79_____~. _~~___ , _ ,..__ .,_ " __ ._ c' ___ ___ " _____".,.- _ •• _______________ 

, BnserI on 4· to lI·hour runs ••,ter the Ilrst a·hullr IN-r!od 0111111 ~.'L1)Pt tl'" IIl1tn'lIted sllmpl·~s. Olily tlntn Cor 
the first 3 hours were !lIken on the IlItI"r slIlIIples. I.'-n~th oC rull WIIS IIlw/lVS th,- slIrn,- Cor corresponding 
.~~~~~. '. 

'Samples kept ntroom t'~mlwrtltur~ (lIhouL 110° ~'.l Crllln N!)\', 1\1 tn !'<Iu". 2:1, I".-Core ,\(oI.,-rmlnlltions were 
mllde. 

1 Time oC termination oC rest IL~ judged by iiV,pert'!:n! spruuting QC('llrrinf( within 15 dlln lifter plallting of 
trented tlllwrs. 

http:rn.24rl75~g7170.5S
http:T;5.4S--ar,.48
http:M.IU,IORA.MS
http:VER.-I.GE
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TABLE 15.-Losses in weight of J et1lsalem-artichoke tubers during storage at 32° 
and 50° F. and during a 72-hour period at 70° F. immediately following removal 
from the SiJo and 50° F. storage conditions 

BLANC AMELIORE 

Loss oC original
Loss In weight. dur weight during Moisture at the 

ing storage at- the 72-hour pe- end of 70· F _period 
Period in storage (days) r10d at 70· F_ 

------------1------------------
Percent Perce'llt Percent Perct'llt Ptret'llt Percent0 _________________________________________________________________________________ _ 

74.4 74.4 
15_________________________________________ 2.63 5.99 2.32 3.22 77.2 73.930_________________________________________ 4.76 11.81 4.15 3.99 72.7 71.245_________________________._••______• ___._ 6.07 18.91 _______________• ____ 70.7 69.8
60____••___•__•__._.__._.__••_••__• __••_._. 6.85 17.30 4. 61 6.93 72. 8 69.9
75__•••_.__._.___• _______•••_•••__•••••••• 11.15 24.27 1.48 2.64 72.2 69.1 

OHIOAGO 

IL____••__••••••••••••••••••••••••••••••••__• ___•____________••'_••••••••• ___•______ 69.6 69.615____• ____________________._______________ 3.69 7.97 4. 21 4. 72 66.1 65.930_________________________ ••_.______._____ 6.29 15.39 3.51 3.54 69.0 59.345___..____________________________________ 6.50 21. 16 7.28 6.31 63.5 54.260____•________• ______________.____________ 10.20 25.21 4.15 5.64 63.6 54.7 
75_________________________________________ 12. 74 31. 32 1. 05 .95 64.9 52.5 

No very significant correlation is evident in these data between 
respiratory activity and emergence from rest. If time 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 aO-day exposure at 32° F. and the 60-day exposure at 50° in Blanc 
Ameliore), yet the fact that the differences between the two treat
ments are even smaller 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° lots over the entire period studied, 
and in Blanc 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 Blanc Arneliore. 

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 
-occur, however, during It. rising gradient of respiratory activity. 

CHEMICAL COMPOSITION 

1931 WHOLE-TUBER SAMPLES 

Whole-tuber samples of two varieties from the 1931-32 studies were 
analyzed. In Blanc Ameliore, dry matter, alcohol-soluble nitrogen, 
.alcohol-insoluble nitrogen, total hot-water-soluble. reducing sub
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stances, and total levulose (levulosans determined as levulose) 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 Blanc Ameliore are given in table 16. 
Determinations of dry matter, free levulose, free reducing substances, 
total levulose (levulosans determined as levulose), total alcohol
soluble reducing substances, total hot-water-soluble reducing sub
stances, and acid-hydrolyzable hot-water-insoluble polysaccharides 
were made for the Tait series, and the results are presented in table 17. 

TABLE 16.-Chemical composition of Jerusalem-artichoke tubers of the variety 
Blanc Ameliore subjected to different temperature conditions for various periods in 
1931-32 


[Dry-weight basis] 


DRY MATTER (FRESH-WEIGHT BASIS) 

Chemieal composition after treatment for-
Treatment J 

(OF.) 
15 days 30 days 45 days 60 days 75 days 00 days 105 days 

---------1-------------------------
Percent Percent Percent Percent Percent Percent FercentControl , ______________________ _ 24.20 24.20 24.20 24.20 24.20 24.20 24.2(}32 LH_________________________ _ 24.43 23.86 36.36 '34.99 20.67 32.6132 HH _____________ 00 ________ __ 22.97 24.87 324.78 24.17 25.5836 _______________ • ___ • _________ _ 27.41 I

25.56 25.44 '24.62 23.18 24.37 25.61 27.4650 ________________ •______ ., ___ __ 26.31 26.92 27.22 i 27.20 30.91 '36.72 32.15Field pit._____________________ _ 22.35 22.44 22.20 ! , 20.89 I 21. 47 20.52 19.75 

---------~--~--~-~--~---~--~.---

ALCOHOL-SOLUBJ,E NITROGEN 
-------------_..-...- ----,----,-----,------,----,---,---
ControL _________________., .. _ 1.07 1. 07 1.07 1.07 1.07 1.07 1.07 
32LH. ___ •.. _____ .•.. , ........_ .84 .79 .72 '.94 I. 07 .92

32 HH__ ..___ .. _____ _... ____ __ ---------

.85 .95 1.03 ' 1.01 1.10 .9636_____..________..__ • ---------

.94 .87 '.92 1. 08 1.00 .93 .9950_________• _____• _._. _._ ._. ___ _ .86 .88 .95 1.00 1.06 ' I.og 1.20Field plt. _______. _________..__ • I. 03 .00 ' 1.14 1.06 1.03 1.27 

