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~ N T ~ O I ) U C T I O K  

C~o~roso~m doubling (autopolyploidy and allopolyploidy) and chromo- 
some reducdo~ (haploidy) are processes which always condition a series 
of hereditary variations. The euploid chromosome changes, i.e. complete 
haploidy and pol.yploidy represen~ directed variations in. a s~;riot sense. 
Hap]oids hav~ng n chromosomes migh~ produce diploids with 2 ~, chromo- 
seines after duplication. When a haploid (n) and a dipioid (2n) gametes 
fuse, triploid (:3 ~.j plants origins.to. TetraploJds (~tn) originate by chromo- 
some doabtiag in diploids or by fusio~ of two diploid gametes, e~c. There 
is a series o2~cha,raeters dmt varies parallel in%o definite directions with 
the euploid cl~romosome changes: n, 2~% 3~, -'b% 5~, 6~, e~c. Good 
examples of such varial)ions ace: (1) Gradas1 increase of Lhe nuclear and 
cell sizes as a sequence of the euploid chromosome increase (d~lplicatiotls) 
and vice versa--a decrease in die auolear and cell sizes as a eeqaence of 
the ev.ploid reduction of the chromosomes. (2) Gradual increase of the 
breadth of eh.e leaves in respecb to their length as a sequence of the 
euploid increase of the chromosomes, and vice versa--a decrease in the 
breadt[t of t[~e /eaves ia respect to their Ienggh ~s a sequence of the 
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euploid reduedoxa of the chromosomes (haploidy). (3) ~½ increase in the 
size of the seeds as a seclue~lce of the chromosome dupIication, etc. 

Chromosome doubling usually leads to a prolongatioll of th.e vegetation 
period, while chromosome reduet, ion te~ads to a somewhat earlier flowering, 
Such regularities obey a series of characters, but there are also characters 
that change a~ random, depeuding ola the plant in which the chromosome 
duplication has taken place. The size of the flowers, and ~he size of ~he 
plants, for example, migh~ increase or decrease after chromosome 
doubling, depending m~. the plant in -which duplication occurs. I shall 
consider here chiefly the above-mentioned three characters that change 
into a definite direction. 

~]~TIIOD8 AN]9 ]~ATEZIAL 

Ten years ~go J~rgensen (1928) h~duced chromosome doubling 
in the genus So!a<~um by decapitation and proposed this method for 
production of polyploids in other pla.nts. This method is a simplified 
variation of Winkler's method (1916), who proposed first grafting and 
then decapitation for inducing polyploidy, At the present %ime we do not 
lmow exacdy what kind of processes proceed in the wounded tissue that 
Iead to chromosome doubling. The assumption that wotmd hormones are 
the responsible substances for the duplication coald satisfy ~he biologists 
many years ago, bug at the present time it does not suffice to interpret 
causally step by step the whole process. 

Just at the time when the decapitation method gained great popu- 
larity, Randolph (1932) reported that polyploid plants can be produced 
by high temperature, gandolph (1932) and later Dorsey (1936) and o~hers 
exposed celled or crossed plants at high temperature (40-i.5 ° @.) at the 
time when it is supposed that the ±'st cleavage of the fertilized egg takes 
p].ace. This method seems to work satisfactorily in Oramineae in which 
the decapitation method can~lo~ be applied suecessNlly. 

Except these two methods, polyploid forms have been produced in 
various ways: by X-rays (Iohijima in rice), by Bacteriu~ tumefc~ie~s 
(Kosgoff & Kendall, 1932, 1934), by eeatriitging (Kostoff, 19~7, 1938), 
etc., shortly, all agents that klterfere wi~h the meiotic ~nd mitotic 
processes, tIybrids, especially ingergenerie and most of eke interspecifb 
ones as well as heteroplokl plalats, have h'regtdar meiosis, form occasion" 
~lly uaredaced gametes, and sometimes give rise to polyploid forms. 
I~Iybrids ~hat form large nn~bers of unreduced gametes (NicOga~c~ 
rustics x N. pa~ic}datc~) give rise more frequm?.~ly fie polyploid, eS_Deeial]Y 
amphidiptoid plants. Unredueed gametes, formed by Jgl hybrids in a 
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limited number, were successfully used by the author {1935) in produGing 
polypIoids by crossing F I dAB) first to the one of the parents (A) and then 
to go other (B}. By ~his mathod the following amphid.iploids were 
produced: [(N. ~'~stioa x loa.nicu~c~tc~ ) x ~'ustiecj x pc~'~@~datc~ ; [(N. 9Zc~uc~ x 
Lc~ngsdo'~i) × Lc~ngsdo<fii] x 91c~uca; (N. sylvest,ris x tomentosifo~'m.is) x 
s'ygvest~'is x Xomentosifo~'miS ; etc. 

