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"!'he man who classifies facts of any kind whatever , 

who sees their mutual relationships , and describes their 

sequences , is appl ying the scientific method and is a 

man of science ." 

-------Pearson 
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INTRODUCTION 

From the study of the Principles of Genetics½ 

it has been determined that certain traits pass as 

a unit to one group of progeny while some other 

traits pass as a unit to another group . It must be 

keut in mind that the only mode of hereditary trans

mission as determined by the writers referred to , is 

through the reproductive cells or gametes of the par

ents. I t , also , must be kept in mind that the gametes 

of the parents differ in something v·hich deter!Ilines 

various differences in their progeny. .This something 

whidh appear s to pass through the reproductive cells 

and wh ich appears to influence a particular tra it in 

the offspring is known as a factor or gene . 

It was Robert Brovme in 1831 who revealed the fact 

to the world that cells are made up of definite compo

nent parts and that one of these important components 

is th~ nucleus. I n the continued process of analysis 

of the cell, it has further been pointed out by O.Hert

wig, Van Beneden, Boveri and Wilson, 2,3 expert cytol

og ists , who worked and wrote during the nineteenth and 

t wentieth centuries , that this nucleus is made up of 

1 



chromosomes and that these chromoso~es ?re the carri 

ers of the genes or factors v1hich cause one individ

ual or organism to vary from another. 

The discoveries resulting from the experiments 

of Gregor ~endel, 1866 , made possible the prediction 

with a considerable degree of accuracy , not only of 

what the offspring might _look like , but also the re

l ative frequency with which contrasting characters 

brought in from v:...rious ancestral lines will appear. 

It was Charles Dan:in, 1859, rho foreshadov:ed 

the modern view of the question of variation by rec

ognizing that not all variations ti1ere due to a single 

set of causes and that not all variations were equally 

heritable. 

2 

Variations1 in individuals were divided into three 

main groups: (1) those which are due to differences in 

the environment; (2) those which are due to reappear

ance and recombination of genetic factors; (3) and 

those which are due to mutation, the origin of which 

is not thoroughly understood. 

However, it was left for We ismann, 1883,1 to es

tablish the distinction that many variations caused 

by the environment are artifica lly induced. 
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Poobably, it 1n is ;,,his distinction tha t hL.S led :-r;.od

ern experimenters 4 ,S, h to use a variety of methods to 

proc'luce chromosome changes v:hich in turn will cause var

iations in the chEr~cter of their oroducts. 

The alteration of a gene has become known as "gene 

mutation". 1 Gene muts:itions that occur in nature or in 

cultivated plants or animals that have not been treat

ed to procuce them are called s ~ontuneous u.utations . 

These chanp-es uroduced by some treetment hre S8id to 

be "induced. '' 

These mut-=itions may occur at various sta.1ses in the 

orq-anism' s deve lopment . They 'Tl-=iy ef -fect only a single 

somatic cell V'hich, as in color variation in the endo-

S'OeT" f' maize or in the epidermis of flov,ers or leaves , 

shov1 s a specific diff erence from surrounding cells; or 

th0 y may occur at earlier st"lges in which case all the 

descendants of the mut::ted cell :nay e:-:hi bit thP cl.c.D£

en connition and thus produce sectors of greater or 

smalle,.. size vrhich differ from the rest of the individ-

ual. 1 

The clearest evidence to this effect is that which 

Stadler, 1936, has obtained from the irradiation of bar

ley and maize . 7 

Thus,recent experimenters,Beams and King,8 Sando,9 



Nebel and Ruttl e,10 11 Brues and Cohen, have been 

making use of the drug, colchicine~ as a stimulus in 

producing ch~omosomal changes in individual plants, 

In some instances, they have been able to produce di

ploid, haploid, tetraploid and poljploid individuals. 

