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CHAPTER I
INTRODUCTION

Most of the aspecies and waricties of Ipomoss cytologically investi-
gated are diploid, with the basic chromosome mmber 15. The two known
excoptions are 1, zamond, a tetraploid with 60 clxomosomes and I, batatas.
a hexaplold with 6 sets, or 90 clromosomes, Theorstieally, the tetraploid
form might have arisen from a diploid through rutational chrorosome doubl-
ing, and the croasing of a dirleid and a tetraploid might have given rise
to a triploid, which, through chromosome doubling would produce a hexa-
ploid type. Because it is believed that the history of I, batatas was
comparatively short, it scems possilile to repeat its phylogenic course of
developnent.

For the late 20 years, colchicine had been widely using as a poly-
ploidiging agent with many plant species and therefore it is expected
that the drug will have the same effect when applied to members of the
genus Ipomoog.

The objectives of this study are to study the morphological varia-
tions as woll as variations in fertility induced Ly colchicine troatment
80 as to gain some knowledge and experience in the use of this chemieal
on Ipgnoog.



CHAFTER IX
REVIES OF LITERATURE

A, THE USE OF COLGHICINE AS SPINDLE FOISON

Colghioun is named (9) for the land of Colchis at the Fastern tip of
the Black Sea. In this area, the plant is most rabundant. Taxonomists
recognize 65 species in this gemus, and all are limited to the Northern
Hemisphere, although none are reported in the Americas. The original
Greels name for this plant is Sclghicon, as given by Diosecorides, was later
changed by Linnaeus into the Latin form of Solghieum, and the binomial
nene affixed to the autumn erocus as $. gutimngle L. in 1753,

The genus Colghicup L. belongs to the family Liliagege. The gems
is divided into two subgenera, namely: (i) Archicolchicwy and (11) Bugol-
shicm, of the second subgems is C. gutimpalg L. bolonging to. All
species under the gemus Colghioum analymed to date yield colchicine of
in submnand sent leaves and fruits the following spring. Seeds are a
rich source of colchicine after maturation, tut commonly, the drug is
extracted from the underground corms, The corms reach a peak of colchi-
cine content at about June or July and before the flower stalks appear.

In neture, (25) eolchicine is of limited significance for the in-
duction of polyploidy. This is explained by the fact that the amounts of
colehicine liberated from undemaged plants are limited and also that ecol~
chicine may be inactivated rather rapidly in or close to the soil.

Spindle poisons used for chromosonme doubling were known long before:

2



eolehicine, ut none of then was so successful as colchicine, The action
of narcotics wms first studied on spindles on animal ecells, Nemec observ-
ed that chloral hydrate arrested mitosis in plant cells which wes later
demonstrated as being very sinmiliar to colchicine-mitosis, Heat alone
can also inactivate the spindle and in fact, this was the method mostly -
used before treatnent with colchieine was knowm,

The first experiement with plants and colchieine wes made by Sir
Charles Darwin in 1875, who applied the drug to "insectivorous" and
"sensitive™ plants. The reactions in leaf movements were tested, tut no
conclusive results were obtained. Then in 1937, Dustin (9) discovered
that colchieine was a polyploidizing agent, and since then, the wide
mwmmm-mmwmmd. Future progress in
agriculture, medicine, pharmacy, biology and chemistry will obviocusly be
faseiliated mich by the possession of such a tool as colchieine,

There are two reasons that all the other methods to induce chromo-
some doubling are replaced by treatment with eolehicine: (i) Colchieine is
very effective for making polyploids with many different species, and (ii)
The drug is applied easily to young growing plants with very little darage
being done to them., Besides, colehicine is highly soluble: in water, com-
paratively less toxic to plant and is effective in concentrations ranging
from 1.0 to 0,01 per cent.
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solf-fruitful, this was due either to the high percentage of abortive
pollen or the slow growth of pollen tubes. Triploid plants arose from
the cross between diploid and tetraploid plants,

2, Application in the field of small fruits and tree fruits

Darrov (6) indicated that it is well known that our best apple var-
ieties are polyploids. Triploid apples and pears are exccpiional among
fruits in being sufficiently productive to become important varieties,
though they develop: few seeds, require cross-polination, and are poor
pollinators. Tetraploid peach of the Golden Jubilee etc. had been obtain-
ed by the colchicinc technique. Unec chance triploid was also reported.
The sweet cherries are diploid, the sour cherries tetraploid.

mcv)mmué)mtadmmmmmorw
Portland and Fredonia varieties had wholly doveloped cluster and the
berries were almost cxactly twice the weight of the corresponding diploids.
Sekhon (21), in his theses "Colchicine Treatment to Induce Polyploidy in
Grapes" concluded that the bud paint treatment in concentrations of 0.6
1.0% was effective in inducing tetraploidyén grape varieties with less
pubescence and thinner leaves.