Finally, a series of allopolyploids were induced apomictically in polli- 
nating F'~ hybrids with pollen from one of the paternal species or by 
pollen fl'om a third[ species, as, for example, ~Yz (ffi~/cum f imopheev i  x 
Tf. mon.osoceum) × a turgidoid segregate from.~he triple cross T'r. v~dgare 
--tu~g@~m--gieoeeum (Kostoff, 1936) and ma~y o~hers. 

!=lap[old and polyploid forms, used[ for the studies here reported, were: 
Pea~ ia  viobceae 2~'~ and 4.~, So lgnu~  Lycops~'sieu~n 2 ~z and 4~, iVieotiana 
g~a~ca 2n and 4:n, zY. L<~gsdsc~i n and 2q~, N. sy~vest,ris n and 2% 
N. q'usgec~ ~ and 2~; E1 hybrids, amphidipleids and parental forms of 
N,ioeKauc~ species, namely~ N. 9gauea--Langsdou#ii, N.  ~'ustioa--Tc~'Meu- 
~ata, N .  ~stic~--91,,~cc~ , N.  ~'ustiea--tc~baou~n, zV. m~dtiva~vis--suaveoleq~.s, 
T,ritic.u'sz Timo2heevi--~no~.oeoceum , ~nd Tr. dieoecu'm--Hay~cddic~ vilgosa. 
They were obtained by various methods (of. Kostoff, 1930a, I934, 
1938a; Kostoff & XendaI], 1930, 1933). 

Very recently, Blakeslee & Avery (1937), Ncbe~ & RuttIe (1938) and 
the author (1938b} h~.dueed chromosome duplications by colohieine 
solutions. Auto,her chemical agent that induces similar effects is ace- 
naphtheae. Its biological signi£cance was shown by Shmuek (19.38), 
while its influence upon the mitotic processes was studied by the author 
(1938b, 1938e) and by Navashin (1938). I~s effect upon the procedure of 
~he meiotic processes was studied by ~he sucker (Kostoff, 1938d, e). 

Cofchioine solutions and sublimated particles from adenaphthen.e 
crystals paralyse tl~e activity of the factors that participate in the 
metaphasal arrangements of the chromosomes at the equator and in the 
formation of the achromatic figures (spindle). D~cing the mi~osis the 
chromosom,as divide but do not separate; thus chromosome doubling 
takes pb~ce, in some cases the chromosomes get spread into the c}4~o- 
plasm. This ~akes place especially during d~e meiosis unde~' 65.e influence 
of acenaphg.hene particles. It leads to formation of numerous nuclei with 
various chromosome numbers. Din:lug the cy~okinesis numerous micro- 
spores are refined wi~h various chromosome numbers, some ha~J-ag more 
than one nuclei. 

The results obtained recently in expert.insuring, with colchieine and 
aeenaphthene showed that at the present time these two chemical agents 
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are the most promising ones for inducing chromosome duplications. In 
applying colehidne, I obtained polyploid plan~.s in Nicotiana Sc~nder~e; 
in applying acenaphthene, I obtained polyploids in iVico~icbna lo~Wiflora , 
T~'iticu~n &o'~m, Festuca p~'c~tensis, e~,c. 

Each one of the above-mentioned methods represenbs a logical out- 
come of previous works upon the reaction of plant and animal cells a~d 

• tissues to : (1) woundings, (2) temperature, (3) chemicals, (4) bacteria, 
etc. t n  some of the above-mentioned cases chromosome doubling is 
probably preceded by an increase in the protoplasmic viscosity or the 
agents act somewhat on the spindle formation, which participates in the 
process of chromosome separation. In our earlier papers (Kostoff, t930, 
19.3t; Kostoff & Kendall, t931, 19.39, 19.33, 193~; Kendall, 1930) we 
expressed the opinion that agents increasing the protoplasmic viscosity 
should act as induetors of chromosome doublflags. Poecent experiments 
supported this opinion in many respects. The new trend of the researches 
should be directed towards the fllvsstigation of the chaha of processes that 
proceed from the tim e of action of the chromosome doublflag inductor until 
the completion of the chromosome doubling in the reactor, and there is 
no doubt that more effective agents for chromosome doubling can be 
found after such a kind of investigation. 

The methods appIied until the present time for chromosome doubling 
(including those applied in doubling the chromosomes in partially fertile 
or sterile hybrids) and thsb perfec~.ion by new researches, open a new era 
in biology, especially in plant biology. 

We know at ~he present time that chromosome doubling in plants is 
not simply a mechanical process, a "tetraploid" is not simply a "diploid" 
with twice as many chromosomes, bug a new biological system. I am 
broadly 5aking up hers in this paper only a few characters for the 
illustration of ~his statem.ent, namely, the cell size, the leaves; in respect 
to their shapes, particularly length, and breadth, and seed weigh< but, a 
series of other characters are also briefly considered, i shall consider here 
three types of euploid chromosome changes: (1) a~ltoI, etraploidy, 
(2) allopolyploidy, and (.3) haploJdy in bobaeco, tomato, Pea~,e~ie and 
wheat. 