------------~--~---~--~---~-------------
ALCOHOL·INSOLUBLE Nl'rlWGEN 

._--------- -- ._--
ControL ____ ._ 0.85 0.85 0.85 0.85 U.85 0.85 0.85 
32 LH.._________ ==:=:=:::::::. .87 .82 .87 '.88 .80 .98 
32 HH_ .........______ ......... .84 .87 .88 '.81 .82 .84 

36...... _. _______ ... ___ ... _.,. __ .82.83 .79 '.87 .76 .78 .7950.________ . _______ • __ • __ . ___ . __ ,.85 .77 .81 .80 .74 .93 .80,Field pit..__ • _____ .... _... _... .71j .80 .74 .83 .76 .83 .84 

-------~-- -~ 

'rOTAL NITROGEN 
.-.~'. - -.•--- '-"-" . .,. --,.-.-------

ControL _____________ .... __ ..•. 1.92 I. 92 I. 92 1.92 1.92 1.Q2 I. 92
32 LR__ oo _______ ._ ... _.oo_oo __ til 1.61 1.59 , 1.82 1.87 1.0032 RH________ ..... _... ______ __ ---------.

I. 69 1. 82 1. 91 '1.82 1. 92 1. 80 ~.-------.36..________ _. ____ ••.00_........ 
 I. 77 1.66 '1.79 1.84 1.82 1.71 1. 73
50__.._____ .... ,, __ 00 ,_. • 1.71 1. 65 1. 76 1.80 1.80 , 2.02 2.09Field plt. .. __ . __________ . ___ .oo 1.78 ---------- 1. 64 '1. 97 1.82 I. 86 2.11 

TOTAL JIO'r-WA'l'gU-SOLUBJ,E REDUCING SllBSTANOgS 
~ ~------.--~----

. 00'00 00_. _________ •Control. ___ 60.61 60.61 00.61 60.61 60.61 00. Iii 00.6132 LR____ .. _______ ..... ________ 60.92 61.92 53.58 '59.67 05.91 58.55 -.. ~-~-----32 HH____________ __ oo ..... __oo 61. 67 60.22 60.96 'flO.45 61.84 58.56 ~ .. ~ ...... ---36__ 00 _______..____ • ___ • _. __ .... 65.10 02.72 '65.75 62.53 60.69 63.55 62.0250______...___________ ••• ____ . __ 63.25 67.38 63. II 62.72 59.78 358.99 60.73 
oo oo.oo __Field pit. __ __ .oo____ .. ' 62.61 I 63.00 60.53 '59.94 60.83 60.27 60.32 

j L ___ ._____ 
-~ --- -'-~- --- ---

Sec footnotes II t end of tllille. 
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TABLE 16.-Chemical composition of Jerusalem-artichoke tubers of the variety 
Blanc Ameliore subjected to different temperature conditions for various periods in 
1981-32-Continued 


[Dry-weight basis] 


TOTAL LEVULOSE 

Chemical composition after treatment Cor-
Treatment 

(" F.) 
15 days 30 days 45 days 60 days 75 days 90 days 105 days 

----------1---------------------
Percent Percent Percent Percent Percent Percent PercentControL _______________________ 

32 LH__________________________ 52.20 52.20 52.20 52.20 52.20 52.20 52.2(} 
32 HR_________________________ 48.71 49.77 44.53 346.48 52.31 45.45 
36______________________________ 48.37 45.60 48.08 347.69 47.96 47.29 

55.20 50.31 349.95 50.78 45.17 50.57 53.8450______________________________ 
57.37 57.25 55.81 49.48 48.80 348.29 46.30Field pit _______________________ 
52.87 53.89 49.82 345.71 47.50 48.12 47.82 

HOT-WATER-SOLUBLE REDUCING SUBSTANCES OTHER THAN LEVULOSE 

ControL _______________________ 
8.41 8.41 8.41 8.41 8.41 8.41 8.4132 LH_________________________ 12.21 12.15 9.05 '13.19 13.60 13.10 

36______________________________ 
32 HH_________________________ 

13.30 14.62 12.88 312.76 13.88 1l.27 
50______________________________ 9.90 12.41 315.80 11.75 15.52 12.98 8. 18 

.,.88 10.13 7.30 13.24 10.98 310.70 14.4&Field pit_______________________ 9.74 10.01 10.71 '14.23 13.33 12.15 12.50 

! LH=low humidity; HH=high humidity. 
2 Original tubers at harvesttime. 
3 Time of termination of rest as judged by 50-percent sprouting occurring witbin 15 days aCter planting of 

treated tubers. 

TABLE 17.-Chemical composition of Jerusalem-artichoke tubers of the variety Tait 
subjected to different temperature conditions for various periods in 1931-32 

[Dry-weight basis] 

DRY MATTER (FRESH-WEIGHT BASIS) 

Chemical composition aCter treatment Cor-
Treatment! 

(0 F.) 
15 days 30 days 45 days 60 days 75 days 90 days 

Percent Percent Percent Percent Percent PercentControl'________________________________ _ 
24.34 24.34 24. &4 24.34 24.34 24.3432 LH___________________________________ _ 
21. 43 24.3& '28.55 28.13 30.62 40.6532 HH___________ •_______________________ _ 
22.04 22.33 21. 78 • 22.70 24.26 23.0136________________________________________ _ 
23.97 29.11 25.13 '24.51 27.81 26.1550________________________________________ 
30.51 25.69 28.67 29.11 '28.34 30.12Field plt_________________________________ _ 17.27 22.19 20.82 '18.02 21.18 21.17 

FREE LEVULOSE 

Control__________________________________ _ 0.05 0.05 0.05 0.05 0.05 0.05&2 LH ___________________________________ _ 
2.46 1. 20 '.84 .46 .78 .86 

36________________________________________ _ 
&2 HH ___________________________________ _ 

1. 35 .52 .59 '.70 .53 .35 
.38 '.39 .29 .49 

00 ______ • _______________________ _50_________ 1: ~~ ------:28 .12 .50 '.U9 .29 
.42 .05 .05 '.09 .03 .08

Field pit.________ •_______________________ _ 

FREE rmDUOING SUBSTANOES (AS DEXTROSE) 

ControL__________________________________ 0.1& 0.13 0.13 0.13 0.13 0.1332 LH________________________________ .___ 3.37 
2.15 '1.84 1. 34 1.84 1. 68 

32 HH____________________________________ 2.30 1. 43 1.41 'I. 88 1. 48 
36_________________________________________ 1.46 .87 1.09 'I. 36 1.43 1. 3150___________________________ ._____________ .71 

1.08 .89 1.23 • 2.00 1. 09Field plt.____________________--- ______ .___ 1.82 .81 .72 'Loa .40 .86 

See footnotes at end of table. 
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TABLE 17.-Chemical composition of Jerusalem-artichoke tubers of the variety Tait 
subjected to different temperature conditions for various periods in 1931-32-Con. 