The application of colchieine to the production of the "scedless"
triploid watermelon represents a most specific and outstanding advantage
gained from the use of this material., The fact is well-known that seed-
loss fruits in nature are due to certain reproductive fallures. Thus an
idea rose in H, Kihara's thought that triploid watermelon would be seed-
less (13). Tetrayloid parents were produced by colchicine applied at the
seodling stage, and these tetraploid plants became seed parent with the
diploid as pollinators to make the triploids., When triploid plants were
growing, pollinations mmst be made by diploids because the pollen of
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sotivity of the second gorm layer (L-IT), The initistion and carly de=-
velopuent of the stamen depend primarily on I~III. The early stages of
development thevefore suggest that the stemen 1s not a modified leef but
a reduced axla.
5. The dotection of genotype by polyplodds

Jantok and Stevanson (12) joinod their nanes in a paper t4£14d *Tho
effects of polyploidy on sex expression in spinach®, Tetraploid spinach
plants were induced by the troatment of seed with 0,2% colehieine in
aquecus soln.. Gene changes or ehromosome repatisraing (9) through col-
chieine treatment had never been proved, and (12) as the observed sex
retio of the tetraploid wms not dissimilar from that of the diploid line,
1t was assumed that doubling of clwomoscme mmber did mot alter thelr sex
plodds, and all three, dirloid, triploid and tetraploid intereross resde
11y and eve self-fertile. The experiment indicated that the Y factor is
male determining beceuse only a single dose of T is needed to produce the
staninate condition even in combination with three doses of X in the tet-
raploid staminate plants. The hypothesis that monoscious plant is due to
an altered balance between X and ¥ chrouosome and that X, X iz moncccious
was vejoctod because the triplold XXY is staminate. Another hypothesis
that the ronosclous type 18 due to an alleles of the XY factor as uell as
6. Tolyploids in phylogeny

Hew specles can arise suddenly by interspeeifie hybridisation and
doubling of chromosomes., These new specics are able to invade now hab-
itats, an invasion not possible by either pavrent, Colehieine is a use-
ful ool in traeing down certain steps in the origin of the polyploid



1

specles.

Ieitdomm gestivup L, the bread wheat, is hexaploid. Full know-
ledge of the origin of bread wheat probably will never be obiained, tut
sone phases can be closely inspected by observing the experimentally
produced polyploids.

The hypothesis of the Asiatio-American origin of tetraploid cotton
Sosgypium hirgutum was confirmed by (1) doubling of chromosome mmber of
a sterile Iylrid made from an Asiatic diploid and ean American wild diploid
specles.

Very often (26), the chromosome mmbers in the various species of a
given genus form a more or less complete euploid series., For example, in
Chrysanthermn, the various species have 9, 18, 36 and 45 pairs of chromo-
somes. Series with two or three members are still commoner. Related gene
era also show related chromosome mmbers. JZog mgys and certain species of
Sorghun have 10 pairs. FPerennial specios of the latter are tetraploid (22).
mmmw%tmmhMMMMﬁawm
cammon origin,

The origin of sweetpotate (Ingmoes batatss), which has the somatic
chromosome mmber of 90 (14), had been suggested by Ting and Kehr (27) as
an alloploid of the diploid Ipomogge They observed that soconday associ~
ations were common, but midtivalents had not existed. As total differen-
ciation of the chromosome had not yet reached the stage where chromosome
behaves as diploid, the condition found in many natural polyploids, it
was suggested that I. balaiag bad a comparatively reeant origin,
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C., CRITERIA FOR JUDGING POLYFLOIDXY
1« Fertility

If a sterile species hybrids begins seed production after treatment
with colchicine, the evidence is good that polyploidy has been induced.
The two parental genomes of a diploid specles hybrid are usually income
patible (9) to the extent that no interchange can occur between them.

The fact that no gene exchange botween the parental sots of chromosomes
mean no inter-genomal peiring, Brifly, the diploid hybrid should be
entirely sterile until a doubling of chromosome occurs. The chance dou~
bling that might have ocoured through unreduced gametes is of such low
froquency that the effects of colchicine were not obscured by natural or
spontancous doubling. The two examples of Cpaumbiia end Gogeypum given
bafore well illustrated the situation.

Two general methods are used to judge the fertility level of a spec~
ifie polyploid: (1) percentage of good pollen as demonstrated by micro-
scopic method, (i1) the amount of seed set.

2. lorphologleal changes

liow leaves and stems thet grow from treated sectors are usually wrink-
Mmmw-mmMMm,umd&
the untreated-plants. By these abnormal appearance, sorting of tetraploids
can be mado among large populations of treated cultures.

Flowers of tetzaplold are larger and more compact than the diploid (4)
(7) (17) (19) (24). Hasweller (2) reported that tetraploid flowers of
Easter lily were 15% longer and 5.6F broader than the diploids, but some
tetraploids showed very little improvement in sise (10) over their respec-
tive dijloids. Somotimes, the leaf shapes are entirely different between
the tetraploids and their diploid progenmators, such is the case in seasame(23)
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(Sepsamm orientale L.). The tetraploid leaves were asimple and wavy
while the corresponding diploid leaves were trilobed. Usually the rate
of growth is slover (9), lut even the final growth does not produce a
plant as tall as the diploid., However, (23) the tetraploid sesame plants
were about 1.5 times the sime of the diploid plants,
3. Physiological differences

Many tetraploids are physiologically superdor over the diploids.
Sugar content is increased in triploid watermslon (13) as well as the
large root of triploid plants of sugar beet (15).

The colehicine-induced tetraploid plants of lantase ovata (3) exude
a derk brown material from the leaves, and this 1s associate with the
break dowm of leaf tissues, Up to 97% of the tetraploid plants cxude the
material ut few dipleids develop it.
Le Sige of stomata

Hot only are the leaves broader and thicker in tetraploid plants of
E. gyata (3), tut the colls are larger. That tetraploid tissue gives
large sized eells has been agreed by almost all, and the longitudinal
sections of a chimera shoot apex gives a visual picture of the differencos.
Cuard cells of stomata are guite universally chosen to illustrate the ine
creased sige of cells in totraploid tissue beecause they are less influence
ed by envirommental factors and aye smfietrieal andimest éasily measured.
Emswellor (11) stated that it is possible to seleet polyploid lily plents
with an accuracy of about 90% by the sime of stoms. Chimeral plants may
have fsclated calls or growp of cells fhat dve SF Abi tetiaplodd sise
but they are of no significance except when they appear in a crucial pos-
ition. Also, the distribution of stomata varies, the diploid cells are
closer together than the tetraploid.
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Fige 1. Illustrating the treatment technique
The growing point of the seedling is inverted into
a vial of colchicine, The paper in-between is to

retain the soil in the pot.
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F. COLLECTION OF “FED FOR FERTILITY TEST

At the end of this experiment, seed pods were collected from all plants
and their mmbers were recorded respectively., With the comparison of the
mmber of seed pods to the mmber of flowers, percentage of fruit-set
was sceured.
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EXPERIMENTAL

Ay GEVERAL APPEARANCE OF TREATED-PLANTS

Te 1. txicolor.

