
A FLOWERH G IIOE,10NE AS RELATED TO BLOOMING IN 

SWEETPOTATO WHEN GRAFTED ON 

MORNUG GLORY 
·'. 

By 

Shue-lock Lam ,, 

Bachelor of Science 

College of Agriculture. Lingnan University 

Canton . China 

1944 

Submitted to t he faculty of the Graduate School of 
the Oklahoma Agr i cultural and Mechanical College 

in partial fulf i llment of the requirements 
for the degree of 
MASTER OF SCIENCE 

January. 1955 

i 



O~lAIIB~~ ii 

AGUICgt n 11 ~L & t-;ECtt~~lC&l C3llECE 
L IBRA RY 

AUG 9 1955 

A FLOWERING HORMONE AS RELATED TO BLOOMDTG IN 
SWEETPOTAT O WHEN GRAFTED ON 

MORNING GLORY 

. Thesis Approved: 

Chairman. Thesis Committee 

Head of the Department 

d -
Dean of the Graduate School 

~· .. 

S46023 



PREFACl<'. 

In t his study. Ipomoea tricolor. Ca.v. (morning gl ory) was found 

to be the most effective stock species in inducin~ flowerinp with 

Jersey varieties of sweetpotatoes. Th is result has not been previously 

reported. The graft ing technique described in this paper is considered 

to be the most successful method for inducing flowering in Jersey 

varieties of sweetpota. toes . Undoubtedly . the knowledge gained in this 

study extends the possibilities for the improvement of sweetpotatoes 

by breeding. 

The writer wishes t o express his s incere appreciation to 

Dr. H. B. Cordner. Professor of Horticulture. for his many suggestions 

and guidance during the course of this study. and in the pr eparation of 

thi s thesis; to Dr. Frank n. Cross. Head of Horticulture Department. 

for his constant interest and a ss i stance and to Professor Fred Lecrone. 

Professor w. R. Kays. Professor F. A. Romshe and all professors of the 
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·Horticulture De partment for their constructive criticisms and suggest ions . 

He is also sincerely grateful to Professor o. c. Schultz ~." d Dr. A. R. Cooke_, 

Dr. I. V. Holt and Dr. F. B. Strµble of the Botany Department. Oklahoma 

, A. & 1. Opllege for thei:r inv'Et l\lf!P],e information and. suggestions. 
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I NTRODUCTION 

The sweetpota.to is an important food crop in all t r opical as well 

as subtropical countries. It ranks next to t he Irish potato in importance 

a.s a. vegetable crop i n the United States. The varieties of sweetpotatoes 

commonly grown in this country may be divided into t wo groups: (l l "dry 

fleshed fl or Jersey type and ( 2) ''moist fleshed" or "yam fl t ype. The 

so-called "dry tr" anrl "mo ist" types are ba sed on their cookine; quality, 

particularly baki ng , not the percentage of water in the storage roots. 

The leading varieties of the first group are Big Stem Jersey and its 

sport Maryland Golden, Yellow Jersey (Little Stem Jersey), Orlis, a 

1 

sport of Yellow Jersey and Neroagold a recently introduced variety devel oped 

by Dr. H. B. Cordner at Oklahoma A. & M. Col lege. These variet i es are 

commonly grown i n t he Northern and Eastern sections of t he country. 

They have more or less unifonn sha pe of roots, clustered c l ose to the 

main stem of the pl ant and also high resista.n·ce to root knot nematodes. 

But they are, as a genrnral rule, low in carotene content was wel l as 

yielding abilit y . The second group, is represented by t he varieties: 

Porto Rico , Nancy P.all , Allgold, Redgold and Goldrush. Generally these 

''yam n type varieties possess the characteristics of high carotene content, 

h igh .yielding abili~y and some of them are resistant to fursarium wilt . 

They also have some defects such as susceptibility to nematodes, irre~ularit~ 

~n shape and si:r.e of roots. They are not well adapted to the northermost 

sweetpotato areas . 

Unfortunately, most of the Jersey type varieties of swaetpotatoe s 

bloan sparsely if at all under ordinary conditions in the continental 

United States. Consequently , very few successful crosses have been made 
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between Jersey and other variet i e s and breading lines. This has imposed 

certain restrictions on the sweetpotnto br eeding progr am . The non-flowering 

characteristics of the Jersey t ypes and certain breeding lines of t he 

0 yam" types is a. difficult problem confronting present day sweetpot.ato 

breeder s . 

The purposes of t his study ure (1 ) to deve l op a technic of induc ing 

flowering wit h certain non-flower ing varieties and (2) to determine the 

f actors that induce flowering in the ~r af ted scions of non- f l owering 

varaeties of swa _t potatoes . 



REVIE\\ OF LITERATURE 

In 1926. Stout described flowering i n t he sweet potato and pointed 

out t hat the non- flowerine; habit of certain varieties would be a. diffi cult 

problem in svreet potato br eeding. In 1935• Tioutine (20) ;sported .that 

considerable effort was made to i nduce flowering i n certain varieties 

of sweetpotatoe s t hat did not bloom under ordinary conditions ':mt success 

was not obtai ned either by restricting t he raot system. gr afting on t he 

other Rpecie s of I pomoea or growing t hem a s perennials under ~lass . He 

stated t hat t he abilit y to produce fl owers was a vn.rietal char acteristic: • 

In 1937 and 1939. Miller (17• 18 ) described the method s of inducing 

flowering and seed production in swaatpot fl toe s de..,-eloped at t he Louisiana 

Station. where t he sweetpot A.to vines a re tra i ned to a trell:i.s under out-

door conditions . This method i s not effective for t he non-fl owering 

var ieties of tho Jers 1y t ype . Wannke (22) in 1949• r eported t h~t J er sey 

varieties could be i nduced to bloom in Porto Rico using Miller ' s method . 