[Dry·weight basis] 

TOTAL LEVULOSE 

Chemical composition after treatment for-
Treatment 

(0 F.) 
] 5 days 30 days 45 days 60 days 75 days 90 days 

--------------1------------------------
Percent Percent P<Tcent Percent Percont Percent 

32 LH_______•_________________•_________ _ 
ControL________________________________ __ 

47.18 47. ]8 47.18 47.18 47.18 47.18 
32 HH___________________________________ _ 39.38 36.13 • 34.]5 34.24 35.19 34.39 
36______________________________ •_________ _ 37.27 38.79 33.53 334.89 38.16 34.00 
50___ ___________ ___ _______ __ ___ _________ _ 39.36 40.03 32.00 337.13 36.14 37.29 

41.05 38.61 33.17 35.97 '37.72 35.95 
~ield plt_________________________________ _ 35.98 35.65 31. 91 '32.88 34.21 34.54 

TOTAL ALCOHOL-SOLUBLE REDUCING SUBSTANCES (AS INVERT SUGAR) 

ControL_________________________________ 34.33 34.33 34.33 34.33 34.33 34.3332 LH_ _____________________ _____________ 41. 87 
39.16 341. 09 41. 57 40.88 38.1032 HH______________________________________________ 40.40 40.62 	 '42.99 43.35 41.73

36_________________________________________ 40.89 :19.66 37.86 '43.08 41. 38 40.45
50______________________________________ 35.26 40.10 37.21 40.11 , 40.08 39.12Field plt___________________________________________ 

39.73 38.71 	 '41. 63 36.43 

TOTAL HOT-WATER-SOLUBLE REDUCING SUBSTANCES (AS LEVULOSE) 

ControL_________________________________ 
32 LH____________________________________ 67.02 	 67.02 67.02 67.02 67.02 67.02 

, 66.73 32 HH____________________________________ 69.02 62.13 62.53 65.76 56.00 
36_______________________________________ 62.95 63.08 61. 36 363.06 61. 63 60 80 
50________• ______________________________ 68.04 62.75 58.62 365.36 55.50 61. 14 
Field pit__________________________________ 63.68 65.32 59.28 63.03 363.57 61.92 

63.93 64.40 59.76 361. 60 57.84 57.16 

ACID-HYDROLYZABLE HOT-W-" TER-INSOLUBLE POLYSACCHARIDES (AS DEXTROSE) 

ControL____________________________ 
32 LH ___________________________________ 3.45 3.45 3.45 3.45 3.45 3.45 
32 HH____________________________________ 3.80 1.883.50 3.88 	 33.58 3.88 

3.56 4.35 3.94 4.22 4.3236____ 	 • 3.9900__________________ 00 ________ 00_ 

0000 

00 __ 00 _______ 00__ ______________ 


3.46 2.60 3.76 • 3. 74 3.88 4.2650____ 
00 3.61 3.40 3.36 3.64 33.n 3.69Field plt.________________________ oo __ 3.86 3.72 3.77 • 3.98 4.41 3.89 

I LH=lowhumidity; HH=hlgh humldiiy. 
I Original tubers at l1arvesttime. 
I Time of termination of rest as judged by 50-percent sprouting occurring within 15 days after planting 

of treated tuhers. 

The data reveal no consistent relation of alcohol-soluble nitrogen, 
alcohol-insoluble nitrogen, or total nitrogen either to the temperatures 
of exposure used or to termination of the rest.ing condition as judged 
by sproutine: tests. . 

Total bot-water-soluble reducin~ substllnces showed considerable 
fluctuation during the period studied. In both varieties there was 
less fluctuation under the 32° F. high-humidity e].llosure than under 
any of the others used, and. the data show that this treatment also 
exhibited the m03t consistent dry-matter content. In Blanc Ameliore 
the 50° treatment exhibited a considerably larger content of hot-water
soluble reducing substances than either of the 32° treatments d.uring 
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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 all exposures in Tait than in Blanc Ameliore during 
the experimental period. 

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 
totallevu1ose content (on the dry-weight basis) was much higher with 
the 50° F. exposure than wit.h the lower temperature treatments. 
This suggests that a larger proportion of the reserves a,t 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-soluble 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 
alcohol-soluble fraction, a smaller proportion is present. in the form of 
free reducing substances, the most labile form of caTbohydrates. The 
maximum free reducing substance and free levulose coiJtents occurred 
at 15 days' e:l..-posure for all temperatures helow 50°. hut not until 75 
days' exposure at 50°. 

The reducing "substances other than lenIlose in the totul hot-water
soluble fraction (largely glucose) in Blanc Ameliore also indicate that 
at 50° F. 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° e)'."posures, particularly during the first 45 days 
of treatment. Sinee no analyses were made on this variety, there is 
no justification for assu:n:ing that the free reducing-substance content 
of the 50° samples was dIfferent from that of samples treated at lower 
temperatures. This is particularly true in view of the fact that 
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 levulose 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 free levulose content was either none:l..-istent 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 probably of little significance. 