Colchicine is a narcotic alkaloid related chemi

cally to morphine and codeine . It is a very potent 

4 

and poisonou~ substance whose immediate effect on grow

i ng tissue even in very small concentrations, is to pro

duce stunting and distortion. 12 It offers no "magical 

royal road" to the p roduction of new varieties of plants 

and animal s . In spite of the discouragement that is 

shovm over-enthusiastic popularizations, the effect 

which colchicine has on doubling the nu.lllber of chro

mosomes in the cells makes it unquestionably one of the 

most important genetic discoveries of recent times . 

Colchicine is said to interfere with the normal 

cytokinetic processes of a cell and may actually af

fect the form and structure of the chromosomes . 13 

Ludford, 1936, and others noted the following general 

effects upon chromosomes: abnormalities i n size and 

number, alteration of colchicine affected surface, a.nd 

fusion and contraction. The administration of colchi-



in suitable concentretions exerts an inlibitory in

fluence on dividing cells.4 On t~e other hand , chro

mosomes of cells so treated may divide thus giving 

rise to a polyploid condition. Th~ condition of the 

cell broue-ht about by colchicine may be considered 11s 

an injury by poisoninF; and if this ?Oisoninp be long 

continued, it m~y cause the death of the cell. 

5 

The bioloi;ical and econo.nic significance of poly

ploios are \·1ell established among agricultural products . 

So far as we have been able to determine , very little 

experimen'tal work , comparatively speaking, has been con

ducted ·with watermelons . Recently colchicine has been 

very successfully used in producing polyploids in many 

plants; such as : Nicotiana species , 14 the pine,15 rye

grass, 16 V!heat, 8 and bar ley. 8 

During recent months, reports have been accumulat

ing which indicate that the efficiency of the drug, col

chicine, in producing polyploid individuals is widespread 

among higher plants. Observations on the immediate ef

fects of the alkaloid in cells and tissues are , however, 

not so numerous .17 

J . 11.o•~·ara
17 

observed the effects of colc'hicine 

treatm~nts for different periods and concentrations and 

recorded the results . The hypertrophy usually associat-



ed with the treatment was found not to involve the mer

istem but tpe region of elongation. He found that the 

colchicine affected chromosomes are more accurately 

measurable than ordinary somatic chromosomes. This may 

indicate that the drug can be profitably used in studies 

of chromosome morphology in somatic tissues. 

6 

c. F. Poole in his study of the 11Genetics of Cultivat

ed Cucurbits 1118 includes data :from some watermelon cross

es made at Charleston,s.c., not elsewhere reported. It 

is st~ted that in li37 only one half dozen characters 

in watermelon had been investigated, whereas, today the 

number has increased to twenty-five qualitative charae

ters determined by fifteen pairs of alleles in which a 

series of three alleles and thirteen genes determine 

inheritance of fruit we i ght in one cross and back cross 

sufficiently advanced for presentation. 

Shimamura19 soaked tomato seed in a colchicine so

lution. Elongation of the primary root of the seed

ling appeared inhibited and stems became thick; a few 

tetraploids v·ere obtained. A 2 % solution mixed with 

l anolin placed bet\ een the cotyledons before the leaf 

developed and allowed to act on the growing point, gave 

still better results . 



B. Schmack 20 in showing the effects of colchi

cine on S. splendens placed eight drops of a 0.5% so

lution of colchicine o~ the cotyledon, one drop every 

three hours . One plant obtPined was considered tetra

ploid since i t had larger stomata and pollen grains 

7 

than normal plants , and altered length and breath ratio 

of the leaf, protruding styles and a more compact in

florescence . This plant is being propagated vegetative

ly. 

Kihara and Kishimoto 21 found that seedlings pro

duced in colchicine solutions could be transplanted and 

produced abundantly then studied cytologically. They 

found that tetraploids are produced abundantly in a . 02 

% solution. Diploids and mosiacs consisting of di ploid 

and tetraploid cells also occur. They found,also , that 

the tetraploids so obtained are indistinguishable from 

normal tetrapl oids. 

