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INTRODUCTION 

(a) TIE ACTION AliD USE OF COLCHICINE 

The demonstration of the value of colchicine as an agent for 

ch~omosome doubling has opened a large reservoir of possibilities 

in plant breeding work. According to Muntzing (1936), "more than 

half of all the angiosperms found in nature are polyploids and 

sorne others have been prcduced experirn.entally. 11 So frequently have 

the~e plants been shovm to have desirable characteristics associated 

with their polyploidy (lareer fruit, rider distribution, greater 

adaptabili ty to environnental candi tians), that v-re find full justi­

fication for the study of the use of colchicine in inducing polyploidy. 

The purpos~ of this investigation was to study the effects of 

alkaloid colchicine on diploid Fagopyrum esculentum (Gaertn.) vrith a 

view to producing a tetraploid variety. 

The beginnine; of vrork on colchicine-induced poly-ploidy in plants 

may be linked to the ·work of Lits (193h), a student of A. P. Dustin. 

Lits studied the general cellular reactions and 11lesions" caused 

in animal tissues. Dustin im.rnediately follmti.ng the v-rorks of Lits, 

made a study of the action of colchicine on a grafted sa.rcoma in mice 

(1934). Lits cred.i ts Dixon (1906), and Dixon and lEal den (1908), 1vi th 

having done the first cytological work on the effects of colchicine 

on an:i.nal material. They have shawn that colchicine usually arrests 

chromosome development at metaphase in anl.I'0.al cells vrhich after 

reachin~ this stage ma~.r die. In plants, Blakeslee and Avery (1937 ), 

and :Ne bel and Ruttle (1938) have demonstrated that application of 

colchicine resuJ.ts in the doubling of the nurnber of chromosomes in 

cells and have successfully used it L~ the production of polyploids. 
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TI1e action of colchicLie on mitosis has been investisated 

b:r r.1any Yrorkers. The follo-:-rine .account is based on Levan •s nork 

(1939), vrhich is the clearect and nost concise. He studied root 

tips of . ..tù.lium · cepa fixed after im.rn.crsion in aqueous solution of 

colchicine, usine concentrations ranging from 0.125 to 2.0 per­

cent Yri th periods of imr1P-rsion · from sevcn minutes to scventy-two 

hours. 

ln General he statcd that colchicine inactivated tl~ spindle 

nechanism and delayed the division of the centromere. Prophase 

stages sho-vrod no irrcgularitics - the nuclear membrane disap­

peared but nei ther spindle nor metaphase plate Tras formed. As 

rclational coiling disappeared the chromatids tended to repel 

each other and loops -vrerc formed betrreen the centror.1ere and the 

points nhere coiling brines the chromQtids in contact. These 

points terninalized as chiasmata do in meiosis, but the ends of 

the chronatids did not renain in contact. The chromatids were 

held toeether only at the centromere. Tnese chromosome structures 

le van called c-pairs (colchicine pairs) and they vrere found only 

during the first fevr hours after treatment, showing that the 

di vision of the centromere is delayed.. After a fe-vr hours the 

division of the centromere took place, but in the absence of a 

spindle, the daughter chromosomes could not p~ss to the poles but 

lay side by side. The chromosomes then passed on to the resting 

stage and Tiere all included in one polyploid nucleus. Levan 

showed that the proportion of. pol~~loid cells in treated tissue 

increased 1vith (i) concentration of colchicine, (ii) length of 

e:~osure and (iii) distance behind root tip. 
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(b) PREVIOUS ·:,·oRK ON BUCI(1:i1BAT 

Three Russian -r:orkers, }rolova, Sakharov and Eansurova (19411a, 19h4b, 

1945; 1946) have recently published several papers on the production 

of tetraploid buckvvheat "ai th colchicine, usint; sever al Rus sian 

VD.rieties. They report (1946) that after tvro years of sélection the 

most fertile fa~ilies of tetraploids were derived from the v~riety 

Bolsevik and that even in highly fertile families some plants of low 

fertility segregate out. A cytological study of this high and lovr 

fertility vras carried out. In most fertile plants the percentage of 

abortive pollen ·nas lovr ( two to four percent). Pollen grains ,Hi th 

14, 15, and 16 chromosomes were found to be viable and seed-set Yras 

found to be higher than vrould be expected in an autotetraploid, due 

to their production of diploid seeds by partbenocarpy. In plants 

exhibi tine: low fertili ty the percentage aborted pollen Yias zero to 

eicht percent 2.nd this low fertili ty the~r attributed to the fom.:ttion 

of oval pollen grains Tri th an extrenely thin exine. They also found 

empty pollen grains in both diploids and tetraploids of the varicty 

Spanish Sil ver. They conclud(d tha t loTr fertili ty due to empty pollen 

is not caused by tetraploicly. A study vras r:1ade of pollen developnent 

in the diploid but the recults v;~re not discussed. 

ri. J. Sando (1939) roportcd the production of tetraploid buck­

Yrhcat by the application of one percent colchicine in a lanolin 

paste npplied to the stems of eie;ht three-weeks old seedlings of 

tartnr<J buckwheat (Fagopyrurn tataricum). In genero.l the tetra­

ploid plants grovm outdoors and in the greenhouse àuring the fall 
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of 1938 were taller and flowerod and natured their seed sliGhtly 

later than the diploid plants. ~ne nain stens of the tetraploids 

vrere 33 percent ereater in diane ter than the diploids. The lcaves 

were nore irregular on their nargins and surface ~~d deeper green 

in colour and much greater in diameter than the diploids. Other 

characters such as anthocyanin L~ the petioles, leaves, stems and 

hairs of the ster.1.s were greatly accentuated. In these experinonts 

doubling the chromosome n~~ber from 16 to 32 increased the size of 

various plant parts 15 to 63 percent. No nention vras nade of 

pollen sterility. 

Dr. Hedda Nordenskï6ld of S'~veden is experimenting wi th 

colchicine in the production of tetraploids in sevcral varieties 

of buckwheat (unpublished). Some of her seed has beon sent to 

this count~v for field tests. 

(c) Tllli BUCIG/1EAT PLiUJT, FAC-DPYRUM ESCUIENTli'H 

The follovdng description is based on Hector (19~6~. 

Roots. Buchvvheat possesses a main tap root system which may 

penetrate to a depth of three or four feeti the lateral roots 

beine conparati vely fevr. 

Stems. The stens are erect and succulent, hollo-vr and soTnowhat 

angular, d01'my and swollen at the nodos, green to red in colour, 

becoming broYm vrith age. Lataro.l branches are few in number. 

I.eaves. The leavcs are alternate, the louer being about four 

inches long, the upper beconing much sr1aller and aJJnost sessile. 

The ochrea is short and tends to fall early. The blades are 

hastate, ncute, tTro to four inches long vrith hairs on the lower 

surface. 

Inflorescer.ce s. The in_f1.orescences are terminal or a..ûllar"~J c:,"T.'lcs, 
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erect or drooping, Yrith numerous, often densely clustered floTrerD. 

Fl017CrD. The perianth is fi ve-parti te, pink or pi:nkiGh-11hi te in 

colour and persistent, but not enlarging .. ~·ri th the fruit. The re 

are eight stamens in two vrhorls. All have filiform filaments and 

oblong anthers. Alternating v;ith tho filar.1ents are eight small, 

rounded, yello:.'r nectar glands. The ovar-J is superior, triangular, 

one-celled, one-ovuled; the Gtyle is tripartite, each branch end­

ing in a knob-like stigma. 

Pollination. The flo~;rcrs are di.'11orphic. Some plants be~r flo-:7ers 

with short stamens and styles about a third as long again (lone­

styled plants) ethers have floTTers J'ri th short-styles a.."ld stanenG 

which project some distance above the stie,mas (short-styled plants). 

The pollen grains of short-sty~ed plants are larger than those of 

lone-styled, the ratio of their diameters being about five: four 

(Stevens 1912b). Tne gene for short-styles is said to be dominant 

to that for long-styles, segregating in a three to one ratio 

(Althausen, 1908.,. and ~giz, 1925). Short-styled flowers are 

always found heterozygous in nature, Ss, the long-styled being ss. 

This is a gcnetically deter!ïlined mechanism associated Tr~.th the 

difîerential pollen tube groYrth factor. Darï:in (1859). showed that 

so-called legiti.Tïlate pollination ·was nore successful than illegitmate 

pollination. 1':"hen both types of pollen were placed on the same plant 

the lcgitimate pollen grew faster, cffecting fcrtilization·before the 

illegitinate pollen. 

Both Stevens (1912b), and Quisenberry (1927), agree that the chromosome 

nu..~bers are n.:8 and 2n.:l6. In short-styled flowers the chronosome s 

have a diameter nearly trrice that of the chromosomes of a long-styled 
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flo~.~cr. This difference extends to the pollen mother cells them­

selves, vrhich at diakinesis are definitely larger in short-styled 

than in lonc-styled flowers· .. 

At ~lest Virginia Station, Hayes and Garber (1927) stated . 

that selfed-seed is· relatively rare and difficult to obtain from 

varieties such as Japanese, Silver Hull and Grey. In all probability, 

deerees of self-inconpatibility occur. 

