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INTRODUCTION

Tltere wera many works about the cinditions ¢ mecerning tuber formation -of sweet
prtato for the cultivatinal purposes to produce its raxi num yie}d, Mast of such
works have deal: with the externol ¢onditions i.e. moistura content and _a,ir_sup—
plying in the scil: radoxy potential of soil, nitrogen supplying etc: _‘\Sugabz{ra and
Noguti 1940, Kamatani 1945.) As far as internal ¢ nditions, ttey dealt with the
carbobydrates and nitrogen ratio, or regenerative and lgnifing charactor of the
tissues of roots which wers to inducad the tuber formation, o _

Such coinditions studied as above mentioned would not. be any determining or
regulative conditions but nutritional or influencial conditions for tuber formation.
Trerefore it bas been arisen as a question whether any regulative and determina-
tive factor; for the tuber formation are or not as a physiol i-gii:'il_'p‘.:enor_neﬁ:)n of
development. Already, it Las besn indicated that the tuber formation bas a intim®
ate correlation with growing bud rather than leaves which produce carbohydraies, by
writer{1933). As to potato, though some workers suggest that the tuber formation
is a matter of surplus carbohydrate the others postulated existence of a specific
bormane like factor for tubar formation.

Gragory (1953) denonstratad through his expsriment that the vubsr formation
results from a stimulus fornel or activated by specific condivions of temparuture
and photopariod, and the stimulus appears to be transmittal through a grof
unisn. He induced the tuber formation by short day and low tenperacurs of
dork parind, ive. 14°C for 16bour of dark period and 20°C during 8:r of daylig it
“wrile no induction took place wien the potato plant was kept at 20°C for 8'r
daylight f.ilowed by 8br of artificinl lighs (1000 f.¢.) at 20°C and 8! r of darknass.

The expexinent of this paper intended to know wiether swest potato shows
same responce or not for simillar photoperiod which Glegory adopted for potg'tf).

Materials and Methods ' |

The variety of sweek potato wused for this expsriment was Okinawa No. 100

Ssedling tubers of medium size were sprouted in wood boxes fillad up with sand,
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under a stort day condittn by artificial light, that iz, 8br of 300 wt, elesirical
light (Thte light was kept by |l meter distance from plant) followed by a darkpariod
for 16hr, The range of temperature was 26.2°C ttrough lighting period and dark
period. After 20 days when the sprouw el plan- grew about 10 cm length. Thre three
kinds of plant to he transplanted were preparad from the most uniform plants as
follows. An apical portion which length was about 6cm, a cutting which posse-
ssed a leaf with a axillary bud and a cutting which Fad a leaf but its axillary bud
was excited, were prepared.The thres planted iogstber in @ bamboo box (diameter
was ldcm znd the hight 14ecm) filled up with sa@nd. _

The nutrient solution of Nokuchi and Sugahara for water culture (i, e. NH,
No; 43 mg, EKH.PO, 36 mg, Kecl 44mg MgS0: TH: 0175 mg, Ca(Noy) 83 mg,
Nncl; 6H,0 0.3~1.0mg, Fecl; 6H; Ol. 0mg, H,BO; 0.2~0.4mg, H,01l) was
supplied and tle moisture content of boxes was kept at 4594 of saturated point.
Tre two kinds of photoperiod and temperaiure were offered. The ona was 16hrs
of artificial light followed by 8hr. of dark period, at 26+2°C for dark period and
Lghting period; the other was 8hr. of ar ificial lgiht : t 24::2°C by following 16br;
of dark period at 16x2°C. ’

The artificial light was prepared 300W electrical lig' t at 60 cm distance from
plants. The Iatter conditons of photoperiod and temperatura resulted ‘a complete
ab ence of the tuber formation but the ~former conditions induced the tuber for-
mation. S> that it will be considered the former conditions must be a inductive

stative state and the other non-indu.live state.

Results and Observation
T e growth of plants; —
The grawth of plants was very poor unlier the dl‘tlflCl&l Mght indicating tla

NON-INDUCTIV STATE INDUCTIV STATE | Fig. 1 THE GROWTH OF PLANTS
5 _ 3 ‘ 15 IN INDUCTIVE & NON IN-
1 EjA Stem growth Stem gr_?_Wth' DUCTIV STATE
c | ’
10 L 10 .
Average length of stem or bud
B grown
$ - C - 5
) Average number of ncdes It
3 stém or hud grown
1™] i . .
s 1
D - - 5 [} Average length of roots
o | I Average number of roots
Root growth Root growih Aversge numhcr of tubers
0 | s A) The plants frem apical portions

