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Tha effects ¢f kinvetin on the elongation end mitctio sctivity
of sxeisad roottips of rye huve bsen studied ip yitro. 10-pm
reottipa of dipleid (2 e 14) snd sutotetraploid (2 w 28) rye,
deoule parspds var. Pethus, wers incubatad in & rodifted lurstrom
medium with varions concentratlons of kinstin, indclescetie acid
{124}, or both, reaging from 0.001 to 1 wg/l.

It was cbourved that st 1 mg/l, kinetin retorda the linsar
growth of the maln roots and csuess complets izhibition of the
inltiction of lateral roots, =hile ot 0.1 mg/l, 1t inbiblts the
slongetion of latargl roots 2lone,

in & sediun contalining 3% dextrose, & low oorosantration of
kinetin (C.00L mp/1) enhances the elongation of sain roots of
diploide, whils In & medium of 2% dextrose it shows & tendenoy
to iahibition.

164 2% C.1 mg/l retards the slongetion of main rocts, end
tha ﬁ.ai.tzat;@a o e limear growin of icotersl roots,

Rinedin eun countevzet tha inhibition caussd by high
concsutration of Ixx (0.1 mg/l). This "antisuxin® sffeet of
kinetin ie wmore proncunced 4n detraplolds in which intersciions
are found batwaen kinetin end 144, while in diploide the
combination of the two phytohorsense produces edditive effests
in the elorgetion of waln roote,

&t 5 mg/1, kinetin eshanoos the mitwtie index (¥I) during
the inftial 6 howrs of the treatwmont. Then, the HI decresses

a8 the trectment is yrolonged, end finelly, after 72 hours, the
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mitetie sotivity stops. £t lor comoemtration of kinetin, the
pattern of osll multiplication fa oimilar to that ef the sontrel
rocte, which show o sigmeid gmwth QUIve .

Cylological abnomlitiéa and ohrowosomsl aberrations,
including excanalvely esntrastes chroncsomss, breakages, bridgos
in suspbuves and telophsses, and binueleste salls wors observed at
conceatrations starting from 1 mg/l of kinetin.

In conclusion, the reaults FUEport tae hypothesis that o
maltiple bormonst syatem eontrole the prowih of roota. Furthar.
more, the fohibiitden czused by high coneentration of kinetin in
the slongaticn of roets alter trestment, for wore then 27 hours
ia considered %o be dus to Induction of conornel witosis and

retardsilion of eell division.
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Growth of sweised roota Ip yilro etands ss the very first
suecasn in oulturing plent organs and tissuss (e, “hite 1954),
Tissue snd cxgen emliures have the sdvantage of sliminating the
eomplex influenses of the 3ntact plant, henae they srovida a
pererful ool for the study of sell ¢ivision under preagisaly
controlled contitions. Sinse the carly thirtiss, when nutrisnt
nedip for both sxcised roots and for cardiun cllus tieeuns vore
Tormulsted (¥nite 1934s, Gautherat 1934) s mony Iinvestizetors have
sanrched for better sethods and media to grow more tissues in #ixre
eid heve applied the smethod w0 eclving varicus blologiosl probleme.
frominent among he latter heve been the study of growth, the
sorphogenssis of normel tivsuss or crgans, end the ontogeny of
plant tumors which show great simdleritiss to cancers im animels
{de Fory 1%47).

The sesrch for & posaible trigper sechamiss vasponaibis for
the initiation of cell division hss Dean s sublsct of intersst
for sany years. Although geversl hypothesse bave besn poatulated
concerning this trigger meehanisw, mne is generally sstisfectory
(. Ginme 1962}, The discovery of kinatin {t~furfurylazipopurine }
by #iller st £X. (1956) ghed new light op the spesulation thet
endogencue growlh fzotors might initiate eell divisions in pf&.@n}:.
it wag found that kinetin in conbinution with ingeleicetia m:;‘ld{
{It4) stimluted cell division in tﬁraacea eallus tigste grown on
& modified Phite's putrient agsr medium (Des, ot al. 1956). ﬁﬁx;f.iax'

stimuluting offeets wera also obssrvad in weny ather wnorgantaed

-1 -
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tisouen gme;n ip ylixe, such ss carrot roet tissues, vmybzmn coty~
ledon oellu=n, pea rewt oullus ané ecoklsbur eslliua,

Intact and sxeised rvots m;m 8lgc used 1o test the affact
of kinetin on mitctic sstivity of the weristena of reotiipa and
on wlongaticn of roota. hinetin affects ranged from alight stisue
letion &t low consentrations to marked inhibition at higher cnes.
Frisa (1%0) roported that kinetin at 3 x 107 M enbanced the ini-
tistion of latersl rootis of the intact seadlinge of » strain of
lopdnus hepizesil. Wittwer and Dedolph (1963}, who studisd ths
effeats of kinetin on growth and flowering of intaot tomatc,
cucumbar, and pea plants by incorporating the ehemiesl in culiurs

=T

solutions bathing the yoots, found thet kinmetin st 107 'H {nkibited

the over all growth of tomato and cucumber plants; while at
coneentrations fros 107 & through 3 x lﬁ'&‘»‘é, kinetin stimulated
the growth of the roots of yem. Using exgiaaé sogwents of paa

roots, Torray (1962) demonstrated thet kinetin at lowm contentyation,
0.1 ppe {approxizetely 5 x lﬁ"&ﬁ}, inorsssad the rumber of lateral
voots in the presenss of & stimulatory concentration of st (5 x 107 5’»:6)
«ng completely inhibited the initisticon of latomla at 5 ypm
{spproximately 2.5 x 107 %). The inbibitory »ffects of kinstin

on ks linesr growth of the main axis of eroised tomato reots was
reported by Hutcher and Street (1%0). Howaver, at higher sucrose
concentration, 3C grams ;;.ar 1iter, kinetin promoted the linesr

growth and prolonged the duration of merigtemstic agtivity. fhe

cauge of the kinetin fnhibition was sttributed o deerarsing the

mumber of new eslls in the meristemetic geme., In other words, kinatin
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elowed down the smitolic rale of ihe pegisteatic cells of the |

tomate rosts. It wes'aleo reported that kimetin inhibited cell
- multiplication of the exolsed wheat yeots g yitre (Burstrom l%ﬁ)

and the mitoses of intact onion roote (Heanus 1960}, .

i great many other meterisls have iweza used for da%ctmé
the dlolaglesl effects of kinetin {of, Hiller 1%1) s 8nd same cg‘;
theee concern iis cytologicel effects on the eitotic divielcn,
tuttzen (1956) trestad Intact enfon seedling rcots with kinetin
and found a variety of oytologieal abrermelities, inelnding bimaclantas
¢ells, promtia nuelei, and polyploid celle in the merlstomatic
mltoans at J and 9 ppm. AL lover coseentrations kinetin shortens
the relative duratien of prophese snd lengthens the duration of the
telophuse, On the other hand, Haber and Luippole (1960), who
studied the effects of kinetin en mitotic sctivity in dormant lettuce
sseds, raportsd that et § x 10°2M (spproximately 10 ppm) kinetin
gtinulated mitotde division in the redicles of nongerminsted seeds,
but it nelther chenged the ralative frequencies of pheges in aitesis
vor induced any cytelogicel sbverretions. Thouph most of the '
ressarehars agrese that kinetin doea initints cell divislons unéer.
cartein wssditiona, #till the sotusl wcde of sstion of kimetin in
call divimion is obscurs. It seexza that kinetln rescts diffsrently
upon different tissues. In tobssce pith osllum, kinetin combined
with Jai stisulates cel) divicions and induges N4 aynthesis and
doubling (Das, et el, 1956, Patau, et al. 1957); while in pea root
esllua (Jorrey 1561} kinetin stivulates mitosis of endemitotic