Munt il:lg and Runquist22 in "Notes on Some Colchicine 

Induced Polyploids , 11 treated several different species 

of p l ants v·ith colchicine. In most instances, dry seeds 

were treated with . 05% or . 025% solutions of colchicine 

for from three t o six days. Chromosome doubling was ob

tained in some cases. 

In showing the effects of colchicine on Petunia, 

Perak23 applied four drops of a . 5% ~queous solution of 
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of colchicine every three hours . The original material 

is diploid. Plants which appeared to be polyploid, prov

ed to have larger stomata, broader leaves and larger pol

len • 'l\•1enty- eight chromosomes 1',ere f'ound in the meta

phase . Diploid and tetraploid cells v·ere observed in 

the plants with roughened leaves which showed their myx

aploid nature . 

Lora Bond of the University of Wiscons in 24 in an 

article "Colchicine Stimulation of Seed Germination in 

Petunia Axillaris" found t:-iat the germination of Petu

nia Axillaris seeds was stimulated by colchicine.There 

was an increase in the number of seeds that germinated 

as v1ell as a reduction in germination time . The opti

mum concentration for germination,. 04%, was high e

nough to induce polyploidy. Growth of seedlings was 

seriously retarded only by colchicine in concentra

tions of .1% of stronger. In view of these results, 

it seems that seed treatment using weak solutions of 

colchicine rather than strong should yield satisfac

tory results in the practical production of a large 

number of polyploid plants. 

Mendes 25 obtained ~olyploid cottons through the 

u s e of colchicine. Cytological observations 1i ·ere made 



in Octoploid Gossypium hirsutum. 

Mirov and Stockwe1115 in "Colchicine Treatment of 

Pine Seeds" reported that results on the et'fects of 

colchicine treatment on the seeds of Pinus ponderosa 

revealed a wide variety of effects : particularly in 

the meristem. Some plants were more affec~ed by the 

treatment than others. Some of the results indicate 

t hat it may be possible to produce stable polyploid 

plants that can be used in plant breeding. 

The ef:1'ect ot· co.ichicine on roots was shown by 

Dragoni and Crison. 26 Onion and bean plants were cut 

in two, one half being placed in water and the other 

half in .1% colchicine. The results indicate that(l) 

colcnicine slows and then completely inhibits root 

growth; (2) it has a primary stimulating and a sec

ondary 1nn101tory effect on mitosis; and (3) it 

causes a distur!Jance in the ~ost propuai::s~ mitotic 

cycle. 

In inducing tetraploidy in perennial rye grass by 

means of colchicine, 1Iyers16 placed dry seeds in petri 

dishes on blotting paper moistened with .1%, 0.2%, or 

. 4% aaueous solutions of colchicine. Sufficient solu

tion was used to provide moisture conditions that seem-

9 



10 

ed optimum for germination. For t his purpose about 5.5 

c.c. of the solutions were used. Treatment vras contin

ued f or s, 24 , and 96 hours for each concentration of 

colchicine , after ,..-hich the seeds v;ere transferred to 

blotting paper moistened with t ap water. The seed tr·eat

ment v·ith colchicine delayed germination, reduced the 

total number of seedlings obtained and caused the pro

duction of abnormal seedlings. 

With these rP.sults in mind, the present investi

gation ,. as undertaken in an attempt to determine and 

observe the nature of some of the direct results of 

the application of the drug, colchicine, to the wat

ermelon seed. The data that is reported· in the per

formance of this e5:periment came directly as a re-

sult of rrry ovm observations of the gerrni~ating seed , 

the time required, the percent age of germination and 

the observation of the components of the affected cells. 

The observation of the affected cells was made possible 

by the preparation of slides from the root-tips obtain

ed during the genninating process. 

The experiment was carried out in the Research Lab

oratory of the college during the month of June and the 

early part of July, 1944. 