This is true only 1mder subtropi cai condit i ons . Borthwick (1) i n 1947• 

3 

reported t hat he -was unable to induce Jersey variet ies to bloom by var y ing 

the nutrient suppl y . t he photoperiod . t he light int ensit y and temperature/ v-

or by girdl ing and gr afting . In 1948• Hartman (13) likewise reported failure 

in a study of flower induc~ion with Jersey variet ies extendi nc t hrough a peric 
·• ' 

of e igh~ year s . In his study. treatments involving photoperiods . partia l 

girdline; of the stem. gr aft ing young branches onto easy- flower ing 

varieties . and other species of I pomoea such as!. pandur at a . and .!.• 

hederacea . (wild morning glory) a n:l wide s pacing of plants and pruning 

were all used . In 1948• Mikell • ~ i l l er a , d Edmond (16 ) reported the 

production of six f lowers by t he J ersey variety grovm. on a trellis out 
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of doors . but none of t he flowt1 rs produced seed . In 1952• '.i!ikell ( 15) 

reported using such chemical substances as 2. 3. 5- triiodobenzoic ac i d• 

2. 4-dichlorophenoxya.cetic acid and alpha-na phthalenacetic ncid on plants 

of Jersey varieties but none of these had any effect on t he initiation or 

retardation of floral primordia formation . However . in 1948• Cordner and 

Sorensen (6) reported success n inducing flowering and fru it set with 

Jersey varieties grovm in gravel culture . A promising va riety--Nernagold* 

which was test,~d in cooperative Jersey trials as Oklahoma. 46 for three 

years and is now widely gro1-•.rr1 in several states . wa s derived frorr1 t his 

cross . In 1950• Culbertson (8) reported t hat sweetpota toes in Japan 

were induced to bloom by gr afting them on .!.• Bona- Nox (moonflower) . 

Recently. Kehr . Ting and Miller (14 ) in Louis iana and Zobel and Hanna 

(23) in California also reported success in inducing flowering of Jersey 

swe etpotnto varieties by grafting t hem on .!.• carnea. and .!.• purpurea. 

respectively. The success of their efforts -was attributed to the 

accumulation of carbohydrates in the swee t potato scion which is supported 

by a root system incapable of forming storage roots . 

The literature on flowering in plants in relation to growth s ubstances 

and flowering hormone is so extensive that it i s not possible t o present 

a full review of this field here. However . a few papers vital to the 

subject nt hand should be mentioned . 

As early as 1880 the famou~ Geonan qotanist Julius Sachs s ug;g:ested 
" -

that flower fonning substance existed in plants (as reported by Tukey( 21 ) ) . 

This flower fonninr, substance wn s als o t entatively designated by Cajlachj an 

( 2. 3 ) in 1937 a s "fl origc-m". At t he pre sent t ime . this flower forriing; 

substance has not been cornplet ,ly isolated and identified although 1 reports 

* P-47 (yu type) X Orlis (Jersey type) 



by Roberts (1 9 ) ind icate t hat certain subst ance s extracted f~om flowe r ing 

branche s may induce flowering in other p lants. The possibility of a 

flowe r fonn i ng subst ance in plants ha s more recent ly been pr oposed b ; 

investi gators (4. 9 . l ? • 11 . 12) ans some of these refer to this substance 

or substance s a s "f lor i gen·'\ 

In t h is pa per t he tenn "florigen II will t herefore be used to designa t ecl 

t h i.s flowe r inducing sub sta nce or substa nce s whi ch pr esumably orig i nate 

in the leaves of t he morning glory pl ant and a.r e readily transl ocat ed t o 

the mveetpot8 to sc ion where t h ey are effect i ve in pr omoting flower bud 

initiation. 

5 



SPECIAL GHAFT H G TECHN IQUE 

The cleft graft method "1'.m.s used t hrough t he experiment. Briefly 

t he technique used i n t hi s experi ment consi sted of t he followi ng s t eps : 

1 . ":for n ing glory seeds ·were sovm i n ve'rmioulite , a nd t he seed lings 

transplanted to fert ile soil i n 3-inch pot s 7 to 9 days after sowing. 

2. When t he seedlings had deve loped 5 to 7 nodes , t hey were r eady 

fon ~r aft ing (Fig. 11 ) . 

3. A strong termi na l stem of t he sweotpotat o \ to 1 inch long was 

used as a scion nnd cut to fonn a triangular wed ge nece ssa r y i n ma ki n g 

a cleft gr aft . 

4 . In preparing t he morn i ng glory seedlings for graft ing t he stem 

terminal wa s cut of f and the st em spl it l ongitudinally downwar d about i 

inch'1to provide for t he insertion of t he scion. 

5. The scion was then inserted into t ho stock and t he gr aft un ion 

tied ti ghtly with a sisal f i~er. 

6. The gr afted plants were then kept in a propa gating box for from 

5 to 10 days de pend ing on sea sona l conditions . 

7. As soon a s t he gr aft uni on had become well established t he pl ants 

were removed from t he propagating box and transplanted t o 6-:inch pot s . 

At t hi s t ime t ho sisal fiber were remov:ed fr om t he gr aft un ion . 

8 . The vines of Erafted pl ants were y ained to stakes 2 to 3 feet 

long and ke pt under f avorn ble e; r owing c onditions on t he bench i n the 

gr eenh ouse. 

