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INTRORUCTION

0f the three thousand -nd odd plent species used by man
for food, about one hundred ond f£ifty heve entered world
commerce nnd a dozen feed the majority of the humen population.
These dozen plents have emerged as the most importent food
crops because of thelr greater efficlencies. Four of these
are root cropsviz., sugarbeet, cassave, potato and sweet

potatoe (Jones, 1970).

Sweet Potato (Ipomoen bntatas (L) Lem.), the only

economically importont member of the femily Conveolvulaceae,
is cultivated extensively throughout the tropics, subiropics
end temperate regioné of the world, Tﬁey are grown from
40°N o 32°S of the equator snd from sea level to 9000 ft.
But,they grow best where the average temperature is 75°F

or more with a well distributed snnual roinfeil of 30 - 50
inches end an abundsnce of sunshine. It ¢nn be grown on

a wide range of soilsg, but a well drazined sendy loem with

a clay subsoll is considered ideal.

| Sweet potatoes out rank most other carbohydrate foods
as a source of vitecmins, minersls and energy. On su average,
sweet potatoes contain about 70 per cent water, 27 per cent |
caroohydrate (of which 3 - 6 per cent 1s sugaxr and the
remalnder mostly starch), 0.2 per cent fats, 1«5 ~ 2 per cent
protein and 1.0 per cent crude fibres., Yellow fleshed tubars
are rich in Vit. A.



The tuberous roots are eaten fresh (boiled or baked)
or as canned or as dchydrated sweet potatoes.s Some unmarketed
grades are fed to live atock or even fermented to produce
plcohol. Sweet potato starch 1s uged for the manufacture
of adhesives, textile and paper sizing and for use in the
confeetionary and baking industries. Sweet potate leof
tips cen be used ns a good and chesp lealy vegetadle., It
iz an lmportant source of Vit. Beryhieh is tmportant for
Aslen diets. Tt also possesses unigue medicinal properties
as diurctics end ssluretics, both of which zre reported

to help individuals suiffering from high blood preassure
(Villareasl et al. 1879).

The nrea under sweet potato in Kerala is ghowing a
decreasing trend being 8400 hectares in 1955«56 and 4960
hectares in 1979-80. This declining trend in ares is
primarily due to the low productivity of this ¢orop. Even
though some increase in sweet potato productisn is observed
due to imnroved agronomlce piractices, the per hectere
: production remapins much below its petentlal. This happeéns
nninly due 63 the use of poor yielding loecal verleties. 4t
vresent, there Is no ifmproved variety evolved for this crop
in Kerglae DBetter yield ond higher area under this crop
will result 1f improved varieties sultable for the different
agro=climatic zones cen be provided. Thus, evolution of
superior clones holdsiremendcus scope in sweet potato

cultivatione



The most hnportaﬁt braeding method that cen be
succenafully eaployed in this crop is heteroals breeding
becpuse it ig very easy to maintsin the novsl typeé obtained
by this method through vegetatlve dropegations The »ein
ahataclas for the laplepontotion of thiz xehene are the

following:

1. The shy fiowering nabit of the crope.

s Ihe high steriiity obzerved in thia crop due to 1tn
heseaplold neture.

5« The selfd snd crosz Inconmpotibility mechonlsns operating

in this crecp.

From the breeders point of view, sweet potato is termed

a8 a problen crep dug $0 the apove reasolis.

In sweet potato, some preliminary studies have boen made
by fow earlier workers on the flowering habit, sterility,
incompatibilily mechantisms and methods to overcone the
incompatlibility barricr. However, no clear cut ldaes regording
the extent of incompatibllity methanism in our varieties
and methods %o overgeme the incampstibility borvier ia
a¥allablae. Honce,the present investigatlon wes undsritaken
to assess the extent of sclf inconpatibility mochanlisn present
in sweel potats varioties snd the rolative merita of
diffarent nethods to overcome the self incompatibility

barrier.
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REVIEW (F LITERATURE

Heterosis breeding playson important role in the present
day erop improvement programmes. Por exploitling heterocsis
or hybeid vipgour in mmy commercial crop improvenent programne,
1t should sotiafy two important factors. The foremomt'one
iz the presence of a mechanism which will ensure waya for
easy hybridisation so that menugl labour csn be minimised,
ennd the s2cond one is the abllity to produce selfed sgeeds for
devaeloping homozypous inbred lines. This is especially
adventegetus in seed crops which can also be propagated

easily through vegetative memns.

Failure of sced sat 1s, hovever, noticed in severszl
crop varlieties. Thia mey be due ts meny reasins. Une smong

them Ls $he incompatibllity mechenicm,.

Flewering in sweet potato.
There sre several contrasting reports about the fllowering

hablt of sweet potato.

Kunjen (1957). quoted the reports of several earlier
vorkers that the plant did not show sny tendeney to blcom
end set seeds. This included the reports of Rosa (1926) end
Miller {1937). The Encyclopedia Britenica (1562) gives an
indigation that the crop rarely produces flowvers under common
cultural conditions. Rosa (1926), quoted by Kunjan (1957),
reported that, in the United States, he seldom observed:

flovering In sweet potato.



Clonal and/or envirommentsl variations pley an important
role in the flowering habit of sweet potato, az reporied by
various workers. Good flowering in 66 vorieties of thias
erop grown under Brezillan conditions was recorded Ly
Manezes (1952). Clonel variation for flowering nature has
slso been reported by Vensch (1954). But, Fujise et al (1957)
. found that short dey conditions favoured flowering in sweet
potato. Azrtificisl induction of flowering by 2, 4D had
been reported oy Wittwer ss quoted by Rao (1962).

Incompatlbility studics

Incompetibility is the fallure of plenta with viable
pollen snd ovule to set sesd due to some physiologicel
hindrance, which prevents fertilization (Crone and Lawrence,
1952). This phencomenon has teen reported in many anglosperuge
Common cauges attributed for such incompatibility are fallure
of pollen greins to germinote on the stigma, fallure of pollen
tube to grow down the style, degeneration'of the embyyo or

endosperny snd various other genetic causgea,

" Incompstidbility can be chiefly classified bosed on (a)
f£iorel morphology and {b) gene action. 2ased on floral
morphology, 1t cen be c¢lassified as homomorphic end
heteromorphic systemse Incompstibility due to gene action
include sporcphytic and gemetophytic types.

East and Mengelsdorf (1940) estimated that mclf
incompatibility is present in more then 3000 specles distributed



emong 20 femilies. Darlington end Mather {1949) reported
the presence of incompatibility in half the specles of
flowering plants. According to Brewbaker (1957) incompatibility

mechenlem 15 in operation in members of 66 plant familles.

E1liott (1958) reported that the presence of
incompatibility mechanisms in g lerge number of flowering
plents hed been known for a long time, =although satisfaotory
genetic snolyais ofmany of them were not available.

A review of the reports regarding the pregence of this
mechenisn in some of the important crop plants is presented
below:

Cooper (1938) studied the various aspects of fruit
set in apple and reported that pll the varicties were self
incompatible, of which many were also intaer-incompatible.
Irreguler chromosomel duplications were found to be the
caguse of incompatibility =nd sterility in epple verieties
which resulted in non-setting of fruits in thisg crop, It
hed also been reported by him that the system avellable in
this crops was due te the presence of certain inhibitory
substances of the pistil that considerably retarded the
growth of pollen tubes,

Two types of incompatibility syaten, noymal (N) end
exceptional (i), had been reported in Nicotisnma slata by
Pondey (1964). HNormsl plents were reciprocslly compatible with
HNe ;gnggdorfgi and exceptionol plants were compatible only as

Males



Thompson {(1965) observed the presence of multiple
gsaries of & alleles for sporophytic self incompatibility in
Brnaasice olersceas. The 2, S =lleles of a heterozygote mey
act independently or one may be dominent over the other.
Dominence occurred more fraquently in the polien than in the
stigma. In the five self Incompatible selections of Kale,
self compatlibility was determined by genes which were
independent of the 5 alleles.

Yaqub (1968) observed sclf incompatibility in Capgloum
pubesceng. All strains of C.cordsmmsii snowed gelf
inconpatioility whilst gll strains of §.frutescens and
C.annuum tested were self compatible. Diellel analysis
of 1nters;ec1fic\cross between C.puboescens end L-gerdenasil
indiceted a gemetophytlic incompatibility in Gapsicun.

Browbaker and CGorrez {1367) in their studies on the
é@netics of self incompaetibility in the monocot genera
Jpahns ond Gegterinm, made the following observetions. Cenetic
gegregation for self incompatibility was noticed in both
these cases. A single S locus with multlple slleles
and gamedtophytlc control of pollen phenotype was implicoted

in esch gemua,

Hartin end Hered (1968) reported on the existence of
ten incompotlbllity groups of intra-incompatible plants,
in Inomoen sgtifera. Further,from a genetic enalysis of

one set of related families’it was postulated that the



genetic control of 1lncompatibility in Ipomoea is based on a
aingle locus sporophyticelly controlling system.