TH]~ CHAI~ACTEI{8 STUDIED 

(~) Le~' &'eadJ~ 

Tetraptoid tomato (:' Mikado") .has shorter but much broader leaves. 
The variety '~5{ikado'', from which we had obtahled betraploid forms 
(Kostoff & Kendall, 193~), has composite leaves as any tomato variety, 
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b~t6 i~s ]eMte~s are much larger ~han those of ~he o~her w~riebies. Ia  
measuring the Iength and the brea.cl~h of ~he fn'st two (from the p~tiole) 
legflets in diploid and {,etraploid tomatoes we ob~Mned bhe indexes 
length:b~:ea4th :for hobh forms whioh show cMini~ely tha~ ~o~raploids 
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Fig. 1. Diploid (left) ~md ~e~,rap~oid (right) ~om~to ("3'Hk~do"]. 
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hzve bro~dei" lea,res th~n dip]o~ds. The d~ta are given, in Ta£]e I. A 
p~ct~re of these plan%s is given i~ Fig, I. 

8imil~r ~:el~bions were fomld in meas~riug the leugth ~nd breadth in 
tetraploid and ~liploid N@o~,ic~z~ ~Jga~e~c~, (.Plants of 5here forms were 
kindly supplied by G. Prota,ssetda, for which I wish to expres~ here my 
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gratitude.) Tetr~ploid N. 91euae has also broader leaves (Fig. 2) ~han the 
dil?loid form an shown in Table II. 

I~ shmfld be mentioned here that other strah~s of N. 9~auea have 
narrower leaves. I have measured ~he leaves from N, ylctuca plant 
vegetatively propagated by cuttings from which Prol~assenia produced the 
~e~ra]?loid one--and kindly sent me rooted shoots. 

,i I/I~ i; :/ii':!: ::~. :.~::i:il.ii.! :~i. i.. ' ,. 

]Fig. 2[ Lea~es from diploid (tort) and ~eLr~p]oJd. (righg) l~V~:col~an~ gl~tv, cc~. 
O 

The ~etraploid form was also propagated by cuttings i,n order to avoid 
"segrega~io;z" 

t gave above two examples ;vhich show that auto eegraploids produced 
by eh.romosome doabling in diploid.s have rela,tiveIy broader leaves. The 
increase of the breadth of ~he leaves its. tstraploJds in respee6 ~o the l.engtl?. 
is a magai~ade i~hat does uot vary very greatly, while the length atone is a 
more variable one. In some tetraploids the length of ~he leaves iaereases 
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somewhat with a sign:ifieant increase of ~he breadth, in olff~ers the length 
of the leaves in the getraploids is not increased, and in a third group of 
t~etrap[oids the length of the leaves decreases at film s~me time when an 
iaerease in breadth ~.akss pl,~.ee. 

Allotetrap!oid plants produced by chromosome doubling in F~ hybrids 
have also broader leaves like the autotet:,:'sploids in ~:espee[ to the dipleids. 

Fi~',_ 3. Leavea from the Fj  hybrid., Nir~ogttJI.c~ .rtIaI~cc~" ,,~,."' v Lruo.g.sdo~J~i; (righe) and  :from ]ts 
~¢mphidiphdd ([eft). 

I shall give here in Ta, bI.e III, as an exam]?]e, [lie in.dex of th'e length: 
breadth of the leaves in bhs ff~'l hybrids N.  gl/tv, cc~×Lr~,.~..c]sgo'r~f{ 
(2,~=21), and in the a, llotetnK~loid (amphidiploid) ,N. 9Zo,~ce~--L~gs-  
do,jfbi (2~z=,~2)(Fig. ,3). 

I~, shou.ld be mentioned here that the amphidip~oids: N. r'~stfcc~ 

• --t.e&zcv.'m have much broader leaves than ~he F~ hybrids and smaller 
indexes l.enggh: breadth l,hall their 1? x hybrids, Simila,rly ~he amphi- 
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diploids Tr~:~ic.~)n f 'i~mo,]aheev.~--mo,t~ocooe'l~m mad Tr. dicooe~,m,--Ha~.].-ac&b;a 
vi~,gos'c~ have broader leaves than ~l~eir 27~. hybrids. 

TI:~e above-given examples showed that the el~,romosom.e duplication 
lends go an increase of breadth in the leaves. 

The s~udies on the hapleids show, on the or.her k~nd, fhat fhe reduceion 
oi7 bhe clu'emosozaae number, i.e. haploidatioG leads to a coasiderable 

.Pig. 4. i[-ea.res from diploid (lef%) and ha.ploid (rfgh~) Nico~ff~na syh,eslorfs pkmt,~. 