B) The cuttings with excied bud in-comp letely () The cuttings with a bud
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the intensity of light for growth was very deficient. (Fig.I) The hairy stems and
petiols indicated also the deficient light. So the blades of leaves  wera very small
while the petiolls of leave and the internodes of stems were so much clongated that
the plants looks véry' slender Fig. II, IV). Tte m;)st of the cuttings which were
excised bud reformed new bud at the exicad trace, because of incompleie excisement.
Notwithstanding the newly formed buds or formerly existed buds, tle growth of
buds in comparison w'th otter growths i e. root growth and the growth of plants
from apical portion, was larger distinctly in inductive state than in non-indictive
state, As Fig. II shown the relative growth ratio of the buds to the plants which
were taken from the apical portion was 34% in inductive state, and 2126 in non
-inductive state, Tte growth of excised buds in inductive state was 7.9x1.21cm
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Fig T The growth of leaves-in the cuttings Fig I Tke relative grotwth ratio cf tuds
N-The length of blade in Non-inductive state I-Inductiv state
I-The length of leaves in inductive gtate N-Non-inductiv state

Taple 1 Tuher formation of sweet potato under artificial Iight.
(40 days after transplantation)

Number of Number of
Conditiona kind of plants Nutrﬁgg;:f plants that plants
formed tubers | experiment
The plants from apical 2 '
portions 12 i 12
" The cutfings with a leaf
Inductive state and a bud which excised 10 7 12
itcompletely _
The cultings with a leaf ©q 3 12
and a bud .
The plants from apical 0 0
portions ‘
. - T The cuttings with a leaf ;
R A7 < :
Nox;uégduc e and a bud which excised 0 i 0
s incompletely S A
The cuttings with a leaf 0 0
and a bud
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and non excised buds was 10.5+£2.22.cm and the groweh f buds in non-indue. jva
state was 3.44:0,336 cm (excized®, 3.90:0.28c¢m ‘non-cxcised). Tre difference of
growth cf buds between inductive state and non-inductive sizle showed '»"-_ign.-i‘f—
icant by stati.tical test, This fact coincidel with tte frct that tte tuher formation
had a intimate relationship. i,e. correlation with growing bud as indicatad by
writer(1953). Tle growth of roots in inductive state was less tkan non-induc tive
state on the contrary with the growth of buds. as Fig. I shown.
Tte tuber formatbn; -

Though ite growth of plant was very poor and tte photosyntlesis in inductive

:: & i EEE

(NON-INDU TIVE STATE)! (INDUCTIVE STATE)
Fig. IV.a: The tubcr formation of sweet potato under

an artifical light. g IV. b Tho tuber formation

Non inductive state - theugh the root growth was of the plants prepared from
larger, tubers were net {ormed. apical porticn,

Inductive state--tle tubers were formed. . . (Ne.168)~ Tke plant formed
Tie growth of plants were Hirgted and looks | tuker in inductive state.

slendcr.  only the inductive stale resulls tubers. 2. (No. 4)-- The plant in non
’ . -inducrive stae.

TFig. IV. ¢: The growth of sweet potato under
an artificial light.
T - Inductive state . % *
N - Non-inductive setate (3 N,

a--the plants from apical portions. Fig. V: The growth pattern of rcots in
cthe Guttings which had a leaf. sweet potato

Though the piants hardly showed amy I-the thin aand delica'e pattern in
remarkable growth the tubers formed in inductive sia'e.
inductive gtate not formed in non-induc- N—tle stout and branchy pastern in
tive state non-inductive state.
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stats seamed lmited under the ariificial lght, the tuber formation was very jndi-
cative byt none of tuber formaiion was in non-inductive state as table I shown.
(Frg. TV)

Some plants only raving a lesf and a sprouiing bud in induc-i~ive state formel
tuber: though they kardly showel any remarkgble grow.hos Fig IV, shown.

Tre difference of tuber formation between inductive state and non-inductive
stotz  were significant by statistical test, Among three kinds of plant, the plang
from apical nortion formed more tubsrs than other, and tte cuttings which excised
bul momiplotely and reformed bud formed more tubers than the cutiings which
not excized,

Tie growth nattorn of roots and stems; —

The roots  of inductive state wers very different “when compared with tte non
-inCuctive state, The roots of inductive stat look delicate and very thin except
tubers, e ~~,ch1'J.lly branchel rovts were very thin, But the roots of non-inductive
state Took wtout and they weare mors branchy than mducuw setatae, (Fig.

The distinct different pattern of roots betwesn in inductive and non- inﬂu‘
cbtive state tad none of sxcaptions. The stems of induct've vtate were ‘arder and
the xyizm more uvcﬂupﬂi in comparing with non- muucmw, stete while tle ste-

ms of non-induciiva vtata cavloped its parenchyma tiscuc, so its

neier of stems
were Iarger tran inducuva state (Fig.VI). Generally tha leaves of non-inducad state
were more green then induced state.