1932 BUD ANALYSES 

Tables 18 and 19 give data on the composition of buds of the Blanc 
4meliore and Ohica{;o tubers. 
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TABLE IS.-Chemical composition of buds from Jerusalem-artichoke tubers of the 
variety Blanc Ameliore previously subjected to different temperature conditions for 
various periods in 1982-88 

[Dry·weight basis) 

DRY MATTER (FRESH.WEIGHT BASIS) 

Chemical composition after treatment ror-

Treatment I CO F.) 
15 days 30 days 45 days 60 days 75 days 

--------------11---------------
Percent Percent Percent Percent Percent 

Control'••••.•.' ......••..•••••••.....•. __ • __ •____ •• 28.45 28.45 28.45 28.45 28.45
32 LH••__ •••__ •__ ._.____ .._•••______•• ____••.__ • ---. , 34.48 
32 HH__••____ ••________•.•••••_______••___•_____••• 33.10 , 27.66 28.62 30.61 33.36 
36___ •.•_••••____. __.••_•••••__ • ___._••••______ ••- ••"- 31.77 30.42 , 29.81 30.53 30.31 

31. 29 34.21 36.29 41.29 

50________• ____________._••••_.____•••_••••__ •••••__ • 32.42 32.84 31.85 '32. 75 37.11
Field pit___ • __ ••••••.__••_____ ••.•••_._•••____.•_••_ 27.58 '25.10 23.19 22.91 

FREE LEVULOSE 

ControL._•••••••___•__••______ ••••__ ._.__ ••••••____ _ 0 0 0 0 o
32 LH.__._••••______•__ ._••_______••••••••____••_.__ 3.27 '2.38 2.52 .78 1.43
32 HH_••__ •___._•••••_.____• __ ••••___•••_____•__ •• __ 2.09 '2.28 1.43 1.19
36_. _•__.••••••____••_. ______ ••_._•••___••••_._••_••• 1.80 .671.78 '1.54 .43
SO. __ •••••_••••••___•__ •• __._••_•••• _______•__•••••__ .28 .71 .33 (I) .60
Field pIL_••••__._••••••___••••_______._••• ____•• _•• .52 '.08 .05 o 

FREE REDUCING STIBSTANCES (AS DEXTROSE) 

ControL___•__••__••_•••_. ____•••••____•••_.______._ 1.06 1.06 1.06 1.06 1.0632 LH. __ •••••••__ •••••_____ ...____•_______• _________ 3.83 '3.99 4.47 1.83 2.6132 HH__._._____••• __ ••_________ ••_••_______________ _ 2.40 '3.85 2. SO 2.20 2.19
36•• _____• ____._._._____' __""_" _________ ••___••••• 2.46 2.88 '2.64 1.75 1.61SO ___ •____••••, ••_._________ ••••_. ___ • ____•______••__ .84 1. 7~ 1. 10 ('l 1.47Field pit. __ . __ . __ • ____ •.•_•••_.•_____ ••_______ •••__ _ '1. 38 1.._______ _1. 61 1.05 1.07 

TOTAL LEVULOSE 

ControL_.______• __ ••_.__•____ •_____________________ _ 51.42 51.42 42 51.42 51.4232 LH___________•• _. ____________ •.• ____ •__________ __ 51.86 , 49.18 51. 47.13 44.3547.75 1
32 HH....____________ ..____ •• _._. __ •_____ ..________ _ 50.60 , 46.17 44.87 47.34 46.6936_. _... ____________________ ...___ •______ •___________ 50.45 48.11 '48.62 47.44 46.55SO. ________ ..________________ •___ ....__________ ....._ 51.66 53.28 354.54 49.29Field pit.. ____________• _________ •_____ ..___ . __ ..__ __ 47.09 1 '47.54 ·--·~~:~~-1 44.65 43.13 

TOTAL ALCOHOL-SOLUBLE REDUCING SUBSTANCES (AS INVERT SUG..... R) 

ControL •• _________________ • __ ' ____ • __________ ...__ .. 48.84 48.84 48.84 48.84 48.8432 LH••• __ ._..___ ••__ .._••• ___.._________ .._______ .. 59.53 , 62.03 60.39 56.05 58.0432 HH______ .....____________ ..____ ...._______.._____ 60. :ll '61. 79 58.88 62.06 60.13 
36••••••• _•••• __ ............_..___ ••••__ • __ ...... __ __ 61. 93 64.26 '62.70 58.44 61.53
SO •• ___.... ______• __ ••_____ ......._....__..__..____ __ 
 49.36 57.45 57.43 '61.25 55.84Field pit ______________•• __ •________________________ _ 57.94 (') 55.72 57.36 

TOTAL HOT·WATER·SOLUBLE REDUCING SUBSTANCES (AS LEVULOSE) 

ControL.._______________ •_______ . ___ •________ •__ . __ _ 74.60 i4.60 74.60 74.60 74.6032 LH__________ •______..._____ •____________________ _ 
75.16 ' 83.24 76.26 71.60 70.7132 HH.....__________ •__________• __ • __• _____ ..____... 78.40 ' 72.92 61.83 73.50 73.9736__ ...... __ • _____________• _______• ______________..__ 79.30 75.62 '74.59 73.96 73.35SO•.•.••__________________ •_____.....________________ 

76.1l 74.16 , 81. 78 75.69Field plt___ •____________ •____ .._••••_.____ ..________ ~Ug · '68.53 67.70 6.'1.89 

Bel> footnotes at end of table. 
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TABLE IS.-Chemical composition of buds from Jerusalem-artichoke t1lbers of the 
variety Blanc Ameliore previously subjected to different temperature conditions for 
various periods in 1932-33-Continued 

ACID-HYDROLYZABLE HOT-WATER·INSOLUBLE POLYSACCHARIDES (AS DEXTROSE) 

Chemica! composition arter treatment lor

Treatm<lnt (0 F.) I 

15 days 30 days 45 days 60 days 75 days 

----------------- --------- --- ~--- ----
Percent Percent Percent Percent PercentControL___________________________________________ ._ 

3.07 3.07 3.07 3.07 3.07 
2.97 33.93 3.40 3.95 4.35 
3.01 ':3.65 3.70 4.33 3.82 
2.70 3.60 33.23 3.84 4.18i~_~::=============:====:====================~=::::1 3.56 3.35 3.64 33.04 3.36~eid-pit----::===:=======::::::==:::::::::::::::==:~:=1 3.65 33.59 4.19 4.00 

___~__~____L____~__ 

I LH=low humidity; HH=high humidity. 