Incompatibllity in aweet potato
5e1f incompatibility in sweet potato was {irst reported
by Mexicdola in 1921 (Ven schreven, 1953)s

The Japanese scientlst Tereo (1934) was the first
to clasalfy sweet poiato into different Lncompatidllity groups.
Un the basls of percenitage of frult eet, he classified 51
sweet potato varieties into three intra=incompatible but

inter compatible groups.

Miller (1939) evmluated o number of linesof sweet potato
ohh thelr fertility level when used as parcnts. Certsin lines
were found to be more fertile as femele parents than others.
Prelisinery studies puggested that lack of fertility mghtbe
due to the style belng deflcient in sn unknown substance
which acts as an inhibitor to pollen gemmination. There were
conmiderable differences in plents with regard to thelr
abllity to produce vieble pollen, %With the help of this
1ﬁformation,planned crosses were made using very fortile
feitale end good pollen producing plents pa parents, increasing.

thereby the seed producstion.

Togerl and Kawehars (1942) carried out studies on
incompatibllity relationships in sweet potato at the Tokyo
Agricultural Experdment Stetion. Approximately 50 varietiesg

were tasted snd clessified inte three groups, each of thenm



wes intreesterile but inter-fertile. As shown by percentnge
of capsule set snd seed number per capsule in compatible
matings, differences in gresde of compatibillty were noted,
in reciprocel cross between members of the three groups.

The stimulating action of the pistil upon the pollen also
varied. Gernination of the pollen hed been obgerved to be

élmoat completely suppressed in selfing,.

. Taggart (1952) in his enslysis on the fertility in
Inumerous lines of sweet potato'uaed for breeding purposes,
observed that certain plants wera better ss female parcnts and
some others were superior as male parents. Controlled crosaes
bgaed on this 1nfereﬁcg|had greatly increazed the pfoduction
of seeds. o ;

Clongl variation for flower production was reported by
Vanach (1954) in sweet pbtato. In incompatlible intervarietal
croasses, the pollen falled to germinate on the stigna.
flaterostyly was not assocliated with incompatibllity. The
. 61 varieties tested could be classifiad inte at least 6
intrsesterile groups which were partially inter-fertile.
Reciprocal differsnces in compatibllity were marked. In
a nunber of c¢lones, self pollination had been found to occur
in the bud itself.

-Fujlee et al (1957) studied the flowering, cepsule set
and nunber of seeds per cspsule In s collection of Japenese,
Chinese and Americen varleties of sweet potato. According

to then, marked differences in cepsule set between the various




10

combinations of the intra-sterile cross compatible groups

were not however,obtained.

Fujise (1964) claasified 254 verieties of smweet potato
|
into eight incompatibility groups.

Hernendez and 1411ler {1964) reporited that thirty parents
fell in six groups, five incompatibe and one seli compatible.
Hoat of those in each of the former groups wore incompatible
within the group,but cross compatible with parents of other
groups. The inheritence of incompatibility factors appeared
to de similar to that in Nicotisna es reported by Eest (1925).

W“illisms (1964), in his work on sweet potato breeding,
concluded that the widespread prevelence of cross end self
incoumpatibility in sweet potato varieties 1s a majoyr hindrance
to the breeding progremmes. However, he noticed that some

varieties were partlally self compatibles.

Wang (1964 and 1964 s) claasified 76 varieties and
seedlings collected from various sources into five intra-
incompatible, inter compatible groups end one intrge-inter-
compatible group. The five intre-incompatible groups were
asslgned genes S1 to 85 of a multiple sllelomorphic serles
representing incompetibility groups I, II,III, IV end V.

The varieties in group VI were postulated to possess a fertility
raestoring foctor (S£).

Martin (1965),1in his revicw on the incompatibility in

sweel potato,reported s homcumorphic syatem for Ipomoes bntatas.
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He interpreted the failure of the poilen germination on the
stigmz sfter incompatible matings as due to the presence

of unilaterzl incompatibilities. The compatible reactions

between the parent and offsprings px%vided evidences for the
existonce of sporophytic aystem of incompatibllity.

Wedderbum {1967) atteampted hybridisation between
Ipomoen batatas end Ipomoes trichocarps or Ipomoeg gracilis
and found 1t to be fairly successful. A high degree of gelf
incompatibility was noticed in 2ll the three specliesas In
g1l the cases, pollen could germinate well, but in incompatible
pollination, pollen tube growth was abnoruael.

On en enalysis of 22 verietiesn of sweet potato for .
incompatibility reacticns, Nair (1970) reported varietel
variations, Some of then were distinguished as self
incompatible gnd mome as cross incompatible. These findings
phoved that incoapatible strains occurred slong with
coenpatible stroins. The insufficlent length of the pollen
tube and the presence of some sort of inhibitory factor at
the stylar region were sasumed to be the cauces of
incompatibility 1A this crop.

Pilled (1974) used 140 varietles of sweet potato for
his study. Three strains were selected as femgle parents
ond ten as mele porents. The femnle perents viz., 169-16,
17203 and 172-04 were self incompatible. Cross incompatibllity
ocourred in the crosses 172-03 x 172-02 and 172+04 x 169=16.

Frull set varied from 1.95 to 71.42 per cent in other crosses.
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Joseph (1979) reported self incompatibility in o1l the
elght varieties of sweat potato studied by him.

Bresking of incompatibility barrier

A number of methods have been tried by various workers
to induce fertility by brealing the incompatibllity barrier
in crop plantss .They include surgicel technigues, bud
.pollinmtion. hormonal treatment, polyplolidy, irradiation eotce

Mangelsdorf and Remvs (1931) obtained hybrid seed from

a ¢rosse between two generas of Zea and Tripsacum by employing

the technigue of cutting off portions of the style before
pollination, Davia (1957) used the technigue of cutting off
porclons of the styles before pol}ination_and crossed two
incompatible specles of L@EQxEQQ.'81ngh (1958) studied self
incompatibility in Toria. When the atigma was scratched
before gelfiing, there was an incraase in poﬁ end seed formation.
In both of these plsnts,removal of upper third portion of
the style coused greater increase in pod znd seed formstion.
Goud et al (1970) obgerved that incompatibility in Capsicum
could be overcome by amputantion of the style followed by
pollinaticn. Chorles et sl (1974) investligated the nature

of the incompatibility mechanlem in two strains of the wild

specles of Ipomoen E;ichocargg and eight cultlvers of I.bmtatss.
The incompatibllity barrier was found to be located in the
stigme and hence,its removal resulted in successful seed get

in Ipomoen trichocarpo. No such inhibition was found in
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I.bptetag and, hence, renoval of the stigmes falled to
break the incompatibility barrier. Radhakrishnen (1976)
pointed out that cross inceapatibility in Cepsicim was
duc to the inablliiy of pollan tubes to grow beyond the
upper reglon of the style. 7Thia was overcome by
sputating the upper part of the style zlong with the
atigma and pollinating the cut surface of the slyle

after spplication of 5 per cent sucrose solution.

‘Togerl and Kawahara (1942), in thelr effort to
induce pseudofartility in sweet potato by means of bud
pollination, observed that since the stigna of the sweet
potato Llower would become receptive only a few hours
before snthesis, bud polilnaticn offered little prospect
in overcoming melf incompatibility. Van Schraven (1953)
reported an incremse in pollen gemnination after gelf
pollingtion of swaet potato flowers in the bud stage.
Haruta (1966) reported deteils rogarding-tho use of
bud pollination in Brogsics and Rephanusgs

According to Brewbgker (1957) stighn is the site
of incompatibility for species with trimicleate pollen
grains (sporophytic sgystem) which remain viable
only for a short period of time and do not zeminate
readily in vitro. The physiologicel explanetion for
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this phenomenon was later given by HeslopwHarrison et 21 (1975).
According to them, the pollen is inhibited in the stlgma for
the simple resson that some kind of stimulus from the stigma
which 1o essential for pollen germination is blocked by the
incompatibility reaction.

Hajid (1964) observed that interspecific hybridisation
attempted in Lycopersicon whithout the ald of techniques such
as mixed pollinagtion or application of Indole Acetic Acid to
pedicels or grafting followed by pollinations with irradiated
pollen, were unsuccessfuli. Chaudhari (1965) lengthened the
1ife of arrow root flowers by epplying P-chloro phenoxy acetic
acid to pedicels and was able to attaln successful seed set
in crosaeg. In an attempt to dotect a pomsible effect of
3windole acetic zcid on the incompativllity reaction, ilenny
and Ascher {1973) injected the auxin into the styles of Liliup
at different time intervels before pollination with compatible
and incompatlble pollen. The findings suggeated basic differences
in the‘metabolic sensitiveneas of compatlible and incompatible
tuves, and appeared to demonstrate that production of selfed geeds
after applications of RAA snd TAA resulted essentially from the
prevention of floral absclssion proceszea gnd did not stimulgte
the incompatible pollen tubes, Cherles et el (1974) reported
the suppression of florel abacission by the application of 2, 4=D
(Con 100 ppm) to the pedicels, which resulted in successful seed
sets They reaconed that the application of 2, 4~D gave sdeguate
time for the pollen tube to penetrate the incompatible style snd
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resulted in fertilization snd seed sets 50 glso, suppression
of floral absclssion by 2; 4-D was thought to be another reason

for the succesaful seed set.