~eductio.~ (.u~rrowi~ig) it~ bhe b:re~dth of the leaves. ;¥@c,o~@a,~c~ s?flves~r~s 
l~aploid (~, = 12) in. e.om.parison with the diploid N. ,s?y~vest'r'is (2'J~ = 94) will 
serve us as an example, tn Table ;IV e, he index le~gt].t : bread.tie of the 
leaves i.rt the kaploid slid diploid N. s~jh~e.~#i,s :is given (Fig. 4). 

The dat~ givm.1, iu 'fable IV skew thee diploids l~ave broader leaves 
~han t.taptoids. Haploid N. ,r~,st{ce had aIso l~aa:rower leaves tlhan, the 
diploid form l;rom which it or.[g[n~,ted. Diploids produced f±'oa~ the 
haploid N. ~'z(,a~icc~ by sel.[i~.?.g the haploid mad diploids produced :from the 
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haploid N. ~yZvest~'is had leaves like the diploids from which ti~e haptokls 
ocigb:atecl. These examples, in addition to those given above, show that 
eln:omosome dulolication leads to an increase in the breadth of the 
leaves. 

This stateraent is.of great significance from a practical point of view. 
Some plants, the leaves of which are the commercial product, as in some 
strains of alfalfa, for example, can be rendered more useful after chromo- 
some doubth~g. Such plants will have broacle~ leaves. Is_ carrying out 
such kind of work one should not forget that a too great accumulation of 
chromosomes af{fects the ~dt.alit y of plant organism (Kostoff, 1935). 
[Plants with ca. 900 chromosomes are not "giants" but rafiher" " dwarfs" 
when eomp&z'ed with the species of the same genus. 

(~:) Ceg c~d ~o, tcfeus size 

in 1905 Boveri showed that the size of the nuclei in echinoderm 

larvae is dependent upon the number of the chromosomes the m~clei 
contain, in a later paper he reported that the surface of the 
ntmlens is proportional to the chromosome number and the size of the 
cell is proportional to both. More recent investigations (Gates, 1909; 
Tisehler, 192t-92; V, rettstein, 1924; Karpechenko, 1.928; Kostoff, 1934; 
Kostoff & Kendall, 1934; Sbmott et cd. 1934, and many others) showed 
that polyploid plants have larger nuclei and cells no matter that there is 
not constantly an exact proportional increase of ~he celt and nuclear size 
with the chromosome doubling. Haploids have smaller cells (of. Kostoff, 
1938) than diploids (Tables V-VII), while tetraploids have larger cells 
than dipIoids (Tables VIII-XV). 

I am giving in Table V the diameter of the pollml motlier cells of the 
haploid and diploid iV..sygvesg~'£s during the I labs metaphase and I early 
auaphase. The difference is very striking, the haploid M=17.47 and 
diploid M = 23-83. The data given in Table VI show that the ieng~]:l of the 
stomata cells in diploid 76. ~'v, tioa (M:f~6.7~.) is almos~ twice as lai'ge as 
that of the haploid N. ,r'~tatiect (M=26'41.~.). In Table VII I am giving the 
ratio of the lbaear dimensions and of the volumes of cells in 8il~loids and 
[baploids from various organisms, including t;hose of the haploids and 
diploid.s which I have recently studied. 

The same tendency, ~hough, in some cases, less striking, cm_~ be found 
in compari~g the sizes of the cells in diploids and tetraptoids. I am 
reporting in Table glll ~he data obtained ia :measaring pollen mother 
cells in tobacco polyploid ;plants. The data given in this table skow that 
the nuclei increase with the increase of the cba:omosome m~mber. Cells 
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also increase with ~he increase of the chromosome number. NeasurSag, 
however, the diameter of the cytoplasm together with the nucleus (MO) 
and the diameter of the nucleus (MN) and subtracting the latter from 

TABLE VII 

Ratio~ bet,ween h:~ear dimensio'ns a~cl voh,.me dime~sions in 
l~c,.p2oid a~d diploid o<q~misms 

Organis ts  Dimens ion  Tissue or cells Kap[o id  Diploid  Author 

(I)  zY. LangsdorT~i Line~r  ~oo~ cells I i-6 I(ostoff', 1929 
(2) N .  Langsdm:ff i i  Volume P~oo~ eelIs 1 4 I"2ostoff, 1929 
(3) N,  ~yh:estr'is Lh~ear P~fC, I anaphase  1 1-31 Koseoff 

(also 1-36) 
( t )  N .  s~flvest.ri.s Volume PNC, I a e a p h a s e  1 2-2¢ Kostoff  