6 
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EXPERIIAENTAL PRO m DUHES AND RESULTS 

1. Effect of Root-stock Species 

Fifteen related species forming nonstorago roots were used as stocks , 

eight of which were introduced recently from the Ce.rrD)ean. area by the USDA 

and still await i dentification. P- 47 (easy- flowering variety of.!.• batatas) 

was also used as a stock. The known species include.!.• r:apens (ch inese . 

water spinach) , .!.• tricolor , Cav. (morning glory) , I.• purpur ea, Lrui •, 

.!.• hederacea , Jacg . (wild morning glory) , I.• Nil , Roth , .!.• batatas , Lam. 

(swaetpotato) , Qua.moclit pennata , Boj er., (cypres s v ine) , and 03.lyonction 

a culeatum, House (.!_. Bona- Nox). The eight recent introductions are 

designated by Oklahana access ion numbers xo-1, X.0- 2. X0-4, X0- 5, xo-a . 

X0- 9, XO- lo , X0- 19. Orlis (~s port of Yellow Jersey ) was used as grafted 

scion and 5 to 10 plants of each species were grafted. 

The result s of thi s test (Table 1 ) suggest that the absence of stora ge 

r oots in the und~rstock per se will not assure bloomine in the sweetpotato 

scion . All but one of the 16 species used i n these e;rafti ng t ests were 

of the nonst or age root t ypes . Only four species , ! • tricolor, I.• pur purea. 

I . Nil and I . heder a cea were found effective in i nducin~ flowering. It 

is interesting to note t hat when the sweetpotato scions bloomed, ungrai"ted 

pl ants of the stock speci es ~re als o b loorn ine; profuse ly. However , bloomin!'; 

in the stock species -a lone wil l not produce bloom in t ho sweetpota.to scion 

since Orlis scions f a iled to bloom on profusely blooming pl an ts of r. bata.t as 

and Qurunoclit penna.ta and moderately blooming pl ants . of I.• repens . 



Table 1. Flower ing Response of Or li::; Scions as Affected by Grafting 
on Different Spe cies 

~ 

Stock used __ Date of Flowering condition Flowering Response 
grafting of stock species• in Orlis Scion 
(1953-54) 

Group A. (nons t orage root) 

.!.• repens October moderate none 

·.I~ ··t ricolor October many flowers many 
November many flo,'lers many 

I. purpurea Se ptember many flowers many 

I. hedaracea October many flo wers many 
March many flowers non, 

r. Nil September many flowers many 
March many flowers none 

Qua.moclit pennate. October many flowers none 
March many flowers none 

: ·~~r ( 20916) ** r.~a.:rch none none 
;, ~< ... 

xo-2 ( 209127) March none none 

x.o-4 ( 209130) March none none 

X0-5 ( 207818) March none none 

X0- 8 ( 2078 21) March none none 

:xo;.g ( 2078 22) March none none 

X0-10 ( 207823) . March · none none 

X0- 19 ( 209319) March none none' 

Group B. ( storage root) 
I . ba.tata.s (P-47) October Many flowers . none 

* Extent of flowering; in normal (u gr afted) plants grovm as control. 
** u. S. Plant Introduction Numbers. 

8 
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2. Effect £_~ Defoliat i on of Root- stock Plant 

In this test Orl is scions were gr afted on stock pla.nb; of mor ning 

glory (!.• tricolor., var. Heavenly Blue) with varying number of leaves., 

that is ., none ., 3., and 7 or moro . Five to ten gr afts were m6.de in ea.ch 

gr oup during October and ' Uovember . Set of fruit on the morning; glory 
j ~., ' ... 

stocks was prevented by removal of flower buds . The number of flowers 

that opened on the sweet pot ato scion _of each gr afted ph .nt -was recorded . 

In this test ., the flower buds appeared on t he sc ion about 30 days after 

grafting and blooms appeared in about 60 days. Flowering usually was 

initiated in t he sweetpota.to scion at t he seventh node and continued for 

3 to 20 nodes , de pending on t he number and the continued vigor of the 

leaves on t he rnornine; glory stock. As t he leaves of t he morning glory 

stock became yellow with a ge and dropped off , the scion of t he non- flowering 

sweetpota.t o reverted to t he vegetative phase of growth and r emained so 

indefinitely. 

The results of this test (Fig. 1 ) indicate that tho number of flowers 

that a ppeared on t he Orlis scions varied directly with t he number of active 

leaves on the morning e;lory stocks . To flower buds a ppeared on the gr afted 

scions i n the absence of leaves on the understock. It appears that there 

may be a chemieal substance pruduced in the leaves of the morning glory 

which is transloca.ted tt, t he scion of sweetpotato that inducad bloomine . 

Since this chemi cai SU1)stance is re sponsible for flowering in the sweatpotato 

it may be referred to as a flowering hormone or flower inducing substance. 

This substance might well be the same type as t hat which was tentatively 

designated as "florie;en" by Cajlachjan . 



' .. 

1,'i gure 1. Relation Between the Wumher of Flowers Opened on the 

Orlis scion and the Number of Lettves on the Morning 

Glory Stock (grafts mo.de in October and November) 

Average no. of 
flowers opened 
per grafted scion 

50 
45 
40 
35 
30 
25 
20 
15 
10 

5 
0 

w. ,1more 

Number of leaves left on the 
morning glory stock 

,."J:· •.• 
1·' 
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3. Upward nnd Downward :.:tovement of Flower Inducing Substance 

in the Plant 

In the previous test, it is quite evident that the flower inducing 

s ubstance or ''florigen" moved u p-ward t hr u the graft union to induce the 

swaet pota to scion to blocrn. In this test a. se@llant of morning g lory with 

4 to 5 leaves was grafted on a sweetpota.to stock . Two wErn ks after grafting, 

. flower buds appea red on t he sweetpota to as shown in figure 2. Th is 

i ndicates tha t the "florigen" may move dovmward a s well o s upward in 

inducine; the swe et potA.to to bloom . Other gr afts with inter- stocks of 

mor ning glory stems were made to demonstrate s imultaneous movement of 

"florigan '1 in bot h directions i n the gr a fted pl ants. When the leaves 

were cut of f from t he se gment of the inter-stock, no flower buds a ppeared 

on the sweet pot a to, either ab ovA or below t he inter-stock (Fig . 3). 