Allard (1960) reported that end of season pollination
was found to be effective in bresking the incompatibility
barrier in crops like tobacco. He observed contrasting reports

regarding the success of thia technique.

Szteyn (1965) reported that the use of a tetreploid
instead =z diploid tomato as pistillate parent in crosses with
Lycopersicon peruvisnum and L. glsndulosum, increased the seed
set in hybrids about 50 times. According to Malhova (1966),
incompatibllity in the inter specific cross between Cppsicum
anmiun and G. pubescens could be overcome by using tetraploid
form of C. gnnuum as female parent. Irikura (1969) pointed
out that cross incompatibility in potato could be overcome

by the use of ployploidy.

Pandey (1964) conducted self incompatibility studies in
Bicotiang glata using pollen from X-irradiasted buds in gelfing
with the self incompatible parental genotype 51 33. Seventy
five per cent of the X1 plants showed pollen part mutation
(mutation occurring in that part of the Segene which governs
the incompatibility reaction of the pollen).

Pre~trestment of the styles at 50°C for six minutes,resulted
in frult set following self pollination in Lilium longiflorum
(Hooper et al 1967).
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The studies of Kiss (1970) revealed that in Capsicum,
gond pollen germination and pollen tube growth were promoted

by sucrose nedium.

Reoggen (1970) reported s technique called Electric
Alded Pollingtion (EAP) to bresk down self incompatibility
in Brassieca oleracgge. A direct potential diffevrence of 100 V
was applied botween the pollen ond the stigma during pollination
to bresk down the self incompatibility Darrier. Incressed
seed production resulted in Brussel's sprout and Savoy
cabbege following this technigues The advantage of this
Hgthod over bud pollination was the saving in time to get

the same quentity of seed,

Pollen tube growth _ ,
Inhibition of pollen tube growth or its abnormely slow
developnent inside the stylar column was reported tc be one

cause of incompatibility in englosperms by Sears (1936).

Togeri end Kawahara (1942) observed complete supprassion

of pollen germination after selfing in sweet potato.

The preliminary studies conducted by Miller (1943) in
sweet potato revesled thot lack of fertility might be due to
the style belng deficient in an unknown substence which might
- inltiate pollen germination or it may contein some substances

which act aaz inhibitor to pollen germination.

Martin (1959) reported the use of fluorascent technigue

to classify pollen germination behoviour on sweet potato
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stlgmas following compatible snd incompatible crosses.

The cytoembryologicel studies of Bannikova (1965)
revesled that in an inter specific cross between Nigotiona
g&utgg.asg end N.pustica, not even a single pollen had reached
the embryossc upto 12 deys of pollinaticn, end the embryosac
finally degeﬁerated. |

Martin and Cabanillas (1966) in their observetions on
post pollen germination barriers to set sced, come to thq
conclusion that, in three crosslcombinatlons sclacted for
good pollen germmination, pollen tube failed to pass from the
stigma to the style. Beslides the inccupativility berrier
inhibiting the pollen germination, a physlologlcel bDarrier
between stigma ahd style waz also hypothesiseds

Martin and Ortiz (1966) masde observations on the ger-
mination of pollen in relation to incompatibility end sterility
in sweet potato. Using a fluorescent technique, it wes found
that the pollen in inconpatible crosses £alled to germinate
entirely, in compatible crosses germinated well and 1ﬁ partisily

inconpatible crosses germinated occasionsllye

Wadderburn (1967) fairly succeeded in crossing two
highly seclf incompatible varietles of Ipomoes batatas and I,
trichocarpss He observed good germination of pollen in all
the pollinations, both compatible and incempatible. However,

the pollen tube growth in incompatible mnatings was found to
te abnormale.
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Hogenboon (1972) reported abnomaly slow growth of |
Lycopersicon asculentum pollen in styles of sélf caméatiblo” _
L-peruvinnm and the hybrids of suéh crqsses.shawéd:embpyo
abortion, | '

Hettancéurt et a1 (1973) studied the ultrastructural
agpecta of self.inéompétibility'uechanism in Lycopersieon
~peruvianum end réported that the incompatible pollen tubes
‘§ere-not only slow in their growth thraugh the atyle, but

were destroyed of the imner wall end lysis of the tube occurred.

Heslop = Harrison et al (1975) coﬁciuded;frnm thelr
studies in intersgecifié,1ncampatih111tyisyétem of the
spoyophytic type that the inhibition of pollen or pollen tube
wae taking place on the stigmatic éurfaaé.-

3higemura cited by Wangr(1965) obgerved two tybes of
- pollen tubes in the style, the normal type ond the other en
. ebnormal type witﬁ gwollen tips The abnoymal b&rt gtaihﬁd
nore daeply (with lactophenol cotton blue) then other
| parta of ﬁhe tube end the'growth rate of thé abnormal

typo was lass,

Rodhokrishnen (1976) reported that the degree of
gerningtion of pollen grains was renarkably high when fivo
- per cent sucrose was applied on the cut and of the style

‘before pollination in Capsleum.



19

Pollen sterility

Wang (1964) found that the anthers of some varieties
of sweet potato degenerated snd fglled to dehisce. But,
certain varleties had 50 per cent or more sterile pollen
and this contributed to very low fruit set when they were

used as pollen parent,

Hartin (1967) obaerved that the incompatibility
rclationships in sweet potato were masked by a more powefful
end generally occurring sterility systems According to
him, aterility was associated with the hexeploid nature of
the crope 350 the gemetes might not cerry o well balanced sget
of chromoscme materiale Such wesknesses of ganyete would be

- expressed during the critical growth phases of the pollen tube,



MATERIALS AND METHODS
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MATERIALS AHD METHODS

The present investigetion was carried out in the
Departaent of Agricultural Botony, College of Agricuitura,
Vellaysni, Trivendrum during the period 1980-'S82. The
experinent was laid out in the maln season extending from
November to March. An addlthnel crop was glso tesken

during April - @gust.

Materigls _

Thirty one varleties of Sweet Potato (Ipomoea batntes
(L) Lom) weras used for screening the incompatibility
reactions. They included varieties collected from Central
Tuber Crops Resesrch Institute, Sreekaryem, Tr1Vaﬁdrum, in
addition to the varieties svelilable in the Department of
Agricultural Hotany, College of Agriculture, Vellayani.
Detalls of varieties used Wwith thelr source are presented in
Table I. The experiment was laid out in the dry lands of the
Instructional farm attached to the College of Agflculture,
Vellayani. Each variety was represented by nine mounds
having three plants oache
Fethaodg
Sereening for self compatibility/Incompatibility reactions
Techniques of selfing

The time of anthesis was found to be between 5.30 and

Ge 30 Allle under Vellayani condition. In crder to study the
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Table - 1

Names and Sources of gweet potato varieties used for the study.

L - e u S b - L -

Sl.No. Name of Variety - Source
1. S 391 CoTeCoRele, Trivendrum
2e 5 157 "
3e S 124 1
b, 5 378 "
De _ H 42 "
6. Kenjengadu locel ¢
Te H 633 "
B H 620 ®
9 8 137 "
10. 5 214 )
11 S 187 u
12, H 2416 Depavrtnent of Agriculturel

Botmny, College of
Agriculture, Trivandrum.

13 1 A
14, Kottersmchumala "
15. H 2742 o
16, H 4025 :
17, H 3032 "
18, H 2425 o
19. H 2621 u

204 H 4125 "
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Table - I (Continued)

L L1 -ty - msls W O . O A T A AR A an et e s

Sl.No. . Neme of Varlety Source

A i el gt iy ol el S S A SO W g it - - S S ul 4T N

21 H 2662 Departaent of Agriculiural
Boteny, College of
Agriculture, Trivandrume.

220 H 2442 "
23, Pichivella "
25, H 3045 "
25, H 4126 i
26. Bhadrakalichumala ¥
2. R 4330 n
284 H 4024 n
29, H 2648 "
30. H 2743 o

31 . H QB&O a
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ineompatibility reaction, well developed flower buds that
would open on the next day were selected and covered with
butter paper bags. in the evening. They were pollinated on
the next day morning (6 - 9 A.M.) with their own pollen.

For effecting assizted pcllination,onu oy 4wo anthers were
token from the flower using a forceps. The pellen grainas
contpined in the anthers were dusted on the stigmatic surface,
. with the help of s Cpmel's halr brush. Pollination was done-
between & snd 9 f.Me The flowers vere labelled and agein
bazged after pollination. The bags were retained for one

dey to avold the chonce of any contemination.

fother sipple method of selfing tried consisted of
using paper cones made up of drawling sheets, for CQveripg
.the mature flower buds. They were fitted as caps on the buds,
end thus the opening of the flowers were prevented in the '
next day morninge Removing the paper cones, artificial pollen
trensfer vas done at the antheals time. The selfed flowers
as in the previous case were then labelled gnd covered with
Hutter paper bagse.