oolls wlreedy present in the cortex of the roct, snd has no

connection with (ME synthesis. Zwen om similer tissues, the root
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wopistens, for exanple, contrediotory reports heve besn publighed.
There 15 no doubt that further investigation on the eytological
effects of kinetim on cell divislon is needed for its olarification,
| The ezparimente reported here sre concernad with the offwets
of kinetin in combimation with IAA on exeised roots of rye in vitre.
Tt consiste of twe parts. I. Ths effests of kinetin and I&i om
the linesr growth of exeised roots of rya, in whieh & dipleid rye
and it eutototraplold were used with the bogrs that quantitative
genatioxl) differences in rosponge %@ the kinetin tresiment n&y be
detacted. IJ. 7The eyiological affocts of kiretin on the wmerie
stenatic nitosis of the exolsed rye roota,
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Piploids (2nali) and tetraplotds (9m.28) or fﬁqﬁf eszesls
var. Pathue were ursd me sourcss of oxeissd roottins for ths
experiments. Seeds wors aterilised by goukitg in s 1 percent
solution of & cosmercic) daterpent (Suz) for one minute, followed
by U.) psroent aquecus mercuric chloride for 20 mimutes (tetraplold
seed} or 15 minutes (diploid seed). The mercuric ohloride was
ragoved by {ive wushes of storile distilled waisr, esch for about
one pinute,

Hine eaeds wers plonted ssspiically in a gterile lieee
Petri dleh, containing « Thetman Bo. 1 £1lter poyer molstened
vith sterile d1stilled mater. The seeds vors grranged with their
epbryos pointing to the centrs of the payer o agmure goof zrowth
of the meminel roote. Hseds wore allowed 1o perminats in derkness
at 2511°C In & constant tamperature room. 4fter €0 bours, when
weat of the roois reschad about 20 to 30 ez, thay wers reedy W
be axeiged and inceulated into the culture madiue.,

2. OGulture Zsdls

&fter preliminary studies on several eotoronly vsed
éu:gmm redie {(¥hite 1954, Foberts end Etrast 1955, Durstrés
1941}, a modifisd Burstrim sedium was chosen which contained the

followlng components per litor of solution:
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‘4 9&(303 )ak.‘ﬁiﬁi? 9B LU mg
B IO, | | 20,22 ng
KB O, o Hp 44,00 mg
W80y, 24010 wg
f Fe;;(l?ﬁg,);; 1.0 mg
g; #nCls 100 mg
% &0, .62 =g
l £1 . 0.02 mg
l HqBO4 C.02 mg
Holrbdle scid C.21 mg
- Kicotthie soid ' Gu55 mg
; Thiamin - €a0 mg
f Pyridoxine 0a50 mg
J L-tryptophane | Uedd mg
( Dextroae 20 grams
‘ This inel concentration wae obtained by pixing and
J diluting several 1Ux stosk soluiiens. Double éiatilled we tap
3 w5 weed In a1l the medisa.
} Since 1t was reported (Butoher and Street 1960) thad
f raximum growth .éf exoiged roots of rye mng cbtainsd when yeust
f extruot was odded to the medium, 30 mg Difes Yeust extract par
: liter »ss used instssg of 'kt&ypt@pkmxe to serve for comparisen
' in the expsriments w»ith tetraploid rye. thie varisnt sas called
the "yesst control¥,
In one of the axporiments onitzig,-loié rve thirty; grama
i
i
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of dextrose was used rather tmm' the usual twenty greme to test
the influsnee of sugur content on the effrcts of kinotin,

3o Luliure Glaparsyon

12521 Iyrex Erlanseyer flasks were used as culturs vessels.
They wera glsaned Piret by Pisher's Sparkleen detergent solution,
rinsed in mming bug water overnight snd then rinsed sgsis with
distilled snd double distilled water. Stoppers wers sede of non-
abporbont cotton wragped in ohesso cloth,

4s Expp 1 _Da |

Five consentrutions of kineiin (6=furfuryluminopurine),
G, 0.061, C.0L, O.1 and 1.0 ng/l, and four concentrations of
indolescetic acdd (I4k), 0, ©,001, 0.00, snd D.) sg/l, wers used
in e § % 4 factorisl, completely rendomised sxperimental degign,
There wera twenty treatmsnts altogether for 211 the possible
ecmbinstions of the two factors. In the sxporinents on tatrap!.oiﬂ&,
baslec nadium plus yesat extract res used for eomparison. Pifty
2411113 ters of the medioy was distributed to wach {lasgk, The
medium was adfusted to pR 5.5:0.05 with 1E BCL and IE %a0¥ bafore
the vorious concontrations of kinetin and Iih vere added. Aftar
addition of the two phytohormenss, the pi was checked agafn, snd
there was either no change or tha pH decreassd lssz thsn 0.2 unit.
Ho further adjuatment wus made., The flasks oontalning the medis
for sach treatment wers sutccluved st 15 lba per square inch for
20 minutes and storsd in the leboratory at room tapperatiwre for

not meore then a weak befors inooulstion,
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Kinetin snd 4% wers proparad by dissclving thewm in a
fox dropn of 1k HCL and elcohol respactivelys then they were
iluted by double gistililed water ¢o fore & concentrated stock
solution,
inte ssch flask four 1{-m= sxolsed roottips, heulthy in
appearanee, were imoculsted, IZsch troatwent zas dome 4n flive
replications, 50 thet twenty roots would be oblzined at the end

of experiment provided thers was £o loss by contemination.

5.

1C«rzz hesliby seminul reottipn were out off assptioally
by & sherp scalpel. Heottips wars tranaferred by foreceps steriliges
by lmweraing in 785 glochol and flaming over s funsen burner, DBefore
hardling the roots, the hested foreeps was dipped into steriles medium
o eopl it.

dince the liguid medive provides sis;_:-ﬁrior evailability of
mtrisnis 2 the root sorfzee end the grosth of roots 4s nod limited
by oxygen supply in 1t (Duy 1943, Street 1?57} » the inoculated
flesks were placed In & constend tewpsraturs room at 25:19C in
derknees without foreed asration, sfter 14 deys of ircubation,
the length of the mein roots, the number of the Istorsl rocts and
the totel lenggu; of the letersls were measursd snd recorded for

statistionl analysia.

foth the separate affeats of kinetin and IAd and their
intsraction were anulysed amtistican}'. Approxinatsly, 175 of the

culures were lost by fungs) sndfor beoterial infaction, hence
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uRsqual IuRteTs of .mpi.&catiesm vare obtained st the end of the
exparimenis. Hdethods of analysfs of verisncs for unsoual mmbars
of replications were spplied to eorrsot this (Snedecor 1957). In
the analysis of separate effects, when the ¥ test was significent,
least significsnt differenss (L&5) for unaqual replication was
uesd to compare the mosns {3teel and Terris 1560},
13, Zor_the Cytolesies) Studies of the Mitoela of Epotting

l. 7 : tha §

Liploid roots of Ssenle gerenle var. Petlus were used
for all oytologicsl studies in Yhis ressarch, Frocedure and sethode
for sbialmlag and culluring the sxcised rcott;igm pors exsctly the
suEs ak reported in the sxperiment for the studise of provth. Yo
the dusic medium, 0,001 mg/l T44 wee sdded. Kinetin, st O, 0.001,,
0.0, 0.1, 1.0, 3,0 and 4.0 mp per liter wors added to tost their
effzots on zoristazatic mitosiz.