/), 

(1) 

Inter-grafted 
segment of 
morning glory 

Morning glory 

(3) 

Morning glory 

V 
( 2) 

Figure 2. (1) Flowering hormone moved downward into Sftetpotato stook 
(2) Flowering hormone moved u~rd into sweetpotato scion 
(3) Moved in both directions (grs.f'ted in Septemver) 



Ve get&.~ 

Figure 3. The intergrM'ted segment of morning glory stem with 
leaves will induce the sweetpotato to bloom above 
and below. Without leaves this stem of morning 
glory is ineffective. (grafted in September) 

1 



4. Interfe:ronce of Tra.nslocation of Flower Inducing Sub stance 

~ Heating and Gird 1 in..£;. 

The Orlis variety WA. S r,raftod on t he morning ~lory stock and in t hi s 

test the leaves of the morning glory were confined to a lateral branch. 

As soon a.s tha f lower buds a ppeared on thfl sw-, atpotA.to scion., the base of 

the lateral branch of the morning g: lory was treated by heatine; with hot 

14 

water a.t a pproximately 90° c. As a. result of this treatment, the sweetpofaito 

scion cea sed to initiat e flower buds and some of the flower buds which 

had appeared on the scion aborted ~radua.lly after t he treatmeht (Fig. 4). 

The same result 'Was obtained by t~irdling the lateral ot' the morning e;lory 

stock. 
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SWEET POTATO 
Flower buds 

graduately 

Hot water 
°'vtm8nt·, hero 

Figure 4. Translooation or flowering hormone can be prevented by hot 
water treatment. Left, the flower buds began to appear on 
the sweetpotato scion after grafting. Right4 the flower 
buds aborted graduately after hot water was applied to the 
stem of morning glory. (grP.f'ted in October) 



s. nowar Induoinc ~ubsta.noa ~ · onopolizod ~ Fruit Developing 

.2!:_ the !,forninz_ Glo!'Y Stock 

The Orlis variety was acain usod o.s r;ra!'ted scion. Fourtocn g;rnrts 

16 

were made and divided into t v.'O r,roups of seven plants each. In one e;roup, 

' 
fruit set on t ho morning elory stock was provont ed i.~ the other. fruit 

sot was allowed to take place. 

The result s (Fi g. 5) r.hmv that flowerine of t he swqat potnto scion 

-was e;reatly fa.vored by tho deflore.tion of t he morning elory stock sinoe 

an average of' 4G opened flower s r,or sci on resul tad . ~'.hen fruit set v.ins 

permitted on t he stocks the sci ons bloc.med sparsely i f at all (the a.vsra~e 

\vas 5 blo(l;ls por scion) . Is i t possible, t herefore• that t he e;rowinr; 

fruits monopolized tho f'lower inducing su:istance provided by tho foliage 

of the stock to tho extent that flower initiation in the scion was retarfted 

or :inliinited entirely? 



SllEETPOTkTO 

not deflorated 

Figure 5. Growing fruits on the morning glory stook monopolized the 
flowering hormone to the extent that flowering in the 
sweetpotato scion was reduced or prohibited entirely, 
(grafted in October) 
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6. Flower Inducing Substances - Universal 2!:_ Specific? 

In addition to t he sweetpotato. several related species of plants 

ware used as scions grafted· on.!• tricolor to note any similarity of 

flowering response. The nonnal plants of t hese related s pecies remained 

in a nonflowering condition for the duration of this test period . The 

results (Table 2) indicate that the "florie;en n manufactured i n the leaves 

of thi s species of morning glory would not nn!y( :iill.duce flowerinE in 

sweetpotatoes but a l :so in other related spe cies. To this extent it seams 

that t he flower inducing substance or su',stances are m1iversa l. However • 

all the species used a s grafted scions in this test belong to the same 

genus Ipomoea of Convolvulaceae. Owing to the difficulty of obtainine; 

successful grafts between plants i n diff erent ·f a.m ilies . t he pres ent data 
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a.re not suf f icient to justify the conclusion t hat the "flor igen" ma.nufa. cturec 

in the morning glory leaves will als o induce blooming in t he pl ants of other 

families. Therefore • the question "flower inducing substances- universal 

or specific" still awaits further investie;a. tion. 



Table 2. Flowering Respo~se of Different Related species ~b an 

Grafted on I. t ricolor 

Species used 
as scion 

X0- 1 (I. quinquef' ol ia ) 

X0- 2 

X0-3 

X0-4 

Flowering condition on Flowering response 
Us·, eri.-.. r oot-· d1/ --,the. t ime after gr aft i ng on 
of gr afting r. tricolor 

not flower ing many flowers 

not flowering many f lo,vers 

not flowering . many f l owers 

not flowering many flowers 

19 
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7. Level of Fl owe r Inducing Substance in Morning Gl ory as affected 

~ the Environmental Conditions 

I n this t est, the morning gl ory and Orlis were used a s zr afted stocks 

and scions respectively. Five to ten gr a.fts were ma.de at a.bout monthly 

intervals t hrou~out the year (Ootobor. 1953 to September. 1954 ). All 

gz:arted pl ants were kept under favorable grovring condition on t he bench 

of t he ·gr eenh ouse through out the experimental period. The plants were 

also mainta.inad with as many J:ea.ves a.s poss ible on the unrierstock. The 

number of opened flowers per grafted scion , node at v-rhich the first flov~r 

bud appeared . date of first flower bud and t he date of the first blooming 

on the sci on , and t he number of the flowering nodes · per gr afted scion were 

recorded . These data are shown in Table 3. 