, Original tubers at harvesttime. 

, Time of termination of rest as judged by 50·percent sprouting occurring within 15 days after planting of 


treated tubers. 

TABLE 19.-Chemical composition of buds from J erusalem-art1:choke tubers of the 
variety Chicago previoll.~ly subjected to different temperahlre conditions for various 
periods in 1932-33 

[Dry-weight basis] 

DRY MAT'l'ER (FRESH-WEIGHT BASIS) 
-------------_._-_ .._--_._._..- .•..----------- 

i Chemic,,! composition. ' arter treatment for '--

Treatment I CO F.) r~;;;::-j 30 ;a~s~5 days"~ days 175 dllYS 

~a~~t~~::::::::::::::::::::=::::::::===:::::::::::1 p1:~r3 P:~~~~ pein~ pei!~r~ per~~tt 
3t~.~·::=:==::=:::=:::::::::=:::=:::::::=:::::::::::1 ~t ~~ I '~U~ ·{,r··-r gUg ~~:~'I' - .. 

!i~i~_-~~=:::=~::::::::::::::::::::::::::::::::::::I gb: ~g ~Ug 6 ~: ~ \ ~:g ~::; 
TOTAL LEVUI,OSE 

48.53 
41.35 
42.22~}~~::::::::::::~::~.:-;::::~::::::::::.. -~iI :~~! ;.;~l ~~ 37.08 
44.02 
42.66Wieiii-;;iC:::::::::::::::::::::::::::::::::::::::::: !U~ I !t~ I ,~: ~~ I ~~:~~ 

TOTAL ALCOrrOJJ-SOJ,UBLE REDUCING SUllS'J:AN'CES (AS INVERT SUGAR) 

~'~L:::~:::::~::::-'::--;'::-~-~i':::---::Ij~ :li~-'-~~T ~f i~~ 

50____ • ___ -------.---•••• -------- ... --.--.·.- •••••••1 37.18 41.40 42.441 40.86 38.00Field pit.. _________•_____________ •_________ • __ • __ .__ 49.90 46.06 148.36 '16.66 46.64 

1
.....-~_<- _ .. _ ._. ~_ ~C~"._·_ 

TOTAL HOT-WATER-SOTJUBLB REDUCING SUBS'l'ANCES (AS LEVULOSE)- _____________.__;-__ -.--- ~--.,__--_o_.-

ControL_________ •___________ •_______ •___________ ._._ 70.5sl 70.581 70.58 : 70.58 70.5832 Ln_______________________ ._.__________ . ________ ._ 66.78 '09.50 f13.34 I 61.50 62.76
32 HH.._____________________________ ••. __ •_____ ._ ••• _ 64.00 , 62.57 "" •___ .• J 60.58 62.4036__________________•__ •____ •• __ ... __ •____ •__•_____ ._ 65.03 00.26l <" I t13.54 55.78
;'.i0______________ •_______ •• _•••• _____ • ________ •___ • _._ 64.64 I 65.07 01. flB fl1.32 62.71

r.o.19 61.86 
FI_el_d_p_l_t._._--_-_--••--.-----.:.::.~._ •._:~:_-_.-_-._--_-_--_-_--_-_-..!-___~~L_~I~~~ L '6:1.59 

See footnotes at end af talble. 
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TABLE 19.-Chemical composition of buds from Jerusalem-artichoke tubers of the 
variety Chicago previously subjected to different temperature conditions for various 
periods in 1932-38-Continued 

ACID HYDROLYZABLE HOT·WATER·INSOLUBLE POLYSACCHARIDES (AS DEXTROSE) 

Chemical composition aCter treatment Cor-

Treatment (0 F.) 
l.'i days 30 days 45 days 60 days 75 days 

Percent Percent Percent Percent PercentControL_____________________ . __ •__________________ ._ 
4.05 4.05 4.05 4.05 4.05 

32 HR._______________________ . __ .. _______________ .• 
32 LH_________________________ . ___________________.. 

3.57 54.48 4.85 4.58 4.82 
36______________________________ • _________________ . __ 3.84 4.78l4.36 4.83----C'l---4.07 4.83 4.40 5.23
50_. _______ ••_•••_................. _•.••. _. __ • __ .• _.' 
 4.00 4.46 4.43 4.48 4.06
Field pit •• ____.. ______....... __ __ 00.__ 

00 

00 .00. ____ •• 4.10 5.17 '4.58 4.58 4.65 

1 LH=lo\\' humidity; IIH=high humidity. 
I No Cree reducing substances nor Cree levulose were found under any temperature treatment or period 

oC storage.
, Leaders indicate that no analyses were made rlue to loss oC the chemical samples . 
• Original tubers at harvest time . 
• Time of termination of rest as judged b)- 5O-percent sprouting occurring within 15 days aCter planting of 

treated tubers. 

Large fluctuations in the content of total hot-water-soluble reducing 
substances are again observed in the variety Blanc Ameliore. The 
percentages in Chicngo are much less variable. No consistent effect 
of temperature on the magnitUde of this fraction is evident from the 
data. Larger differences are shown by samples stored under the two 
conditions of humidity at 32° F. than exist between either of 
these and the 50° exposure. 

The total levulose content of the 50° F. samples is generally higher 
in both varieties, and total 11.lcohol-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 n.t 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 matter to be present, in one case, as free levulose. 
Moreover, the excellent correlation of the temperature of constant
temperature c)"lJosures with the eontent of both these fractions in 
Blanc Ameliore gives it strong suggestion of some importance'of free 
levulose and free reducing substances to the general regularity of 
the rest breaking response to tempern,ture. However, since these 
changes do not oecur, or at least are not apparent, in all varieties, 
it must necessarily be eoncluded that any suspected relationship 
probably does not really exist. It will be recn,lled 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 considerable amounts.of free levulose in 1932. 