7

 branslucent

CJ-—

Spots apooale

hin a day ovy tuo, these

holes in the cotyledeons. Since furiher developunent of

tenporarily checked, all growth of the cotyledons was rostricted and the
bladas beeagme thick, deep green and in sune cases, brititle. Acconpanying

this enlargement was the thdckenlng ol

. a2

aot grow for sometime after treatment and in some cases, they wilbted for a
Yew days. 1If they remelinod alive, the green tissues were seft and dull in
hey were suffering a drought

About 30 days thereafter, the neristems of the epleoty

3

The Firvelt leaf unfolded bub fow shoved any enlargenent, subsequently they
"

became thick, brittle and locked as if they vere covered Ly a layer of

- of the sewe tegiture but sonevhat

these two leaves then swelled and

gave vise to a cluster of smell leaves and leaf-like stalls {which were
thick and hard, venations barely showed and hed no way to distingnish the

petiole and the blade). One or twe of these swsll loaves enlarged in the

19
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MM’B;W.M%MM(%ﬁ}. The poesie
bility wes larger ‘ow the desper blus colored flower to de found on the
treated-plants.
2. Ie lscunosa

The immediate responses to colchicine were mostly the sams in these
two speciess Often in I. lsowmosa, the base that bore the memy leaves
and branches swelled and occasionally, the leaves were half light green
end half deep zreen, later these leaves became wniform in colors

This specles normally produces many laterals. Even in the control
plants, bude in the exils of cotyledons developed into laterals. In
troatedeplants, the zrowth of the central stems was reterded and the exile
buds started growth and produced & cluster of leaves if not long latersls.
Fasciated stems were sometimes produceds Most treated-plante had larger
leaves than those of the controleplants, sometimee even twice as larce.
This ves more so in plents that had no laterals and axile loaves were fow
or nones Only three plants out of all the 55 treated and smviving plents
Mu“mwummm

The flowers of the treated~plants vere not generslly larzer in 1izb
Tlowers (Teble 12 and fige. 6, 7, and 8).
B EARLY RESPORSES OF SEEDLINGS 7O OOLOHIOINE TREATMENT

m:mzmmwmmwmmm
ammwmmq’mmammmmm
laterals from axil of cotyledons became ectivated to take their places.
Seme plants of the spocies I. lecwnoss hed the laterals developed along
with the camtral stem and vice verse. .
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Fige 2

showing short
treated-plant
of control-plant
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end the group thel wae last treated come to flowsring within the shori.
est period of time. This could most 1ikely to be explained in thet the
eold winter westher (lower tomperatures) retarded the growth of the
first two zroups of plantia.

Two plants {reated on the same date and with the same time end cone
centration would respond differently in resumption of zrowth, and in exe
WmuéM#m%mmﬁwm The plant
6-7 of Ie tricolcr had just started to show buds in the axil of the co~
tyledons on June 28 following the itreatment on Mare 16, Thus it is
looked in that the size or age of plant vhen exposed to the troatment is
an important factor and yet it is d1fficult to judpe and sslect the
seedlings to the very miformity desired,
2+ I» lacunose

Table 4 and Pigure 4 give the resultss The two controleplents that
gerninated last had the shortest date to blooms Also troatment deleyed
showed still betier heras As shown by the data, the plamts treated on
Mare 29 had the shortest peried of time to attain flowering. Comtrole
plants flowered in about 36 days wiile treated-plonts required ebout 22
doye longer (58 days)e m-mmmrmd@mthmm
_rerth-mtwl-pmhteﬂm
S It wes noted that the retardation was about the same between
these two species although the controleplants.éf I. lacwoss flowersd
about 22 days earlier than I. tricolors
Ds LEAF SIZE

Emsweller (10) end others had shown that leaves of polyploid plants
were usuBlly larzer and thidrers and it vas possible to use these factorsas



Table 3
Days from treatment to first flower for plants treated with

colehicine of three conccntrations and for twenty-four

Q. ixicolor)
Date treated

and forty-eight hours.

56 56 58439

51 53

Coutrol

TRNGER
BRERER
8

2y 88
20 RRE
ROFORD

333333
CEEEER

= n<dng

Ave. days to istiflower .

ThaO2

80.04

from the -same treated date 86.25 ~

Table 4
Days from treatment to first flower for plants trested with

and Mt hours. u.

AVC,,

Loz, 20

29 29

34 33

45 44

Contzol

2RR 5
FRIIBE
RITRER
&
R 88
REABRA
ROIRESB

J3333§

BRI

™ 0NN~

53ads7

58494

from-the same treated date 58.87. .

Ave. days to 1stiflowe
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Table 5

of leaf size of a selected mmber of Control
with that of treated-plants (I.