PART B

liethods used for overcoming the self incompatibllity barrier.
- (1) Bud pollination,

The twenty one self incompatible varieties ldentified
were bud pollinated, since it had been reported by various

workers including Spst (1934) that the inhibliory substsnces
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causing incompetibility was not obaerved in young buds.

Flower tuds that would open on the next day morning were
selected and the corovlla was split open. using a blade.
Pollen from the opened flowers of the scme plant was then
tranasferred ﬁo the exposed stigna, with the help of a Camel's
halr brushe The pollingted flowers were bagged with butter
paper bags and labelled properly.

(1) Pollination after cutting the stigme. '

Brewbaker (1957) had reported that inhibition of pollen
tubes at the stigmgtic reglon was assoclated with sporophytic
incompatibllity. £o,attempts were plso made to effect pollination
efter cutting the stignmae

Flowor budo that would open on the next day were selected
and bazsed using tuttor paper bags. On the next day morning_
the atigmatic roglon was carefully cut and removed-using a
gharp blodee Pollen collagted fronm the ggme flower was dusted
inmediately on the cut surface of the stvlie using g Canel's
hair brush. The pollinated flowers were bagged end labelled
properly.

(114) Removael of the stligne and pollinetion with the help of
sucroge golution.
The cut end of the style ig not as suitamble for pollen
germinatlon as the stigna. %0, as a modification of the
amputation methods, sucrose golution was used on the cut stylsr

surface as o nutrient medium te facilitste the pollen germination.
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Surerose solutions of various concentraticns viz., 0.5, 1.0

and 5,0 per cent were tried.

The flower bude which would open on the next day were
gelected, and baggeds On the next day morning just prior
to pollinntion,the.atigmetic reglon was cut and removed. A
drop of the sucrose sovliuition waé placed on the cut surface
of the style with the help of a glusa filler. Freshly
collected pollen from the aame flower was carefully dusted
‘on the dirop of sucroge placed on the cut end of. the style.
Utmost care was tzken to see that a drop of sucroze solution
aslong wlth the dusted pollen remained adhe;ed yo the anputed
surfece of the style., The pollinated flowers were properly
bagged end labelleds

(iv) Pollination afier vemoval of the stigma and a part of
stylee

Hare alsgo, the flower buds that would open on the next
doy wore szlected, bagged and 1abelléd Zfirat:s On the next
day moraing the style of the selected flowsr was held gently
and,vith o sterile and sharp blede the top portion of <he
stylej:abcut 2~ 3 mem 1engt%3 along with the stigna was
cut end removed, without causing injury to the other floral
partas, Pollen from the sene flower was dusted on tﬁe cut

surface before they got dried upe
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(v) ‘toputation of the Stiguns and part of the style and
pollination with the help of sucrose solutione.

The mothod was similsr to method three and method fours
Hera}after renoving the stigna elong with the top portion of
the-atyle,n drop of sucrose solution 0.5% was epplied on the
cut surfaces Pollen from the ssme flower was zpplled on the

cut surface without disturbance.
(vi) Pollination with germinapted pollen grains.

Pollen germination studies were undertzken in the
labtoratory, using Q.5, 1.0, 2.0 and 5.0 per cent sucrose
solution: independently end in conbination with boric aclid

+ 100 end 220 ppm concentration.

One drop of tho solution was placed on a cleag coverglass
end pollen collected afresh from the opened fliowers were
placed on the drop of the solution without disturbing it.
This cover slip was then placed uéaide dowvnt on a cavity sllide
and the slide was examined at lntervels of 2, 4, 6, 8, 10
end 12 hours under a mlcroscope. But,it was found that these
laboratory treatments were not effective in promoting pollen

germination. Hence, this technique was not trled in the field.
(vii) End-of-Scason Pollination.

Pollination at the end of the growth season was reported
to be effective for seed setting in nomeily self incoapatible
specles (Allard, 1960). Hence,this traatment was almo under-

t&keno
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The month of March was fixed as the late stege of the
season. The method adepted was some as that used for

screening the incompatibility reaction.

Flower budg thet would cpen on the next dey were sclected
bagzed and labelled. Next dey morning pollen Lrom the same
flover was dusted on the smtigmastic murfaces, Cover was retained

for that day to avold contamination by eny forelgn pollen.

(viii) Application of 2, 4 Dichloro phenoxy acetic acid (2y4=D)
Charles et al (1974) reported that mome chemicals

1ike 124, NAA, 2, 4=D etc. were useful in bresking the sclf

incompatlibllity barrier in sweet potato. Hence, K this method

was tried,

Flowar buds that vnmuld open on the next day morning
were galecied, bagged =2nd labslled, In the next morning
pollen from the seme flower wes transferred to its stigoe.
They were again bagged. .A snall bit of cotton dipped in
the 2; b= solution was applied on the pedicel of the floﬁers
immediately after pollingtion. The 2! 4-D golution was so
carefully used that all other parts except nedlicels werae
virtually. unaffected.

2y 4=D solutions of varying concentrations viz., 50,

100, 150 ppm ware tried.
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PART C

8. 1ollen sterility

Pollen sterility in fourteen sweet potato varletles
was olso studied. The pollen greins from freshly opened
flowers were collected end mounted in glycerine acetocarmine

mediun on a clesn slide.

The slides vere examined under the low power of g
compound microscope. Well £illed and uniformly stsined
pollen greins were token as fertile and the rest ss aterile.
500 pollen grains from different microscopic fields were.

scored for ench variety from g aolide.

be In vivo germinetion of pollen grains ond pollen tube
growth

In order to study the germination of pollen grains
on the stigmatic surface and the extent of pollen tube
growth on the stylar column, the ovaries along with the
intact stylas were collected at intervels of 2, 4, 6, B
10 end 12 hours after asasisted self pollination. 7The ovary
nlongwith the style wos taoken off and used for later
studles, Plstlls from the poliinated flowers obtained by
adopting the following techniques were collected, flxed

and preserved in 70 per cent slcohol.



1¢ Selfing

2, Bud pollination

3¢ Pollination after removal of stigma and style
44 Delayed pollilination

5. Pollination followed by 2, LeD traatment

The piatils were fixed in Carnoy's fluid (113 Acetic
Alcohol). Fresh materials as well as fixed materiels
were trieds The material was taken in s watch.glaas with
o few drops of IN HCl. Then it waa kept in the oven
for a period of 10 minutes at 560°C for hydrolysis. This
was stalned in LactOphenol cotton blues In order to
facllitate better staining of pollen gfains and pollen
tube, the bistila were kept in the stain for = pinimum
period of thrce hours. Then the pistil was taken off
snd placed on a drop of glycerin kept on é zlide. A
coverglass was put on it and genfly pressed s0 as to
énsure uniform spreading of the tissues., The slides

were exeominad under a microscope.
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RESULTS

The following observations were made during the course

of thiz investigation.
Flowering in sweet potato.

Swget potato was reported to be a non-bloomer by
nony workers. But)in the present 1nvestigation}majority
of the varieties tested produced flowers indicating that
'Vellayani condition are congenizl for flowering of sweet
potato. But)thare were differences emong the varietles
for the hablt of flowering e=nd sl=o for the flower production
capaclity. The detalls of flowering habit ere presented in
Table II and III. '

0f the 31 varleties tested, Kotteranchmmesla felled
to produce any flowers. HNine varkties viz., $157, Kanjangadu
locel, H 2416, 5 137, H 2425, H 2442, H 4126, 3 391 end
5 187 were found to produce flowers in very low proportion.
The five varieties S 124, 8 214, H 4125, H 2648 end H 2743
oroduced flowers in failr proportion. 211 the other 16

varieties flovered profuaely.

The obLservations regarding the time taken for flowering
wos found to be hiéhly variable £rom variety to variety
and algo in between different plents of the seme veriety,.
As a genercl rule,it was found that 21 verleties flowered
early. The 9 varleties which are classified as late

flowering types include S 157, S 214, S 391, 5 187, S 124
Kangangedu local, B 4025, H 2425 and H 4340,
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Table = 11

£arly flowering varieties (those flowered between 40 - 060 days
after plonting) and the total number of flowers recorded/day

on the peak flowering time grsm five moundse

pp— e 00 aum b -~ - o - e

5leNo Neme of the Varioty Totsl number of flowers/day
1. S 378 S9
Ze E 42 71
3 H 620 . 48
b H 633 36
S0 H 2743 45
Be 1 26483 18
T 1 26
8. H 4024 10
Qe H 4330 52
10. H 4126 11
M. R 3045 L,
124 Pichivella a8
15, H 2421 39
14. H 4125 18
15 H 2662 19
16. H 2442 6

17» H 2742 33
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Toble = TIT

Late flowering varieties (those flowvered sfter 60 days of
planting and total number of flowers recorded/dsy ew the poak

flowering tine from five mounds.