The content of acid-hydrolyzable hot-water-insoluble polysac
charides in both varieties was lower at the lower temperatures of 
exposure than at 50° F. 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 obtained 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 constituents to each other detennines 
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 occurs at a time when 
the total levulose content is at or near a minimum and the more 
soluble carbohydrate constituents are at a correspondingly high value. 

DISCUSSION 

It appears that the factor releasing first. growth of buds is entirely 
separate from those changes in composition that allow la.ter growth 
to attain normal expression. In practice, treatments are required 
that not only break the rest period but promote normal growth as 
well. The low-tempentture treatments apparently influence both 
responses favorabl:y:. whereas higher ones may affect neither response 
very much, or pOSSIbly only the second. 

Although a 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 effective chemical 
treatments influence the first of these responses favombly, but not 
the second. Since no determinations were made of the chemical 
composition of tubers subjected to chemienJ treatments, it is im
possible to tell whether lack of normn.l clevc10pment of sprouts after 
rest had been broken was determined by or related to changes in 
composition. 

'Vhile discussing the matter of inferior growth following ccrtain 
trea.tments, it seems a justifiable cJ'itieism of ccrtnin investigations of 
the rest period, at least one of which included the Jerllsalem-a,rtichoke 
(31), that the time of breaking of rest was measured by the time 
when sprouts were visible above ground. In reports of the investi
gations referred to, no mention was made of the depth of planting in 
soil, and it is assumed therefore that it was probably at least one-half 
inch. It is obvious that while rest was broken in some of the tubers 
illustrated in the plates (for example. lots c, 1. 2, 6, and 10 in plate 5, 
A), no sprout growth would be yisible above ground for some time if 
the tubers were planted at nny ordinary planting depth (the tubers 
illustra.ted in plltte 5 were purposely kept just at the soil surface). 
An investigator might thus eone1ude that certain lots of tubers were 
still in a resting condition when as a matter of fact they might already 
be out of rest but incapa.ble of making normnl growth. Such a 
method of judging termination of rest seems to confuse the matter 
of rest with that of norma1 growtb. The evidence from both chemical 
and temperature treatments in this study indieates that the two 
conditions are regula ted by entirely differen t ngencies (at least 
directly), and that cal'(', must be taken to differentinte between them. 

Denny (21) hns reported increases in the suerose con tent of potn,toes 
treated with ethylene chlorhydrin, sodium thiocyanltte, and thiourea, 
similar to the changes resulting from exposures to low temperatures 
as reported hy Appleman (3. 4, 6) and othel·s. Denny suggests that 
in judging the efJ'ectiveness of a ehemi('nl in bl'l'nking rest the sucrose 
changes mllY be better eyiciencp than till' clHl nges in red l1cing sugars. 
In the present Jerusalcm-ill'tichoke experiments in some varieties 
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fairly large and apparently significant differences were noted in the 
free reducing substance and free levulose fractions of snmples treated 
differently to brenk the rest period, yet in tubers of other varieties 
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, iII these experiments, 
but the data do show that the totulalcohol-soluble reducing-substance 
fraction, which inellldes 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 furthe:' evident from compari
sons of the composition and behayior of field-pit tubers or buds of 
such tubers with those of the sllmples treated at 50° F. Sprouting 
tests show that rest is broken considerably sooner in the field pit 
than at 50°, yet some of the carbohydrate fructions of field-pit tubers 
that might otherwise be suspected of b('ing important to growth 
release, show more similarity to the 50° samples than to any other 
treatment used. Obviously, if the compOf;ition of the tubers or buds 
determined the resting or nonresting condition, then snmples as unlike 
in sprouting response as the field-pit and 50° samples ought to be 
more dissinlilar in composition than lots showing more similar sprout
ing responses, for example, the field-pit nnd 36° or 32° samples. 

The main effect of the efl'ectiye temperature treatments upon the 
cl1emica.l constituen ts analyzed appears to have been in making 
available the more labile materials necessary for normal growth in
dependent of some other, as yet unknown, controlling factor (possibly 
something of the nature of a hormone) that was activated or set in 
motion by the exposurf', thus mn.king growth possible. These ex
periments were not. df'signed to ascertain tll(' rellLtionship between 
composition and normal growth. It n.ppears, however, from the 
analyses of buds and obsenTations on the character of growth obtained 
in the sprouting trials thn t for normal growth of buds to occur, once 
rest is broken, fI relatively lnrge amount of the more In.bile alcohol
soluble mnterials must he available. vVith storage temperatures as 
high ns :j00 F. till' pl'Ocess of trnnsformn tion of the more stable re
serves to the more InbilC' forll1s is apparentl~T rdarded, and more of 
the lnbile forms flire llsed lip in r('spiration thn.n with lower storn.ge 
tempera.tlll'es. Ther'e Itre consC'qllf'ntly less of til(' reaclily usable \ 
materinls llynilable, ane! n morC' 01' less stuntC'd gl'Owth results. How
ever, with the lapse of n sumci('n(l~T lonf; time, npparC'ntl~T eno~lgh of 
the req uired matf'riHls nr'(' nCClIlIlllln tC'el to permit normui sprout
development even fLt :j00 F. 

No consistent relntion WHS r\'ident in thesr studies between cfLtalllsC' 
activity and l'eSpiJ'll tion of huds nnd tu brl's of til(' two vn.rieties 
studied in two sensons, or between thesr fnetors separatel)T and the 
sprouting response'. 