D W

TN o

Fig. VI: the cross section of stems. (1956)
N--the stem of noniodnctive state
i—the stem of Inductive state.
C—Cortex. X Xylem. P~Parenchyma. V—Vacuoles

Diseussion

In this expsriment, the growt of plinis and photosyant esis might be surpresed
by insuficient, artificial light. But t ¢ tubers were formed in iaductive state

significantly, and none of tubers were formed in non-inductive state. This fact
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indicate that the tuber formation might ; ave o stimulation which related directly
with the conditions of inductive state, that is, continued long day (16L) and high
temperature(26°C). It seems also that the physiological cuazes or stimulation for
tuber formation would be differnt from the physiological phase of growth of
plants and of photosynthesis i.e. carbohydreats and light intensity etc. Though
it was not certain that wiether the result that none of tubers were formed jin
non-inductive state solely due to the short day condition or low temperature of
dark period or to its combination, it was certain that the long day condition in
inductive state promoted tuber formation. The results of this experiment with
sweet potato were just contrary from the results of Gregory experiment with
potato. His experiment indicate that the inductive condion of potato tuber was
short ‘day condition and low temperature at dark period and non-inductive condition
was long day condition while the inductive condition of sweet potate was long day
condition and high temperature and non-inductive was short day condition and low
temperature of dark period. )

Gregory demonstrated also that the stimulation for inducing tuber of potato
were transmisible through the graft union as liks the stimulation of floral stage
cansed by photopericd. Tt was interested that the tubers of potatoes. and swest
potato wers stimulated by advers photoperiod knowing that potato was a long day
plant for floral induction while sweet potato was a short day plant. It was also
interested that the two kind of developmenial phenomena, fi.e, flower and tuber
formation were stimulated by adverse photoperiod, both in potato and sweet potato
that is, flower of swest potato was stimnlated by short day w ile tuber formation
was stimulated by long day period. This facts may deserve to consider any
physiological and ecological significances. There were distinct difference betw-
een the root pattern of inductive state and of non-induciive. The roots pattern
of inductive state were silky and thin while non-inductive state wera branchy and
stort. Each state had no exception about this special pattern of roots, The diffe-
rene of root patterns of each state must have a intimate relation with the pho-
toperiodical and temperature condition, and the difference might have also any
relathon with the stimulation for tuber formation, B, E, Pilet and F. W. Went
(1950) indicated that the growth of root and stem might have a new correlation
with photoperiod znd temperature, and that the effect of temperature on root
growth is basically an effect on endogenous auxin supply. Pilet (1954) observed
that lateral root production is possible only when the auxin concentration in
the main root is high. Tt would be possible to interplete the branchy, stout
roct pattern of non-inductive state und sillky, thin root pattern of inductive state,
and the more bud gr wth and the lass root growth of inductive state in comparing
with the non-inductive state eitc,as a auxin physioclogy. It was presumed that the
branchy pattern and larger root growth of non-inductive state might be resulted
by supplying more auxin which was used for root growth, But the fact of larger

growth of buds in inductive state made us to presume that the total auxin quantity
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activated by growing buds in inductive state would” ba mueh more than in  non-
inductive state, But inductive state may produce other stimulating factor for
tuber f rmation rather than auxin an? this factor make the supply of zuxin eon-
centrated to tuber formation ¢oropersting with auxin. S» that the supply of auxin
only for root gr witl limited in inductive stute and re ulted t-e fagt that the root
growth of inductive state was inferier wha1 ¢ mpars? with non-inductive state,
and alsr resulted the silky, thiny€ pattern of' roots. The tendency that
root growth paralield with tuber § rmati nin t e cize of inuctiva state Fig. 1)
crincidad alss with above postulation thal iuber frrmatiod nesd more auxin from
growing bud as well as root growth need guxin, The largar growth «f roots and
branchy patiern woull be resulted fromn the more auxin supply only for root gro-
wth in non-induciive stats as postulated above.

Spmmary

The cuitings and apicil porrtion of stau in swaet prtato wers growlh under
artificial light and spacific phwotopari «d and te nparatura. Though the plant growth
was pror uadar insufficient gt intensity of artificial light. the tuber formations
were inducad at long light peried (16L-48D) and n»t induced at sh rt Iight perisd
(BL+16D) and low temperature of darkpari d. The determinative factor for tuber
formation of sweet potato seams to be a stimulatiyn which has intimats relation-
ship with specific photoperiod and temperature and no direct relation with the
growth of plunt body and lght intensity. The root patte-a of inductive state for
tubers and non-inductive state were different distinctly, the former were silky and
slender, the latter ware brancay, ad stout appsarenc:, This differsnt ro>t pat-
tern must bz due also to the spacific potoperiod anl tenparature and may have
any relationship with the stimulation for tuber f rmation from the point of auxin
physiology etc.
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