- om -k - ol il o “s = up

51elos Neme of the variety Total number of flowers/day
Te S 391 1
2o S 157 , 7
3 S 187 a2
be S 124 48
Se KanJengadu local 13
G H 2416 5
Te S 137 2
8. S 214 26
e H 4026 74
10. H 3032 76
11, H 2425 S
12 H 4340 102

13 Bhedrakalichumala 108.
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Floral morphology

The thirty verieties which produced flowers cerried
clusters of 2 = 10 flowers in exillary cymes. - The flowers
bloomed in acropetel succession. The colour of the flowers

varied from deep purple to white.

- The flowers of sweet potato curried 5 stamens which
axhibited considereble veriation in length smong themselves
end also in relation to the length of the plstils In all
the thirty varietiesn, the stemens exhibited s wore orileés
uniform pattem of difference 1n.their lengths,one long,
two medium end two smalls The style was long, slender and_'
thread like end carried a large globular stigna at the tip.
Conslderoble difference in length of style was noticed in the
different varieties and 1t was longer than the longest stamen
in eleven verieties viz., é 157, S 187, S 378, H 42, H 3045,
H 2648, H 2742, H 4o24, S 214, H 2416 and Pichivella. The
sixteen vorieties vize, H 620, H 633, S 124, H 4126, H 4330,
5P 1, B 4025, H 3032, 1 2412, H 2662, H 4125, B 2743, H 4340,
H 2421, Bhadrekalichumela end Kanjsngadu local haa their
style length wore or less the ssme as that of the longest
stemens In the other threé varieties viz.,, 5 391, S 137,
end H 2625 the style was slightly lower-in lemgth than the
longest stamen., Slight varistions were noticed even within

the éame variety.



STIGMA BHORTER THAN SBTAMEN

STIGMA LONGER THAN STAMEN




8TIGMA AND STAMEN ARE OF SAME HEIGHT
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Thickness of the Padicel

Seven varieties viz., S 391, H 42, H 633, & 1, H 2742,
H 3032 and H 2412 possessed very thin pedicels. Varieties
S 378, S 214, H 2743 aend H 3045 showed very thick and strong
Pedicels. All the other varieties tested were intermediate
in pedicel thickness.

Florgl absclission

Observations regerding the time of floral abscission
showed unifoneity in all the varietieg, Unpollingted flowers
and flowers of incompatible verieties that were artificlelly

pollinated, were found to absclee one week after flower opening.

Natural fruit and seed setting

Natural fruit set was noticed in almost all the varietles
which produced flowers. Further, 1t was observed that the four
varieties viz., S 378, S 124, H 3045 end Pichivella produced
fruits abundantly. Even though the locsl variety
' Bhadrakalichumala?! produced flowers in sbundance, its fruit
set was very lows All the open pollinated seeds were found

t0o be viable in germinstion tests.

Screening for Compabibility/Incompatibility reactions

A1l the thirty varietles were tested for their
incompatibility reactions. The results are prescnted in
Table IV. It was indicated that S 378 was the only one
Vvariety that could set frult among the thirty varietisa tested.
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Table —~ IV

Results of sereening for compatibility/incompatibility resctions.

e S i S e - SO S G A e a i - il - —  a g — -al

Percent Mean number Percent
Sl Neme of the Verlety o?rrrui%ge of segds saed o&e

No. set gerninntion

1. S 157 | 0 - -

2. S 187 0 - -

3 S 378 3640 1.33 41,67

L, H 42 o - -

5. H 3045 0 - -

6. H 2648 0 | - -

7. H 2742 0o - -

8e Pichivells 0 - -

9. H 4025 0 - -
10. B 214 0 - | -
1. H 2616 o - -
12.. H 620 0 - -
13. H 633 0 - -
14, S 124 o - -

15, H 4126 0 - -




Table - IV (Continued)

Sl

Noe

36

- D o vy -

lirme of the Varletly

16.
17.
18
1%.
20
21,
22
23.

24,

H 4330

821

H 4024

H 3032

H 2042

H 2662

B 4125
Ehadm_!celich%nnala
H 2743

H 4340

H 2429
Kanjengadu local
S 391

S 137

H 2425

Percentage Moan number Fercentage

of fruit of seeds seed

s e,
0 - -
0 - -
0 - -
0 - -
) - -
o - -
0 - -
0 - -
0 - -
0 - -
0 - -
0 - -
0 - -
0 - -
0 - -



There was 36 per cent frult set for tbié variety. All the
other varieties were found to be self incompatible. Gemminetlen
tosts were conducted using the selfed seeds end it was found
that there wes 41.62 per cent germination. %The germinated

seads produced heplthy seedlingse

Varletal reactions to different techniques of breesking
incompatibllity.

The different technlques were tried in 21 varieties
including 20 self incompatible and one sclf compatible
vaerieties. Fifty flowers of each varliety were subjected to
each of the different techniques and the percentage of frult

zet and szeed set were asscaseds

(a) Bud Pollination.

- The results of bud pollination are swmarised in Teble V.
There was no frult set in any of the incompatible varieties.
However, the compatible variety 3 378 recorded 49.2 per cent
fruit sets Cermination tests conducted ghowed that there

was 43 per cent germination.

(b) End-of=semson pollination.

Table VI glves the results of this method which was
done at the end of the growih seasgon. Here also,20 incompatible
varieties and the one compatible variety 8 378 were tested.

H 3045 recorded 12,5 poer cent frult set and 42.3 per cent
seed germination. H 2468 recorded 10 por cent Lruit set and

62.4 per cent seed germination. The compativle variaty S 378



Table = V

Effect of bud pollinetion on fruit set.

38

Sle

Nzme of the varlety

Percentage Megn numb

-l wlh v

er Percentage
No. of fyuit of gseeds seed
_ set germination
1« 3 214 {incompatible) 0 - -
2. S 124 ( o ) o) - -
30 #H 84925( " ) 0 - -
4, H 2663( " ) 3] - -
S« Haph3(  ° ) 0 - -
€« S 378 (compatible ) L9, 2 152 43.0

7. H 42 (in compatible)

8, H 30L5(
9. 3 2742(
10. Pichivellas
11. H 4025
12, H 620
13. H 633
e H 4330
15. SP 1
16. H 4125
17. H 3032
18. H 2662

19. Bhzdraktalichumala

20. H 4345
2% H 1502:6
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Table - V1

Effect of end-of-season pollination.

- Lo A win

N ot v +IF ol o g

Percentoge Hoan number

§§: Neme of the variety of Zruit of seed zgggantage
86t germination
1. S 244 (Incompatible) 0 - -
2, 38124 ( " ) 0 - -
3. H 4125( L 0 - -
L, H 2468( t ) 10 10 624 &
5. H 2743( u ) 0 - -
6. 3 378 (Compatible ) 38 1a &l 52.9
7. B 42 (Inqcmpatible) 0 - .
5. H.3045( " ) - b25 140 42,3
9. H 2742( n ) ) - -
10, Pichivells * ) 0 - -
11, H 4025 o ) 0 - -
12, H 620 n ) 0 - -
13, H 633 n ) 0 - -
14, H 4330 " ) 0 - -
15, SP 1 0 ) 0 - -
16, H 4126 a ) 0 - -
17. H 3032 " ) 0 “ -
18, H 2662 " ) 0 - -
19. Bhadrakalichumels ) ¥] - -
20 H 4340 " ) 0 - -
21; H 4024 u ) o - -
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recorded 39 per cent fruits set and 52 per cent gexrmination.

211 the other varieties felled to produce smy frultis.

(c) Pollination efter smputating the stigma

The results are summarised in Table Vil, Heras slso,
ag in tha case of bud pollination, none of the varieties’
produced eny fruit in response to this vechnigue. Even the

variety S 378 which was nomally compatible set no fruit

(d) Pollination after emputetion of the stigme end a part
of the style
The resulta are presented in Table VII., None of the

21 varieties produced eny f£3uit in respoﬁﬂe to this techgique.

(e) Pollinntion ofter smputating the stigme and application

of 0«5 per cent sucrose solution

The results were same g8 gbove. No frult set was

obaerved by the application of this method.

(£) Pollination efter szputating the stigna elong with a
part of the style and application of 0.5 per cent
sucrose solution
The results were ssme gs shown in Table VII.

(g) Follination with germinated nollen greins
Pollen geraination was studied in viiro using different

concentrations of sugar solution independently as well as

in combination with borlc scid. Pollen fyron the variety

5 378 was subjected to the different treaitmentse The results
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Table -.VII

Effect of »elf pollination ofter cutiing the stigma/stigua
end a part of the atyle.