Ton 10-2p exeload roeotiips wers asepticelly incoulated
into esch flesk. Then they ware Yept in darkness et 25:1°C in
& constant lempersture mém. Lfter 3 hours, & hours, 12 houras
or 27 bours of 'incubatian, ten roettips from suoh irestment ware
fixed imsedistsly in Carnoy's eeetic sloohol (133}, Roote inc-
culated iate flasks with double distilled water were Fixed at ths
ssbie tise for comparizon. In oack of sightean other flasks four
rootiips were inoubsbed for 72 hourz. Vhey consisted of alx
trestnants: O, 0,001, 1.0, 3.0, or 5.0 ug/) of kinetin in the
bagic wedfus, und enother in dowble distillsd water alona. Twelvs
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rootbipe frem three flasks of each frestuent were slse fixed in

soetic alacho)l immediately waf'ter the Incubation.

ifter firation for more than 12 houre, four rootiipn wake
shosan &t rendon from esch lrestnont, wnd alides wore vade for
eybologlesl axaminstion. The Faulgen squash methed wae uvped,
Roottips were hydrolimed in 1 % BCL at &°C from 4 to 8 mimites
o asgura good staindng of the chromoscmes end separaticn of the
calla, It was found that higher kinatdin concsntrations or longer
treatnents requived longer hydrolysis for sepsarstion of celln.

4ftar hydxoiyaia the rootidps were put on & pioce of
bitmious paper for a few gecondes io remove the excess iCl. The
roots than were stuained in Feulgen rasgent for shout 15 mimtes.
¥hex ithe rvottips were turning purple, one root was pit on a ¢lean
glide, about 0,5 mo of rocteup, vhish uauelly showed no cells 4n
division, wap off, s8¢ the nexd 1 =5 of aetistematic tissue
was veed for the sguush, 4 drop of sestocurmice mas added and o _
elesn covergliss was jut on it Genlls tupping by the eraser-tipped
ord of & peneil wes &pplisd on the covergless to locssn the tlssue,
Optisun tims of hydrolysis ensured aumy spresding of the cwlls,
Then the alide was pressed by the thumd under & fee layers of papsrs.
Slides were sither mude gonipermsnont by putilsg two dropa of &
glycerino rostie seid mixture (2 purts glycerine plus B parts 45%
sontic soid) et the edges of the coverglash or bade pargsnsnt by

the quick fresring methods {Conger and Fsirehild 1953).




A11 the slides ware cedéd. belore examinatlon to eliminate
gubjactiva blas. Frow ssch 2lide Pdwa Tields cbaorved under o 10x
ocalar and a 10z objectlve, wers chosen et rendem and the nunber of
interphases, mmtaphnses, ensphasss ard talopheses wors sounted end
poclad together for assch slide. Tho prophases recordsd here ars
thoss cells whish show long, distinetive chromosomsl strings In &
ocollling end twisting ststs. In ansphasges ive groups of chromoscme
are moving to the poles, and thelr onds sre aamr.'stad.

For esch slide, the mitotic index (poreentage of +he
dividing oails} and ‘the proporiion of sach mltotic phess among
the dividing cells was orlculated. Data fremx four slideas of esoh
treatsant wers used for further stetisticel wnelysis.

In the mesntime, the merybelogicsl changes of chromo=
somes and the sberrations of the mitosis v;rm alsc sxsmined. Since
the freguency of iham vas ot high, no mumsricsl datum hes been

recorded.

Tha p@mnmge of the nitotic celles and the proportions
of prophesa, metsphase, anaphese and telophsss of the mitotic cells
wvoare transformed {nto thelr aresines before stutisticsel enulysis.
At asch time interval, fc.:r each phase, snalvais of varlunce was
caleulsted. In onse of & significant F value, luncenla miltiple

range togt wee spplied 10 teal the &i{fsrences mong the mesns,
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EXPERINENTAL BESULTS

Horpheloglosily, both diﬁzlom and tatraplold roots responded
sirilarly. In basic medium without any growth mbstencs sad 4n
the treatmant at lowest oammtmtipns they grow norwally and were
white in coler. &z Iit waa added, at O.01 mg/1, sbout tweniy
percent of the roots were slightly mxollan a faw m$llimoters behind
the splcal meristems; at 0.1 ag/i, the swollen part was elongated
to & to 8 wm erd beegié;m Eors conaplcuous. The mwmbar of swollen
roote was algo 5mr§amd and the roots beceme brittls when thay
were handled for measurement,

Kinatin up to 0.01 mg/l showed no Influence on the sppesrsnce
of the roots, &t 0.1 mg/l the roots becsms thick, strong, and
straight; slightly browniah plgments wight be seen along the main
4xis, and there were many root hairs. The lateral roots wers slse
mach thicker snd stronger then those grown in lower conmcentrations
of kinstin. i1 1.0 mg/l the above phenomens were such promounced,
The pigmantmtlonx-ﬁs deoper snd the 1ot hairs were numercus.

Then kinetin end 140 were combined at high coneentrations,
the of focts of béth of thew would shew up.

Iz,

To lest affeets of kinetin snd 741 om the growth of the
root of tetrsplold ryo, the lsngth of main root, mmber of lateral
roots end total length of laterals were measured (Table 1),
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4tnalysfie of wariance of tas separate aff2ots » thely intersotions s
snd comparisons eRONE weans wars celonlated .,

1.

Einetlin at 1.0 ag/) 1shihise grsatly the growth of roots
end shows & afgnificant diffsrence frem all other trestments
{Table 2, Tigure 1), Thera are no gignificent diffarencss among
the other trestwents. It mey be stuted thet 1 me/l 4s a oritios)
wmentiration of kinetin for the growth of maln reots, at or shbevs
which olongaum is grostly retarded,

The smce mesgoraments vere made for 1&& trestments {(data,
Tuble 1; statistical analyals, Tabls 3). Tha v value fe highly
signiffesnt, and comparisen of the moans shows thut 124 inhibita
the growth of ths roots significantly st highar concantrationn.
Thesr are graphed, togethor with stsndard errors, in ?igum 1.
1t nay be seen thut at lowsr concsntralisns, Wik kinetin sng 144
show a tanaangy W stimulate growth, but sdove certain levels they
inkibit the growth., I4% exhibita & stronger ivhibitory effect
thae kinaetin,

2

Elnetin at 1 mg/l produces complete inhibitien of the
inltiatien of lstorsl roots, while at 0,1 og/1 the nuwber of

leteralas is markedly deeresced {Pigurs 3). A significant 4{fference

is found botween 0.1 g/l end the comtrel (Yeble 4).

I44 at lower consentrations eppoars to heve mo offeot on

PP Y ¢ s e
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the initietion of lateral Pootse (Mg{wré %3}, they ere slmual equal
in pupber to the contrale. This is proved by statdetical anslysis
ghich shows no significent &ifPerance emong them {Tabla 5). Kt
0.l mg/l, IAh sluost completely Inhibits the formsiion of latersls,

for only & were found in 20 reots,

The ofeseta of kinstin wnd fab are shows in Teble 1 nd
&, snd Flgure 5. 6t 0.1 mg/l kinetin gresily retarde the elongation
of laterel rocte apd aiffers eignifiemntly Irom gll other tresteents.
Similerly, it &t 0.1 wg/1 ﬂwer«iy snkiibits the limesr growth of

laterels.
Ao

Intaractions batween kinetin snd Iii on the slopgation of
sein roots the number and izhé slongation of latarals have been
sound (Tsbles 1, 7, %y snd ©). Altheugh both kinetin ani Iih
sither show & tendency to stimuletion or ua affect .at, lowar conoon-
trstions «nd en inhidition st higher onsa 'ia the elongatdon of maln .
roots (Tebles 2 epd 3}, their individesl offrets ave not addiidve
when the two suhpltancap are aémbmed togather. On the ' ontrary,
the m‘wg,ather. sot antsgonisticnlly. Tor sxepple, kinatin evd
I44 both showing a wm«nci& to etisnlslion seperately at j‘&cman—
trations of 0.0 and 0,001 mg/l respeciively, whes eoupled togather
they inhibit the slongation of miin rodis, which attsing only 72.755
of the control. Thix decresse mz"';ina'qer growth hes been proved vy

it i
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8 aignificent ¢ valus aftz.ea. & more strdking point Lo that ths
roparikably Johibitory effect of :(.»*.,ﬁ st 0.1 ng/l zay bde aountarscted
¢ a great degres whan verious cunventrations of kimetdn ere comblnad
with it (Plgurs 2}, Fer ingtenes, Ihés slone st 0.1 2g/l restricts
grovth to only 27.11% of contrel; wjlwa kinotin iz sdded st a
concanfration of 0.01 mg/l, the linsor grovih increasss to 83.428
of control. Similar rasults in the musber of lateral roots and the
elongation of laterals are found (?iguras 4 58 6).