Treatment Average size of 5 loaves® (mm,)
Hlant o,  time conc. Jongth Migth
0=5 0 0 115.8 1164
0-6 g -0 107.6 a2
Ave, leaf size of the * control-plant 1117 105.3
1-1 2, 0.2 89.2 93.8
1=t 2% 0.2 894 91.0
16 2% 02 1086 121.6
2.2 24 03 T2 9240
23 2, 0.3 718 8442
3w1 2 O M6 Ned
35 26 Oud 105,0 103.6
36 24 Cdb 894 91.6
37 2, O 740 7546
13 48 0.2 96 ede Deds
5u 48 0.3 e 68.8
Sud, 28 0.3 776 85.4
6=3 48 0. 9042 904
Ave. leaf size of the treated-plant 87.6 N7
Ratio of length to width Control- = = = - 1,06
Troated = = = = 0.96

#The largest 5 leaves on each plant were neasured.



Table 6
Comparison of leaf sigse of the control with treated-plants
Q. lacunosa)

WWBMmMMMW.



the treated and control-plants.

1o I Sxicolox

. lature leaves of three control-plants and ten treated-plants were mea-
sureds. mmmammmmmmummm
mal as expressed by their comparatively large mmber of umusual {lowers or
their large or mmll leaves.

The largest eight leaves on the plant were selected and the thickness
of the basal part of the blade was ascertained. Using care to avoild the

The results are given in Table 7. These data show that there was no
marked difference in thickness of leaf betweon the control and the treated-
‘planta.

2. I. lacunosa

' Two control-plants and ten treated-plants were used. The seleetion

of the treated-plants wio done on the same basis as for I. irigolor. The
data in Table € show that the treated=plants had thicker leaves. These

measurements vere taken late and after some of the largest leaves of the
control~plants had dropped. Therefore these data rust bo viewed with some
reservation.

F, SIZE OF STOMATA (LONGITUDINAL DIMENSION).

It was said Ly Busweller that it was 90% correct to judge a polyploid
by the large sized stomata. Almost all workers agreed that stomata sise
was exceptionally large in polyploid plants,

1. I txigolor

Imm&wmmmmmwmmwmg
few smell oncs. In the trested-plants Loth large end normal sized stomata
mW%WM



TABLE 7

Corparison of Leaf Thickness of The Control With That of
Treated-plants (J. :

Average of 8 leaves (mﬁt})

Treatment
Flant Fo, Time Cona.
Owd, 0 0 3.25
O’ 0 0 2.50
Ot 0 0 3.%8
Ave, of lecf thickness of the control-plants 328
T=1 24 02 3,88
Fedy Ry 0.2 383
1= 22 0u2 3.58
22 2, 0.3 400
23 2, 0.3 338
3-6 24 Oude 3413
37 24, Ok 3.38
b3 48 0.2 3450
G 48 0.3 4050
Sl 45 03 3.50
Ave, leaf thicimes: of the treated-plants 3.56

TABLE 8

Comparison of Leaf Thickness of The Coutrol With That of
Treatodeplants (L. lagunosa)

Plant Mo, Troatnent Average of © leaves (mm x 100)
Time Conc,
o= 5] 0 2.75
Oend, 0 0 237
Ave, leaf thickness of the control-plamts 2.56
2-1 25 03 325
22 24, 0,3 3413
3-5 2, 0O 2.63
43 48 0.2 325
Lyl 48  Ge2 3.88
Gue 8 0.3 - 3613
Sue3 48 0.3 2,75
5 48 0.3 330
Gon3 4 Oud 3.50
s 42 ek 2,15
Ave leaf thickness of treated-plants 301
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TABLE 9 TAELE 10
Treated-plants (I. Lrigolox) Trestod-plants (. lagunosa)
Size of Stomata lo. of Stonata Size of Stomata lo. of Stomata
(e = 270) 01 1 (2 x 270) 0=5 5-2% 508
12 5 1 13 7
13 3 1 14 12
14 12 4 15 11 6
L] 18 10 16 10 - 48
16 17 6 17 T+ B
17 7 5 18 T 2
18 7 4 19 8
19 5 3 20 i
20 2 2 21 (&
21 2 v 22 4 3
2 4 23 2 3
23 i 24 o 6
24 0 25 1 1
- 5 26 14
26 4 27 e
27 1 28 9
28 o 29 8
29 0 30 6
30 2 3 4
Total Yo, of b 4 2
Stomata g .6 33 1
S S 3 *
orror o1’ o
- Coef. varisbility 147 g‘g 36 1
Total Fo. of
’ . Stomata 45 83 ﬂ
¥lant 1-1 was treated with Hean 15.0 18,5
2/, hrs, asd 0.2% conc: mmtm Frob. error 10.14 *ﬁ-‘tfsM

aldliw 9»% 11.95 10,75

*Planta Ath / end
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Fige 6 Comparison of the
control (two branches at
right) and treated-plants
(left) of I. lacunose at
flowering stage.

0..-

2N

iy

Fig. 5 ’Co::parison of stomata of the control and treated-
plants showing the three successively lar-er size borg on
the above numbered three plants.



Fige. 7 Comparison of flower of the control
(right) and treated-nlants (left) of I. lacunosa
(side view).

Fig. 8 Comparison of flower of the control (left)
and treated-plants (right) of I. lacumosa (vertical
view)e
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TABLE 11

Length of Tube of Flowers of Control in Comparison with That of
the Treated-plants (I. fxicolor)

Treated
2& - wmo

Length of tube brs :
0e2 03 0Oek 0s2 03 0Oub

Class value (m)

SONONVQAOWEH O o g
WO NN

SAOCNN~IN MG -

-t ed O P O Ut el b b
NO=2ONWAHFEOONO =

Sed GBS OOON

Average 84eB e 85,9 mn GeBrm 00 8pen 854 3mm
Flant lo. &M%&?& 1=, 22,28 37 Sty Sed, (=
05,

#From 1lip of limb or bell tc bass of sepal
(Flowars measured during the peried May 13 to June 23, 1957)
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TAELE 12

mwmwmwm@fwwmlm
Comparison with That of Treated-plants (I.