METHODS mID ~Ll\.TERIALS 

There a re several methods of using colchicine on 

plants in order to .Lnduce chrorroso□e doublinc_r. The 

treatment of the seeds v.rith colchicine with a v-•ide 

r a.nge of concentrations is effective in inducing 

branches v·ith doubled chromosome number. 

r-:ethods other than seed treatment include the 

"Immersion Method" in v.rhich flexible stems are im

mersed in the solution. The effect is greater if 

the stems or lePves are cut before immersion. 

Still other methods are in use such as the method 

of mixtures with lanolin, capillary string, single 

drop method , atomizing method and the meristem method.4 

In a p~e liminary experiment , watermelon seeds v:ere 

soaked in a 2% solution of colchicine for 24 hours, 72 

hours, 96 hours , 144 hours , 168 hours and 216 hours re

spectively. 'l'·1enty-five seeds in separate covered con

tainers were soaked in 10 c.c. of the colchicine solu

tion. At the expiration of the stated times, the seeds 

were transferred to moist chambers between two layers 

of absorbent paper. Seeds soaked in water for corre

sponding lengths of time v:er e transferred to moist 

11 



First Experiment 
~terted June 13 ,1944 

Showins Uo~centration of Solution, Hours of Exposure 
Ob~ervations and Results 

Table I 
II 11 l~o . :1 Date Trans - ''Condition 11 No . 11 Appear . Ir 

'/o of II HRS . ,iset to II ferred to ti of seed 11Germint1.t - II 0f II Seedling 
Colchicine ti of Ex- 11 soak on II moist c11am- "when trans - 11 ing II root - tip II 

used '
1J:2OSUI'F3 11June 13 11 ber II ferred II II II 

II 11Control 11 Col 11 Con. II :•001 11 Con. 11001 . 11 Con. II Col. 11Con . II Col. II 
II II II II fl II 11 II II 11 1111 11 11 
II II ti "June "June II II " II II liil II 

i:;jo 11 24 11 25 
,, 

25 II 14 If 14 "Normal 11Nor . 11 1 !I 2 11 small 11small II .. ,-.one 
\I ll ',I 11 II II :, 11 It 11 11 II 

II II II 11 II 11 II ii 11 11 11 II 

II 11 I II II II II II :r 11 II 

2% II 72 II !..!5 II 25 11 June 1611 II 16 11 II If II II - II \I ~Ula 11 11 II None 
II :, ll II II ii ii 11 II 

2, 
II II II 

II :r II II ti II H II H \I II 1111 

II 11 11 11 11 II II II If II 11 II 

2% II 96 II 25 11 25 11 17th II 17th " II II II II 3 ;, None 11 s1ua 11" II None 
II \I fl II II II II II II 11 ti 11 
II II II ti II 11 11 II II 11 II II 

ii II II II II II II II II II 11 II 

II II II II ti II II 11 II II !I 11 

2% II 144 II 25 II 25 " 19th 11 9th 11 molded 11.MoldU !;one 1mone II II II 

II ll II II II II II ed 11 ll II II II 
I II 11 ll II II ll 11 II ii II II 

2% II 168 ti 25 ii 25 ll 20th II 20th 11 II II II :r If II II 11 ·II II 

1111 II 11 11 II 11 II II II II II II 

II 11 :1 II II II 11 II II ii II fl 

II II II II II ti II ' II 

2% II 216 :, 25 II 25 II 22nd II 22nd II II 11 II II II II II II 11 II 

II II II II II II II II II 11 II II 

II 11 II II II II II 11 II 11 II II 

' ~ 



chambers a.s a control . 

out of an assortment of tvro hundred and fifty 

seeds, only eight showed signs of germination. Four 

were in-the controls and four were from the treated 

seeds, See Table I 

This failure to germinate was probably due to 

the effects produced by this concentration of col

chicine as well as to the fact that the seeds used 

appeared to be immature. 