Fruit and Seed. The fruit is a three-angled, ovate achene five to 

eieht mm. in length by threc to four mm. broad. The faces are 

glabrous and shiny, gcnerally slightly convex, and the angles more or 

less acutely keeled. The colour is grey or bro1'•n, marbled Yrith darker 

spots and lines; black fruits alpo occur. Tiith the Silver Hull varie­

ty, plants are medium to snall, grains are small, non-winged, vdth a 

glos~J silve~ appearance. 
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PART I 

THS EF:t~CTS OF TEE ALKALOID COLCHICIHS ON DIPlOID BUCKl'JRS~~T 

(FAGOPYRLTU ESCUIElJTlJT,1) V .. illiE'l'Y SIVBR HULL. 

(a) H.ATERIALS Ai'JD ~,~THODS 

Buckwhe.J.t seed Yras donated b3r the Department of Agronomy at 

McDonalcl College. An aqueous solution of colchicine o.h percent 

Yias used in. all treatr.1ents (this concentration had becn used quito 

successfully on buckrihc2.t by Dr. Bayes). The only variation vras 

in duration 2.nd 1~1ethod of trentr.;.ent. 

Method I - Seed-Treatnent I.~ethod. A hundred dry seeds were placed 

on paper to-r;ellin~ in a three-inch petri dish and covered Tri th about 

25 cc. of a 0.4 percent solution of colchicine. Three such lots 

each consisting of a hundrcd secds" vrere trcated, the first for 

tvrenty-four, the second for thirt;y---si..;c and the tl1ird for forty-eight 

hours. After treatr.1.ent, germination -v;as · continued in -rra ter until 

all lots had germinated for a total of three days. Another lot of 

one hundred d!"1J seeds was germinated in IYater only for three days 

under the saJne conditions to serve as a control.All four lots y;ere 

kept at thirty degrees Centirrrade throughout this three-day 0errnin-

a ti on poriod. Tcn cermina ted sceds vrere then chosen at random from 

eC:t.ch of the four lots and plantcd in thi·ee-inch pots in the green­

bouse with number, d2te and trec.t:nent time indicated. (Only ten 

plants in each lot were planted because of limited space in the green­

house). 'l1tro series of treatments by the above method were undertaken; 

the first treated series was planted Octob8r 19, and the second series 

1Tovernber 21, 1949. 

·!-~ethod II - Scedling-Trca tment 1~Tethod. Forty plants in four lots of 

ten were planted in the greenhouse in three-inch pots on November 21, 

1949 to receive special treatment. At the end of a one vreek period 

when the plants had attained an average height of eight 
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centimeters a small ball of absorbent cotton trro x t'wc n."!l. vras 

dipped in 0.4 percent colchici.'t'le and ::placed between the 

cotyledons against the gro-vd.ng point. Each plG.nt Yr.:ts covercd 

with a six-inch vial lined with a strip of moistened paper 

toY:elling to increase mois ture content Yri thin the tube and to 

eut dovm evaporation of the colchicine solution. Three lots of 

ten plants each -rmre trea ted by this method for tYrenty, thirty 

and forty-four hours respectivcly. The remaining ten plants, 

serving aG a control lot, received the sa~e treatment except 

for the substitution of 1Yû.tcr for colchicine. Tnis sar:1e treat-

ment method vms repeated on December 14, 1949 for a control lot 

of ten plants and five lots of ten plants each Yrith treatment 

times of twenty, twenty-nine, thirty-four, forty-four and 

seventy-tvro hours. 

All plants vrere grortn in a soil consistine of a mixture of 

tTio parts of garden soil to one part of peat moss - the mixture 

civing a slightly acid indication Yrhen tested. All plants re-

ceived twelve hours light per day either artificially from 

three seven hundred and fifty-watt bulbs, or from natural sun-

light dependine upon weather conditions. At the end of four 

weeks all plants were transplanted to six-inch pots and fresh 

soil (tho sa::ne mL"'<:ture as be fore) and tied up to four-foot 

canes for added support. All plants werc randomized and their 

positions changed Y:eekly so that conditions of light, etc., 

would be standardized for all , lots. ~ A complete record of 

each plant was kept. The height of each plant above the ground 

in centi."!leters was measured each weel; for a duration of eight 

weeks,after the first appearance of the cotyledons. A record 
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vYas also kept of the first signs of budding in each plant. At 

the height of fiowering the total n1L'11ber of flovrers per plant 

was counted and the number of abnormal flo1vers out of the total 

-r:as dctemincd • In the case of tho sc plants trea ted by the con­

tact method in which more than one shoot arose from the treatment 

point the nunber was rccorded. 

Recognition of probable tetraploids v;here treatment hë.d been 

successful was made on the basis of stomatal and leaf size of 

diploid and treated plants. A comparison of pollen size was also 

made as further supporting evidence of successful treatnent. Such 

things as leaf thickness, breadth of leaf, intensity of colour, 

blossom size, thickness of stalks and petioles, etc., vvere used as 

further supporting evidence of probable polyploidy and success of 

treatment. 

All pollinations were carried out vdthin treatment lots and 

only legiti.TIJ.ate pollinations were done (long-style crossed 1Nith 

short-styled plants and the reciprocal cross). Pollinations ·were 

done between plants where as far as was ascertainable treatment 

had been successful. The number of seeds set per hundred pollina­

tions was recorded for each series and also the number of abnormal 

seeds. Jùl pollinations were done by hand vri th a paint brush and 

to prevent possible self-pollination the anthers in all flowers 

were removed, except those flo-Ners being self-pollin2.tcd. 

Secd from each plant was packaged separately and the cross 

indicated. The treatment used v;as also recorded on the pack2.ge. 

A count of 11pollen sterility11 was made for each plant based 

on whether the pollen looked abnormal (thickened walls, distorted 

shape or empty) using about 2.5 pollen grains in each case. Five 
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such cou.11ts Yrere completed for each plant vrithin each treatment lot. 

Leaf samples of treated and untreated naterial for determination 

of chlorophyll content vrere collected. The chlorophyll was extracted 

~~th acetone and the a~ounts determined by use of the Syectrophoto­

meter, using the percentage of light absorbed as a quantitative 

measure. 

la ter, when the plants -r:;erc about seventy ems. in height, nodal 

cuttings vrere taken from beth diploid and probable-tetraploid plants. 

The cuttings, ten from the seed-treateà group, ten fro~ the seedling­

trea ted group and t"".venty from control groups were ciipped in a nix:ture 

of three-indole acetic acid and talcun poy;der and plantcd in sand. 

Later the cuttings which had rooted were repotted in three-inch pots, 

using the sa"Tle soil mixture as vras used in all previous cases. 

All epider.mal tissue examined was removed from the under surface 

of the leaves beside the midvein. Sections Yrere mounted on a slide 

in ninety-five percent alcohol for three minutes to remove excess 

chlorophyll. Before all tho alcohol had evaporated and the tissue 

was still moist a drop of glycerine was placed on the tissue and a 

caver slip mounted. No staining was found necessa~J to highlight the 

sto~ates or epidermal cells. 

PhotoE;raphs of leaves, stems, floYmrs, roots, seed, etc., as 

desired for treated and control were taken on Panatomic X film. Cw~era 

lucida dro;wings vrere made of pollen erains, meiotic and root tip 

division figures. 
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(b) R~SULTS AND OBSSRVATIOlTS 

I. Germination. 

The effect of colchicine vras seen first in the seeds cerminating 

,in colchicine. Thcse secds Trcre very slo1'i in genninatinc and the 

radicles were mu ch shorter and thick,3r thoJ:'l tho se of the controls. 

Srrellin;g T.-2.s not uncorr..mon on the primary root. 

With increased time in colchicine there Yras a decreased percent 

germination. (See Table I). After forty-eieht hours treatment, only 

three plants survived, in each of the h'.'"o seed-treatmcnt series and 

consequently longer treatment of seed vm.s not attempted. An exa..'Tiination 

of seeds in these lots showed that they had rotted beneath the soil 

because of the gro~:rth-restricti.ne effects of colchicine, excepting the 

three plants -rrhich had broken the soil and survived. 

II. Heir:ht Reduction in the Plants from Colchicine-Treated Seed. 

It vras noted that the treated plants took much longer to break 

through the soil. The controls, on the average, took a day to come 

through, tho trmnty-four hour treated lots took around two days, the 

thirty-si.-v:: hour lots an average of five days and the forty-eight hour 

lots trro weeks. Only three plants were obtained in each of the forty­

eic;ht hour lots. Figure I an(l Table II show the erovrth records for 

the first series of plants and Fieure II arrl Table III the results 

for the November 2lst series. 

III. Height Reduction in Plants Treated by the Contact Method. 

The same effect on groTrth '.Tas noticed l'Ti th this trc<:.. tment as 

vri th the pr·:;vious one, ie. 17i th increased trea tment the re Yras a de­

creased ero-rrth rate. This treatment v;as more satisfactory since 

these plants were well established, having attained an average height 

of eight centL~eters before being treated, and all plants survived 
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Table I.Percentage germination and. means and standard errors of 

radicle lengths in centmeters for seeds trea ted Yri th 0 .h;; 

colchicine. 