(also 2,50) 
(5) N ,  rusf-icc~ L i n e a r  S t o m a t a  cells i 1-4 Kos~off 
(5) ~V. rus t ics  Volume S~omata  cells 1 2-74= Kos tof f  
(7) Crepia caldllari~ Volume  Pooo~ cells 1 2-22 Navash in ,  1931 
(8) Droso2~hila Lh~ear E y e  f~eets i 1-~-1 Bridges,  1925 
(9) .Droso~Mga Cubical  Eye  i;~eet.s 1 1.77 ]gridges, 1925 

(10) U w d a r l e  Linea r  Pol len 1 1.28 Bet[lug, 1995 
(11) ~ u n a r i a  h~g'rovzstrfca Cell v o l u m e  L e a f  cello 1 1-8 We~tsteh?, 1924= 

TABLE VIII 

Tt~e dCarmeter of tlae n,uc~ei, cyto]o~asm of fiat Ce{r[.S (som ew/mt contracted from 
the fi~cation), and t]~e cells (the cell ~ocdls) in ,micro'he 

Cytoplasm n4~h ~he 
Nuclei nuclei The eeH~ Cce]l w~,lts) 

Plan~S n M2Z a ~ _,kr6' cr ~ M a MO - MN 
Am~kidipioid (.*Y. r~.~stica x pa~gctdatcj, 2n = 72 : 

(a) Lepto~ene 100 15.22 1.19 100 2.3-78 1-89 100 25.89 g.53 8,83 
(b) Diakinesis 100 14-87 t-62 !00 9~2-62 1-78 100 24"9o ~ 2-28 8.75 
(c} I megaphase ~ 10t3 13"45 1,3 100 22~88 1.96. 100 24=-92 2,27 8.98 
(g) I i  me~aphase 100 11-03 1-84 100 21"21 1-63 100 25-95 9-53 - -  
Co) T~Lrad stage - -  - -  i00 21.&7 ~-00 100 27-03 8-84 

Y t (-*Y. rv.sK~a xlm~dcu.gat~), 2v,=36: 
(a) I me~aphase 100 10-86 1-03 100 18"86 1-2.3 100 29"89 1-99 8-00 
(b) II m~gaphase 10O 8'74 1.8 i00 17-25 0"97 i00 ~i'05 1-8-5 -- 
{~) Tebrad sL~zge . . . . .  100 17-07 1-~ 100 20.91 1-56 - -  

(N. ,~slic'a x .paniCulaga. ) x ,t'v.s~ic~% 2'I~--60: 
(a) Diakiaesis 100 18.82 1.29 10el 21.07 1.~18 109 24.97 2-2 7.25 
(b) I metaphase 100 lS-Lt 1-.18 i00 21..08 I..68 I00 25.87 9-32 8,2 
(e) I I  megaphase 100 9"88 2"3 100 20'57 1.1'7 100 25'16 241 - -  
(d) Tegrad s~a.ge - -  - -  t00 18"88 2.04 t00 21.00 2 4 8  

.4mphidipbid {:Y. rt~stica xl:,o.~dc~Uatc~) , 2n =79, another pianO: ,7 
(a} Lop'clone 100 14"83 1,13 100 22-74 1.8! 100 2.5-92 2.87 7.91 
(b) Diakinesis 100 18-75 1"1 i00 28"41 1.51 100 27.02 g-21 ~"66 
(c) tmef ,  aphase . 100 13.87 1-04 t00 2{-01 9-2 t00 27-48 ~-84 10-!1 

+~ For DEe column "nuclei"  duriug ~he me'~aphases, the diameters of the mebaphase ptages are giren, 
MBT=avera,ge ralue of b[*e m:cIe*.a diameters. 
MC =average value of ~he din, meters of the eyboplt~,sm. 

the former ( M C - M N )  at various stage of :meiosis, I obtained d~ta which 
~how that the distances (d) beSwoon nucleus surface and the surface of the 
cytopb,sm do not differ signiD.eandy in polyploid planfis wi'0h various 
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chromosome numbers. The volume of the cytoplasm, however, increases 
wRh the increase ,of the elu'omosome numbers (Table IX). 