After further research and consideration, it 

was decided that in this second trial, weaker so

lutions would probably give better results. So, 

. 1%, . 2% and 1% solutions of colchicine made up 

with distilled water were used for the seed treat

ment. Tap water was used for the controls. 

In this particular instance, only one method 

of seed treatment was used. This method was soak

ing the dry seeds in the colchicine solution and 

then transferring them to moist chambers between 

absorbent paper and keeping them at room tempera

ture . 

Fifteen hundred seeds were selected for the 

experL~ent. They were set apart in lots of fifty. 

13 



Fifteen small glass jars were selected and group

ed in sets of five . In each of the first five jars, 

fifty seeds were put to soak in 25 c.c . of a .1% solu

tion of colchicine for 24 hour s, 48 hours , 72 hours, 96 

hours and 120 hours respectively. 

In each of the next five glass jars, fifty seeds 

were put to soak in 25 c . c . of a . 2% solution of col

chicine for the same periods of time. Another group 

of j2rs each received fifty seeds in 25 c.c . of a 1% 

solution of colchicine for the same periods of time. 

For each group of colchicine soaked seeds, fifty seeds 

were soaked in 25 c.c. of tap water to act as the con

trol. These seeds were placed in small gl ass staining 

dishes. 

At the expirAtion of the designated time, each set 

of seeds ,·.ras transferred to a moist chamber and placed 

betv1een four l ayers of absorbent paper for germination. 

These seeds were watched carefully. They were 

kept moist by watering at least three times daily. The 

seeds were germinated at room te:nperature . 

The action of these seeds was v1atched closely. As 

soon as enough root-tips became about three millimeter s 

long, they were dissected off. These tips were fixed in 

14 



a modification of Navashin's fluid or fixative . This 

fixative was suggested by Niyersl6 as giving the most 

satisfactory results when used on the root-tips of rye 

grass. The watermelon root- tips that had been fixed 

were finally mounted on slides. 

Dehydration and infiltration with paraffin were 

accomplished by the ethyl-alcohol series. Sections 

were cut by the use of the microtome. These sections 

were cut seven microns thick. The sections we~e then 

stained with Harr is ' hematoxylin and double stained 

with eosin. 27 , 28 

15 



OBSERV\TIONS ~\lID :IBSl1LTS 

On the basis of work done by such pr ev ious in

vestigators as Mendes , 25 Dragon and Crison, 26Eond, 24 

it is to be expected that v1hen watermelon seeds are 

treated with colchicine, some changes , internal of ex

ternal, will occur. 

In order to detect these changes, careful obser

vations at regular intervals had to be made . The 

seeds were watched carefully for swollen root- tips , 

general enlargement of any part, signs of decay or 

any other abnormal phenomena. 

16 

The third day after the seeds had been transfer

red to the moist chambers , germination began. The 

seeds treated for 24 hours with a . 1%, . 2% and 1% so

lution of colchicine had one, two and three tips re

spectively. The seeds treated with a . 2% solution of 

colchicine for 48 hours showed no germinations at this 

time. Those treated with a 1% solution of colchicine 

had one visible root-tip . Each day the seeds showed a 

marked increase in the number of seeds germinated. The 

highest percentage of germination for a period of seven 

days crune from the seeds which had been treated with a 



Table II. Showing Concentration of ctrug,resu.Lts for 
***'***~******~~******l~lWWA************************ 

% or * Conti11,1un * Appearance * * 
* colchicin~ ot· oeea * of' root-tipStc Percen1:.age * 
* * when trans- * * of * 
: * f'erred * * germination * 
************** < "*******************************~**1*'1:*.* * Con- **Col-* Con- *Col-* Con- * ..,o Chl,i. 
* * trol * chici~ trol * chi- * trol * cine * 
* ***************** ·****~~ilM\**************** * .1% * Normal!c Normaltc Long, * Shortt, * * 
* * * * thin * thickic 43% * 43% * 
***********I********************•********************* 
* * * * Long, * Short,.. * * 
* * * * thin, * thickic * * 
* . 2% * 11 * 11 * curvedc no * 36% * 44% * 
* * * * * root* * * * h . * * * * air!ii, . * * 
t**********t****************************************** 