Hours in Hours in Percento.ge Radie le 
Series Lot colchicine watcr gerr.1inated lenf,ths 

(A Control 72 94 3.oto.12 
( 
(B 24 48 76 2.0:!"0.25 

10/19/49.( 
Cc 36 36 55 1.0±0.12 
( 
Cn 48 24 40 0.5±0.61 

(A Control 72 89 3.0.:t:0.04 
11/21/49.( 

~B 24 48 72 2.o:t-o.25 

Cc 
( 

36 36 55 1.0X0.13 

Cn 48 24 36 0.5±0.61 

U.B. One hundrcd seeds in each lot. Hean radicle 1enE;th 
calculated b:r choosing, after three days in solution, ten 
seed1ings at randon. 
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Table II.Means and standard errors of heights in centimeters of plants 

from treated seed Oct.2lst. planting (ten plants per treatment lot). 

Treatment lots (0.4% colchicine). 

,;eeks after Twenty-four Thirty-six orty-eight 
emergence Control ·(A) hours (B) hours (C) hours (D) 

1 8.6±o.o4 2.21: 0.07 2.o:to.o6 2.0~0.01 

2 19. o.S4 3. - 0.04 3 .0~ 0.06 2 • .5! o.o1 

3 3.5.o! o 31 12.9:!:0.16 s.ot o.66 2.7:t0.0l 

4 49.0t 0.32 22.2~0.62 9.7:to.o4 3 ù±O.Ol 

5 61.0~ 0.33 32.2-t0.06 16.0'!0.70 4.5-tO.Ol 

6 70.2! 0.0.5 42.?'!.0.26 24.0:!"0.32 6 o:to.ol 

7 84.Zt 0.32 52.or o.98 31.2~0.21 7.2! 0.01 

8 94. -0.62 65.0:10.33 37 5- 11 8.0 (-) 

:t results based on three plants only 

100 

C•36 HRS 

D•4BHRS 

4 6 
TIMEtWEEKS) 

10 

Fig. I- Average height of plants from treated seed, October 
21, 1949 planting Averages for ten plants in each lot 
except (D) where only three plants survived. 
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Table III.Means and standard errors of heights in centineters of plants 

from treated seed Nov.21 planting ( ten plants uer treatment lot ). 

Treatment lots (O.hi col hicine). 

~~-eeks after Twenty-four Thirty-six 1i'orty-eight 
emergence Control (A) hours (B) hours (C) hours (D) x 

1 0.34 2.5 .05 2.2:to o4 2.0 ± (-) 

2 1 0.41 2.7~0.05 J.o~ .oh 2~5±0.01 

3 3410.46 12 . 5:t0. 28 5.2±0.05 2. - 0.01 

4 4 - O.}.J.8 22.0 ... . 41 1o.o±o.45 3.3±0.04 

5 64±o.o4 32.01:0.38 17.0*0.23 4.1±0.01 

6 7 0.76 43.0~"0.59 2S.o+ .3J-1- 6.l±o.Ol 

7 831"0.53 52.0~.25 32.0:!:0.21 7.2 .01 

8 93f 0-.34 66.o:ro.21 38.o~o.h8 8.2 i: (-) 

~ results based on three plants only. 

100 

80 

60 

40 

~· 

_y·/'. 
/ ,/ 

1 ,/ . 

/ 
.. ~ ,/ 

~ 1 ,/ 
Ë2o · 1 
i. 1 1! 
!' ·ji! /// 

. 1 
1 y · 

/ ,___.-· A• CONTROL 

• / B• 24 HRS 

C•36HRS 
D•48HRS 

1 +--r------.---.----,--,-----.--.-r--r-~ 
0 4 6 8 10 

T 1 ME (WEEKSl 

Fig. II- Average height of plants from treated seed, November 21, 
1949 planting. Averages for ten plants in each lot except (D) 
where only three plants survived. 
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various periods of treatment. Figure III and Table rv shoY: the 

·heights of plants measured each week for lots treated twenty, thirty­

four and forty-four hours as well D.S the control lot. 

The thirty-four hour treated lots secmed to give'the most pro­

mising results so the experL~ent ~as repeated for twenty, twenty-nine, 

thirty-four, forty-four and seventy-two hours on December 14, 1949. 

Fiv1re IV and Table V show the heights of plants in centimeters each 

Treck for each lot treo..ted at that tine. 

IV. Effects on Roots of Seed-Treated and Seedling-Treated Plants. 

The growth inhibiting effects of colchicine on the radicles 

(Table I), first noticcd among the germinating seeds, was· azain ob­

served in the seed treated plants. The roots were ve~ stunted and 

had not penetrated the soil to anyvrhere near the depth the controls 

had penetrated at three wecks. The adventitious roots on these plants 

grew-; more horizontally than in untreated plants, their main tap roots 

became swollen and much thickened. Root stunting was not as apparent 

in the seedlinr; treatne:nt group and no correlation could be dravvn 

betv;cen root developnent and extent of treatment. In all the treated 

plants aerial roots were qui te prevalent-, a curiosi ty not found among 

the controls. 

V. Effect on Stems and Shoots of Seed-Treated and Seedling-Treated Plants. 

(a) Stems. The stems of plants,. where treat~ent has been successful, were 

found to be ver,r brittle and the walls of the stems very much thickened 

so that sometimes they were solid. Bumps, nodules and striations Ymre 

not uncommon on the stems. 

In the seedling-treated plants a very curious effect was noticed. 

Tremendous swelling resulted in the formation of a doughnut-shaped mass 

of tissue around the treatment point. In the centre of the doughnut-
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Table IV. 1.1eans and standard errors of heights in centirn.eters of plants 

from treated seedlings, Nov.21 planting (ten plants ner treatment lot)l 

~.7eeks after 
treatment Control (A) 

0 

1 

2 

3 

4 

5 

6 

7 

8;:0.21 

19! 0.57 

35:t0.33 

5 c 14 

62±0.57 

70:t0.34 

84±0.35 

95:t0.48 

Treatment lots (0.4% colchicine). 

T\venty 
hours(B) 

8. 0.21 

12.0!:0.23 

17.0-+" .34 

28.o±o.45 

37 5:t0.27 

47.0±0.39 

56.0~ 0.40 

65.01"0.29 

Thirty-four 
hours(C) 

8 .45 

lo:t.o.45 

lht 0.3l 

24to .36 

30±0.25 

38:t0.36 

46 .50 

52.i"O. 70 

Forty-four 
hours(D) 

8.0 .21 

8.5:t:o. 45 

9.o:to.os 

9.8:to.o4 

12.5~0.08 

16.om 32 

26.ot o.36 

36.0~.69 

% Fo ty plants in all were gro1vn, separatod into lots of ten, and 
treated one week after em~rgence, 1ten untreated serving as a control). 

w 5 

:x: 

A•CONTROL 

8•20 HRS 

C•34HRS 

0•44 HRS 

1 +-----r----.---,--,---,----.-----,---,--
0 4 6 

TIME!WEEKS) 

Fig. III- Average height of seedling-treated plants, November 
21 planting, based on ten plants in each lot. 
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Table v. Means and standard errors of heights in centi111eters of plants grovm 

from treated seedlin~s Dec.l4 planting (ten plants per treatment lot)~ 

Weeks 
after Trea tment lots ( 0. 4% cc:_~chicJ._· n_e___;)_· .. --------=-
treat- Control T\venty 

hours(B) 
~venty-nine Thirty-four 
hours (C) hours (D) ment (A) 

0 

1 

2 

3 

4 

6 

7 

9r 0.21 7.0~0.23 7.0~0.26 

18±0.47 11.5±0.30 9.5~0.28 

35±o.45 1L~.o:to.29 n.5±0.29 11:~:0.27 

5010.55 25. 0.36 21.0~0.33 20±0.34 

6 0.56 38. 0.57 3l.Ot0.34 30t 0.64 

711 0.56 47.0~0.24 40.0 .34 38~0.35 

83±0.69 55.o:to.36 47.o:to.32 h6±0.31 

94~ 0.70 64.0 .37 55.0±0.29 53f0.32 

Forty-four 
hours(E) 

7.0~0.27 

8.2t 0.29 

9.0±0.27 

9.61:0.27 

12.4"1:0.28 

16.3*0.28 

27.0 .31 

37. 0.34 . 

Seventy-two 
hours(F) 

7.0-±( . 06 

7 .J±.O 15 

7.21"0.23 

8.0 .?2 

8.8±0.23 

9.7:t:0.2l 

11.0 .30 

13.01:.0.31 

Sixty plants were gro~n, separated into lots of ten and treated one 
week after emergence, (ten untreated serving as a control) 

Fig. IV- Average height of seedling-treated plants, December lh 
1949 planting1 based on ten plants in each lot 
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shaped svrelling or collar new shoots, both diploid and probable tetra­

ploid (Figure V) arose. ~ith increasing treatment the size of this 

collar increased until in the seventy-tTio hour treated lots some Tiere 

as large as an inch in diameter. Sorne of this tissue was collected 

for further study. 

Also noticeable was the extreme red colour of the stems of treated 

plants. At the end of seven vmcks the controls had started to turn 

reddish-brovfll whereas the treated plants were then bright red in colour. 