TABLE IX 

The voh(:me of the ~.u.clev, s, eyto2lasm with ~u~c~euG cytoplasm a~one, 
cell wall e~tent i~ cubic microns 

PIa,ni.s n Nucleus 

(1)  Am,2)hid@leid (N. mcstica x pa'aicula~a), 
(a) Leptotene 100 1693-10 
(b) Diakinesis 100 1727+70 
(s) I metapha.se* 100 426-63 

(2) Another amphidiploid phmt: 
(a) Lept.ot:ene 100 t706-88 
(b) Diakinesie 100 2044-65 
(~) I meLaphase i00 448'50 

(3) (N. ru.stica x ,punier.gala) x rustics, 2n - 60 : 
(a) Diakinesis t00 1381.34 
(b) Me~al3hase 100 422-86 

(4) F i (N. .rv.stica x 2c~nicu~ata), 2n = 36 : 
I me~apha.se i00 277,7,5 

• Cytoplasm 
Cytoplasm alone (without Cell walt 

with nucleus nucleus) ex ien t  
2 n = 7 2 :  

6162.00 4468-90 8667.38 
6089' i0 4361.40 8108-59 
5866,22 5489.59 8147-35 

6153"89 4447.01 9041,56 
6711"54 4666.89 10326"65 
7243.61 6795.11 10859-97 

4895-21 3513.86 7509'78 
4888.26 4465-40 906@82 

351@97 3233"02 6284.70 

* For ~he column " n u c l e u s "  durhug ~he mebaphase, ~he volume of the metaphases  was 
~ateu]at, ed af%er the formula r-~h, where h is the th iehless  of the motaphase plate measured 
from ~he side (i.e. the extension of the bivMenta--side view). 

Tetraploids and amphidiploids have larger pollen grains than their 
diploid forms and ~i hybrids (Table X). Larger pollen grains (from 
plants with larger chromosome number) germinate with thicker pollen 
tubes (Tables XI and XII). Tetrap]oids have larger somatic cells than 
diploids. Examples are given in Tables X[{II-XV which show that the 
peri.blem cells in root tips and s~omat.a cells are larger in tetraploid 
plants. 

(s) S~ze of seed 
Chromosome doubEng afresh many other  characters of fhe plant 

organism, Tetrap]oid plants have much larger seeds than diploid.s. 
Twenty-thrc~ seeds of the tetraploid tomato (" Mica, do ") weighed as much 
as tkii'ty.;aeeds of the diploid form from which the tetraploid, was pro- 
4ueed. I shall mention here that %his difference is not due to the smaller 
percentage of seeds set by the tetraploid, since the seeds from the diploid 
plan~s were takert out from :[fuRs having about as many ,seeds as those 
of the tetraploi4 form. This was obtained by castrating and sel/~lg the 
flowers of bee diploid by very small amounts of p@en. Thirty seeds 
(obviously normal) from the tebaploid N. yl~uec~, weighed as much as 
thh%y-nine seeds from ~he diploid. 

30-2 
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Amphidiploids also have much larger seeds (and grains) thou either 
of the parental species when the difference between the seeds (size and 
weigh~) of the parental plants is not very great and larger than the mean 
value of the seeds of the parental species when the difference between ~he 
seeds (size and weight) of the parental species is great (Tables x g I -  
XVm).  

TABLE XtI  

The thic]cness of the po~len t'ubes in tomatoes in mic,ror~s 

Thickness ia microns 
r . . . . . . .  ~ a Total 

Plan~s 4"7 5'2 5,7 6-2 8-7 7,2 7-7 8-9 8"7 9'2 9,7 u #[ 
Diploid~omato 1 81 89 15 3 I 163 5-52 ~0,38 
(2n =24) 

Te~raploid tomato 1 - -  42 48 8t 37 18 3 180 8-05 _=0-69 

;lf~ - M;l=2.53  -- 0.06, 

TABLE XIII 

Tc~gential (Iengt]z, L] a~d ~'a.dia~ (breadth, B) diraensions of the 2eriblem 
cedis i~z t/~e root tips in mic~'ons 

At a distance of 250-300 microns Ae a distance of 700-750 microns 
fl'om the tip (end) from the ~ip (end) 

3I L + 2]Z/~ lIi L + ~}'i I~ 
Plants n 31L MB 'n ML ]lib 

2 2 

]3iploid(Petuwiaviolacea), 100 16.09 13-5 14.79 I0 22.6 21.4 22.00 
2~=14 

Tetr~ploid (p .  viotacea~), 100 ~I'12 19'90 20'5i I0 34"35 30'75 32"55 
¢r~ = 28 

Diploid tomato, 2'r~=24 1O0 t6,35 16.08 16.Bt 10 24.31 21.9 23-10 
TetrapIoidtomato,4n=48 100 18,~2- 18,10 18-26 10 25,8 24.49 25.14 

3~=~ver~ge value; L =length; B =breadth,  

This can be considered as a (tkh'd) general rule. Ifi is of great practical 
significa~oeo In addition to the amphidiploids given in the Table XVI, 
the amph.idiploids, Triticum vulgaq'e x Secaae ce~'ecde and Tritieum &~,rum x 
Secale "montana,n, form also larger grains dmn the parental forms. 