Diameter of Linb* No, of Flowers Length of Tube® Io, of Flowers
Class Value (mm) Control Treated®™ Class Value (mm) Contrel Treated*®

19 2 0 2 1 0

20 3 0 23 2: 0

21 6 0 24 & (4]

22 3 8 25 & 0

23 1 3 26 2 1

24, 0 5 27 1 10

25 2 6 28 1 10

29 1
&verage 21.4pm 2345m 25.,0mn  27.5m
Plant lo. 0~1,002,0m4  2=1,5-2 01, 02,004 241,52

of tube is from lip of 1limb or bell to base of sepals, maximm
width of flower,

#%0ne plant treated with 0.3 cone, and 24 hrs., the other plant with
o3 conc. and 48 hrs.
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TABLE 14
Pollenﬁnfor?hn&d’thsﬂonmm
Treated series (J.

Diameter of Follen lo. of Follen grains Flower mmber of the trea
Class Value Control Treated 19 2 3 4 5 6 8

(mm. x 270) Om2¥ 2-2% lio. of Follen grains
35 2 1 1
&5, 66 0 12 3 5 2 2
67, & 0 & 1 1 2 0 1
&, 70 2 92 3 1 3 1 3
T, 72 2 6 1 0 0 2 1
T3y 4 3 2 0 0 0 1 2
75, 6 25 12 R 4 Y
77y 78 15 4 ot A T TN B
795 80 10 17 1 $. "8 "8
81, & 1 4 1 S R
83, 8 2 6 % o
85, 86 3 0 R
87, 83 1 1 ©0 0
89« 90 2 : : IS §
9, 92 0
93, % 0
95, 96 y 1
Average™® 0628 0,28 0426 0426 0,27 0.27 0428 0.30 0,30 0,3C

#Plant 2-2 was treated with 0,3% colchiecine for 24 hrs.. Follen from
6 flowers of control=plant O-2 was measured and beeause of uniformity of
sige, the data are combined into one frequency distribution.

#llote this is the actual size of the pollen grains in mm,,
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TAELE 15

Follen Size for Flants of the Control and
Treated Serdes (I. lacunosa)

Diareter of Io. of Pollen

Follen grains Flover mmber of treated-plants
Class Value Control Treated 1 - SH " =i 6N 7. 819 10
(xm. x 270) O-2%  2-1% lo. of Pollen grains

37 38 9

39 40 1

4 42 7

43 4 7

45 46 14 1 1

&7 48 2 6 - W L

49 50 15 1 3 1 RS T 1

51 52 8 & N 1 1 o 1 0

53 54 20 1 T SR W S 1 5 2
55 56 27 1 " A pals 1 s 9 5T
57 58 13 ® % 0 L RS
61 62 4 3 1

Average*# 0416 020 0a19 0419 0419 0219 0419 0,19 0422 0,20 0.21 0,20

%Plant 2-1 was treated with 0.3% colchicine and 24 hrs.. Follens from 5
flowers of control-plant 0-2 was measured and because of uniformity of
size, the data are combined into one frequency distribution.

#4liote that this is the actual sige of pollen grains in mm,.
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thick sepals and other abnormities, contained much less pollen then that
of the control-onecs and the percentage of abortive grains was higher.
Stigra and style were stained after fixing in lastospnénol. sola. for 30
nin, at 140° F, and show weak pollen and no pollen tube on the treoated-
plant.

2. 1. lacunoss

During measuring with this species, only the plum pollen grains were
used thus grains of abnormal shape or those stalning lightly were dis-
corded,

A comparison of pollen size 1s given in Table 15. These data show
that the pollen of treated-plant 2-1 was consistently larger than that of
the control-plant with an average difference of 0,04 mm.. There was some
variation in sizes of pollen for individual flower produced on this treat-
ed-plant but this appear to be normal, There was little or no tendency for
the flower to fall into large and small pollen groups as was true for the
4. ixigolor vlant.

One treated-plant with 0.4% for 48 hrs. (6=~1) had many flowers with
anthers that did not contain jollen at all.

J. FRUIT-SET

The two methods used to express fertility are percent of fruiteset
and percent of abnormal pollen grains. Although polyploids are not nec-
essary highly fertile or exceedingly eterile, yot the percent of fruit-
cet was calculated here especislly because in the species I. irigolop it
 appeared that there was no tangible factor that seperated the affected and
non-affected treated-plants.

1. Z. Sxicolor
The experiment had to be ended by June 23 and before all plants



mﬁﬁrmnmllimm. The total flowering period up to June
23 as well as the date of the first hlossom are given in table 16, Flants
that did not have more than ten flowers before tie 23rd ave not included
in the table.

The average fruiteset for 6 control-plants was 20§ while that for the
treated-plants varied from thé high of 3°% to the low of 0, A4s can be
seen from the data, flovers blooming late in June probably failed to sot
fruit due to unfavorable enviromment, but plants such as 1-1, 2-2 and 5«2
wibs Sablnitaly stapile dns $o Sxdters witidn s plants A Elgh perossts
age of the flovers of the treated-plant had indehisced antrers, and yet
these anthers did have somo pollen grains uhieh appeared to be normal.
wmumumotﬂmmmmwwmsemuw
crossing using the pollen grains from the control-plants were made. A
total number of forty pollinations of flowers of each was made (during a
period from May 30 to June 14) and no fruit-set was obtained.