T tests have been esrvied cut 1o compars ihe treatwent of Itk
at O.d me/) with the treatments of 324 {0.1 82/1) and kiretin |
{0.00, 0., é.l and 1,0 rgfl) in combinatien in the elongation
of the main rcot (Table 10). #11 eombinstions shor significant
differences from IAA rlone. 7 walues are all signifiecsnt snd even
when the highest soncentretish of kinetin, 1 mg/l, is cdded, the
@iffTeraenco is sti}) significsnt st the 55 lavel.

Be Zhs Desponge of Dirlgid Jiye

Gemerelly speaking, the main roots of diplolda ars longer
than those of teiveploids afler trestmant wlth kinetin. The
elongation of the 2iplodd contsol hera is equal to thet of the
tetrsplold yeast controly Liks the tetraplold, linesr growth of
nein roote of diploids is seversly inhibited by 1 mg/i of kipetin,
124 slso irhibits linasr growth of the main roola proportionally to
concentration, with & thréshold detusen 0,01 and 0,001 mg/1.

The effects of kinetin and 144 upon the rumbsr of

latarsl roots of diploids ere elsc similer to those upon the rmwber
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of iatersl roots of t&%réimloma s with Inhibition baing proportional
to concentration. &% the lower congentrations, however, tha inhibie
tion is not significant, and in the cass of 148 thers may even he

@ tenderey tw stimmlation (Tubls 15). Simider affectes sre seem oOR

tha slengetion of ithe lwisfal rO0LS. In aombinution; the offents

of kinetis end 1ik wpon elongution of tetreplodd roots were snle-
gonistio. Yhes diploids ware nsed, there wes o intarsction between
theae tmo phytehormones on the elongatlon of the maln root. In
regard to indtietion snd alongation of latersl th » howaver,
combinations of tha two phytohormones tendsd to ba stirulating, even

ab conssntrations whieh imhibited the latersle vhen the phylchormenes

wors epplisd separately. Detalls of thome experisents in diploid

rya and their stetistical mmalysis are presentad in Vebles 11, 12,
13’ u, 15’ l@. 17, 1€ ane 19' and in ’F‘ig\‘lroa 7’ 8 and 9,

AN »-,‘n S,

Iz, a_ FEE

Butoher and Strest {1960) reported that in & mediuvm of high
suerose contant (3 peroent), kinetin snhsnced thw linecr grewih
¢ sxciged tomato roots 4nd prolonged the merietezslic activity.
A similer ax}aez;imant was conducted on the reets of dipledd rye.
Three perosat dextrose sug added 40 the mediun instead of the ususl
2%, “ho results of thia experiment are shown in Tsble 20 and
Fegures 7, B and F, These figures show that the affecta obluined
with inersasing concentrstions of kinetin on the length of main |

ruota, the mmbar of lateral roots, end the langth of latersl

N
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roots cre aimiler %o those ochtained with roota grewn in 2% dextroee.
Tae sverage valuos, kowvar. are generally lower in 3% dextrose
then those in 2% dsxirose, mxeept thet kinetin ot G.001 ag/l hee e
tendency to sifmulation.
fnulesis of varienas for the affects of kinetin: sugsr sontent
C and their intersetion huve boen mede on the siongation of muin
yoots snd leteral roots, and ithe mmber of lateral reete. The
repulte are shown in Tables 21, 22, and . Ho signifisent
intsrection has been fourd betwean the two. Tho offood of kinetdn
1teelf i highly significant in all thres ocuses) at 1 mg/1 it rotards
the linesr growth of the mein Toots, while &t 0,001 mg/l, it shows &
stizulation which reechss 133.8% of its contyol. 7he aversge
suger sffect i5 signifissnt in the elomgsilon of lateral roots
but not in the linesr growth of mein roolis, nor inm the mumber of
luberal roots., Howevsr, when the minor effscis eva gtudled,
stynifisent differences appeari &) the linesy growth of the main
roots 1s higher in 2% dextrose than in 3% dextrose without kinstin
1.0, teo contyoisy b) the nusber ef lateral reots is higher after
0.001 =g/1 kimtﬁ: trestment in 3% dextrose then thai in 2% dexiross}
¢} the length of latarsl roots iz higher efter 001 2g/l kinetin
trugtaent in Bﬁ.daxman than in 3% dextrose. Those avre proved by
significant t veluee (2.35, 2,75 and 2,50 respsotively) at the 5%

lavel,




In control mediunm, neither chromosowal abarrstion nor
mitotie sdrorsality wes found. Tith kinetin st 0,001 =mg/l for
three bours, most of the propheses shored loosely assonisted

ehromatids {Pigures 11 axd 13), which were rsrely sson in the

Pgurs 13 reopresents o eell in which the chroRosomes are
This 1is

control.
well soparsated and showing completely untwistsd chromstida.
very einiler w Flgure 24 of Venketesvaren and Spless (1963}, who
troetod the celle of tigls fikg with so:uué deoxyribormaelents,
they interpreted their figure as en arresied snephesa. Sines the
chromatide in Figure 13 ers still sttsched at the centromeres, snd
eince many similer celle wore found, none of which showed ssperated
daughter chromcsoner, we considerad ihat they wers late prophuses
or esrly setaphsses, showing the despirslimstion effscts of kinetin,
%4¢h high concentrstions of kimetin, 0.0k mg/l end 0.1 mrgfl, or
longax time éf troatment, these effeots wera not 20 pronouncad.
Vetsphages uncar kinetin treatment gave deeply etsinad
- and widely goptbered shromosomee; at 0,001 mg/l fer 3 hours, the
ohiromoscmes were slis (Figurs 14); while &t 1 sg/l for 3 hours,
thay were greatly conirsctad {Pigure 15). 1t seome that the
spindles have been damsged for the figures rewesdbls colehiecine
mitoses.
Oecasicnally, breskeges could bs Jound undexr low conosn-
tratione of kimetin {Fizure 1&6), Dicsntric bridges end fr&mnt&

were {resuently seen in aneyheses ot 1 mg/l for three boura
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trastwent (Pigures 17, 18).
iz the concentrationa and iime of trestment incressed so did

the nunber of telophases with bridges. Tigures 19 and 20 reveal
teo oflls trested st 5 mg/l for 27 hours, showing both dleentrie
awi soentric bridges.

Binuolsate cells wers first found usder kinetis treatmant
2t 1 mg/l for 12 hours (Pigure 21). The nusber of binucleate
calls inoremsed with the concentrutions and the pariod of treste
ments, After 3 mg/1 for 27 hours, sors then ten wers found in the
five fisldso chosen on euch slide. One of the siiden treated at
5 mg/1 for 27 hours .;;ava & waxisam of 16, Pigure 22 shows one of

them .
4 fev highly fragmented ¢ells wers found efter 1 mg/i

for 3 houra (Figures V. Tthey are poesidly sbortive snaphasss.
8inee this kind of cell wae very rere end move was found at
higher consentrations, It iz doudtful thdt kinetin hes induced

tham .,

Uitotde Imdeax (¥I) 45 uced %0 teat the effeats of

kinatin on the frequency of wifcsas, The muwber of dividing cells
and the total pusber of colls were counted and statiativelly

snelyzed (Table 24).