The weight of the see& of t½  araphidiploid Nicoga~za rustics x 
tabaeuv~ is close to tkat of the parent with tke smaller seeds, because some 
of the seeds of ~he amphidiploids are "empty"  e~closing air. They do not 
germinate. The size of the seeds and embryos, however, of the amphL 
dip]oids are close to those of the pare~zt with larger seeds (Tables XVI- 
XVIII). 
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(d) Otha' &a,'aoterx 

Polyploidy affects the size of ~he flowers in various ways. Tetraploids 
and amphidiploids have most frequently larger flowers than th.d diploids 
(~omato, Petunia) and[ Yl hybrids (Nicotic~n4 glau~axLa,~,qs8o~i, 
N. multivcd'vis x sua~edens), but there are cases when chromosome 
duplicagion leads to a decrease in ~he flower size (amphidiploid Galeopsis 
s2eciosa--2ul)esce~s, Niintzing, 1932). The chromosome doubling affects 

Fig. 5. Seeds : icft~--seeds from T.ritic~vm T,~:,mopl~¢evi ; in ~he middle--seeds fi'ora the amphi- 
diploid Tr. Timo,pheevi ×mo~ococc.~.m (=T~'. Ti.mo~occ,~m); right--seeds from T~'. 

in a similar way the size of the plants, i.e. sometimes ~e~rap~oids and 
amphidiploids are larger than diploids and F 1 hybrids, sometimes they 
are smaller. 

I-Iaploids bloom USaa].~y earlier than diploids; tetraploids and amphi- 
ctiploids bloom as a rule (with. rare exceptions) later than diploids and Ea 
hybrids from which Shey have origir~ated. A few exceptions are probably 
due to the mzequal enviromaaent in which the plangs have developed or to 
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some qualitative genetic differences that ~rise durhlg the origin of the 
kaploids, tetraploids and amphidiploids. 

TABLE XVI 

1']~e wight of the seeds of the a'mptgd'il)loid plants and of 
their 2)ctrents in 9ra.ms 

The weight of 
Plants I000 seeds 

(1) Tritie,wn~ ff~i.mo2heevi 34.10 
(2) Tr. mon~eoccuv~ 24-30 
(3) Amphidiploid f~'. fimo2I~eevi--'mo~wcoccu~: 

Lfl'~e a 39.20 
Line b 44-60 
Line c 45"00 

(4) Tr, dicoccum 31'80 
(5) Hay,natdia '~i~tu.sc~ 5'00 
(6) Amphidiploid Tril.iow~a dicoccum x Haydn.sidle villosa 25-40 
(7} z¥icotiana rustics var. humilis 0-166 
(8) N. 2awicuZata 0"035 
(9) Amphidip'leid A r. rudica var. hu'ndlis--~anicula~a: 

Line a 0-162 
Line b 0"120 

(10) N. Lang.~dor~fii 0"082 
(11) iV. g/aueg @060 
(12) Amphidipleid N. gZausa--Langsdor~ii: 

Line a 0.I62 
LLne b 0"130 
Line c 0-124 

(13} iYicoti~na ~.ustica texans 0.252 
{14) Amphidiploid re. rustics texa*~a--glauca 0"278 
(15) 2¢. tabacum ~,asma 0"110 
(16) N..rustica, a texans type 0.236 
(17) Araphidiploid N. rustics ( texa~m type) x tabacu~z : 

Line a 0,162" 
Line 5, 0-12~* 
Line c 0,118" 

(18) N. multivalvi~ 0"230 
(19) t¥. suavsolens 0.162 
(20) Abiphidipteid N. multiva~vis--suavevlens 0'384 

* Some of the seeds are very light, having l a n e  empty  spaces in the  integument  filled 
up with air. Their size is given in Table XgI I .  

TABLE XVII 

Length and breadth of the seeds of Nicotiana rustics, N. tabacum and 
thei~ amphid@Zoid, 9~'own at e~ucd envi,ron~nentcd condi~;ons 

Leegth  of the seeds it: ]3read th of th~ seeds in 
oeuGr micrometers  ocular micrometers 

Plants  M = i]I: 
iV..rustica 43"4 31' 1 
N, lci.Lacu~n 33-2 22-6 
Their am phidiploid 39"4 3 i-5 

Elzploid chromosome aRerat, ions affect markedly the thickness of the 
leaves. Haploids have thinner leaves than di]?toids, tetrai~loids h~ve 
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thicker leaves than. diploids. This is obviously dne to ~he smaller eel] 
volume in the haptoids and to the larger cell volmne i~ ehe tetraploids. 

The chloroplasts were also measured in the diploid ~nd in the 
polyploid forms. The data obtained showed that potyploid forms have 
not larger chloroplasts t h ~  the diploid ones (of. Kes loft & Kendall, 1934). 
On the contrary, a series of polyploids had somewhat smaller chloroplasts. 