2. 1. lacunoss

The results are given in Table 17. The fruiteset in this species was
uniform through out the growing season, Date were not recorged for plants
that did not have time to show more than 10 flowers, except for plant 59,
5=10 and 6-10.

The average fruit set of the control-plants was 828, while that for
the treated varied widely from 97% to 0. Plants 2-1 and 5-2 set about 26§
of its blossoms It aprears nost probable that chromosome doubling was
obtained in these two plants, Plants 5-9 and 6~10 produced both normal
appe:ring and abnormal branches, no flower: developed on the abnormal stems
although flowers wers found on the normal branches that divided from the
bases of the plants., However, these normal branches were later cut off



leaving the plants in a flowerless condition with no opportunity for
pollen masuramuts. Plant 5-10 had two branches of which one had toothed
leaves just as the above plants and the flowers opened were all on the
normel appearing Lranches, FPlant 4~3 had had several toothed leaves

along with the normal ones.
The mature fruits collected from plant 2.5, 5-2 and also a part

from plant 5-3 were apparently larger than the average fruit of the
rest of the control and treated-plants. The dry seeds from these
large fruits were larger in all three dimensions than the seeds from
e normal fruit, As e matter of fact, when the same numbered of seeds
were weighed, the seed gathered from plant 2-1 was 217 heavier than
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TAELE 16 Fruiteset of individual control and trea
Z- izigolox (eont.)
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2. lagunosa

TABLE 17 Frulteset of individual control and trested-plants of
Flant Treatment lio, of
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treated-plants of
o, of

I. lagumosg (eont.)

TAEBLE 17 PFruit-set of individusl control and

o o ] 9 _
A3pgdet g shYgigace R “vdsssse = m

22ﬂ3131 W4691ﬁ300 359”9%0

w
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Average
“olgl Average

3333333 wuwwmwmwm 3333333
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|
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"Data taken up to June 23rd, 1957
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any larger in comperison with the control-plants . The flowors of both
the control-plants and the treated-plants decline! in size very fast as
soon as fruits-set started and vhen the fruit-set perventaze was high., As
a matter of fact, less than ten flowers were produced on ea~h controle
plant and alsoc on most of the treated-plants before the docrease in sizme
was apparent,

Some {lowers from the treated-plants of l. iricolor had normal sized
pollen grains, in some, there was aninerease of T¥. The percentage of
aboritive pollen grains was high in the treated-plants and especially in the
affected flowers.

In Jacunoga, some (lowers siowed definitely larce pollen grains while
the flovers in between the large and normal sisze gave either larger or nor-
mal siged pollen grains. This was believed to indicate either periclinal
or soctorial chinmera and both kinds were likely present. The average size
of pollen grain of the control-plants given wms 0,16 mm. cross, and accord-
ing to Blakeslse, the 2X pollen grain should therefore be 0.16 x 1.25 or
0421 m. cross, The average pollen grains obtained was 0,20 mm., lowever,
two individual flowers had the averages of 0.21 and 0,22 respectively. The
results here therefore conform to BElakesleo's ratio of 1:1.25. (1=x)

C. FRUIT-SET

The set percentage of the control-plants of L. frigolor might be lower
than ususl beeause of a mite infestation wiich prevailed at the later grow-
ing season. The low setting percentage of the treated-plants was due
p‘imilytothfmmtmdﬂnﬂmhadthiokmmlaofm
type that wore largely sterile. The difficulty wms that there were degrees
of difference in sepal thickness and other abnormalities and no clear line
mnbadrmnhebmﬂomﬁlyaﬂeehﬂm&sﬁaﬂhermw



affected with a low fruit-set potentisl, In the treated-group, plants
that gave a high set percentage are tiose that producsd normal appearing
flovers exeept plant 4~3 that had had three thickesepalled flowers and a
distorted flower bud.

The possible reasons for the sterile flowers aret (1) the non-dehisced
anthers that made the pollen grains unavailable, (1i) the high percentage
of abortive pollen from the anthers of treatoed-plents, (iii) the stigma wes
not reeoptive, (iv) the abnormality or abosbion of the ovules, and (v) the
slow germination of the pollen grains, Sinee hand pollination did not
help the situation, the first reason is climinated. In one observation
vollen grains were abortive (mmall and poorly staining), but viable pollen
from costrol—lants was applicd to these abnormal flowers also failed to
produce frult-set. It is also possible that the flowers were more sensitive
to the poison of the colchicine drug than were the leaves, and therefore
the abnornal flowers extended to the end of the flowering period uhile the
later-coming leaves were normal, _

The tetraploid~like plants of I. logunoss bad lower fruit-set and
hand pollinstion was apperently helpful, It wms notieccd that flowers on
plants 2-1 and 5-2 had shorter styles end the anthers wore high above the
stigm, and this could be one of the reasons that caused the lower fruit-
set, and aftor the first fow flowers of these two plants failed to set
the remataing vers hand pollinated and fruit-set vas obtained.

The high set of some of the treated-plants could be a consequence of
the sipler plant structurs since the colchicine treatment reducing the
vegetative growth, Tlant -3 was a possible chimera involving the pre-
sence of the normal and the highest level of ploidy secursd from this
treatment., Tlant 5-3 was assumed to be one at the same level of ploidy
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CHAPTER VI
SUARY

1. Two diploid specics of Ipomeea: I. imigelor and J. laguposs were
treated with agueous colchieine, applisd to seedling plants in three
concentrations and for two time intervels, Observations were made on the
various reactions of the plants to these treatments.