The non-flowering varieties of sweetpotatoe s could be induced to bloom 

only when the grafts were ma.de duri ng the period September thru Apr il a.nd 

no flower buds appeared on scions which v1ere gr afted from May t hr u August. 

The number of opened flowers on the scions decreased from 58 in September . 

to 3 in Apr il . The first flower buds usually appeared on a. node between 

t he 7th to 13th on the gr afted scions . The first flower buds appeared on 

scions about 13 days after grafting when the i ra.fts were made in 9 Sept ember 

and about 35 days on scion gr afted in De cember and January. It appears that 

during June a nd August when t he temperature i n the greenhouse usually 

0 
rose to 100 F. or higher and t he light intensity was very high , "f lorigen" 

level was low or wns not synthesized under these condit ions and therefore , 

t he pl ants remained vegetative . During October~ November a nd December 

the t emperature ranged between 65° a.nd 85° F. and the light intensity was 

moderate . Such environment al conditions ap r,arently are f avorable for tlje 

synthesis of "florigen" in the morn ing glory leaves. Therefore, tho number 



of opened flowers per gr afted scion during this period was the highest 

during t he yea r s . The number of flowers produced by t he gr afted sc ion 

ma.y by logically used as an index of t lie amount of "florigen" being 

s ynthesized in the morning glory leaves of the stock at different seasons 

(Fig. 6) . 

21 
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Table 3. Flowering Hespon~~ of Orlis Scion Whan Gr aft ed on 

I. tricolor at Different Seasons 

Date of Node on which No. of days: No. of days: No. of No. of 
grafting t he first grafting to gr afting to flowers flowering 

flower bud s first flower first open per scion nodes per 
appeared bud flower scion 

October 7 to 13 30 60 49 21 

November 7 to 12 3 2 70 4 0 18 

December 8 to 14 35 83 34 15 

January 9 to 12 35 80 24 11 

Februar y 8. to 13 32 70 28 12 

March . '· 7 to 12 28 62 21 8 I ' 

April 7 to 13 18 50 3 5 

May ' 0 0 0 ' 0 0 

June 0 0 0 0 0 

July 0 0 0 0 0 

August 0 0 0 0 0 

September 9 to 10 13 37 58 25 
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Figure 6. Flowering response of Orlis sweetpotato scion8 r gra.fted 
on the morning glory stock at different seasons. 
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s. Leval ~ Flower Inducing Substances of Morning Glory~ 

Indicated Ex. Its Flowering Behavior 

As the morning g:lory pl ant s were e;rovm. for t he seasonal gr afting 

tests (described previously), some plants were kept and observed as 

ungr afted controls. Spec ial attention was given to the mode of flowering 

of t hese plants . It was observed that t he flowering behavior of tho 

morning glory pl ants changed with different seasons. DurinE November 

December and January, the morning glory i nflorescences consi sted of 6 

or more flowers and the pl ants were strongly determinate with t he lateral 

shoots ending in flower clusters. During April and May ar: d a l so during 

l ate August and early September, these chec k pl ants produced only one or 

two flowers at ea.ch node, In t he summe r (late June, July and early August) 

they remained entirely ve getative . 

As shown by fi gure 7, t he effectiveness of the morning; e; l ory stocks 

in inducine; flowering i n sweetpotato scions wns closely related to t he 

intensity of flowerinr; tf the mornine; glory plants . For en.mple, during 

the period late September to early April the morning glory stock -wa s 

effective in inducing blooming i n the sweotpotato scion while late April 

and thru t he midd le of September i t v.ra s ineffective . It should be noted 

that during .t he period . l ate April .to early June. the. morning glory pl ant 

was blooming only sparsely and ~t th i s t ime it WRs ineffecti ve i n induc ing 

blooming in the sweet pot, t o. The 1'81n0 relationship wt~s found during the . 
period l ate August to mid-Sept.ember. Thu s it was apparent that when the 

morning glory plant was blooming most intensively i t was most effective. 

Conversely , when t he morning glory plants bloomed only moderately or were 

entirely vegetative. t hey were without influence on the floweri ng of the 

sweet potato scions. 
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Thi s r ela ti on sh i p may he l p t o a c count f or t he failure of stoc ks of 

free - fl ower ing swaet pota toe s to i ndu ce non- f l owering sweetpota to sc i on s to 

bloom. It a ppea r s t hat t he l evel of t he "f l or i gen " in t he fre e - f l owering 

variet y is i nadequa t e t o provide t h e f lower induc ing substnn cas t o t h e 

s c i on in quantit i es sufficient to ca.use flower bud i nitiati_on. -..,~ 
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9. Fl owering Response of Scio~~f Different Varieties of Sweetpotato 

When Grafted on I . tri color 

In this test t !10 Orlis . ~emagold a nd P-114 sweetpotatoes, which are 

r a t ed as t he most difficult to induce to b lm 01r. under Oklah oma conditions 

(7), :were used as grafted scions. The morning g lory stock planti:: on whi ch 

the different varieties were grafted were uniform with reference to the 

number of le~ves and tota l absence of flower s . 