At thres hours, the coatrol gave the lowsst nitotiec
index (1.64) while kinetin enhanoced the XI at sll conecentrations
téatad, and moTe so uﬁ the highest ones, 5.09 for 3 mg/l, and
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784 Tor 5 wmg/l (Pigure 10 exd Ysble 24) § even the exelssd rootiips
trooted in double dis}mllad vatar showad a higher runber of mitoses,
This is not diffioult to understond ainca the mroised roots have
been jut into & completely new environment, end drastic chenges

in their satsbolic patlerns sve bound to happen. Insiesd of getiing
the mitrfante by way of efeve tubs of phloan, thay haws %o absord
&l) ths mutrisnt from the nedium. Hecessary metabolites and growth
Twotorg from other pavts of the gredling say bts out off'. & lag
poriod in mitotle sctivities for sdaptaiion seems 40 be a nstural
rhenomenony Novever, this lsg period can be broken 2;3: tresting the
oot with kinetin, In the case of the mote trasted in double
distilled wutar, the observed effect might bs dus to the fact that
they do not huve W adinat to & new medive and would thus continus
to divide at the axpense of their mutrient reserves.

&fter & boure® growth, kinetin &t 5 »g/1 st311 gives

the bighest mitotic fndex (7.71). The mitotic index of the contrel

{3.48) tnoveadss to be .the pecond higheat one cbeerved. “hia

indicetes that the reocts have passed the leg pericd of cell division

after pix hours' growsh in the medium, Hosidea the trestoent under
5 #g/1 of kinetin, roots im pure woter, the comtrol, snd lowsst
concantrntion ufk.tnstin show copparaiively high runbers of sitotic
eells o the others. biomér, there 1w not mmch differsnce among
the intermedisic conesntyaticns,

For the 12 hour inoubeiion, the scntrol, kinetin at
5 mg/) and 0.001 mg/l give the thres highea% Bitotic indexes, bt
Intormediste consentrations, rather low indsxzes sare obtainsd,

ST wiam e

orm
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Sitoses in cells tweated vith double distilled weter fell to only
0.4% percent, perheps becsuse of lack of putrients (Tuncen's test
for 1.2 hour trestment in Table 24).
sz tha timps of ithe ﬁmﬁamn inersasns; the propor-

tions of mitosic selle gradusily incresss in the controls sod in
low conpontrations of kinsting »hila at high scnasutratiions, the
gividing cells decresse. After 27 hours the tvo extreves mest at
more or iess the same lovel, henoe no significant difference san
be found (Pigure 10). &3 the time is further prolonged, the mitotie
figurss in kinetin treatmonts shove the consentrstion of 1 mg/l
deorease cunﬁamwuel&, then finally stop; em at the econtrol snd
low cuncentrations the mitotic activitics reach thely maxina snd
then eontime their normel groszth theresftar, 7Thie muy be saun
from the results sfter 72 houra' incubation. Yo mitesss have been

round after treatment above 1 sgfl: tha nitotie activity stops

commlately.

at 0,001 wmg/d (4.51). Keverthwlema, there is ro significant difference

batesan these tWeo.
b)

ifter 3 houra' incubstion, the proportiorn of mataphass
wes inerzessd significantly oveyr that of the conirol. Veri{ations
in the proportions of gvréphasa wore found af'ter & hours® incubstion;
bowever, only the trsaiment of 3 me/) showed slight ds.ffasmnos from

the control (Table 25).

The gontrol resches its mexious (5,62), sz dees kinetin
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DISCUSSICR A3 CONCLUSIONG

The worphology of the roots grown ip vitye varies considerably.
Hrually the rootz look zmormal and healilhy, bl thick, Sroen rools
& wall az tumor like awellings proxismal 20 the root tips wors
obgerved. Similsr waln roots have besn Teported by Street (1954)
for weeto trested with 144, or grown in 2 medium of high sugar
contert snd termed as an “aging® phencmencn. In cur oxpsriments,
wa found that the brownish pigmentation wes auoh were pronounced
in kioetin trestment than in 144. Bamberger and Keysr (1960)
reported thet kinetin induced Pormation of pink plgoent on the
cotylsdons of seedlings of dmpargnimis retreflesus in the dark and
found that the plguent was not an anthocyenin. I% i3 mot poseible
to say whether our recult is sn “aging® y&mmn Induesd by
kinetin, cines rs further exnminstdon has bsan mado. Howaver, this
result is rotovoriby.

The rorpholegy of tho ohuerved tumor like ewellinge at the
proxizel rogion of the rocttips resenbled closely the C-turers in
opdon Toots induced by colehfcine, indolylbutyrie seid, maphthalens
acatic acid, s;hnnyl proplonic acid (Lewan 1938, 1955}, and Ia4
{MeMamus 19603. In this respsct, the roota of Tye sesm mOre

gengitive to T44 then do onien roots, Tumors in rre rosts wers

inoressingly frequent in traatment wiih 144 conecentrations from

0.000 mg/1 upravds, wheress LeMemas found them only «ftar treatment

B
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with 1 mgfl Ih4. Thia variadion, however, may slso be stiributed

to the diffarencers b sge, source or culture teehnique of the

tiseus belng tested.

1t is presently gererally uccepted that the growth of rects
is controllad by & syecific belénce of & rumder of growth fsetors

or subglircan, i change in any one of these footors will disturd

this balenes and will have a definite =ffact on root growthe. Theee
idecs huve geined further support inm our &xperimmta on »o0tl alongs=
tion, using verving concentrations of Isd snd Xinetin in the media.
dince exoiped roota of rye have apperantly & low content of
endogencus mixin, externally supplied auxin will emhance linear
growth, The sspe result is found when using tryptophane, @
precursor of Ish (Thimenn 1925), at 400x the optimsl molexity for
165 1a the pedium, No direct svidsnos haa besn found thet the
presence of I4s in & tryptophene supplesented medium is. respongible
for ihe cbosrved stimalatory effscts (Roberts ard Strset 1955).
In thie experiment, the basic madiuw used contalns ?myptcphane'at_
Vedd 2g/l, 400x the optimsl conceniration fer Iié. Sinos auloe
claving of medis containing tryptophane may induce suxin activity
(Xulagehs and Gsutheret 19497, the possibility exiets that in our
axperinent sutoclaving nay have cenveried some tryplophans into
134 or ite precursors, &5 a resull, whon sxogensous Ihé wes addsd

to the pedium, the level of TAé might have become teo high so that

tho linear prowth of main roots was inhibited. AL the loweat

congentration of 1is (0.00L »=g/l), thers ie wo significent diffsronce

from the contrel, at which a stimuleting offect has been Tound by




Kobarts ard Street (1945).

Inhibitory «ffects of kinebtin on the linear prowth of roots
have heon reported in tomsto, Urazasios gumpestris, £lliue sepe,
an? £1lium zoddwvue {of . Miller 1961, mittwsr end Dedolph 1963},
At low concentrrtion, kinstin may enhance the lineey growth of reots
of Jekis tinctorin (Penckwardi~iillissivresm 1957). Se found that
kinetin greutly mm(z‘a the grovth of zain roots of rye at ihs
censentration of I mg/l. Slightly stimulating sffects sre
sugneated al Intarauedinla coz»caé:tmhiom.

fkeog and Hiller (1957, indivated & guantitaiive intersction
batesen kinstin and ‘3;‘&& in the regulaticn of growdh and Giffsren-
tietion of tobeees ater eslius, They ztatsd, "Interaoiicn Leuwesn
Iis and kinatin and betraen thege and other fsotors appear to axert
doolsive Influences in esch case. Heth typss of chemical soom to

be required for grewtk, Low levels of cns with high levals of

the other and viea varss lsed to opposite morphelopicsl enderegulia?, .

4 belupew among growth fuctors (auwin, gibbersllic seid, end kinetin)
s a mechanisw confrolling the growlh of roots hes been postulated
{Dawson and Z¢rest 195%, Dutchor and Streat 1960, and Street and
Tinter 19:3). - In the sxperiments to tesd the effects of growth
subsiance on plant growth, their endogenous content elsc plays =
very important vole (Torray 1962).