Sorne of the leaves were also affected in this manner, a condition not 

noticed in the control plants. This could not be entirely the effect 

of liehting since the plants nere randomized in position each v;eek. 

Comparison of stomatal siza between diploids and presumed tetra­

ploids indicated that the tetraploid stomates v:ere two to three times 

as big and fewer in ntunber per unit area (Figures VI and VII).They 

averagcd 1.75 ocular microrneter scale units in area compared to 0.625 

for the diploid, based on twenty measurements for each. 

No sienificant difference was found betTreen the stomates of the 

cotyledons of diploid and probable-tetraploid plants. In the case 

of seedling-treated plants this was to be expected since treatment 

was done above the cotyledons. However, in seed-treated plants this ·, 

vras also the case. Presumably the cotyledons were highly developed 

vri thin the pericarp in the ma ture seed. 

(b) Shoots. In the diploid and seed-treated plants one main stem was 

the general rul~with varying numbers of shoots or side branches. In 

the seedling-treated plants va~Jing n~~bers of shoots arose from the 

treatment point and accordingly it vm.s not possible to differentiate 

betvreen the nain stem and lateral shoots.· Both diploid and polyploid 

shoots arose from the treatm~nt point. In sone of the seventy-two 
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Fig. V- Shoots arising from treatment point o~ 
a seedling-treated plant. (Actual size) . 
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Stomates and epidermal cells for diploid and treated plants 

Fig. VI- Stonates and epidermal cells from a normal diploid 
leaf (C~era lucida drawing X 175). 

Fig. VII- Stomates and epidermal cells from a leaf from a 
treated plant (Camera lucida drawing X 175). 
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hour, seedling-treated plants as many as seventeen shoots arose. On 

one plant in this lot a conpletely ablino shoot arose lackinG 

chlorophyll in leaves, stens and buds. Attempts Yrere nade to main­

tain this shoot by feeding into the sten sugar solutions in very- weak 

concentrations but the shoot finally died. 

VI. Effects on Leaves of Seed-Treated and Seedling-Treated Plants. 

The lcavcs on the treated plants vrere much broader and shorter 

than tho se of the control plants. They "'Nere also m.uch thicker and . 

darker in appearance, although tests as to chlorophyll content shovred 

less chlorophyll per unit area than in the diploids. Perhaps t.he 

darker colour w-as caused by the leaves being much thicker than in the 

di plo ids. 

Many leaf abnormalities resulted (Figures VIII ~ X ) :: double 

leaves on a single petiole, leaves with deep indentations in their 

ed,ç:es and leaves with much thickened and curled appearance and ex­

tremely thick petioles. On general observation alone it seemed that 

with i..11creased duration of tre2.tment thcrc was an increasinG nu.rnber of 

leaf abnormalities. This vras mo:st apparent in the seedlin[;-treated 

group, vrhere at seventy-t-rro hours treatment tL':le. the leaves bad very 

large and thick petioles (sometimes a quarter inch in thickness) and 

look very mu ch like a cru.mpled ball of paper. They nere extremely 

brittle and it was ver~y hard to take epider.wal tissue from them for 

comparison of stomatal size. 

VII. Effect on Inflorescences of Seed-Treated and Seedling-Treated Plants. 

~bere treatment has been successful and probable-tetraploid plants 

or shoots v:ere produced the blossoms Ymre verJ much larger than the dip­

loids. The petals were longer and 1ID.1Ch broader. FloYrers were found 

bearing t~o, three, four, six, seven and eight petals, the normal being 

five (Figures XI - XIV·). One plant had only fused flowers consisting 
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Leaf abnormalitiPs found in treated plants 

.Fig. VIII. Fig . IX. 

-Fig . X. 

Fig. VIII- Photograph of leaves from treated plants (half size). 
Fig . IX- Photograph of leaves from treated plants (half size) . 

Notice double leaf on a single petiole, and jagged edges . 
Fig. X- Photograph of leaves from treated plant (right) and 

untreated diploid plant (left). Notice the broader and shorter 
probable-tetraploid leaf. 
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Flower abnormalities resulting from colchicine treatment 

Fig. XI. 

Fig . XIII. 

Fig. XII. 

** 
•• 

Fig. XIV. 

Figures XI - XIII show flowers, from treated plants, -vdth varying numbers 
of petals (the norm being five), and note also petals 1vith uneven and jagged 
edges . 
Fig. XIV - shows (u~per row) diploid blossoms and presumably-tetraploid 

blossoms (bottom ro"~"f) 

(Magnification X2 . ) 
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of tvm blossoms joined tozether at their bases, having a total of ten 

petals, sixte en sto.mens and eight pistils. However, no seed Tias set 

on this plant. Even the inclividuc.l pctals had a v2.riety of forms in 

the treated plants. Sone had jagged edges on both sides, sone a 

jàeced edge on one sidc and a smooth edGe on the other. Bath large 

and.snall petals were also found on the sane flower giving a very 

bizarre appearance. 

Flo~cr buds on the treated plants were variable in. size and shape, 

sone stunted and snaller than in the diploid controls, some vo~ much 

larger (t1rro to three tir.1es as large). In the case of the seventy-two 

hour seedling-treatcd plants, sorne floy;er buds refused to open and it 

was not uncoJTh'TIOn for the anthers to push throu[;h the pctals. Time of 

buclding v:-as also affected by various treatmcnts. Generally spcakinc 

with increasing treatment t:im.e buclding was nore retarded. 

The pistils and st<J.mens of probable -tetraploid flo'::ers appeared 

to be much longer and thicker than those of the control plants. Numbers 

of sta'Tlens ranging from one to sixteen were found on floTrers in the 

various trea tment lots (the no mal being e ight). In the seventy-tv-ro 

hour seedling-treated lots most anthers seemed unable to shed their 

pollen and slides had to be made by crushing the whole anther. Stigrnata 

numbers ranged from one to eight (the normal being three) on a single 

style. Somc plants were found 1rlth two and thrce styles fuscd at the 

base and bcaring various numbers of stigmata. 

Jillother noticeable fcature of the petals of buds and flowers as 

well as the o.nthcrs in the trea.ted plants was the high concentration 

ani the ereo.ter area covered by the anthocyanin pigment. 

At the rwight of flowering, counts "'Nere made of the nunèer of 

blossoms per plant for controls as well as treated plants. It was 
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found th::tt Yrith increasin~ treatment time there Tras a decreasinr: 
u 

number of flo~:.rcrs per :plant (Ficure XV and Table VI) and an in-

creasing number o "f floral abnormc-J.li ti es (Ficure XVI and. Table VII). 

VIII. Effects on Pollen of Seed-Treated and SeedlinŒ-Treated Plants. -----· "' 

Pollen fro~ the short-st;rled di:IJloid plant is normally larger 

than pollen fron the long-styled plant. This same rule held true 

for pollen from probable-tetraploid flo1Yers. On the average pollen 

from both short - and long-styled probable-tetr3.:ploid flovrers vras two 

to three times as bir; as pollen from short - and lonz-styled diploid 

plants and neo.rly spherical in shape. (Calculations of area usine 

ocular micrometer scale units and based on ten pollen erains in each 

catego~J gave averages of 0.668 and 0.429 for pollen from short - and 

long-styled pr8sT:..'1led tetraploids and 0.228 and 0.12) from corrcsponding 

diploids). 

A variety of shapes and sizes of pollen was found in the tre~ted 

plants. Pollen 1vith thick 112.lls, thin vralls, fused pollen grains, 

dvrarf pollen grains and giant pollen grains werc not uncor.1.r:10n (FiJures 

XVII - XIX). 

A determination of "pollen sterility11 (by rr.ethods described in 

111;:aterials and Hethodsllabove) showed that vrith increased treatnent tine 

the re vras an increasing percent::tge of pollen sterili ty (See Figure Y..X 

and Table VIII for these results). 

TIC. Seed Setting on Seed-Treated and Seedline;-Treated Pl2nts. 

As described under the title of liMa tcrial3 and I-.Iethods, 11 only 

lc6i ti'::~'-te pollinc.. tiens T:ere made. Sced set in the trec. ted lots vrc:.s 

r2ther poor. Results of success in seed-setting vras detemined in each 

case by nakinG o:r..e hundred hancl pollinations of emasculated flowers .. 

A variety of seeds resulted from these pollina.tions; some vmre 

flat and ovoid, others were normal three-achened and one pl.:,nt set 

only four anglcd secds, (this plant bore îlovrcrs Yrith four stigmata 
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Tab e VI. Means and standard errors of nonnal pl s abnormal flowers 

per plant in different treatment lots of ten plants each. 

SeAd-treated lots (O.W~ colchicine). 

'1\venty-four Thirty-six Forty-eight 
Series Control hours hours hours 

10/19/49. 190t l.33 18 1 . 88 116±1.30 22"1'0.84 Jt 

11/21/49. 188±0.87 174±1.25 llO:t2.40 --20!'0 . 47 

~ results based on three plants only. 

Seedling-treated lots (0.4% colchicine) . 