* * * * * * * : * * * Long, * Short., * * 
* 1% * " * 11 * thin * thicii. 22% * 42% * 
* * * * * * * * 
* * * * * * * * 
* * * * * * * * 
********************************'**************~****** 

Table III. Seed Treatment for 48 hours 
****************************************************** 
• *Condition *Appearance * Percentage * 
* % of * of' seed * o:f * of' * 
* colchicin~when trans-* root-tips * germination * 
* * ferred * * * 
****************************************************** 
* *Con-* Col-*Con- *Colchi* Con- *Colchi- * 
* * trol*chicinetrol* cine* trol * cine * 
* .1% ******************************************* 
* *Normal *Thin *Short,* * * 
* * •Norrnalr,e¥B,-*thick * 34,;; * 30% * 
****************************************************** 
* * * * : : * * 
* * * * * * * • 2% * II * II * II : II * 34% * 32% * 
* * * * * * * 
*****************1*****:*****:****~*t*******t********* 
* * * * * 
* 1% * II : II : II * II * 260; * 32% * 
* * * * * * * * * * * * * * * * * ************************************=*******'********* 

17 



Table IV. Seed Treatment for 72 hours & Results 
****************"'*·**·****'******* ********************* * * Condi t1on * Appearance * Percentage * 
* % of * of seed * of * of * * * when trans- * root-tips *germination * 
* colchicin~ f'erred * * * 
****************************************************** * *Con- *Colchi• Contro!Colchi- * Con- *Colchi* 

*trol *cine* *cine * trol *cine* 
* 
* 

**********************~*~** "****•~~*~·~**** 
. 1% *Nor- * Nor- * Thin* Short,* * * 

: * rnal * mal * * thick * 22% * 1(1,'4 * 
•********************'*****************. ************** 
* * * * * * * * * * * * Long,* Short,• * * 
* * * *thin* thick* 42% * 36% * 

• 2C-S * " * 11 * run- * * * * * **************************~t~************************ 
* * * * * * * * 
* * * * * * * * * 1% * II * II * II * II * 1_2% * 8% * 
* * * * * * * * 
* * * * * * * * 
*****************\*************l**************~******* 
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Table VI. ~eect Treatment for 120 hours & Results 
*****************~¥**********~** ~******************** 
*01~ * * ** * * ~ o~ * Condition * Appearance *Percentage of* 
*colchicine* of seed * of * germination * 
* * when trans-* root-tips * * 
*************f~~~-Q*********************************** * *Con- *Colchi* Con- *Colchi*Con- *Colchi-* 
* **trol* cine* trol * cine *trol * cine * 
* .1% *****~"'************************************ * *M~ld-*Molded*Thin * _._.:?b.ot_'t* 12% * 8% * 
**************i*****************ai¥l********~******** 
* * * * * * * * 
* * * * * * * * 
* * * * * * * * * • 2% * 11 * ,i * II * II * 20% * 16% * 
* * * * * * * * 
****************************************************** 
* * * * * * * * 
* * * * * * * * 
* * * * * * * * 
'I' 1% * II * II * II * II * 10% * 8% * 
• * * * * * * * 
* * * * * * * * 
************ *****.*************1*********************• * 

19 
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. 1~, . 2~ ?nd 1~ solution of colchicine 6or 24 hours . 