It ia found in the prement §x}'axima.nta that when instin end
144 are mppllied et the sewe concentration; or when & low lsvel of

I44 15 combined with u higher level of kinetin, inhibition eocoure,

Y I,
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slthourh esch slons 4s #ither stimulating or no offeet. This
suggests that the ratio of these tro substances does sffact the
slongstion of the root.

The multiple hormonal systerm contrelling the growth of roots
pestulatad by Mutchsr and Styesd (1960} iz inferrsd from the
fantizwxin® effect of kinetin and the 4ifferent sffects of kinetin
in media of vavious sugar senlents. Our exgoriments indicated that
kinatin is able %0 counteract the inhﬂ.bﬁtion crusad by high concen-
tration of IAA (Figurse 2 and &} and ¥iasdin in tlm_ nedia of different
sugar content rescts differently st 0,00 =g/l exd 0.01 2@/l in the
initistion and limear growth of latersl roots Tespectively. These
findings sre similar te that of Matohsr and Strast (1960),

I 43 possible that these offects of the phytohormenss
reported shove and hereafter may not be due oaly to thelr direct
egtion on the cslls et also due to the pb&sin&l-ehmical Changas,

undz

lika pd; ata,, in the oulturs meddinm fzdused by these compcunds.

Sueh changez, howavsr, wers nol stuwiled.

In studies on lztors} roots, Foberte snd Street (1955) fonnd
thet Idh &t conmentradion from O wg/l to 0,00 mg/1l increased
the initdation .ai’ the lateral roeols of rye. In this atudy Jék at
0,1 0g/1 almost complmteljv Inhibiend the initdalion of latarsl
roots, mnd there was po ¢ffect &l lowsr soncentretichs, The
digagr-euent hire way be only eppersnt, for the tryplopbans
sepplioment in cur medims may have resulted in inorsaped levsl of

146 or its precursors alter sutoclaving, s discussed above.

BT
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21l the conmentrations tried,
(0,001 rg/l) cem counteract the inhibition csumed by high concen~

proreted by & lov conesntration of kineatin.

iv.
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Rinetin slso inhibits the Inftlation of iatzral roots at almost

Bowever, low oongentration of kinetin

tration of Tis (0.0 mg/1). Thiz result fe similer to that of
Torry {1962}, whe peporied thet the affectivencss of Id4 ot feirly
high counentretien (52205 5’.%, spprozimately 2.7 ng/l) eonld ba furthew

The feet thet a high

Tésfeinetin ratlo fovoura the Initistien of lateral roods of rye
mupports Skoog end Hiller's (1957) smiggestion that & specific
bolancs in the suxin-kinin systex ig involvsd {n the inftiution

of laterzl rootis.

Aereditsry fsctors centyolling growth of excised roots were

£iret studied by kirmer (1952, 1943}, who worked oo four
gsogrephic straine of gyoundsel snd conaluded that the growih
rates of the axtlized roots wers detarsined by a small punber of

major genss sublected W the epotlon of & large nmusber of modifiers.

Gohasffer znd Smith {1963) reported thed auxin und kiuetin had enly

& 11tile effect on the growth of the tigsus from the tumorous
'3l hybrid, but e high level of these two

subatunoes was peeded for roapid growth of the nonebuseorcus zuient

of the hybrid,
It 13 grite undarstandable mpm ganotype Lo basic to the

rasponse of the reol to the wvaricus trwetments with groeth smbstenocen.

Sizilarly, an autopolypledd msy sbow & sifferent responge to the

ST
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same treatwent than 3.':.:&'&&*;1@2& componmnt, An autopolsyploid plant
usually has ziesiwr %wgmmuw growth, lergssy cellulsr and mmolsar
volumes, lsrger size of leaves wund flowsrs, ste,, ihan iis dipleid
{cf. Durnbom 1962}, Since the genotyye waa sdepied te the diploid
sonfition, the inorcssed quantity of gones by chmmémg doublins

ray result In loss of sffielemey in the orgenism, ss ssen in

" physiologiesl vesotions.

ﬁavwrt&els&s, the reqults of the pressnt experiments ghow
that the slongetion and initistion of dipleld end tetrspleld roots
of rye generally follow & similer pattern. Howsver, gome
diffarences wors found, and thase ¢an be mumarined as followe:

1. Lineayr growth of eain reot of dipleids le gemersily

graator than that of ths tetvsploids after the treatwent of kineiln,

whilo the situstion ls reverssd in elongation of leterale.

2. The tetrupleid roois are lass sensitive tc the ,mmh:mi-y
affrata of bein kimstin and IhA,

3. The muntigonisiic affeet botween high condentration
of I&k and kinetin 1s wore prorcunced in letraplolids than that
in diploids.

It geemg thet kinetin snd 144 have a lese inhibltory effect
on ths tetraploid then on tha diploid roots. dssuming that
andogsnous growth aubm-t&ﬁeaa plaey their roles in cenfrolling
growth of roots in yitre, the differsat belaviour of dipleid and
tetraploid roots to cuxin end kinetin treutmants may be due to

their different endogenous contants 6)‘;’ the teo mubstsnoss. On

S,
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the other hand, the poesibls insffislency dus %W o sczevhat unbalanesd
gonotyps of the sutotetrapioid may have induced & different degres

of resctivity t¢ similer esoncentrativms,

It {28 8 well known faet that kiaslin stisvistes eall divieions
in varions tlesund (Gos ot al. 1956, Guiteen 1950, Heber and Lulppold
1960, ®slker ant Metrich 1962), Somr avidence Por this was obtsined
in cur eypariments. High concenirations of kimatin showad en indtial
high mitotie index (¥1). Low concentrations of kinetin Induced a
highor ¥I than the cegtml only during the firab 3 hours. &t
& hours and later the I wee found to be equsl to or lower than the
soutrol &b Co00L &g/l snd 1 mg/l of kinatin trsatzent respsctivaly.
iz cun be seen frop Flgure 10, the #I eurva of ths control sterts
with e low ¥I, but then gradually rewchss such highsr values.
Zvidense has been obtained {Das et sl. 1956, Fateu at al. 1957)
that both suwin and kindn are requirad for N2 synthesis, witesis
angd eytokineaie., The Tact that in our materisl the contrel atsrted
with such & low 43 mey be dus fo the drastie change of suvironmont
caugad by explising end culturing the roottipa. It smay hava baen
that sufficient kinetin or kindn wvere not readily avsilable for

thess rogts, so that either axogsnous kinetin or a period of
sdaptation for the synthogis of kinetin wes reguirad for the
initietion of normsl nitosis.

The changs I1n relative duration of ths mitoltic steges
induced by kizetin was expleized by Tuttman {195} se befng the
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result of @ chenge in tho rate of spiralisation and despiralisation
of the chremoscinas . The ¢lear do{xbla-utranded shromozomen in Figuras
11 to 14 (0,001 mg/1 of kinetin treatment for thres hours) may be

an indication of this effect. However, thare ig no change\‘m relative

duration of prophues nor talophene, on whlch Guilimants inferesce wae
based. After 3 hours' trectrant, the proportions of mt&p&a&w
our experipental treatzents have sighificently inereased over ﬁmt'
of the control. fince there iz no change In tha rals:‘i:ive fmqmmy
of the aitotic stages beyond £ howrs, kinetin cunpot poseeus &
persistent effact on the duration of mitotla phesez.
In additicn to the effsote of kinetin dlseussed zbove, &

divarsity of structursl changea in chromosoumen has bman found at

or stove 1 ng/l kinetin trestzont. Those include amaaai.v§ |
contraction of chromomomes at retaphase, chrupesonsl hrmgma‘ in
énaphaaa aré telophasas, breskagez, and blmiclenis cells. These
chropozomel sberrations ers siso fresquentiy fourd in other plant
tissues gwxréx in & wadive with cumplex gyowth substanows like yesad
extract, cocomut milk or some cther chewmicsl subastauces {Straus |
1954, Torrey 1959, witre st al, 1960, Venkelsswaran anc Spless 1963).
The exceesively shortened snd widely scattered chrovosowmes in
metaphsges after kinetin treatwent are resiniseent of the sffects
of colohicine (Levsn 1938).