The resu l t s (Table 4) shov' mar ked v e.rietal diffaranoes in the number 

of opened flower s on t he scions when t he;,{ were grafted on mor nine; glory 

stocks having a compar abl ~ numbers of leaves. Many mor e flower buds and 

flowers a ppeared on s cion of Orlis 0 nd Nemagold than on those of P- 114 . 

It appears that the le.tter variety is mor e strongly v eget a t i v e t han the 

fonner v a r iety. 
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Table 4. Flowering Response of the three Jersey Varieties When 

Grafted on the Morning Glory Stock (gr afted in Oct. and Nov.) 

Varieties No. of Ave. no. of No . of flowering Node on which the 
grafts flowers per nodes oft scion first flowe1· 
made scion appeared 

Orlis 10 46 23 7 to 13 

Nemagold 5 38 19 8 to 13 

P-114 5 7 12 9 to 13 
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10 . Reactions of Actively Flo1Nerinr, Shoots of Two Swee t pot&.. to 

Varieties Wh en Used as Scions 

In this test, the terminals of Orlis (non-f lowering variet y ) , which 

had been brought to the flowering condition by grafting,_ on morning glory 

stocks and flowering shoot s of P-47 (free-f'l ower i ng varioty) ·w~re used a s 

grafted scions . The mor ning glory pl ants were used as stoc ks . Four 

different graft combinations vrere made as follows: 

a . Flowe r ing shoct s of Orlis variety gr a fted on mor nint: glory stocks 

which were dqvoid of leaves . 

b . Flowering shoo t of Olris variety grafted on morn:i.ng glory stocks 

with leave s remai nin e; . 

c . Flowering shoots of P- 47 variety gr a fted on mornin . glory stocks 

devoid of leave s. 

d. Flowering shoots of P- 47 variety e;r a.f'ted on morning glory s t ocks 

with leaves remaining . 

From 2 to 5 successfully gr afted pl ant s were observed i n each 

c ombinRtion. Tho growing conditions of the sweotpota to scions after grafting 

were observed carefully . The result s a re as follows: 

In all cases t h a flower buds which had pr ev iously appeared on the 

gr afted sc ions gr a dua lly aborted . In t he absence of leaves on the morning 

glory stock, p.o new flower buds appeared on t he Orlis s cions. The scion 

remained vegetative indefinitely fo l lowing the abortion of the flo wer buds 

that were pre s ent a t t he timo of e;r afting . Also when t he stock had leaves. 

the flower buds onthe Orlis scions aborted but new flower buds a ppeared 

for ffio re t han ten nodes anc unt i l all of the leaves on the morning glory 

stoc ks became yel low Vvi. th a e~e. In the scions of the P- 47 • t he flower buds 



also ab0rted after e;rafting hut new flower buds a ppeared on the er nfted 

sc ions j u st as would be expected of ordinary pl ants gr ovm on their own 

roots . 

In t he fourth combination, t he response of t he sweetpotato scions 

when grafted on t he morning glory stock was somewhat different. The 

internodes of tho sc ions were short , and i n 3 to 4 weeks after grafting 

3 of the 5 gr afted plants died suddenly and without reasonable cause . 

The remainine; two grew nonnally, t he flower bud s a ppe red continuously 

on the scions . 

•, . ~ :\ 
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11. Long Scion of SweetpotR.to in Comparison to Short Scion 

When Grafted~ Morning Glory 

31 

In this test Orlis sweet r, otat o sc i ons were grafted on morrLing gl ory 

stocks. Two types of grafts ware made . one with sc ions from 1 to 2 feet 

in llengtli having 5 to .10 fully developed leaves. The other wi t h scions 

from! to 1 inch length without opened leaves. The long sweetpotato 

scions failed to bloom while the short s cions bloomed profusely. It is 

pos ~ible that the flower i nducing Eubstances passed into the long 

sweotpot ~to scion and due to the presence of an abundance of sweetpotato 

foliage was d i l uted or neutra lized t o the point t hat its cor.centra tion 

fell belo1' the level necessary to induce flower bud init i ation. It 

might also have been destroyed by reacting wi th subst ance s present in 

the sweetpotato stems and foliage (Fig. 8 ). 

:. 



S1'EET POTAT 0 

~ MiRNING GLORY 

.v· V 

Figure s. Long scion of sweetpotato in ccmparison with short scion 
llhen gr~rted on morning glory stock. (grafted in October) 
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1 2. Inhibitor ~ be Removed by Prunine; the Ma in Stem of 

Sweetpotato Scion 

It was sh own that t he sweet pot ,, to scions gr afted on morning glory 

in August failed to bloom. In t he present te st , t wo gr afts were made 
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on August 20, t he scions remained continuously- vegetative until October 

28, when t he main stem of one of these t wo with 30 f ul ly developed leaves 

was cut off leaving onl y 3 leaves on t he scion. After the ma in stem 

wa s removed a l atera l sho ot developed from t he remaining basal portion 

of tho sc ion and init iat ed fl ower buds which became visible November 18 

(Fig. 9). The other grafted plant r emained vegetative . 
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Figure 9. Sweetpotato scions grafted on A'i\lgust 00 were continuously 
vegetative (l); however, when the foliage of the sweet
petato 'Was reduced by removing the main stem on Oct. 28 
(2) a favorable balance of hormone for flowering evidently 
resulted and flower buds were then initiated and become 
visible by Nov. 18 (3). 
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13 . Inhibitor can be Removed by Spr aying with Anti-auxin -------- - -
Two types of grafts wer e Made with four gr a fted pl ants of each . 