Series Control 
Twenty 
hours 

Tvventy-nine 
hours 

Thirty-four 
hours 

12/14/49. 19 1 . 37 l48~J . l8 lJ 0 i l.32 

ll/2J/49. 198~1 . 64 150±1 . 08 

98:t"0.80 

10 1 . 15 

SEEDLING SEEDLING SEED SEED 
_200 DEC 14/49 NOV 21/49 OCT 21/49 NOV 21/49 

. \ ·~ . ..... 
z 
c( 

il60 
.... 
w 
C> 

~120 
w 
> 
c( 

<n 80 

a:: 
UJ 
;: 4 0 
0 
_J 
u.. 

0 

\ 
"-.._. 

\ \ \ \ \ 

\ \ \ \ 

\ 
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 80 

TIME (HOURS) 

Forty-four 
hours 

70 .83 

7l't0 .88 

Seventy-two 
hours 

Fig. :XV- Graph showing that increased treatment times result in de­
creasing num~ers of flowers per plant. The average number of flowers 
per plant is based on ten plants for each lot except in the f r~­
eight hour seed-treated lots where results are based on three plants 
only. The base line indicates treatment time in hour s . The zero 
mark indicates the control lot in each case * Time of planting of 
each lot is indicated at the top of the graph . 
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Table VII.Means and standard errors of percentage aborted flowers 

per plant in different treatment lots of ten plants each. 

Seed-treated lotR (0.4% colchicine). 

Twenty-four Thirty-six Fo.rty-eight 
Series Control hours hours hours 

10/19/49. 1 0.37% 28 .69% 50~0.72% 

11/21/49. 10 4oor • ;o 30 • 70,-o 52±0 .64?b li: 

~ results based on three plants only. 

Seedling-treated lots (0.4% colchicine). 

SeriAs Control 

12/14/49. 

11/21/49. 

'1\venty 
hours 

16:t.0.54% 

14:t0.47% 

;;100 S E E DLING 
~ 

(/) 
0:80 
w 

~60 
l.J... 

_J 
c;t40 
:E 
a: 
~20 
al 
<t 

0 

DEC.l4/49 

1 
1 ,. 

) 

T\Yen ty-nine Thirty-four 
hours hours 

JO±ü.S9% 32~0.43;~ 

36:t:o.9o% 

SEEOLING SEED SEE 0 
NOV.21/49 OCT.21/49 NOV.21/49 

1 1 1 1 1 1 .1 / / 
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 80 

T 1 ME (HOURS) 

Forty-four 
hours 

S8:to.64P 

60 64o/ • ,o 

Fig. XVI- Graph showing increa~ed treatment times result in inc­
reasing numbers of abnormal flowers per plant. The percentage 
abnormal flowers per plant is based on ten plants for each lot 
except in the farty- eight hour seed-treated lots where results 
are based on three plants only. The base line indicates t~eat­
ment ti~e in hours . The zero mark indicates the control lot in 
each case . Time of planting of each lot is indicated at the top 
of the graph. 

Seventy-tYro 
hours 

9):t2 .60/~ 
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Normal and abnormal pollen in treated plants compareà with normal pollen 
from diploid plants 

Fig. XVII. Fie;. XVIII. 

0 

Fie. XIX. 

Fig. XVII- Normal and abnormal pollen from a short-st~rled presumably­
tetraploid flower . Arrow indicates normal pollen from a short-styled 
tetraploi0. Pollen to the right is normal pollen from a short-styled 
diploid flo;:rer. 

Fig. XVIII- Normal and abnormal pollen from a long-s·~rled presumably­
tetraploid flower. Pollen to the right is normal pollen from a long­
style·i. diploid flov~er . 

Fig XIX- A variety o.f abnormal pollen from a short-st,rled presumably­
tetraploid flower (treated plant, . 

(1\.11 three photographs are of Camera lucida drawings X 60) . 
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Table VIII.Means and standard errors of percentage "pollen sterility11 

for different treatment lots of ten plants each. 

Seed-treated (0.4% colchicine). 

Twenty-four Thirty-six FQrty-eight 
Series Control hours hours hours 

10/21/49. - 0 5T:' • ;o 16*0.58% 28. 0.85% li 

11/21/49. - l0:1:0.957'b 17±0.82% 28.~ 98% li 

~ results based on three plants on~. 

Series Con+Jrol 

12/14/49 

11/21/49 

Seedling treated ( 0 .4,~ colchicine). 

Twventy '1\v-enty-nine Thirty-four 
hours hours 

5i-0.66% S:to.48% 

7±o.88% 

;t6o 
z 

>-50 
..... 

:::40 
0:: 
w 
..... 30 
(/) 

~29 
....J 

<5 10 
a.. 

0 

SEEDLING 

DEC.I4/49 

1 
) 

~/ 

SEEDLING 

NOV.21/49 

1 v/ 

hours 

0.40% 

lO:t0.77% 

SEED SEED 
OCT.21/49 NOV.21/49 

1 1 
v; 1 

1 
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 80 

TIME (HOU RS) 

Forty-four 
lOUrS 

32.0:t l.lO% 

31.5:t?.78% 

Seventy-two 
hours 

52 5!:1.96/~ 

Fig. X..X- Graph show:i.n.g increased treatment times result in increased 
npollen sterility. 11 Average pollen sterility in each lot (treated and 
untreated) based on ten plants (an average of one hundre and twenty­
five pollen grains examined for each plant) except the forty-eight 
hour seed-treated lots where results were based on t_ree plants only. 
The base lines indicates treatment time in hours for each lot. The 
zero point indicates the control lot in each case and the times of 
planting of the lots are indicated at the top of the graph. 
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throughout). Considerable numbers of tho trcated plants bore seed 

Yri th very Ymll devclopod 1':ings thour3h Sil ver Hull is do scribed as 

a non-vrint;cd variety (Stevens 1912a. ). (rui te a nmnber of seeds were 

found vrith norr.1al Yrell dcveloped perico.rps but cor:1pletely empty 

except for a SY'lall under developcd er.1bryo. However, a considerable 

number of larGo, full, vrell dovelopcd sceds nere produccd by so:me 

treatcd.pl2.nts. No abnomal seed vras pro'iuced by diploid control 

plants. 

The probable-tetraploid seed uas two to three times as large as 

tho diploid seed and ranged in colour from black or darl: bro-rm through 

golden, mottled Tri th various patterns of dark broY:n spots, to sil ver.J­

brovm. Figure XXI illustrates these variations in sced types. 

Figure XX.II and Table IX show tha t Y.i. th increased trea t!2ent tL-me 

thore was a decroased nu.rnber of seed set per one hundred pollinations 

and also an increased proportion of abnorL~l seed (Figure XXIII and 

Table IX j. In the sevent~r-tvro hour seedling treatnent group only seven 

seeds ~aere set for a hundred test pollinations done and all seven failed 

to gcrminate in lator tests. 

X. Diploid and Probable-Tetr2.ploid Hodal Cuttin~s. 

By tests previously mentionod the probable -tetraploid plants and 

sectors of plants ~,·;cre sccregated. ~I\vcnty cuttings of presumél;bly­

tetraploid nodes and tTrenty fror1 the diploid control lots ( tcl:en at 

random) vrere rooted in sand, and repotted in the same soil mixture 

as ~as usèd in previous plantings after they had been in the sand 

three weeks. Both the diploids and "tetraploids n were very slo-vr in 

growing and at the end of three months the 11tetraploidsu were on the 

average only tvrenty-five ems. in height as compared to an average of 

thirty-five ems. for the diploids. Leo..ves; stems, petioles and flov:-ers 
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Diploid and~etraploid seeds 

Fig. XXI- Photograph of diploid seeds (+.op row) and pre­
sumably-tetraploid seeds (bottom row)v2. The two seeds at 
the lo~rer right of the photograph were abnormal and did 
not genninate. 
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Table IX. Total seed set and percentage abnormal seed for different 

treatm.ents and periods of trentment (ten plc.nts per lot). 

Series 

Seedling treatnent 14/12/49. 

Seedlirig treatment 21/12/49. 

Seed treatment 10/19/49. 

Secd treatment 11/21/49. 

Humber of 
hours in 

0.4;6 colchicine 

Control 

20 

29 

34 

44 

72 

Control 

20 

34 

44 

Control 

24 

36 

48 

Control 

24 

36 

48 

il. results based on three plants only• .. 