The ocourrancos of bridges and Tragments ss & result of kimetin

tresatdent have not been ropirted baf‘am. 14 is well #mwn thet
ohenges in ahromesemal struoture cau be sasily induced ’o} lonining

72 v,
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rediatione (of. Lea .194&3 or by verlous redicminetic substances
{w41son 1560). Feunfon of chroncsomal froguents may give rise to
now fzhrommmﬁl complozenta (Davideon 1959}, which cen survive
soversl geperntions under certain culturel condiliena (Vanketogwaran

19653. Prop sguch & culture & oew strain of anev loid oolla hag boen
: P

sstablished, ‘e zbility of kinatin to induee chromosonel sberrations,

as we obgerved in our oxporiments, msy have givan rize %W various
aneuploide in osrtain tiosus cultures (Torrey 1959).

4t 5 mg/l, kinstin induces many bridges ot telephese. Ths
nucled in these oslls sve pycsotic (Figure 19 and 20}, Thess
bridges sre prcba‘nly‘ the result of aticknaesy rather than of
siructural rearrangosents of the chrowoesmes (inversion, trans-
location). Levan {1951) cemsidered them as sn indicztion of
tonic and lethul comcmntration of chexicale on chremodones,
Tharefore the maclel £t this high concentraticn of kinstin

gredeslly dagenerated uvntil Fizally the ritotic activity stopped

after T2 hours of treutment., Thla alsc might be one of the maln

rezaons why kinatin in high concentrations sphibita the growtk of |
rye rocta.

Hlrueleste and rolypleld cells ere frequently eroountered
in plent tlesus cultures {of . iurtenen 1963) and In the root
perigten under kinotin trestment (Cuttsan 1956). In thie
axperirent, only bimveleate golls were found, no polyplolid cells
wayre Tocordsd, Sinueleste colls were {irst obeerved aftar treating
the root for 12 hours with 1 g/l of kinetin, and thelr sumber

inerossed with the é:;uasntmz.iena snd duration of traainent,

T RROGES
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Bimsleate cells ware nbver cesn in divisien, It is prodsble
that during the complstion of witesis of the original cells, the
high kinetin concentradicn pravestad cell wall fornation.,

In conoiunsion, it 18 aonsidered that our resulis heve

given further suppori to the following Findinge of the

sarlier workerss
g) The grewth (slongstion and eell divisten in cur csoa)

of axeised yoots in yitre is mot scentrolled by & e;ingla suxin

But by & belence among a mumber of phytohormones, as postulatad

by Streat und Yinter (1963},
b} Zinetin inhibits the slonpation of roois at relstively

Righ concentraiien (Buteher srd Strest 1960, ef, ¥iller 1961,

snd Tittwer and Dedelgh 1963).
&) The "antiauxin® effect of kinetin in the linesr growth

of roots (Eutcher and Hireet 1960) is confirmed.
&) Xinetin siisulates esll division {Pes at el. 1956,
Gutizan 195(5, Haber and Iaippeld 1960, Felder and Uletrioh
1962) . | |
@) Kinetin affecta the spiralisetion of the chromozomes,
and induees the Tormation of pyovotic phcle! and binucleats cells
{Guttzan 1‘956$.

The new Tindings of the suthoy are:
@) The metepboses after kinctin snd solehicine treetment

appear to be almilar, miggesting an offect of kinotiz on the

formstion of the spindle,

S P
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b)Y it high mm;htzaiion (at or above 1 mg/l), kinetin
irnduonn chromosonsl fropnents nﬁn‘: bridgea in zitopls.

e) The tetraplold rye roots are less sensitive to tas
mm.hi.‘mry affedts of both kinetin and lik then 3ts diploidas.
The sntagonistic offect betreon high cunesstration of IdA

snd kinatin 15 more pronoumosd in tetreplelds than in diploids,

R T Lt e e < e ot e e
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inalysis of Veriance of Kinetin Sffecis on the Blonge-
tion of “ain Foota of Yetvapleids

foures of Degres of Sum of Hean

Yoriation Troeadon Sguars Squzra ¥
Einstin § ?;l,e""iﬁn:!& 1:5219&5 dyo Biew
dmong Plasks 16 1z, 81 .2 863,45
¥ithin Plask &6 24,,8%0,80 377.13
Total 14 805,005.00

% Signilicsnmt i

LD Tast (£

Cell lavel 718 & 4.4

lavel)}

Irepiments

1.0 mpfl  Col mg/1 0001 sg/)  Comtrel  C.0L mg/l Yrsst Control

90,03 D3 105.08 120,31

58,42 89,93

* Significent differance exlets betwesn treatuents lying on

differant lines

¥l 3

snalysis of Variance of 14 Bffects on the Zlongation
of HEaln Foots of Tetrsploida

Source of Pagron of S of Benn
Yarialion Frasdom Square Square ®
Tak Ay 89,985.99 22,4%.50 39, 00w
bzong Flaske 14 B,074. 50 590 .77
¥ithin Mask 57 20,845 .22 265,867
Total 75 CLRELD04L L4
s# Slsnifioant at O lavel F 1 e 5,02
LED Tast | (5% lavel) .
Ironipent
Uol mgfl .0 mg/1 Control 0.00L mg/1 Yozat
Contral
22633 7556 5 110.31

gt
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Table 4

Anglysis of Variense of ﬁinatm iffenta on the Humber of
Lateral foote of Tetrepleide

Soures of Degren of Tum of ilean
Yeristion Froedon Bauare Stmers 4
Finetin % 2,042.18 510,55 2.2
tzong Flanks 14 2,207 .94 15%.7
“ithin Fleaka 5% i ,4&3 50 2568
Total 78 BpTIR.63.
“Bignificant at 5% lovel F o8 e 3,11
L35 Teat {5 lavel)
Tiratopnt
G /1 0.0 ug/d Contrel C.00 mz/1  Yoewst Control
468 14,92 15231 1756 19,12
Tsble 5

inalysis of Yeriance of ILA -Ei‘i‘ect'sl""on*the- Number-of. Lateral
Roots: of Tetraploids ' .

Souree of Degras of fom of Hegn
Variztion Prasdon Fonsre faars F
imong Plasks 14 1,818.47 129.89
¥ithin Tlasks 65 2,480,506 §3 55
Total &
wv Signifioent nt 1% lavel Fild e 5,08

LSD Test (5% Tavysl)
. ihestment

Col mp/Y G0l mg/l  Contawl 0,001 vg/1  Yesst Comkrol
0.3 15208 L 15433 e

s
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Zakle 6

Apalysie of Vavianes of Xinetin ¥ffects on the Elongation
of Laterals of Tetraploids

gouros of Daprae of T of Hasn

Vuriation Fromiom Youare Scmare ¥
R ime tin % TAYhB2.3%  LBL 870,58 gibon
Amowng Floaske 14 S5L,E13.6%  3%,343,84
Fithin Flusk 57 69, 575,00 11,71&*-93
Totsl 75 1,%47,87 .00
siignifionnt at 3% lewsl P 5k = 3,11
L&Y Yast {5 lawel)

- Irsatuent
0.1 mp/l Centrel G001 mp/2 Q, 01 £/l Yeast Cobntrol
FARS' & 156,88 230,87 249,78 333,759

Zabla 7

fralysis of Vardsnoe of finetin x JAX Intsvreeblen on the
-Vlongation-of Main+Roots of Tetraploids