D P = S O e Pk S o A A e e du SP B0 G a8 W Bl - b e Wb v WP WO il W - uy wnp-abie iR

Percentoge PMean number Percentage

He, Neme of the vartety o CToNroBe O e aeed
get germination
1« S 214 (Inconpatible) 0 - -
2, 5124 ( W ) 0 - -
3. H 4125( n ) 0 - -
b, H 2468( u ) 0 - -
S« H 2743( B ) 0 - -
6¢ S 378 (Compatible ) 0 - -
7« H 42 (Incompatible) 0 - -
8. ! 3045( a ) 0 - -
9. 1 2742 " ) 0 - -
10. Pichivella * ) 0 - -
11. H &d25( “ ) 0 - -
12, H 620 ( " ) 0 - -
13. H 633 ( " ) 0 - -
14, H 4330( " ) 0 - -
15 P 1 ( u ) 0 - -
16, H 4126( u ) 0 - -
17. H 3032( " ) 0 - -
18. H 2662( " ) 0 - -
19+ Bhadrakeolichumale ) 0 - -
20. H 4340( " ) 0 - -
21. H 4o24( n ) 0 - -
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aore given in Table VIII. HNone of the treatments induced
pollen germingtion in vitro and, hence, the pollination using

germinated pollen grains could not be performed.
(h) Pollination sfier application of 2, 4=D solution

The results of the preliminary observations are shown in
Table IX, Three different concentrations of 2, 4=D (50, 100
end 150 ppm) were tried on five varieties. In the compatible
variety S 378, 2 4=D gpplication promoted the fruit set. Of
the other four incompatible varieties, H 42 showed no response
to the treatment. The variety H 4340 showed a positive
effeoct to 2, 4=D at 100 =and 150 ppm concentrations with 60 and
10 por cent frult set, respactively. The other twun varieties
H 620 and H 4025 recorded 20 and 10 per cent fruit set at the
concentration of 150 ppm. In general, it was shown that
\application of 2 4«D at 100 ppa was most effective in
producing maximun percentsge of fruits in sweet potato verleties
which were orlginally self incompatiblae.

Results of the application of 2, 4~D at 100 ppn
concentration in 21 varieties of sweot potato are given in
Tcble Xs This method induced frult set in 13 verietles,
including 12 incompatible snd one compatible variety, Se 378,

Elght verietices did not show ony response for fruit set.

The results indlcated an increase in the percentagec of
frult set in the self compatible variety S 378 Another

obgerwvation recorded in commection with this trectment was
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Table - VIII

Pollen germination in sweet potato.

Neme of the variety used - S 378 (Self compatible)

S Treatnenta o Ten semmination
1e  Sugar solution 0. 5% _ Ot
2 Sugar solution 1.0% 6
Je¢  Sugar solution 240% 0
h4e  Sugar soiution 5.0% 0
5« Sugar solution 0s5% +

100 ppm Boric aclid 0

6. Suger solution 1.0% +
100 ppm Boric ecid . O

Te Sugar solution . 2¢0% 4+ -
100 ppm EBoric acid 0
8. Sugar =oluticn 5,00 +

100 ppm Borlc acld 0

G Sugar solution Q5% +
200 ppm Boric acid 0

10.  Sugar solution 1.0% +
200 ppm Boric acid 0

11«  Sugar solution - 2.0% + ,
200 apm Boric acid Q0

12. Sugar solution 5.0% +
200 ppm Boric geid 0
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Table = IX

Effect of 2, 4=D to break the self inconpetibility barrier.

iy A el 35 A el G s ) VI G A A TP i S I A AN A A AR A5 LS USRI S U5 Sun Wil (D I O S S A b AT N - - L. J

of 2, 4D molution g xg [u2 162 H 4340 H 4025

50 opm 80 0 0 0 0
100 ppm 80 0 o 60 0
150 ppm 40 0 20 0 10

- D WP ab N I - AT U i -l -0 S w— »e




Table - X
Effect of 2, 4=D (100 ppm) in frult set.

il 8 - . rpnn——— Prg— e

Sle. Percentage Mean nunbser Percentage

Noe Neme of the verlety .71t of seeds of seed
et gerningtion
1. S 214 (Incompatible) 4640 - -
2, 8124 ( " )' 53 9 - -
3. H 4125( n ) 7840 - -
L, i 2468( n ) 756 - -
Se H 2743( f ) 86.3 - -
6s 5 378 (Compatible ) 79+ 4 - -
7. 1 42 (Incompatible) 0 - -
8. H 3045( " ) 671 - -
9. H 2742( u ) 0 - -
10. Plchivella " ) 49,2 - -
1. H 4025( " ) 0 - -
12 & 620 ( n ) 0 - -
13. H 633 ( " ) o - -
14. H 4330( o ) 44,5 - -
1%, SP 1 ( n ) 0 - -
16, H 4126( " ) 60,0 - -
17. H 3032( " ) 0 - -
18 H 2662( @ ) 81.2 - -
19. 3Bhadrekslichunala ) 0 - -
20. H 4340( " ) 63.1 - -
21, H Lo2n( 0 ) 68e5 - -
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that 211 flowers treated remained on the plent for more
than one week (nomnal time for abacission). So also, all
the treated pedicels showed various kinds of crackings and

awellings,

It was also obaerved thatneven though the 12 varlieties
producéd fruits, they wers devoid of any seeds. Iomature
small seeds in the developing stage were found in mature
frults of the varieties S 378 end H 620.

The varieties vhich failed to produce any frult were
found to be injurlously effected by the 2, &4«D solution. So
olso, the pedicols of these varieties were found to be very

thin compared to other varietics.

Pollen tube growth

Pistils were aseparated from the flowers by bi-hourly
intervals giter normal anthesiss They were fixed, hydrolysed
and pollen tube growth on the atigma was studied. Ihe resgults
revegled the following,.

After 2 houra of snthesis pollen tube growth was not
found in the 21 varleties trieds After 4 hours, only the
pollien grains of The variety 35 378 produced sufficiently
long pollen tube. After 10 hours, pollen grains of
tuelve more verieties showed signs of germinations
They include S 214, 5 124, H 4125, H 2468, H 2743, H 3045,
Pichivella, H 4330, H 4126, H 2662, H 4340 gnd H 4024,

The eight varieties which failed tb show eny sign
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of pollen germination include H 41, H 2742, H 4025, H 620,

H 633, 3P 1, H 3032 and Bhadrakalichumala. After 10 hours
of nomeal gnthesis, the style and stlgma were shrivelled and,
hence no obgervation was nade.

Results of pollen tube growth after bud polliqation
revesled that this method did not promote germination of
pollen grains on the stigma of the 20 self 1ncompgt1ble
‘ fqrietiea and the one self compatible variety S 378. |

The effect of pollination after cutting the stigma glone
and cutting the stigna with a part of the style was obsgerved
under the microscope. It wam observed that very few pollen
grains were found to stick on the cut surface of the atyle
than on the stigmatic mirface. Pollen gemmination on the

cut surface was also not observed.

Pollen gernination was observed in the 13 varleties
which produced frulits following 2, 4«D treatment end pollen
germination was not obasrved in the elght varieties which

folled to groduce frultz.

It was obssrved that the rate of pollen tube growth
ves azme as that observed sfter nomal self pollinaticn end
2y L4=D trestment hed no effect in enhancing the rate of pollen
tubs growth. - )
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Pollen aterllity

The results are presented in Table Xl. VPollen sterility
in sweet potato was found to very £from 54410 to 6401 per cents
The moximun sterility was recorded by Shadrrkalichumsla w_:l.th
54.10 per cent, closely followed by H 620. The minimum
velues vere given by H 2743 and 8 378 {646 end 6.01 per cent,

reszectively).



Table - XI

Pollen sterility in sweet potato.
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EﬁitNOO

Nzme of the varliety

el ol S S A Guf S S AR k- W ey o O - Y Sy S S S04 its L) T4 AP D

e
2e
Se
b,
5e
&n
s
8o
De
10.
11
12.
13

1he

H 2662
H 2416
8 187

H 2762
Bhadrekelichunala
H 2612
H'2421
H 42

B 2745
H 633

H 4126
5 378
sP 1

H 620

7ollen sterility
{percentage)

11460
26,70
31.90
19410
She 10
12,70
31.40
£8.60
E450
15.90
8.60
6.1
12410

37.60
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DISCUSSION

The obsmervations made during the course of the present

study are discussed as follows.
Flowering hablt in sweet potato.

Sweet potato, a vegatatively prqpngated\rbot crop,
has often been roported as a shy bloomer (Wode;(1925),
Rosa, (1926) end Miller (1935),cited by Kunjen (1957).
In the present investigation majority of the varieties
tested showed a tendency for floweringe This is in line
with the reports of Thompson (1925) snd Cherles et al (1574)
that good flowerlng lnsweet poteto can be obtalned under
tropicsl conditions. The tropical condition preveslent in
Keralg accounts for the flower productiop in sweet potato

varieties tested.

Gut of the 31 varieties tried, only one varliety viz,.,
Rottaremchunala felled to produce any flower while
varieties 5 157, Kanjengadu locel, H 2416, 5.137, H 2425,

H 2412, H 4125, 5 391 snd 3 187 produced flowers in very low
proportion. Other five varieties viz,, S 124, S 214, H 5125,
H 2648 and H 2743 produced flowers in-rair proporticn:d The
vorieties which flovered profusely include S 378, H 42,

H 3048, H 2742, Pichivells, H 4025, H 620, H 633, H 4330,

P 1, H 4024, H 3032, B 2662, Bhedrckollichumela, H 4340 and
H 2421, Thug from the results it is clear that flowering
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habit in this crop is very much influenced by the varlietal
difference as reported by Tloutine (1935) Miller (1938)
Richharia and Gosh (19%0), cited by Reo (1962) eand Vensch (1954).