Seed set 
from a hundred 

legitima te 
pollinations 

36 

30 

22 

20 

14 

7 

38 

26 

23 

16 

40 

25 

18 

7 

36 

28 

18 

6 

Percentae;e 
abnoi'T.'h.ql 

seed 

25.0 

31.4 

35.0 

61.5 

100.0 

21.5 

34.8 

62.ü 

12.0 

22.2 

100.0 lè 

15 .• h 

22.2 

·100.0 :fe 
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Fig. XXII- Graph showing increased treatment times result in a dec­
reased seed set per plant . The average seed set per hundred pollinations 
in each lot treated and untreated) is based on ten Plants for each lot 
except the f orty-eight hour seed-treated lots where-results are based on 
three plants only. The zero line indicates the·· control lot in each case 
The base lL.'t)e indicates the treatment time in hours and the times of 
planting of the lots are indicated at the top of the graph. 
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Fig. XXIII- Graph showing increased treatment times result in an inc­
reased number of abnormal seeds per pl~t. Percentage of aonormal seed 
set of total seed set for each lot (treated and untreated) based on ten 
plants in each lot except the fort--eight hour seed-treated lots where 
results are based on tlrree plants only. The zero line indicates the 
control lot in all cases . The base line indicates treatment time in 

hours and the times of planting of the lots are indicated at the top of 
the graph . 
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a:J Trell as pollen -rmre the sane size in the di:ploid and presu..-rned­

tetraploid cuttinr,s as in nomnl diploid and probable-tetraploid 

plants. Only legit&nate pollinations were done bet"rieen these 

presumed tetraploids and these yielded on the average nine seeds 

per hunclred pollinations. .A.111ong the diploids from the nodal cut­

tinss seed set àveraced fiftecn seeds for a hundred pollin2.tions. 
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PART II 

A STUDY OF TETE:\PLOID BUCFO:rHEAT (FAC'n.'JFTF?J!l'.T BSCUIENTUl,I )VARIETY SILV?~R HULL 

(a) 1-:T.AT~~RIALS AND lŒTHODS 

T\'Jo vreeks after the seed from the treated plants had been harvested 

they were genninated. 'J:1·renty seeds from each lot vrere placed in petri 
~ 

dishcs ( threc inch) on moistened gemination paper undcr a sixty-w2.tt 

bulb and ke9t at a temperature of thirty degrees Centigrade. Only seeds 

1Yhich vrere large and full and looked nonnal vmre chosen. A s12i table 

control lot of cliploid Sil ver Hull seeds, tYmnty in nu.._ïlber, , 1ïas 

Gerninated also. Tine of gemination and percentage germination for all 

lots vrere carefully recorded. 

After three days in vrater, the ger:ninated seeds Y:cre pl2.nted in three-

inch pots usine; the sa .. rne soil mixture as Tr2s used in p-.'3Vious experiments. 

:Ca ch plant Yras taggsd to inr:1 ico.te vrhich treatn:;nt lot it ori[;inated 

from as 1Yell as being clated and nunbered. Records vrere kept of the height 

of plants each week, first signs of buddine and any other no-!-,icec.ble 

fe':~tures including m.unber of flowers per plant at the :9eak -flovrering 

period. Root tips from each plant Ymre taken at the end of trro );eeks, 

killed and fixed in alcohol-acetic, and stored in the refrigerator. 

These vrere used for chromosome counts as final proof of cliploidy or 

tetraploidy. 

Y;hen sui table buds for meiotic studies h~.d fo:rmed sœnples 17erc 

taken, killed and fixed in alcohol-acetic and also stc.l."'ed in the 

refriecrator. The se vrere used in la ter studies of (1) neiosis in the 

diploids and tetraploids and (2) r.1eiotic fi;;urcs in relation to pollen 

sterili ty. Sq_uo.sh preparat.-i_ons of r,eiotic and mi totic fis"U.res for 

both r-J.iploid and tetraploid vrere nad.e in acetocar!:line 2.nd. made 

perr.12.nent by the McClintock ,-,~ethod. C:::.nera lucida dra..,·.rin~s of meiotic 
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and I'!'..itotic netaphase division figures were done and later photograph­

ed. 

Epidernal tissue for observ-ation of stomates and pollen -rras 

collected from diploids and auDarent tetranloids for comnarisàn as .4. .1. - .. 

furthe::r evidence of totraploidy. 

Tvrenty-seven tetraploid plants vrere indentified by chromosome 

counts and repotted in larger, six-inch pots at four 1'reeks, staked, 

and rando:mized e.1.ch week along with the diploid controls. Records 

·were kcpt of height etc. of the se plants and. of ten diploid cohtrols 

durinc the groY~h period. 

All floY:-ers Ytere emasculated and pollinations done by hand in 

the greenhouse. Selfing and crossing was done Yrithin the tetraploid 

and diploid control croups as well as all possible crosses between 

diploids and tetraploids. In pollinating in the tetraploids, plants 

vdth the smallest percentage 11 sterile 11 pollen were used and those 

plants -rrith hiGh pollen sterility were placed outside and allo ... 7ed to 

pollinate openly. On July 21, 1950, when the plants wcre eight Treeks 

old, they were all moved outside the greenhouse (after varions crosses 

had boen made) and allowed to pollinate openly. ~J this time, bcca.use 

.of. the excess heat in the greenhouse, all controls except three had 

died, and several of the tetraploids were wi:pecl. out by an atto.ck of 

1-:hite fly. 

Seed collected fro~ varions crosses ~~s placed in separate enve­

lope-s:--and. labelled to indicate the cross mo.de and the date of seed 

collection as 17ell as aroJ other facts i t seemed necessa:r"'J to record. 

Number of secd set.both normal and abnormal .. for a hundred pollinations ~ ~ 

in each self and cross combina ti on vras recorded • D.iploid and tetra-

plo id seeds 1Yere photoeraphcd •. 



-38-

(b) R.SSUIJTS AIS OBS~R.VATIOHS 

I. Gemination. 

The diploid control group of seed shoTied first signs of germination 

in sLxtecn hours and at t~enty-five hours eiehty percent of the seed had 

germinated. The tetraploid seed fran treated plants showed first signs 

of ,germination in tvrenty-one hours and at thirty-two hours eiGhty-seven 

percent h2.d genninated. At forty hours all the tctraploid seed had 

germinated and ninety-one percent of the control seed had ger.ruinated. 

The prima~J roots of the tctraploicl seedlings at forty hours vrere 

noticeably thickcr and shorter than those of the diploid controls, 

averaging one en. in length as against an average of one and a half ens. 

for the control croup. 

II. Root Developncnt"Cell Size, and Root Tip Cell Chromosome Counts. 

Four weeks after plantine, root tips were collected from the dip­

loids and tetraploids. Collections made in the nornin~, just after 

sunrise, yielded higher numbers of sonatic metaphase figures than 

collections Llade in late afternoon or evening. T'nis was also true for 

:r.J.eiosis. Tetraploid root tip cells vrere two to three times as large as 

diploid and all metaphase and anaphase counts gave the e~ected 4n= 32 

and all the diploids 2:n:: 16 chromosor.1es (Figures :C(IV and XXV). No 

abnormalities in the division figures were seen. 

R.oots in the tetraploicls were much shorter and shov;ed more lateral 

developr:ient than the diploids and the roots were noticeably thicker 

and lareer. 

III. Grovrth in Height and Heat Resistance. 

The tetraploids took on the average c.bout three days to come 

through the soil as aGainst an average ti~e of one day for the controls •. 
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Fig . XXIV- Diploid root tip cel1; metaphase (2n-16) . 
(Camera 1ucida drawin2 X 1800) . 

Fig LXV- Tetrap1oid root tip ce11; metaphase (4n- 32) . 
(Camera lucida drawing X 1800) . 



-40-

Up to fi ve '\'reeks after emergence the di plo ids surpassed the tetraploids 

in height. At the end of the ne..'rt three 1meks the tetraploidn had sur­

passed the controls in height( Figure XXVI and Table X ). 

The extrene~ hot and d~~ conditions in the greenhouse adversely 

affected the controls so that all but three plants had died by the end 

of seven weeks. The tetra:ploids, however, seemed to suffer less fron 

these conditions and did not show signs of vrilting to the same degree 

as the controls. 

IV. Le ave s and Stems. 

Tetraploid stems, vrere on the average thicker, less brittle (unlike 

those of treated plants) and less S'w":ollen at the internodes than the 

diploids. The diploids tended to be more constricted at the nodes. The 

tetraploid stems at thrce v.reeks Yrere very dark red in col our and even the 

veins on the le2.ves were dark red, whereas diploid leaves and stems at this 

tL";lC ,,.rere still light yellowish-green. The tetr2.ploid leaves "'aere much 

thiclcer, broader and contained less chloro:!)hyll pcr unit area than did 

the diploid. Their darker colour Bay have resulted from their greater 

thickness. The diploid leaves had a smooth, s;ymetrically curved edge, 

whereas the tetraploid leaves were notched and indented. The cotyledons 

of the tetra:ploids 1vere larger than those of the diploids. The stor.:atès 

of all tetraploid leaves were larger an~;_ fmTer in number per unit area 

than in the diploid. 

V. Buàs and Flovrers. 

Tetraploid plants usually budded a few dé·.ys e2.rlier than the dip­

loids. T'ne ir buds were well formed, larger and dàrker pinkish-whi te than 

the diploid buds. Tetraploid flovrers vrere larger in all respects than 

tho se of the cliploids. The petals were lon.ser and vrider and pistils 

and stanens vrere much larger and bctter developed than those 
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Table X. .eans and standard errors of heights in centimeters of diploid 

and tetraploid plants planted l'ay 1.5/50. 