2. The growth of the plants was very much checked after troctment and
thoy started to develop only after a peried of insetivity., This period
as indieated by time of flowering was about 30 to 40 days.

3. The more intensive troatments (as those from 0.28=24 hrs. to 0.4%-48
hrs.) prohibited the develorment of the central stem in some plants and
then only lateral branches developed.

4. The ratic of longth to width of leaf of both species was changed
from about 1.07 t¢ 0,96, indicating that the lesves of the tre ted-plants
were broader.

5., Leaves of the trested-plants of I. lagunoss wewe about 178 thicker
than those of the control-plant according to the data obtained in this
study. No difference in leaf thickness was noticed between the control
and treated-plants of I. ixigglor.

6e Treated-plants of both species hed larger stomata, Thece large stomate
was intersporsed with normal enes in I. ixigolor ut all Wie stomata were
large in I. laguosa. There were tiree kinds of plants with stamata of
succeodingly larger sisze in the latiter species. These are 15 for the
control and 19,5 and 27 for treated-plants. This phenomenon led to the

5T



conjocture of the presence of three levels of ploidy within this species.
7. Flovers were larger in some treated-plants of the species I. lacunoss,
espocially planis 2-1 and 5-2. Irsnches which were thought to be at a
high ploidy level as indicated Yy stomatal sige failed to tloom. Var-
ious abnormalities were found in flowers of 1. irigolor such as thick
padicals, large flowers, half-opencd corolla and non~dechisced anthers.
8, Large pollen grains were found in some of the {lowers of treated-
plants of both specles. The greatest increasc in aize of pollen found
was 7% in favor of the flower from the treated-plant of 1. irigolor.

The diometer of pollen of flowers from treated-plants of Jgounogy was

as mch as 24% larger then that for pollen from the controls. This is
approximately oqual to the ratio predicted by Blakeslee (1:1.25).

9. The percentage of frult-set of treated-plants of both speeics varied
from 0 to lovels higher than or equal to that of the control-plant.
Pommmm'hﬂmsofthsmhtzmmdl.
Sedoolon.

10. Sceds from plant 2-1, 5-2, 5~3 and from the larger flowers of sume of
the other treated-planiec were noticably larger than the sced from the
control and the rest plants. An over-weight of 21F was secured in favor
of seeds from plant 2<1 over seeds from the control-plants.

11. The best treatwent for J. Jaguuoss is 42 hrs. with eolehicine of 0.3%.
12. The optimm tveatuent for L frigalor wes probably 24 hre. with eon-
centrations of 0.2, 0.3 or 0u4# of cclehicine.
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APPENDIX
TABLE A. _
Data of Treatment and Flowering Dete of I. T¥I¥SI6F of Individual Plants

Plant No. Treatment Time-Conec. Date Treated Date of 1lst Flewer

0-1 0 0 Feb. 23 Apr. 22
0-2 do do Apr. 20
0-3 do Mar., 8 Apr, 28
0-4 do do Apr. 30
05 do Mar, 27 May 22
0-6 do do do
1-Qaswse 24 hrs., 0.2% Feb., 23 May 22
125 do do May 16
13 do do May 13
1=l do Mar., 8 May 27
1-5%% do do May 28
1-Gen do do May 25
1P do Mar. 27 June 24
1B do do May 18
19 do do June 1
1-10w6¢ do Mar, 28 June 3
21 21&- hrs. 0033 Feb. 23 Hay 20
22t do do May 18
=3 do do May 17
2=l do de June 3
2 Gk do Mar. 10 May 28
2-6 do do May 25
2= do Mar. 27 June 2
2~ do do June 5
2-Giw do do June 2
21033 Mar, 31 May 22
31 2, hrse O Feb. 23 May 118
320 do Mar. 10 May 16
3-3t do Mar, 12 May 25
J=lm de Mar, 11 May 31
=5 do do May 22
3 do do May 20
b Y do do do
3-8*“ do Mar, 27 June 13
F-Grt do do June 3
3-10¢ do do June 7



TABLE A. cont,

Plant Ne, Treatment Time-Conc, Date Treated Date of lst Flower
L=1% L8 hrs, 0.2% Feb, 23 Hay 17
L2 do do Hay 12
I L do do May 24
L=l do Mar, 8 May 25
L 53 do do May 1,
Lbitrt do do May 31
L=8it do Mar, 27 June 25
L=10%# do do do
=1 48 hrs, 0.3% Feb., 23 May 20
S 2 do do May 13
5=3% de de May 14
B liieit de Mar, 8 June 1
o=5% do do do
St do Mar, 11 June 15
b o ek de do June 1
@it do Mar, 27 June 24
6-1* ha hrs. 0.‘5% Feb, 23 Hay 17
65 do do May 26
=l do Mar, 8 June 11
65w do Mar, 11 June 19
-G do Mar, 16 June 14

* Flants Neot Affected
##  Plants Partially Affected
¥t FPlants More Seriously Affected
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APPEIDIX

TAHLE B. -

o,

Detailed Heasurenent of Individual P;(_antg'of; I. tricolor

Flant No. Leaf Size  Leaf Thickness Stomata Size Flower Gize Polien Size
| {Length-lidth) .

w1 16 a7
-2 85 76
0-3 87
Owiy G.0325 8¢
0=5 116~-116 0,025 1é 31N 66
Omb 108-94, 0.0388 81

J-3i 89-94, 0.0388 : 19 1 63
1~2% 18 25 72
13 17 85 70
T-igts 89-91 0.0388 17 &g 68
1e5iis . . g7

1-Gies 108-121 0.0388 19 ag 68
P, 2 .