The first cons isted of a sweetp ota.to s c ion grafted on a morning g lory 

stock with leaves , and the second . t hat of a morning Elory s tock without 

leaves . The e ight grafted plants were divided into four groups of t wo 

plants each , The morning '~lory stock of one plant of each group was 

defoliated while t he other was allowed to retai n its leaves . Each froup 

of grafted plants ~ s given one ol t he follo~ing; treatments : 

1 . Spraying with water (control) 

2. Spray i ng with 100 ppm of 2. 3 , 5- triiodobanzoic a cid 

3 . Spraying with 600 ppm of 2. 3 . 5- triiodobenzoic acid 

4. Spraying with 1200 ppm of 2, 3 . 5-triiodobenzoic acid 

Three sprayings vvere made on the 10th . 12th. a:rxl 14th of September 

respectively. One wee k after the trea t ments were completed , it 'W8. S ob served 

that the growth of the terminal shoots of those plants receivin~ 1200 ppm 

of 2. 3 . 5-triiodobenzoic acid was retarded. Later the lateral buds of these 

plants developed into sho ots. However , except at the base of the sweet potato 

scion. these laterals failed to develop beyond a half inch in length, On 

November 3 the flower buds became visi le on tha basal laterals of the 

sweet ]!Dotato scion grafted on mornine; e lory stock with leaves . The swee t potaio 

scion e;rafted on morning glory stock without leaves showed no evidence of 

flower bud initiation. It may be true• as suegested by Cooke ( 5) that 

tho decrease i n auxin level in p l unts i. s not responsiblo for · flowet: bud 

initiation . The leaves of grafted scions rece iving t he trea tments 2 and 

3 showed slight curvature but t he termina l sho 0ts continued to grov, normally. 

No flower buds appeared on these treated pl ants or on t he controls(Table 5) . 



36 

Tabla 5 . Flo,,·e r .ing Re s ponse of Sweetpota.to Scions on Different 

Types of Morning Glory Stocks a.nd in Relation to Spr aying 

with Varying Concentration of Anti- auxin (2, 31 5- triiodobenzoi< 

Acid) 

Treatment• Orlis grafted on Morning Orlis grafted on morn ing 
glory with leaves glory without leaves 

Control no flower no flov,rer 

100 ppm TIBA no flower no flower 

600 ppm TIBA no flower no flower 

1200 ppm T IBA many flowers no flower 

* Scions were s pr ayed on Septemb~r 10 1 12, 14. 
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DISCUSSION A';D C011J (.,1..US ION 

In t hese stud ies t her e is no concrete indication of a direct 

relationship between flo er bud initiation and the accumulation of 

carbohydr at es in the gr afted scions . When terminal shoots from } to 
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1 inch l ong were used as scions 6 to 8 leaf buds had ~iready differ entiated 

and t he appear ance of the firs t flower bud at t he first node dif ferentiated 

after grafting. (s ee Fig. 10) usua lly indicates a very p~ompt flowering 

response of the sweetpotato scion to some chemical substances provided 

by the leave s of the undars tock. I t was observed that more flowe r 

buds were initiated by the scion when the leaves of morning glory 

were i n a very active condition. As soon as the leaves of the morning 

glor y stocks became yellow wit h age the sweetpot a to scion reverted to 

the veEetative phase of ~rowth and r emained so indefinitely, Therefore . 

it seems logica l to assume that a flowering hormone (or hormones) is 

manufactured in t he morning glory leave s and translocated to the 

meristematic regi ons of t he sweet potato s cion where it exerts its 

morphogenetic effect . The l evel of this "florie;en '' not only varied with 

different species ('I'able 1) • but also i n the same species and va rieties 

during different seasons (F'ie; . 6 and Table 3) . · It moved upward a.cr oss the 

graft uni on to influence t he sweet potato scion to bloom and a lso downward 

to eff ect a simpaz: response- i n the sweetpotato stock ( F'ir; . 2) . Th<> 

translocation of the "florigen II can ba restri cted by heating and gir dling 

(Fig. 1) . V'Jhen t he stem wer e g irdled the results suge;ested that t he 

transloca.tion of "florigen" is conf ined to t he living cells of t he phloem 

tissues . The Orlis scions usually failed to bloomwh' 1 fruit set was allowed 

to t a ke place on t he morning glory stock. This may be due to the "florigen" 
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being monopo lized by t h e fruit as i t developed on t he morning gl ory to 

t he extent t hat flo~~r buds were entirely inhibited on the scion . The 

"flor igen 11 level of t he morning r;lory plant va ried considerablJ . · with 

d iff'erent seasons and this variation was e:..'Pressed by t he intensity of i ts 

flowering. The "florigen 11 level of t he morning glor y was directly related 

to its effectiveness in inducing flower bg in th~ .. swee t potato sc ion . 

Thus . the morning gfory was effective in inducing flower ing in the sweatpota· 

only when. 'it ·possessed a high "florigen" l evel as indic o.ted by its pr ofus e 

bl ooming . On the other hand . the morning glory was inef f ective when it 

was a t a moder ate or low "florigen II level as ev idensed by its moderate 

blooming or its vegetative condition . However . it ~1ould be noted that 

the morning glory stock at a high "florigen" level was also ineffective 

when t he long Orlis scion was used in gr gfting . It is pu ~G ly hypot hetica l 

but it is p os sible t hat sane anti- florigen subst ances ~~re produced in t h e 

leaves of t he long sweetpota t o scions whi ch neutralized the "fl·origen 11 provic 

by t he morning glory stock . Th~ condition vm ich prohibited flowering 

in t he sweetpota to scion could b e overcome i t hor by removal of most of 

the foliae;o by pruning off the main stem or by s pr ayinE; with anti- auxin. \ 
\ 

- The anti-flowering substanc e or su· •stances which prevented flower init iation 

i n the s c ions a nd ca.used them to roma.in i n a ve getative condition . may 

be refer1!ed to as a 'vegeta tive hormone"• It is possible t hat this 

sub:.;tance is indol e- 3-a.cetic acid common ly ca lled "a,u:xin "• Al though , 

in the pre sent study t her.e is no chemical data ava i lable to prove thi s 

point. Howavt; r , thi ~ a.prJears to '!)a a re%onab l e assunption in t he light of 

ou.r k.'1.o, rledee of auxins n n<l their influences on the gr owth res ponse of 

plant~ in general. 