The cfLtalnse vnllles of ('ortf'x; pith, nnd tC'rminnl buds at eneh 
tempern.ture (,XPOSIII'C' in pnell sC'l1son shO\\'('d a fnirly consistent ten
donc)T to e'xhibit pnl'nllC'J \·:lI'intiolls. This slIgg('sts thnt catalase' 
activity menSlIl'C'S n grn(,1'1l1 syste'll1ic I'('SIH)I!SC' to the tT('atmC'nfs. nnd 
not nr('('ssarily n J'PSPOIlS(' in thc' bud alone, in which r'cst-period 
changes are th'ought to b(' locnliZ(·d. 
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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 a 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 catalase values. 
From an examination of the data. for the variety Chicago in 1934, it 
is found that the catalase values are higher with the 32° treatment, 
not only 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 attain their ma,}.-imum catalase activity, 
while the 50° samples ma,y hove already reached the maximum. 
There is another possibility-that catalase acti\rity of Jerusalem
artichoke tubers is gradually reduced with storage a,t 32° in a manner 
similar to that found in pota,toes by Appleman (2), who suggested 
that the reduction might be due to a,ccumulation of organic acids at 
the low temperature. If such were the cast>, 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 Im'gel" than the data show them to 
be. Table 15 shows that the 50° samples suffered much greater 
losses in weight during storage than the 32° samples, and that a much 
greater aillOlmt of the weigbt loss WUg tlue 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 a la,rger proportion of 
the more labile carbohydrates in the 32° samples, one would expect 
a much higher respiratory rate in the 32° samples than in those at 
50° upon removal to the 77° temperature. Kimbrough (43), working 
with potatoes, found a much higher respirntory mte to occur for a 
period after remoyal from low-tempel'llture storage than in potatoes 
stored continuously at higher temperatures. . 

Regardless of whether the storage temperature employed in the 
present studies was 32° 01' 50° F., the data show that in general the 
longer the tubers were stored at either of these tempern.tures the 
higher was the respiratory activ~ty upon removal of the tubers to a 
temperature of 77°. The respIratory rate observed at the latter 
temperature continued to increase with the dura/ion of storage at 
32° or 50° up to the time the' studies were terminated (after over 
10 weeks of such storage). In the cnse of the potato, Kimbrough 
(43) found that the maximum respirll.tory ra,te at 72° was obtained 
after only a.bout 3 weeks of storage at 36°. 

Although this study was concerned primarily with the rest-period 
problem, it has supplied considerable data with regard to stornge of 
the crop and also methods of handling required where the tubers 
are to be utilized in various industrial processes such as levulose pro
duction or alcoh()l manufacture. The data have confirmed the recom
mendations of others that tcmpemtures slightly above freezing and 
high humidities are esscntial to maintenance of the tubers in good 
condition Ilnd reasOlla bl~T free from stomg"e rots. The results of the 
chemicalltnalyses show clearly that if the muximum inulin or levulose 
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content is desired in any manufacturing proc('ss, tubers must be used 
when they have reached their greatest development and before they 
have been stored for any appreciable l('ngth of time. Delnying the 
time of utilization beyond this period will invariably result in lowered 
percentage and nbsolute yields of levulose and other carbohydrates. 

It seems desirable also to point out thnt this study hns been lergely 
an exploratory one. Very little wns known about the rest period of 
the Jerusalem-artichoke when this study was started; in fact, a 
single short paper by Boswell (10) then compris('d the entire litera
ture on the subject. The first attack on the problem was a practical 
one-finding means of terminnting the resting condition, Although 
the results of chemical treatments W('1"(' on the whole ruthN disap
pointing, those with temp(,1'ntur(' tl'entm(,llts bnve been very grati
fying, Subsequent studies on initla tion of rest, cntnlnse nctivity, 
respiration, nnd chemicnl ('ompm;itioll have only opened up starting 
points for more intensive studies of the fundnmellta.ls underlying 
the whole rest-ppriod problem in this crop, In conduding these 
investigations it migh t IWYe been desirnble to hn,ve used bu t a singl(' 
variety for all studies. It is felt, however, thllt it has been helpful 
rather than detrimen tnl to hnve used seyoml varieti('s. not always 
the same in all scaSOllS. This course hus, [or inst:llIce, proved the 
universality of the sprouting' response to low-ternpcrntllre exposurcs. 
and at the same time it ha~ prevented dmwing of PlTOlleOUS con
clusions COllCel'l1ll1g' composition llnd physiologi('al behaviOl'. Thr 
responses of fl. single vnri('t), in n singh' season mny or may not be 
that of all vilrieti('f\ in tIl(' snm(' or difre('(~n t srasons. 

SUMMARY AND CONCLUSIONS 

(,hunges in si7.e. numlwr. lind cOJllposition of tllbPI'S oj' two varieties 
of .)eI'USnlNII-nltic!lOkes W('1'(' studi('c.i during tbe ppl'iod of tul)('r 1'01'
mation and ('ntrllllCC into thp rl'st peI'iod in the field, C'Hfnlnsr 
activitv of stolons, tubers. and buds wns Tlll'llsul'ed to dC'tl'rmill(' the 
rela6o:i1 bCtWCl'1l ('ntrnnc(' into ('('st (ns illdi('utNI by sprouting tests) 
and the metabolic conditions of th(' Ol'g"lIllS, 

Of th(' totnl wcight of t1l0l']'S nnd ~toh)!ls, dming the pcriod of 
tubcr formation, the proportion ('cpr('sen ('r\ by th(' I:u'gl'l' til hers 
increased morl' rnpidly than the proportion of t1wse larger tubers 
in the totH! numh('r of tuh(,I'S and stolons produc('(L This is intcr
prC'tNI as indicating n physiolop:icul dOlllillll1l('r of the lUl'g(' (first
forIn('d) tubers, which appU1'Pllt1:r gi\'cS t'lH'1ll Il first cull on elnborated 
growth and stomge mntl'rin.ls, 

Time of entpring' l'estnlril'd with th(' tu!)('l' sizf', The lal'g('st 
tubers were the last to b('cOIn(' dormunt. 

Sprouting t('sts illdiell!e thnt ('ntl'lllJC(, illtO r('st is n quite> gmdual 
process-not fill abrupt chnng'(I. r('gm'dl('ss of til(' tuln'r si7.c studied. 