1\l'eeks after 
emergence 

1 

2 

3 

4 

5 

6 

7 

8 

-Jr. results based on 

Diploid 
(10 plants) 

- 0.23 

1~1.0 2.5 

?8±n.25 

3°±0.27 

48:t:0.34 

.54-t-0.36 

r' 0.33 ./ 

641 0.31 

three survi ving plants. 
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3.5*0.18 

l·8i='l.l7 

.57:1:.0.18 

G7*"0.21 

7.5 .21 

Fig . XXVI- Heights of di plaid and tetraploid plants. Curve A - calcul­
ations based on ten plants except between (1) and (2) where results vrere 
based on three survi ving plants . Curve B - calcula ti ons based on twenty-
seven tetraploid plants . 
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in the diploid. Vecy- fev; nbnomal blossons Tiore seen mnone these 

tetraploids.. H0";7ever. an occ2.sional flovrer Tri th six petals did 

occur on so~o plants. Also the tetr~ploid plants on the average 

produced fewer flowers th2n the diploids. The average for tetra­

ploids was one hundred and fifteen pcr plant vri th a range fro:n fifty­

five to one hundred and sLxty-five. The diploids produced on the 

average one hundred and sixty-five per plant with a range of eiGhty­

five to two hundred and ten. 

VI. Heiosis and 11 Pollen Sterility.u 

Studies of meiotic pairing and chromosome counts were done for 

both diploid n- 8 and tetraploid n= 16. No abnor:malities uero seen 

in the control group in whi~h pairing in diplotene, diakinesis and 

nctephase I Tlas conpletoly bivalent (Figure XXVII). Chro:r.tosomcs and 

pollen mothGr colls in short-styled diploid plants ·were found to be 

larcer tha.n tho se of long-styled plants as stated by otl:.er "';rorkers. 

Also, counts done at }~etaphase II in the diploids gave eight chromosomes 

in each of four cells. 

As mentioned above, in the first division in the diploids eight 

bivalents ~ere res~larly present. On a theoretical basis in the tetra­

ploids one should expect to find eight ;uadrivalent Qssociations. How­

ever division figures at Metaphase I (Fieure LXVIII) i..l1. the tetraploids 

shovred that pairing varied tremendously fro:n plant to plant. Those 

with high perccntages of sterile pollen had higher numbers of univalents. 

Pentavalents, quadrivalents, trivalents, bivalents, and univalents were 

seen (Table xr·). Pollen nother cells L~ the short-styled tetraploids 

vrere slightly larger than tho se of the long-styled tetraploids; the 

chromosomes themselves ~ere also larger. 

Pollen sterility vras quite low in the tetraploids, ranging from 
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Fig. ~~VII- Dirloid metaphase I, short-st led 
plant, showing only bivalent associations (2n=l6) . 

(Camera lucida dra1r.ing X 1800). 

Fig XXVIII- Tetraploid metaphase I , short-sty d 
plant, sho~~ng mostly bivalent associations (4n~32) 
The arrow indicates a quadrivalent association. 

(Camera lucida dradng X 1800) . 
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Table XI. Chromosomes associations at nctaphase I. 

Humber 
of cells The valency of the configurations~- Total count 

I II III IV v 
,Diploid 

S3 3 0 8 0 0 0 16 

1s 3 0 8 0 0 0 16 

Tetr~ploid 

ss ,l 2 13 0 1 0 32 

ss 2 1 12 l 1 0 32 

ss 2 0 11 2 1 0 32 

ss 1 2 10 2 1 0 32 

ss 1 1 10 1 2 0 32 

ss 1 2 9 1 1 1 32 

ss 1 1 9 3 1 0 32 

ss 1 2 8 2 2 0 32 

ls 1 1 10 1 :2 0 32 

ls 1 0 9 2 2 0 32 

1s 1 2 8 2 2 0 32 

ls 1 1 7 3 2 0 32 

ls 2 4 7 2 2 0 32 

ls 1 3 6 3 2 0 32 

ls 1 2 6 2 3 0 32 

ls 2 0 5 3 2 1 32 

Total 26 

ss - short-styled; ls - long-styled. 
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one to ten percent vdth an avcraec of four percent. The pollen of 

tetraploids Yras founr:l t~ be more nearly spheric2.l and. r.:lUch larger 

than that from cliploids, as -rras indic2.ted in Part One. Pollen of 

short-styled plants, both diploid and tetranloid 1·ras sliP"htlir 
- ' u t) 

larger than that of the long-styled plants. 

VII. Pollinations. 

A total of tvrenty-seven tetraploids nade PP of twenty-four long­

styled plants and three · short-styled plants vras grm·m. 

All possible ways of crossing diploid an\..L tetrc.ploid plants 

failed, both leeitimate and illegitimate. In some legitimate crosses 

of 2X x L.X plants usine the 2X as bath male and fenale, abnormal seed 

was set. 1be pericarp developed but the embrJo did not and the seed 

shrivelled up and died. No seed was obtained at all from these crosses. 

Test pollinations so far -v;ould indicate that diploids and tetraploids 

vrill not cross normally and perhaps should be considered as separate 

species. A total of three hundred pollinations were done to test out 

this fact. 

Bath long and short-styled plants vrere selfed. iimong the short­

styled plants continued selfing of both diploids and tetraploids 

yielded no seed nor did selfing of long-styled diploids yield seed. 

A total of one hundred pollinations in each of these cases yielded 

nothing. However, certain of the long-styled tetraploids when selfed 

yielded normal seed at an average rate of sixteen per one hundred 

pollinations. ~·iith certain other long-styled plants continued self-

inz produced no seed. 

Attempts were made to outcross short-styled diploid plants to 

other short-styled diploid plants and the sa-me was "clone for·long­

styled plants. One hundred pollinations in each case yielded no 
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seed. Tne same resulted with the short-stylcd tetr~ploids - no 

seed was set. Hovrever, crosses between certain long-styled 

tetraploicl plé~nts yielded both nomal and abnornal seeds wi th an 

average seecl set of thirteen per one hundred pollinations. Other 

combinations of lonr:;-styled x long-styled tetraploids yielded no 

se cd. 

In the legiti.'TI.atc cross (long-st.ylcd x short-styled and the re- · 

ciprocal) ·ni thin both diploid and tetrë:.ploid groups thirty-two seeds 

per one hundred pollinations '.'rere obtaincd for the diploids 1'rhercas 

sixteen seeds pcr hunclrod ,Pollinations vrere obtained in the case of 

tetranloids (See Table XII). 

Normal tctraploid seed was found to be largcr ( tvm to threc 

times) than the diploid and ranzed in colour from black to mottled­

brovm to silver e.s v:as the case vrith the .seed produced by the treated 

plants. 
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Table XII. Sur:r2a~J of pollinations carried out on diploids and 

Plant number 

Diploid 

9 ss 

10 1s 

10 ls x 8 ls 

9 ss x 7 ss 

4 ss x 5 ls 

Tetraploid 

10 ss 

9 ls 

10 ss x 8 ss 

9 ls x 7 ls 

9 ls x 10 ss 

Tetraploid x diploid 

6 t, ls x 10 d, ls 

10 t, ss x 9 d, ss 

6 t, ls 9 d, ss 

induced autotetraploids ~ •. 

Cross 

selfed 

fi 

reciproca1 

tt 

n 

selfed 

Il 

reciprocal 

Il 

rr 

If 

Il 

Il 

Pollinations 

lOO 

lOO 

lOO 

100 

300 

lOO 

100 

lOO 

200 

300 

lOO 

lOO 

lOO 

Sced set ner 
hundred ... 

Pollinations 

0 

0 

0 

0 

32JZ: 

0 

16 

1 

13:ll :t 

16lt 

oP 

oP 

oP 

oP, pericarp showed siens of developing, hovrever no embr.ros were 
found developing.; t, tetraploid; d, diploid; ss, short-styled; ls, 
lone-styled. 

lt Uean of three separate sets of readings. 
lt ~ 11ean of two separate sets of readin1;s. 
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DISCUSSION 

After carefully considering bot.h the seed - and seedling­

treatment methods the latter treatmcnt mcthod secmed preferable. In 

the case of secd-treatment many seedlings were so slorrcd dov,n in grovrth 

tho.t they rotted beneath th8 soil. Seed-treatment h8yond thirt~:---si.:;:: 

hours did ~ot produce satisf2.ctorrJ rosults <:n::l the fe~;; pl2J1ts surviving 

the treatr1ent ti~e of forty-eieht hours vtere small, stunted, produced 

feTr flowers a.'l.d frcqucntly had high perccntages of pollen sterility. 

The seed set in these forty-oisht hour secd-treated plants T:-as low a.nd 

mostly all abnormal. Seed treated twenty-four hours vd. th colchicine 

yielded only three tctraploid plants. By increasing the treat:r::.ent tine 

to thirty-sLx hours nine out of ten plants proved to be tetraploid, 

seed set -rms fairly good, and the numhe r of ab normal· seeds 11as lo7r. 

Yfith the secdling-treatment method all plants,. -;rithin the treated 

lot, survived the lengthy treatnent tine of ~eventy-two hours. Treat­

ing seedlings after e:ncrgonce nade i t possible to study the effects of 

prolonsed treat:nent -rri th colchicine v:hich y;as not possible in the seed­

tr'Jated group. ~~ath as short a duration of treatment as t-v-renty hours 

tetraploid shoots did develop along -rri th diploid shoots in the S2lne 

plant. A treatment time of about thirty hours seened to give the be st 

results. Follovrin[S this treatment fcTI diploid shoots were present, 

flowers vrere numerous, percentage of abnorrml flovmrs lo-rr, pollen 

sterility low, and seed set zood vrith few resulting abnonnal seeds. 