Flowering in sweet potato was also reported to be
influenced by verlous environumental faclors like rainfall,
relative humldity, sunshine hours, photoperiodlen, tempersture,
wind velocity etce In the present study, it was noted that
the flowering habit varied depending on seasons. The
flowering npture observed in this crop during fpril-June
was different from that in December-liarch. Kottaramchumals
was the only one Variefy that did not produce flowers during
~ the season Decenbar-narcq. But, during Apr&l-June_period.
in addition to FKottaramcihunasla vaerieties like Kenjangadu local
5 214, S 124, H 212, S 137, 8 157, S 187, H 2643 and H 4340
8ls0 ramained as non-bloomers. , 50 also, flower production
during this period (AprileJune) was found to be very low in
certein profuzely rlowering typga of December<March season.
Thus, the present study support% the observations made by the
earlisr workers (Miller, (1937.;1938). Shigemara et sl (1933),
Fujise et a1 (1957), Ogorodniko§ (1969), end Joseph (1979} that
climatic factors have got e profound influence in the flowering
habit of awoet potaeto varieties,

E
From the observotions on the number of deys teken for
|

first flovering by each variety) no consistent indicstion was
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obtalned. There was wide varlation asmong the plants of the
seme variety. Even though mejority of the varietiea flowered
eerly, S 378, and H 42 cen be consldered as very eorly typess
Varleties S 157, S 214, S 391, S 187, S 124, Renjengadu local,
B 4025, H 2425 end H 4340 could be consldered ea late
flowering types. Nelr (4970) obtained similaf regults end

he explalned that the early and late thwering habit depends
upon the maturity-of the planting materisl used. He added
‘thaﬁ the mature vines at the preflowering stage produced
progenies which showed earliness in flowering.

Naturel setting of frults end seeds

Haturzl setting of frults and seeds in sweet potato
had been reported to tske place in almost all agroclimatio
conditions. ({Thompaon 192%, Encyclopedia. Britanica 1962).

Neturel seed set was obgerved in ail the varieties which
produced flowers. The present investigetion clso showed
that natural secd set can be obiained in both the seeasons viz.,
Dacember-March and April-June. The seed set observed in
! Bhadrakalichunnla® was very low even though they produced
sufficlent flowers in both seasons.

Srmpath end Bhanumurthy (1945) observed free setting
of frults and seeds at Coimbatore end Bepatlae The optinm
conditiona for setting of fruits and seeds were those existed
ﬁufing Decembere-Jonuary-Februarys They were of the opinion

that temperature was the most importent factor in this connection.
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Similar observations had been made by growers of this crop

in Hawaii, who in addition found that during the molst seasons
of the year, especislly when the foliage exhibit a tendency

to develop luxuriantly, seed sst was considerably decreased.

In the present atudy elso similar results were observed. iven
though the crop set sceds in both the dry and wet seasons,

it was found to be low during the rainy zeascn. The observations
clearly indicated that the conditions pravailing at this arca
could be conasidered as ideal for flowering and setiing of

fruits and smeeds in sweet potato.

Screening for compatibllity/Incompatibility reactions

The data obtained during course of the present
investigation (Table 1I) revealed fallure of seed set in
20 out of the 30 flowering varieties screened, Only the
variety S 378 produced fruitszs end seeda on assisted self
pollingtion, The seed seatting ability of S 378 was earlier
reported by Venkiteswarslu (1980). Failure of seed set in
sweat potato 1s reported to be due to incompsiibility mechaniras.

Reperts related to this phenomenon are numersuss.

Mlard (1960) reported some self sterile or self
incounpatible strains in sweet potato. Both self snd cross
incompatibility had been reported in this crop by Williasms
(1964) ond Martin (1965). Falrly high gnd varying degrees
of sell incompatibility reactions had been accounted in this
crop for fallure of zeed set by various workers including

voda (1935), Sampath and Bhenumurthy (1948), Abrshem (1957),
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Xunjan (1957) and teng (1965, 41966)s It was also reported
that self incompatibiliti wrather then self compatibllity
unsthe rule in this crop which had seriously limited the
solfing progremmes of sweet potato broeders (Joseph, 1979).
Thuthhe failure of seed set in all the twenty nine varieties
of sweet potato noted in the present investigation cen be
attriduted to the presence of self incompatibillty mechanism

opersting in this crop.

Germination of polien gralns on the stigma was noted
gix nours after poliinetion in the variety S 578. 2£1l the
other 20 varieties tried by assisted selfing failed to _
show any pollen gemmination in the stigmatic region after
foy? hours. Signs of pollen geminstion after ten hours
were obgerved in 12 out of the 21 varieties trieds Thay
include, Pichivella, H 3045, H 41256, W 4330, H 4024, H 2662
H 2468, H 2743, B 4340, # 4125, S 214 cnd S 124, Pollen
groins feiled to germinate in the stigma of other elght
varieties viz. H 41, 8 2742, H 3032, ¢ 1, H 633, H 620,

H 4020 znd Bhedrekelichumaela even after ten hours. lhe
pollen germinagtion could aot be observed after ten h-urs

due to the shrivelling of the style and stipgmsa.

williems and Cope (1967) found that fewer pollen grains
were retalned on incompatible stligmas than on compstible
ones ;n lpomgen Irichocarps and attributed this phencmencn

el ————

to lack of mechanical anchorage. Similar observations were
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recorded by Charles ot al (1974). But, the prasent
investigation showed contradictory results in Ipomoes batstpg.
Almost egual number of pollen graing were found ©o be retained

after campatible and incompatible matingse.

- Fallure of po'llen' geminati.on was oeserved in éight
varisties liated above end very slow pollen tube growth
after ten h«aura wes observed in another twelve varieties.
The pollen grains were found to germinate sufficlently carlier
1n the only one self-fertile varlety S 378,

The primary site of self incompatibility mechanizm in

iposoea batatas was cansidered to be the atignatic surfacc
which was inhibiting the pollen germination (Logari and Kewahara
(1542), Von Schreven (1953), Martin and Ortiz (1966), and
" Martin end Cabenillas (1965)s Foilure of pollen germination
in the stigma did the post pollen germination barriers could

ba considered as reasons fér the fallure of fruit and sead get
in the gbove varieties. In any case, stigmatic region could
be considered as the site of the incompatibllity mechanis
as reported by Tegari znd Kowahara (1942).

Fallure of pollen geriinstion was attributed to the
lack of growth substances necessary to stimulate the
germination of incompatible pollen (Fujise, 1964). Complete
germination fallure was ascribed by Martin esnd Cebanillas
{1965) to & strong incompatibility reaction resulting from

the interaction of substances diffusing from the psilen or
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stigma or both. Martin (1957) reported disorientation of .
pollen tube in lncompstible styles in Ipomoes batatas.

The disorientation of the pollen tube had been caused by
the evasion ¢f substences inhibltory to tube development,
present in the central core of the style. HMechanlcal
retardstion in tube growth could have resulted from the
noture agnd arrangement of cells in the region of tube
penetration as reported by Mertin and Ortiz ﬂ1967).

From the present study, it can be concluded that the
inconpatibility may be due to the lack of come growth )
promoting factora required for pollen germinatlon on the
stignas S0 also, the rate of pollen tube giowth may not be
sufficient to effect fertilization end seed developnent at

the prepar tine,

The variely S 378 wes found to be aelf ccapatible, but
the percentage of frult and seed net was very low. It was
indicated that along with incompatibiilty barrier some other
factors might slso be there, influencing the £ruit and seed set
in thiz crope Climatic factors end time of pollination had
much influence on f£ruit ond sced set as reported by Hiller
(1938), Monteclaro snd Hiller (1951), and Srinivasen (1977).

Joaeph (1979) reported thet the totel contribution of
westher elaments slone on frult and séed set in sweel potasto
amounted to 40 per cent and 32.5 per cent, respectively, Time

of pollination was also found to have a decisive role in the
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percentoge of fruit and seed set as reported by Hernendez
et a1 {41967) and Srinivasan (1977).

Tima the low percentage of frult and seed set observed
in the self compatible variety S 378 can be attributed to

the infiuence of the above factors.

The selfed seeds obtalned from the nbove varliety were
found to be gerninating well. The seedlingsshowed good
vigour indicating that there was no after effect for the
incompatibility mechaniem. "

Mathods of breaking the selfeincompetibility barrier
———

The results of various methods tried for breszking the
gself=incompatibility barrier glong with the results obiained

by the in vivo pollen germination studies are discussed as
followea. . _

In the present study, bud pollination was found to be
gquite ineffective in brasking the self insompattbility barriers
This is in line with the reports made by Togeri asnd Kawahara
(1942) and Fujise (1957).