A • 2% solution of colchicine in which the seeds 

were treated for 72 hours, gave four root- tips on the 

third day after they ·were transferred to the moist 

char.iber, and eighteen the seventh day aftP-rwards . The 

san1e concentration for 96 hours sho\'1ed no germinations 

the third day, five gerCJ.inating seeds the fourth day, 

and fourteen germinations the seventh day. Tables II, 

III,Iv,v,vr show the variations in the percen~nP-e of 

germination for the different concentrations of colchi

cine for the five periods of time. 

The lov·est percentap-e of germination came from the 

seeds treated with a .1%, . 2% and 1% solution for 96 

hours and 120 hours respectively . Following these long 

t reatments, the seeds shovred a great tendency to mold. 

Of the seeds treated for 120 hours, those from the . 2% 

solution gave the highest percentage of germination. 

From these observations , we noted that the long 

periods of treatment yielded the lov•est percentage of 

germination. From two to three seeds of each lot treat

ed with a . 2% solution of colchicine for 72, 96 and 120 

hours, shov,ed a tendency to swell and split the seed 

coat. This was not noticeable among the seeds treated 
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with other concentrations of the drug for shorter 

periods. 

The seedlings from the treated seeds lacked the 

vita.lity shown by the seedlin5s from untreated seeds. 

They were never erect nor were they able to push out 

from under their moist paper cover. On the other hand, 

each control of untreated seeds produced seedlings that 

grew erect and raised themselves several inches above 

the sides of thei r containers. These plants appeared 

to be turgid, green and well developed. 
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Of the seeds treated in the various concentrations 

of colchicine, none showed a tendency to decay . How

ever, those seeds that were treated with the different 

solutions of colchicine for 120 hours, showed a marked 

tendency to mold . To help the situation as much as pos

sible, all of the seeds were wasned carefully in tap 

watwr before being transferred to the moist chamber. 

Root- tips were taken from the seedlings that de

veloped from seeds treated \'ith a .2% solution for 24 

hours, 48 hours, 72 hours and 96 hours . These tips 

made more than six hundred sections for slides. 

A study of these root-tips by means of the micro

scope, showed that the cells in the treeted root-tips 



were smaller and that their cell walls were less dis

tinct than those of the untreated root-tips. Slides 

prepared from the r oot-tips of the untreated seeds 

soaked for 24 and 48 hours, respectively , in tap 

water, showed large and distinct cells in which the 

chromosomes could be disti~c;suished. On the other 

hand , colchicine treated root-tips in each concen

tration shov·ed in all instances an increase in the 

chromosomes and a decrease in the size of the cells. 

Apparently, these cells were crowded together or 

fused. Their cell walls could be distinctly seen 

only under high power or in oil immersion. 

The normal number of' chromosomes in watermelon 

is eleven pairs or t,. enty- two chromosomes. 12 A 
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study of thirty- six slides and several hundred sections 

showed, as well as the writer could detPrmine, in all 

instances, an increased number of chromosomes. 
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DISCUSSION OF RESTTLTS 

Previous worker s (Smith , 14 Myers, 16 Dorsey6 ) v·ith 

colchicine have reported the occurrence of abnormal 

growth types as a result of treatments with this drug, 

and hRve found thl'lt these abnormalities v•ere related 

to the presence of tissue rith doubled or increased 

chromosome number. 16 

It has previously been pointed out that too much 

aannot be expected from the use of colchicine . al

though it is a ver1-J potent and a very poisonous sub

stance12 that is capable of producing stunting and 

distortion, it will also cause an increase in the nu.~

ber of chromosomes in a ce11. 14, 15 

To further explain the presence of an increased 

number of chromosomes, one might add that there is evi

dence that freouently in the history of organic life,29 

a cell too feeble to maintain itself alone under exist

ing conditions , has been able to survive by merginc its 

resources with those of another individual , thus making 

of the two cells one , with the double number of chro

mosomes . Occasionally, hov,ever, in the higher plant, 

a cell in the diploid state may function as a ganete 

uni ting "i th an or1inary gamete to form a trip lo id 
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individual. The point to note is that v•hatever else 

might happen, this action on the part of cells increas es 

the number of chromosomes . 