These inve stigations have shown t hat one s pecies may be induced to 
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bloom by grafting on another. However. to be effective 1 the donor 

spec ies must contribute n suff icient quantity of flower inducing subst ances 

to t he acceptor species to establish a. f avorable auxin-florigan balance 

in the latter . 

It appears that the non-flowering characteristics in certain varietjes 

and breeding lines of swaetpotatoas should not be a difficult prob lem to 

the sweetpotato breedGr 1 if the relationship disclosed by this research 

is applied properly. Success in obtaining blooming in the non-flowering 

types of sweetpota to depends upon: 

1. The choice of a donor species producing a high "florigen II level 

such as I. tricolor and.!.• purpurea . 

2. Graft the sweetpota to at the time that the "florigen" level in 

t he donor species is at a maxllnum. 

3. Prevent fruit sett ing on the donor species. 

4. Maintain the maximum foliage on the donor spec i es and reduce the 

foliage cf the scion of the acceptor species (sweetpotato) to a minimum. 



~ first flower 
s bud 

....... 3 --

! J 

Figure 10. A terminal of a sweetpotato plant about ·! to 1 inch 
long. consists of 6 to 8 leaf buds. Thirteen days 
after grafting on morning glory stock. the first 
flower bud appeared on the seventh node of the 
sweetpotato scion indicating a very pranpt 
flowering response. 
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SUM}JARY 

1. This r-:tudy of floV19rin e; i n swef'ltp ota to was initiated in Se ptember 

of 1953 in t h e e xperiment a l green.house at Okla homa. A. & M. College . 

2. Of the sixteon relatod s pEtcies used e.s understoc ks .in this study 

only I . tricolor , I . purpuraa , ~ hederacea and!· Nil were found . to be 

effective in inducing flowering in Jersey varieties of sweetpotatoes under 

the conditions described . 

3. The number of opened flo vrers on the sweetpota to scion was directly 

related to the number of leaves remaining on the morning glo r y stoc k . This 

suggests that a flovv1r inducing substance or flowering hormone (florigen ) 

was manufactured in the morning g lory leaves and transloca t a d to the 

sweotpota.to scion where it induced blooming . 

4 . This flower inducing sub st a nce can move upward and downward in 

the grafted pl ant to influence the sweetpot a to to b loom (Fig. 121 13). 

5. The trans location of "florie;en" can be prff,nmted by heating 

a.nd g irdling t he stem of the p l ant,/ 

6 . The "florigen" was a ppar ently monopolized by t he fruit develop ing 

on the morning c; lory stock. 

7 . It was shown t hat "florig;en " is universal within the ganus 

I pomoea. , but f urther investie;a.t ions a.re needed to prove t ha t it is universal 

throughout t'he plant kingdom (Fi g; . 14) . 

8. The "florig;en" leve l of the morn.inr; e; lory pl ant a.s ind ice tad 

by its flowering behavior was influenc~d by environmental conditions 
~ 

(Fit:; . 15. 16) . 

9 . The nmnber of flower s produced by the gr a fted scion at diff erent 
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sea.sons wa. s also a. reflection of "florie;en" level in t he morning glory 

stock. 

10. Three Jersey varieties ., Orlis ., N'ema.e;old and P-114 showed some 

differences in their flowering responses when f.,rafted on t he morning g~ory 

stocks . 

ll . -.The d iff,eron:.ces in the reactions of flowering shoots of 

non- f l owering a.nd free- flower ing varieties when used as scions grafted 

on morning glory were observed . 

1 2. Fewer flower bud s were initiated on long scions with many 

leaves c s compared to short scions. 

13 . Pruning back the long sweetpotato scions resulted in flower 

bud initiation. 

14. Spraying the long scions of s ~~etpotato with an anti- auxin 

(2., 3., 5- triiodobenzoic a.cad ) also resulted in initiation of flower buds . 

15. Succes s in obtaining flo '1ering on the non-floworing var ieties 

of sweetpotato depemds upon : (a.) the choice of a. donor species with a. h i r,h 

''florie;en II level; (b) grafting the swaetpota.to at the time the "f lorigen" 

level in the donor species is of the maximum level; (c) preventing fruit 

sett ing on the donor s pecies; (d) maintaining the maximum folia.e;e on the 

donor species a.nd with the foliage of the scion of the acceptor species 

(sweetpotato) at a minimum. 



l 
·1 
' 

43 

Fi gure 11. Special Grafting Technique 



Figure 12. Orlis scion grafted on morning glory stock, 
showing upward movement of flower ing hormone . 
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Figure 13. Morning glory soi on gr afted on sweetpot ato 
stock. showing downward movement of f l owe r ing 
honnone. 
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Figure 14. Different species of Ipomoaa grafted on morning 
glory. Left: .X:0-4. Ri ght: xo- 1. 
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'Figure 15. Flowerine behavior of morning glory 
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Figure 16. Bloomin~ of morning glory profuse during period 
when environmental conditions are favorable 
indicating high level of fl cm<1rine hormone . 
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