L . 85

1~ _ N 8l

1-20%5k : , 26 82

Dl 80
2 7792 0.04 17 93 75
D FR 78-84 0.0338 85
Dedyitt . g2
D GitiEE . 20 &,

| D 83
28+ 18 87 60
DGt - v 8l
RN e 83

315 92-91 17 86

325 a4

3Bt : &3

3l | : ‘ &,

3G 105104 8L

3w 89-92 92

3ot =76 0.0338 16 9% 65
g 21 85 70

gk | 86 72

3105 o 8



-

Plant Ho, ieaf Size  Leaf Uhickness {tomata Size Flower “ize Polien fize
LLenptheladth)

86

=g

? 85
&,
£5
g5

- | » 83

73-62 RO I 18 90 7
o 17 63

7885 0.035 . 22 92 71

2

&)

85
26

| 18 85
9090 ‘ | 85
aa

€5

Flants Dol affected
Pants Fartially iffected
Flamts Uore Jeriously Affected




APPEADIX

TABLE €.

Data of Treatment and Plowering Date of Individusl Flants of I.M‘lacunosa

Plant Ho. Treatment Time-Cone. bate Treated bate of 1lst ¥lower
O-1 Q 0 ar., 2 - Apre 16
D=2 do do Apre 15
(-3 do ¥ar., 19 ﬂpr. 22
Dby " do do dpr. 21
0-5 ~ do llar. 29 Apre. 27
0-6 do do do
1-3 2 hrs, 0.2 Har, 2 Apr. 30
i=4 do Mar. 19 - Apr. 27
i-6 do do Apr. 30
1-7 do , do _ Hay 10
1-8 do do Hay 11
1-9 de do ay 6
1-10 do do - lHay 17
2-1% 2i, hrs.e  043% Har. 2 Hay 8
D DU do do Apr. 28
23w do do Apr. 27
21, Jdo - do Apr. 12
2<5 do Har, 19 Har. 28
2.4 do Yar, 22 apre 17
27 do Har, 29 ey 9
2-8 do do Hay 7
29 ' do de Kay 9
2=10 - do tlar. 14 Apr. 28
3= do ar, 7 Apr. 27
Bt do Har. 13 day 9
35 do do May 11
3-6 do do Way 9
3-7 .do Mare 29 - lay 10
3-8 do do : May 22
3-9 do do Hay 26
3-10 do do . May 6



TABLE €. cont.

Plant Ho. Treatnent Time-Cone, ate Treated Date of lst Flower

bl L8 hrs, Co 25 bap, 2 ﬁpr- 27
4=2 do , do Apr. 25
H s do do Hay 1
bmlgtieis do dflar. 19 Hay 28
4=5 do do Hare 7
i-6 do Mar. 18 May- 27
h=T do Har. 29 Hay- 31
LB do do Hay- 9
4= do Hare 30 May- 27
410 do do June 22

[

51 48 hrs., 0,3% Har, Kpr. 27
S 2t do do Yay 27
53 g de ~do Apr. 30
S=ly do , iZar, 13 ay 30
Sub do Har. U fay 18
57 do Hiar. 2% Hay 2
58 dox do Hay 27
GGt do do June 5
5~10%% do : &o Yay 31

6““1 z{rg hrs, T l&‘,}; Hare 2 ) ;lay 7
Gt do do Apr. 26
bty do Hare 11 Hay 28
&5 do do June 10
é—é do Har. 13 day 13
&7 do liare 29 June 1
b B3t do do Hay 28
69 do do : June 1
610 do do June 14

£ The Possibly Tetraploid Plant
## The Fossibly Cetaploid Flant
#Et Plants lost Tikely to be Chimera
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APPENDIX
TABLE D.

L cued

Detailed Measurements of Individual Plants of I, iccumosa

Plant o,  Leaf Size Ieaf Thickness Stomata Size Tlower Size Pollen bize

(Length-Width) . (Linb-Tube)
0-1 15 2124
0-2 0,025 22-26 L3
G"i;r l-l' . 6"1-1- . 0 15 21"‘214'
O" 5 5 [ O"Llr » 6 14-6
0-6 5.0-le6
1-3 | 2125
1-4 A
15 - _ 21-25
1-7 -
1-8
1-9 , '
110 0,033 ' 18 20-26
2-1F 540=5,0 0,031 2427 51
2t 5¢3=5.6 2226 50
Do 3<3$=«t<»3:~ ) 20-27 53
2=l 21-25 . 50
2-5
2-6 :
27 20-22
23
29
2-1~ 17 22-27
3-1 18 22-26
3.2 2124, 49
3-3 | 22-25
-l . 0,026 19 2124 53
3-5 56-5.l 21-27 52
3-6 o 2226
3"7 6 [ 9" 6 ® 5
3-8

3-9 546~5.7 | 20-25



Cont o

Plant Ho, Loeond Size Leaf Thickness Steonmaba Dize Flower Size Pollien Zize
{Length~11dbh) {1imh-Tube)

*t

bl - &5 2226 50
~F 0,033 20-25 52
fm BT : 0,039 23 2127 52
: 5 e6=54ly 20427 51
5

fmls 2124

L=t

b= 19 20-25 54
b0

o=l 22-27

G2 Le(m349 0.0313 19 22-28 25
=3 5e0~545 0,025 19 21-28 53
P

p
§

H0-6.8 003 2126

i

20-25

27
5’09“‘662 26

i
Yo

4
5=l
5=7
58
5=
5

5a3~5.8 0,035 23 23-37
1820
is-24

506"59{) 0.022 29“'25

et

6-9

- e =5 20=2b
* The Possikly Tetraploid Plant

% The Possibly Octapleid Flant
R Plants Host Yikely to be Chimera
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