Catalase uctidty of stolons amI trrmillHI buds of tubers l'('n('hcd 
n maximum valu(,' ill. or H short tiJ))(' preeC'<ling. til(' ('ntrHl1('e into 
complete rest. Clltalm;(' nl\u('s for tprmiW11 buds (If tubers at the 
tim(' the In.rg('st ttl hl'rs ('11 t('r('(l ('olllplet(' rest f01'l1lpd all ns('ending 
sel'ics corresponding to th(' in(,l'N\sing siu's of tuiwrs from whi('h the 
hud samples werc tnkcn. Although cnt:tlus(' neth'ity d('('rrased from 
this tin1p 011WI1J'(1. ill most ('us('s tht' Itll'g<'r-si7.NI tubers cont.inued to 
have the higher ('utalase netiyity. 
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Chemical analyses of tubers 1.9 to 2.4 em in diametcI' (md of buds 
of tubers over 1.4 cm in diameter showed the latter to exhibit much 
greater changes in composition d llling the period of tu bel' develop
ment in most of the carbohydrate fractions than the whole tubers, 
The percentage of total hot-wa,ter-soluble reducing suj,,,tances, total 
levulose, find dry matter were lower, and the perceIltages of free 
reducing sugars and totHI nlcohol-soluble reducing substances higher 
in the buds tlum in the whole tubers during the eUI'lv stages of 
development, As compared with buds, only l'elatiyely slllaU chunges 
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 October 10). 

The ayailable datlt ilJdicate that an accumulutiOll of the less labile 
resen'e carbohydrates snch ns inulin and the highN inulides bears a 
high degree of asso('iation (bu t not it causnl rein tiOIl) to the resting 
condition. 

About 50 different treatm{'nts involving 15 dilI'cl'ent cbemicnl com
pounds, applied in difj'crent wn~'s illld in yarying conccnt1'lltions, were 
used on foul' Yarieti{'s of .J{'rusnlell1-artichoke tuh{,I's during two 
seasons. Only foul' of til(' c-iH'micul treatments tri{'(} w{'re found 
consistent in 'gh'ing sufficient shortpning of rest nnd worthy to be 
recommended for fUl'th(']' lise, without haying noticeahle toxic efl'ects 
on the tllbC:'l's. Other tl'(>ntments WPI'P found wllich shortened the 
rest period but which werp dpcidedl,v injurious to thl' tubprs, None 
of the chemic:)l trentments tried wer{' elltirply :;:ltisfuctor,v in grvmg 
rapid sprout deYeJopm{'nt n fter tIl{' rest period ,\'ilS bl'ok{'J], 

The efJ'{'et" of holding four vnriptil's of .lerllsnlem-nl'tichokes in 
cold-stornge ro0111S at liio, 18°. :32°, :~l)o. nnd 50° F,. untl in fll,ld pits 
for yarious ppriods, on the sprouting r{'sponse, ('ntalase activity, 
respirr.tory rate. und chemic'al composition of the tubers were studiod. 

The sprouting response was pOOl' from the loh; hl'id nt 15°,18°, l1.no 
50° F, Fre{,7.ing injury occurred at tIl{' two lowl'st t{'mperatul'('S, 
The sprouting response was "ery prompt and vigorous from tubers 
stored at 32° nnd 3()0 I\nd in field pits. Imd was b{'st Itt 32°. The 
period of exposure required for good responses t),t the :~2° I\nd :3{j° 
and field-pit exposures yaried som~{'whnt between ;wli::;OIlS and between 
varieties, but 30 to 45 dn,ys' cxposUl'e gtwe good sprouting und good 
subsequent growth in all varieti{'s und sensons studil'd, 

The datf1 secul'NI showed no ('0l1c1usiYe eyidel1('{' of nlw correlation 
of chemicnl composition of tubers, 0[' buds o[ tubers. ,\'lth tillle of 
emergence from the rest period, The data did show. boweyel', Il 

gradunl IItta.1nIl1ent of !l low value of total levulosnns a/ld of II ('01'

respolldingly high \'idue ~Ol' the more soluble carbohydrate constitlH'nts 
from harvest up to the tune growth of buds occurred. 

Although the content of free reducin~ substances nnd that of free 
levulose showed excellent im'crse relatIonships with tempemturc of 
exposure in some varieties, none of either of these fmctions could be 
detected in tubers of other varieties subjected to the sHme conditions, 
It is concluded, therefore, that these substaJlces CIlJlllot be irnportullt 
in the growth-release process, 

There was a tendency for both the whole tubers and buds of tubers 
subjected to 50° 11', exposures to be higher in l('vulosc llnd the !'atio of 
levulose to hot-water-soluble reducing substances, and lower in 
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alcohol-soluble reducing substances than those exposed at lower 
temperatures. 

In the singll:' variety and season in which certain nitrogen fructions 
were determined there was not a good correlation of the nitrogen 
fractions either with the temperatllre of exposure or with brea.l~ing
of the ·rest period. 

The chemical constituents studied in the variously exposed tubers 
or buds of tubers do not appl:'ar to control or be relHted to breaking of 
rest, although at least S01111:' of the constituents seem important in 
determining the vigor of sprout growth following termination of rest. 

No consistent relation was found between catalase activity of buds 
and tubers and respiration of tubers of the two varieties studied in 
two seasons, or bl:'tween either of these factors and the sprouting 
response after storing the tubers at fiOO and 320 F. 

These investigations lUlYe provided considerable evidl:'nce suggest
ing that breaking of rest ill buds is governed by an entirely different 
agent from that governing suhsequent development of tl!e activated 
buds. The two factors have 11pparl:'ntly been confused 111 the past, 
and it is pointed out thnt term illation of the rest period, at least in 
some plant materials, Cll1lllot be judged with certainty by the time 
sprouts appear aboye ground in sprouting tests. 

The chemicH.l analyses of tubers stored under the vur·ious conditions 
indicate that where tubers aI'l:' to be llsed for manufacturing purposes 
requiring 11 high inulin or levulose content, it is essential that they be 
used immediatl:'ly after haryest, or urter only relnti,'ely short periods of 
storugl:'. Prolonged storage results in marked reductions in both t.he 
percentnge find absolute yil:'lds of IC'vulose. 

Large losses dlle to rotting of tll bel'S occurred during storage at .500 F. 
Storage temp<'rn turC's sligh tl.\· nboy(> freezing are essen tial in rC'dllcing 
such losses to a minimum. 
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