Taking nodal cuttings from probable-tctraploid plants and rooting 

them seems quito an effective way of increasing the nu.r:1bcr of tetraploid 

plants. True, the numbor of floTrers producod by oach plant is low·, but 

Yfhen the total n1L':lber of flo-,·:ers for e a ch plant produced by taking nodal 
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cuttines from a sinzle plant is considered the overall total number 

of flow·ers is in excess of that procluccd on the average by a single 

plant. (lTodal cuttings were not confined to any one treatncnt lot 

but were taken at random). 

In general Yrith increasine duration of treatnent Thore poly­

ploid cells ~re apparently produced to a point Yrhere diploid cells 

are in the minority and the tissue to all intents and ptrrposes is 

pol::rploid. 

At thirty-six hours in the seed-treated lots and around thirty 

hours in the seedling-treated lots a threshold is reached above which 

the taxie or poisonous effects of colchicine eive increased physio-

logical disturbances leading to production of nL~aploid tissue (appar-

ently) and manifold abnormalities such as decreased flovrering, in-

creased pollen stcrility, etc. Bclow this threshold level, it is 

true, polyploid cells arc produccd but the balance vreighs in favour 

o.f rapid.ly dividing cliploid colls which apparently have a selective 

advantar:e over the slcr:iydividing polyploid cells. At the threshold 

level, however, the balance apparently.tips in faveur of establish­

ment of pol:yploid cells and pol::rploid tissue can competc successfully. 

A louer threshold level in treatment tine in the seedling-treated 

lots (circa thirty hours giving most favourablc results) nay be ex­

nlainable on the basis that the colchicine is applied closer tQ the 
~ . 

tissue that is dividing (the gro-rri..."lg point e:ncrging from bet-rmen the 

cotyledons) and consec:_uently effects are more direct, Yrhereas wi th the 

seed-treatment method the colchicine has first to penetrate several 

layers of tissue (pericarp, etc.) before producing its effccts upon 

dividing cells. 

The problems of sclf-incompatibility, pollen stcrility and 

hetcrostyly vm.rrant a feTr Ymrds of discussion. In the diploid plants 
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cross pollination is favoured by heterostyly, a character apparently 

controlled by a sinele gene pair Ss. The heterozysotes of the con­

stitution Ss ho.ve short-styles and the recessive homozygotes (ss) 

long-styles. In the first gcncr~tion from treated plants obtained b:r 

cross pollination (both long-stylcd x short-styled and reciprocally) 

of tetr2ploid flovrers procluced through colchicine action the ratio 

shifted to a marl::ed preponderance of short-stylcd plants, since the S 

factor lïas dominant to three s factors and. thus the short-style 

character was expressed in tetraploids of either the eenotypes SSss or 

Ssss. This observa ti on has also be en reporte cl by Sakharov (19.46a) who 

st2.tes, "the norr:10.l r.:ttio of 1:1 is restored, ho-rrever, tov:ards the 

third,· fourth, and fifth generations as a result of the fact that cross­

ing could only occur betrrecn short and long-styled plants and plants of 

the original constitution SSss are repl2ced by Ssss plants. 11 · 

In my first eener2. tion ( tetraploids grovm from seed collected from 

treD.tedplants) twcnty-four lonr;-styled plants and only three short­

styled plants were obtaincd. Since more short-stylcd plants Yrere ex­

pccted on the basis of the above genetic mechanisn of dctcr:nination of 

stylo lensth, thesc results are peculiar anri nerit further study. 

Diploid-tetraploid crosses vrere not successful. In crosses made in 

both directions all seed set -rras abnormal. In sorne cases pericarp devel­

oprnent v;D.s initiated but no embryos developed. Sakharov (19h6b) also 

reported that diploid x tetraploid crosses were unsucccssful. The 

difficulty may lie in the inability of triploid emb~JOS to survive when 

the ratio of genomes in emb~o and endosperm is chansed, in as much as 

no embryo development Yras se en in an:r of the abnormal seeds. 

As far as incompatibility is concerned there is more here than 

meets the oye. Selfed seed is difficult to obtain fro~ the variety 

Sil ver Hull. No seed vras set on long-styled or short-st:rled diploid 
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:plants by selfine althoueh numerous pollinations were donc. Hovrever, 

three of my lone-styled tetraploid plants selfed ~uite readily and 

Trere able to cross anong thcmselves. It is possible that in the 

tetraploid there is a breakdoYm of incompatibility factors, a fact 

not incompatible Trith other -rmrkers' findings vrith autotetraploids. 

Dundquist (1941).- found that in rye the inbred tetraploid strains were 

as self-sterile as the original diploids, but incompatibility is less 

pronouncod and some selfed seed is set in certain plants. 

To insure crossability and to maintain heterosis selection in the 

p2.st nust have been responsiblo for the build up of incompatibility 

factors. It therefore nay be possible in these lone-styled pl2.nts, 

-rrhich set seed, by continued selfing, to select for self-compatibili ty 

and select out self-inco::npatibility. In the autotetraploids vrith four 

sets of genomes nany nore co::1.bin.:;.tions than in diploids are :possible 

and selection shoulcl prove intercsting. 

Lïi th the short-styled diploids and tetraploids no se cd v;as set by 

selfine or crossing bet-r;een them exceptinc: in one case in tr:-o short­

stylcd tetraploids V>'"hich -r;hen crossed yielded one seed which might have 

resulted fron contamination. A total of one hundrcd pollinations had 

be en do ne in this case. If contamina ti on y; as not in vol ved i t T;ould 

seem to follovr that there is also some breakdoYrn of incompatibili ty 

factorc in the short-styled plants, but not to the same der;ree as in 

the long-styled tetraploids. It is also possible that in the short­

styled tetraploids certain types of these "S 11 factors may be conducive 

to.seed set. Also other conbino..tions of factors are possible in 

the tetraploids -rrhich are not possible in the cliploids. 

Pollen sterili ty in the tetraploids vras surprisinzly lo-rr, averag­

ing around four percent. Division figures of I'~eiosis -irere quit.e 



-5~-

clifficul t to ob tain in the se tetraploids and only t"wenty cells -rrere 

analysed at lletaphase I. At this stage :r.1ostly bivalent associations 

1tith fe-..-r nultiple associations Yrere found. In those plants Yrhere the 

emount of sterile .Pollen was very low, the highest numbers of bivalents 

Yrere recorded ( t"rrelve on the average) Tri th few multiple associations 

and feYr univalents. In tvro plants vrhere pollen sterili ty vr~s c1ui te 

high (around ten percent) fevr bivalents vrere seen (six on the average) 

and multiple associations (pentavalents, etc.) and univo.lents were 

nu .. "ilerous. .1\.fter looking at and studying various divisions it T:as sur­

prising tho.t the percentage of pollen sterility 1-ras not hicher in these 

plants. Frolova, Sakharov and t:ansurova (1946) reported that pollen 

grains ni th fourteen o.ncl fifteen chromosomes Yrere viable. As regards 

whether pollen Yrith more or less than sixteen chromosones is capable 

of fertilization, he points out that the occasional occurrence of 

diploid seeds on fertile tetraploids sucgests that 11parthenocarpy11 may 

occur. Also he claims that hypoploid and hyperploicl egg cells -rrere 

more frequent in plants for:ning a large a~ount of abortive pollen, and 

rare in hirrhly fertile plants. 

r:bether induced autopolyploids improve in fertility and res;ularity 

in mciotic bchc.viour after Iilany generations is a signj ficant question novf 

beine studied. Should they do so and becone distinct neTl types with 

regular bivalent formation, it is possible that they Iilight have greater 

genetic stability than their ancestral diploid types, for the reason that 

a new recessive mutation would remain hidden lon,:rer and affect the 

phenotype only in those rare individuuls having c.ll the incrcased 

rrtmber of controllinG factors in the recessive state. 

At this point it v.roul,J be difficult to say whethcr the tctrap+oids 
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rdll prove to be of economie value or not but if fertility and seed 

set can be broueht up to the cliploid level the~r should prove their 

~orth on the basis of seed size alone. Only field tests on select­

cd lines ~:ri11 provide an anS~:rer to this question. 

SŒ,:.F.:LT{Y 

Trro :methods of treatment vrere used in this study (i) seed treat­

ment nethod and, (ii) a cont~ct method for seedlinc treatment. Treat­

nent times of thirty-sL~ hours in the seeèL-treated eroup and thirty 

hours in the seedline-treatment group eave the nost satisfactory 

results. 

Tr:enty-seven tetraploid plants made up of tvrenty-four lone-styled 

and three short-styled plants were obtained. These plants exhibited 

the 11 gieas 11 ch~ractcristics of tctraploid plants, larger and thicker 

lea..ves and stems, largcr flo·,yers and seed and increased pollen steril­

i ty over the diploids. A short study of ~eiotic fi:jllres -rras clone and 

:rmltivalcnt associations were seen. 

Further field tests will be con:iucted in the future to test the 

vmrth of the tetraploids over their diploid ancestors. 
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