TABLE XVIII 

Le~.gt]~ a.r~d brec~dth of the coml)letdy developed e~bryos from. 
N. rastiea, N. tabacurn cm, d their ct,mj)hidiploid 

Length  in mierous Breadth in microns 
f 

Plant.s rz 

(1) -V. ~'z~ica 150 
(2) A r. Z~bacv.m 150 
(3) Their amphidiplofd 20 

-']fl~ - Alla= 62-2;k 3+63. 
~]IZ a - JlI~ : 252.1 L 3'59. 

998-5 19-1 150 764+3 9"6 
684.2 10"5 150 503-7 8"4 
93G-3 15'6 20 718-2 11.7 

M b  1 -  M b ~ -  46"1 --3-6:t. 
Mba - Mb~ -- 21'~'5 _+% 2.70. 

The data obtained from these measurements will be published elsewhere 
(Kostotf & Orbv). The chloroplasts seem to be more numerous (per cell) 
in the tetraploid forms than in the diploid. 

Some tetraploids are more frost resistant tha~ the diploids, Tetra- 
ploid tomato (" Mieado ") resisted - 5 ° C. during t0 hr., while the diploid 
forms were killed in 2 hr. at - l ° C. 

CONCLUSION 

Tile types of realizations of the characters in haploids, diploids, and 
polyploids show defitfitely that plants produced by chromosome duplica- 
tions (polyploidy) and chromosome reductions (haploidy) represent new 
biological systems in which the quantitative differences in the chromo- 
some numbers condition hereditary changes into deffnRs directions. We 
have good reasons to expect that further differentiations ia these new 
biological systems should act necessarily proceed in the way they do 
proceed in [.~e original diploid forms. 

In thJ,~ short paper I have not discussed the role of the polyploidy in 
evolution, therefore I shM1 recall here the extensive paper by ~[ttntzing 
(1936} upon this problem. Bug, considering the importance of [he poly- 
ploidy from. a phylogenetic and an agrieultural point of view at the time 
When numerous workers apply most promffsing methods for producing 
poty~ploid plants, I shall point out very briefly here the vJabiliey of 
pOIyploid species. The chromosome numbers determined by various in- 
vestigators in about 2.500 species will give us an idea about the survival 
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of the polyploid plants in nature. The plants considered have from 3 to 
100 gametic chromosomes. Ahnost all of the species studied are included 
in this range (3-100). About ,f00 species ouL of 2500 have i2 gametic 
chromosomes, about 350 have 8, about 950 have 7, and about 180 
have 9 gametic chromosomes. About 50 species of all studied cyto- 
logically (2500) have 40 and more than 40 chromosomes (up to 100) 
(of. Fernandes, 1931 ; Darlington, 1937). It should also be mentioned here 
that some of the plants having 12 and even 8 chromosomes have been 
considered as polyploid species. The above data show that a large increase 
of chromosome numbers affects the vitality and the surviva[ of the 
plants. This was also shown experimentally (Kostoff, 1935). Hence if we 
desire to produce polyploid plants without affecting {heir vitality, species 
should be used for the purpose with relatively small chromosome 
?lumbers. 

~UNMAI%Y 

1. Decapitation (wounding) method, high temperature, poisons 
secreted by- parasites, etc., induce pol)Ttoidy. These methods are not, 
however, as promising as the h.eatments with colchicine solutions and 
with acenaphthene stlblimated particles in attempting to produce 
polyploid forms. Unreduced gametes from species hybrids are also a 
source for pol)@oicty. 

9,. The size of the nuclei, the amount of the cytoplasm, the amount of 
nncleohm substances, and the cell dimensions Lnerease with the euploid 
increase of the chromosome numbers (polyploidy) and decrease with the 
euploid reduction (haploidy) of the chromosomes. The distance between 
the nuclear surface and the cell wall is a magnitude, which is not signi- 
ficantly influenced by the euploid chromosome changes. 

3. The breadth of ~he leaves of tt~e plants increases in respect to the 
length when an enploid increase of the  chromosomes takes place. It 
decreases, when an enploid decrease of the chromosomes (hapIoidy) takes 
place. 

¢. The thickness of the leaves increases with the enploid in,o.reases of 
tlhe chromosomes. 

5. The size and the weight of the seeds (grains) increases absolutely 
or relatively when an eupbid increase of tile chromosomes takes place. 

6. The vegetation period (from seed germination until florescence) of 
the plants usually increases with the euploid increase of the chromosome 

number. 
7. Tetraploid ~omato was more cold resistant than its diploid parent. 
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S. Size of the p lant  and of  the flowers might  increase or decrease 
significantly o~ iasigni~kcantly when an euploid increase of the chromo- 
seines takes place. Haploids, however,  have usually smaller flowers and  
are smaller in size. 

9. The size of the plas~ids usual ly does not  change when an e~ploid 
chromosome aReration takes place. In some cases te t raptoid forms have 
somewha~ smaller plastids than the diploids. 
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