In the estimation of the writer, this offers an 

explanation for the apparent increase in the number of 

chromosomes in the cells of the colchicine treated root 

tips. 

The colchicine treated seeds in our experiment 

which were subjected to the drug in a weak concentration 

for 72, 96 and 1 20 hours, showed, in most cases, no 

roots . This may be accounted for from the f act that 

colchicine being a poison, produces on the seeds a tox

ic effect. In other words , the toxin present in the 

drug t ends to slow up action; therefore, the root

growth is partially or completely inhibited. 26 

This inhibitory influence of colchicine may be 

noted from the fact that seedlings from seeds so treat

ed were lethar gic in that they l acked energy and vital

ity. 

There was better growth in vreak. solutions because 

in such solutions the strength of the toxin had been 

decreased. This in turn decreased the toxic effects , 

on the cell tissue in the same proportion. 
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'l'he first group of seeds which we attempted to use 

in the p erformance of this experiment , failed to germi-

nate , Failure to germinate ~ according to Or an Raoer
30

, 

may be due to any of six causes when water , air, the 

proper temperature and all favorable external condition s 

are suppli ed. They ar e : 

1. The seed coats are too h ard for the growing 

plant to open. 

2. The seeds are impermeable to oxyg en. 

3. The seeds are i mpermeable to water and there

fore do not swe 11 auickly. 

4. The embryos are not mature . 

5. The embryos r equire a period of "after ripen-

ing. II 

6. Seconda ry dormancy has set in. 

Apparently t h is failure to germinate should b e 

attributed to the immaturity of the embryos rather 

than to the strength of the colchicine solution used, 

since t he untreated seeds failed to germinate a lso . 

'!be apparent swelling and enl argement noted in 

the root- tips of the trea ted seeds complies with the 

r esults obtained by many former workers (Myers,16 

Dragoni and Crison26 j who h ~ve expla ined this appear -



ance as being due to the presence of an increased num

ber of chromosomes in the cells of those regions. 

The counting of the chromosomes of the cells in 

order to determine the changes in number that had oc

cur red in the cells, proved rather difficult in spite 

of the fact that the cells were examined under high 

power and in oil inn:nersion. 

I t is hoped that future experimenters will be able 

to employ better methods along with better equipment, 

in order to car ry forward the work of this nature . 

Babcock and Clausen31 have observed that fragmen

tary as is the present knowl edge of the various ways in 

which the internal organizations of chromosomes may be

come altered, there is reason to aoubt that many and di

verse methods are involved in the instances which have 

come under observation. In most cases , the adeouate 

study of these rare types ot· mutation nt:!c.;essrc.at.e~ a 

more extensive knowledge of the normal genetic situa

tion tna.u ~~ available at the present in most forms . It 

is therefore well nigh certain that as information a

bout genetics of species is extended, numerous phenomena 

belonging in this category v•.rill come to light and will 

be subjected to accurate experimental analysis . There 



is reason to believe that some of the obscure phe

nomena of inheritance exhibited by certain horti

cultural forms will not be satisfactorily analyzed 

until methods of dealing with these phenomena shall 

have been perfected. 

28 



sum.YillY 

1. The root-tips of seeds treated in colchicine 

~ere abnormally thich and short . 

z. There was a greater percentage of germination 

from seeds treated with a v·eak solution of colchicine 

for a short time than from seeds soaked in concentra

tions of the same strength for long periods of time. 

3. Plants from the treated seeds were less ac

tive and less energetic . 

4 . Plants f'rom treated seeds appeared stunted 

and distorted. 

5. Cells of treated root-tips are smaller and 

are crowded to the point of fusion. 

6. Colchicine treated cells showed an increased 

number of chromosomes. 

7. Further v10rk will have to be done to determine 

the effects of the colchicine treatment on the develop

ment of the fruit . 
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