Togard (1942) expleined the regson for the fallure of
the method saying that the stigma of sweet potato become
receptive uvnly a few hours before gnthesis, by which tine
the pollen f£alls to germinate on the stigme. Lack of stigma
receptivity during the bud stage coupled with the absence of
certein growith promoting substances can be considered as the
causc for the fallure of this method.
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The technigue used by Néngelsdorf and Reeves (1931).
snd Davis (1957) in tricming styles before pollinetion was
tried in this crop durlng the present study to bbeak the f
self-incompatibility. But,the result showed that the
method was quite ineffective to overcome the incompatiﬁility,
barrier. llereeven the varlety 5 378 wnich was nomaily
self compatlible also falled to produce any frult when thia

‘method was tried.

The obgervations recorded in the praesent study regarding
pollen germination revesled that the number of pollen greoins,
reteined on the cut end of the style after seilf pollination
was very low vhen compared to that on the stigma and there
was no sign of pollen germination. These results suppcrtgd
the findings of Mangelsdorf end Reeves (1937) ond Davis (1957).
Large reduction in pollen germination was recorded by them
vnen stigma and style were rémoved before pollingtion. Margtn
and Cabanillus (1965) recorded that the germination of pollen
completely falled at the atyle.ovary Junction. Charles
et 21 (1974) reported that the incompatibllilty reaction was
greateyr when the site.af pollen geraination was nearer to
the ovary. |

Zucrose was found to be a ?avourable mnediua for pollen
geraingtion in meny crop"plants a8 reported by Kiszs (1970)
and Radhekrishnen (1976). But, contradictory resuliy were
obtained in sweet potato in the present study, which showed
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thet application of sucrose solution on the cut surface of
the style was not ot all favourable for pollen germlination

and sewod =zet,

ﬁertin and Telek (1971) efter analysing the stigmatic
secretion of sweet potato revealed that 1t contzined only
traces of suger snd a lot of other compounds. Thus, it
could be amassumed that in asddition to sugar, some other growth
premoting substances were presgnt in the stigmatic secreotion,

which was egaenticl for pollen gemincetion.

Lttempts on artificial gemmination of pollen in different
concentrations of sucrosc and sucrose + boric acid solutions
had also been made with a vie§ to pollinate the flowvers with
artificlally germinsted pollen grains. 3Sut sven the pollen
greins from the compatlible varicty did not geminsgte in the
artificiel medie.

Srewbsker (1957, 53) observed that the trinucleate pollan
grains of a sporophytic syatem would ot germinate readily
in vitro. Martin eand Ortiz (1566) repcritad that pollen of
guect potato and related apecles fsziled to germinate in
artificlal mediage The Zallure of pollen germination in sucrose
solution at variosus concentrations and sucrose boric ecid
mixture may be due to some deficlency of the medis for the

germminagtlon of sweet potato pollen grains.

The frult and seed set observed for the end-of-geason
pollination indicated that the incompatibility reaction was
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reduced at the epd of the growth season. This ﬁay be due to
the insdequate quantity of the inhibiting substence on the
stigma, confirming the earlier report made by Allard (1960).
The results also indicated that varietal difference did
exist in the expression of this guality.

Regarding the 2, 4«D treatuent which resulted in frult
devalopment in 13 varieties, 1t was found thot the rete of
the pollen tube growth was not at agll enhancéd by its
zpplication. Here along with the self compatible varlety
3 278, the other 12 self incompatible varleties which showed
eigns of pollen germinetion on the stigna following self
pollination produced fruits. 3But, the other 8 varietles
which did not show signs of pollen gerwination on the
stigma even after 10 hours of self pollination, failed to
produce sny fruit. From these resulis, it wag Indicated
that some factors other than that which enhances the
rate of poilen tube growth were also Invoived in the

fruit development.

Different explonations were offered by earliar
workers for the incompatibllity mechanlem. Martin
and Cszbenillas (1966) after studying the

incompatibility mechanim in sweet potato varieties,
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reported that the growth of pollen tube was delayed at the
style stigman junction. Under field conditions, this temporery
arrest in the early phase of tube penetration might act to
retard the tube) extension to the ovary znd prevent
fertilizntion. Moreover, the style tend to shrivel shortly
cfter flower openlng on the ssme day« So the chence of

slow growing pollen tubes to reach the ovary appeared to

be lesse In the présent study, 1t was observed that 2, 4-D
treatuent was offective in bresking the incompatibility
barrier, even though no enhancement of pollen tube growth

was observed,

It was also obsexved that the flower life was increased,
af ter the application of 2, 4-D solution. HNormally the
flowers will abscise after one week following incompatible
matings., This was also reported by Joseph (1979). But heré
the flower renained for one month indicating that the flower
life was increased by 2, 4~D application. Probably this mey
be helping to overcome the incompatlibility barrier. 1%t could
be consldered that here the slow growing pollen tube get
more time to effect fertilization.

The fellure of proper development of seeds (immature
seeds) in the 2, 4D trested flowers might be due to its
severe burning e¢ffcct on the ped;cels, which 15 evident from
the craclting and other malformations observed on the pedicels.
{ue to this the food supply to the developing cmbryos might

have been prevented resulting in the formation of immnature seeds.



The reason could also be due to the embryo abortion.

. Incompatibility between embryo and the gomatic cell could
result in improper developnent of frults sfter succeasful
fertilization as reported by Charles et al (1974). They had
produced viable seads after 2, 4~D treatment by embryo culture
indtceating thet the embryos were viable and could produce

Zcod seedlings.
Frult set and fertility of pollen

Yang (19645'reported that along with incoapatiblility,
temperature, pollen stefllity end melotic sbnomallity were
also rasponsible for fallure df sged and fxult set, HMartin
(1967) olso suggested that seed set fallure night be due to
certnin sterility faoctors associated with gsmetic imbelances,
The results of the present study also showed that pollen
ateriiity was pleying a significsnt role in the low seed set

in sweet potato.

The reason for the poorly formed pollen grains were given
by Warmke and Cruzado (1949). They were of the opinion that
non-disjunction and other melotic irreguiarities were common
in this crop end could account for higher percentage of poorly
formed pollen grainse Thus, the meiotic abnormalities due to
the hoexsplold nature of this crop might be the reason for the
hizh percentage of pollen sterility in sweeit potato.
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SUMMARY AND CONCLUSIONS

A study was condﬁcted at the Department of Agricultural
Botany, College of Agriculture, Vellayani, to study the
possibility of improving sweet potato through hetcrosis
breeding. During the course of this investigation, the
flowering habit, netural fruit snd sced set, extent of
1ncompat;bility gnd methods to bresk the incompatibility
barrier were studied on thirty one vericties of sweet potato

selected from different sources.

Flovering end netural fruit ond seed set were found
to exhibit considerable variaocility. Iven though natural
frult set was observed throughout the year, the maximum

expression was obtsined during December-Jdznugry-tebruary.

Except one variety viz. 3 378 all the other 29 varleties
studied showed gelf incompatibility. Delay in pollen
germination and slow growth of the pollen tube along with
the short flower 1life cen be attributed to be the reasons
for the incompatibllity mechanlism observed in the above

varleties of sweet potato.

0f the elight methods tried to bresk the incompatibility
barrier, the 2, 4-D treatument was found to be the best.
Ansther method which registersd fruit end seed nroduction
was the end-of~geason pollination. All the other methods

falled to produce any frult after incompatible matings.



The success of 2, 4«~D trestaent which resulted in
fruit set in 13 verietles was considered to be due o its
effect on increasing the flower life by preventing floral
abscigsions The fallure of ameced set in the frults of
2, L=D treated {lowers mey be due to the reduction in
food supply to the developing embryors as a result of the

injuries on the pedicels following 2, 4= treatment.

Pollen sterility was observed in 211 tho varletlies
atudied indicating that they were also playlng & role

in the low frult end seced set in this Crope

Thus the present study indicete good scope for
hetercsis breeding in thls crop. The gelf incompetible
verieties con be directly used as female parenis in
hybridisation programmes without resorting to genetic or
cytoplesnlc male sterility. o also,there is good scope
v for producing {nbred lines by stendardising the 2, 4=D

treatment,
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ABSTRACT

In a giudy conducted on the flowering and natural
frult setting ln sweet potato (Ipomoes batatss (Le) Lam),

1t was observed that varietal difference did exist for

the sbove tralt.

Of tho thirty verieties screcned for compatibllity/
Incompntibility reactions, only cne varioty viz. S 378 was

found to be self-compatibles.

Bxcept 2, 4=D treatmeﬁt snd énd—of-seasan pollination,
all the other methods including otud pellination, surgical
techniques, aopplicotion of sugar solution etc folled
completely to brezk the aélf—incompatibility szrrier in

sweet potato.

The success of 2, L=D treatment, which rezulted in
frult zet in 13 varieties might be due to 1ts effect on

increesing the flower 1ife by preventing fleoral sbsciasion.

The failure of geed set in the frults obiained vy
2y Q-D treatment could be due to the reduction in food
supply to the developing embryos as a sequel to the
injuries susta;ned on the pedicels following the application

of 2, 4~ zolution.

Pollen sterllity studles confirmed 1ts role in the

low frult and seed set in aweet potato.