Sourcs of Pogres of fum of Haun

Variation Frandom Square Square ?
Kiﬁ&tin 4 Rfk’ 85&3 &7 Q‘V’a}.ﬁ- « 72
Iﬁi\s 3 &’5&" '76 25’182025 )
Rinetin x I&é. iz 9@,932.’%» ?. 569.4} 16.29“"
Srror 57 26, 566,78 46%: OB
‘I‘ot&l 76 . 22@,805 c35

we Signdfieant at 15 lavsl T 18 = 2.53
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inalysis of Yarlsnoe of Xinetin = T&f Interceiion on the
Bamber of Letorsl feota of Tetraploids

Soaree of togres of Sux of Homn:

Yarigtion Froaasdom Sasre Enuare ¥
Zinetin 3 3,310.62 1,000,857
4183 2 2,825,20 §08,40
Riawdin x T&& 9 2,590.53 287 .88 3240w
2rror FAS 3 ’9{}7 0?7 88.83.
Total 59 11,434.52 .
#* Slguificant et 13 level Flie 2 <8,

Teble 3

tpelyals of Verianca of Rinetin x Id& Interseticn op the

Elongation of Lateral-Roots of Tetraploids

Sotrae of Degras of Bums of finan

Variation Fresdoa Square - Square ¥
Einatin 3 82?,153. 5% 27 239,20
Iak ‘ 2 552,873.77 184,291 .26
Kimntin x &4 G 7&3 ,?2’3 .76 82,592 L8 haBGan
Frrer FAA ?99911 5576 1%,1&1 TR
Total 89 29944 506 85

*% Sipniffesnt at 13 level F il e 2.8
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T Yoste for ths Interaction botween Kinatin and 44 on the
slongation of ¥ain Fooim of Tetrspleidsa

Treatmeit Hean £ B.3, t value
164 0.Y w3/l + ne kinstin 25,25 + 160
Tié Cu1 g/l + 0.001 mg/l kinetin 96.33 £ 8.41 460
&5 0 mg/l + G.08 mg/1 kinetin T LY £ 4,09 B L
Itk 0.1 mg/l + 0,1 mg/l kinetin 6103 1+ B.67 k-1 10
134 0,1 mg/1+ 1.0 me/1 kinetin 36,90 + 4otD 2 oL

* Zipniftcuant st 13 lavel
#* Sigaificsnt ot 5% lavel
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{ Tabis 32
: Anslysis of Verisnes of §inetin Sti{wets on the slongation
i of ¥aiw Moot of Dipleids
1 Souresn of Pegree of Bow of saa
Veriation Pyoadon Huare Fauare v
!
! , "
é S inedie t‘tv 33 }?11 02&' E;i:*??aﬁi L.ﬁ?’
! hmong Flesks 16 20,398,085 1,837,538
§ e Y ? .t - .
| 2ithin Flask &3 G5,170.35  1,0%4.44
i Total a3
i
; *fignificand ub 5 lsvel ¥ Sh o 3001

: L&D Teat (5% lavwsl)
Tyes tuan

; 10w/l 0.001 mg/L 0.0 w2/l Control Col 21

54 4R G328 108,00 110,50 115,75

. ivalyeis of Vavrimnes of Ifd YPfets on the Flongation of

: Baln Noous

% Soures of Pagree of fum of Baan

Varfation | Sreaden Souars SupsaTe F
The 3 TReI0ZE 24,038,794 Lme
: Stong Flagks 14 1%,750.58 YE2.19

i Hithin Flagk 54 ABp331 .52 BE5.02

§ Te sl : 71 134,392.44

we Significant st 1k level Flia 5056

E'l,

¢ BTy T {ay Y

LI ST A 473 -5-9““"*}

% Freatment, . '
0.1 mgf1 0.0 mg/1 GO0 ma/1 Contreld
f

15,00 3435 B 28 ¥ A 7%, 5

LA
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Tobla 14

inelyels of Variance of Kinetin Iffects on the Humber
of Latarsls of Diglolds

Sfouree of Dagres of Sux of Fean
Variatdon Freaden Begpere fqusre F
Zinatin 3 1 9221 .48 1’0? 0lb 6.95’“
izong Flasks is B2 I0 {6 &6
Bithin Flank 54 4 558,50 84052
Fooled Rrror &8 - 3,451 B0 80,75
Total 71 B, T3 28
&% 2denificunt at 1§ level F IR = 420
L30 Teat (5 lovel)
Ireateant
1.0 v/l 000 1/l 0001w/t 0,00 'mg/1l  Contrel
006 235 2.08 Ta28 A 40
s : in o
fralysis of Yerdanse of 124 Rffasts on the Susher of
Latersl Roete of Diplodids :
doures of - Dograe of o of 2L
Variation Treegon Rgusre Hnara ¥
155 3 1,662,085 584,02 b
tzong Tlagve 14 1,303.57 9231
313&5& ?1&53{ 5& 54,267025 11{"0&
Fomled Prror €8 7, 57G,82 11324
Total 71

=% Zignificupt et 1% lewvel Tl g 4Lal0

L& Teet {55 lavel)

‘ Trag trm '
0.1 B/l G, 0L mgfl fentyol 0,001 mg/l

1.67 - a0 12448, 165
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dnalysis of Variange of Rinetin
Lataral fioots of Zipleoide

- AR -

Jable : 16

&ffects on the Zlomgatlicon of

Sum of

Jouree of fegres of Maan

Yariation Fresdom fgquare Soukre ¥
Xinatin 3 410,228.44 136,742 ,8 boSTen
feong Fleeks 4 V2,964 6% 19,497 42
#4thin Plask 5L 1,760,050.50 32559 27
Pooled Evzer 68 2,033,085,17 29,897 .86
Totrﬂl Tl 2;%,282061
¢ Jlgnifiosnt gt 1% level Flig 40 o
LE: Test {53 lewel)

Irogtoont
01w/l Q.00 mg/fa Contawl 2,01 mg/1
29.%0 333 .55 191,35 237433

inalysis of Varimnes ef [ia
Laters) fcots of Dipleids

i fsets on the Ylongetion of

fouror of Dagres of Sum of ¥man

Yariation Traedon Souere fquare P
éxong Flaoks 14 463,34%0,1% 33,528,591
Mithin Plask 54 1,917,99.00 35,517.02
Fooled Erroy M 2’:‘53?;3134? 35’3.9?:612
Total A 2,83’53,3_22,.60
ve Slgmifioant at 1) tevel P 1% & 410
LED Test (5% level)

T
0.1 mp/) 001 mi/1 Control 0,001 wgf1
6.22 183,85 131,35 287,23

T
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Tsble 18

anglysis of Vurlance of Kinetin x Ik Intwrseiion on the

Bumber of Lwtersl Moete Of: Diploids

Soures of Dogrea of Sun of FEETY

Fariatisn Foasdon Fauars Suuare 3
Einetin 2 75%5.57 251.86
153 3 211707  T05.8% '
Kinetin x 122 9 i '272 079 1&3 whd 2 'Qy*
Trrory e 2,587,788  47.92
Total 69 £,733.93

- as Bigpificent at 17 level PLop 2,78

Jabis 19

Analysiz of Veriznow of Zinmedin x TA4 Intersetion on the
‘on ~the Elongation .of Lateral Foots of Diploids

Soures of Dograe of Sum of Hasn
Varistion Frosdow fouare ERISTRE #
¥ {netin 3 Tihgdl3e99  A58,14d.06
54 3 880,377.24 2,445,880
Rinetin = T4k & 838,437 .24 Ty 57047 L8500
Brror 54, 790,0.8.69 14,629,968
sz Rignifiecant at 1k level F 1k g 2.78

L e etk |
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Jeble 21

faplysis of Varlanee of the HfTeots of Kinetin snd Sugsr content
on the Blenpotion of Waln foots of Mpleida.

Seuran of agrar of fum of Fenn

Varistion Frasdew Spere Spinre r
Tngar 1 G, 000,02 6 el lars 557
Einetin 4 50,980.,08 12,745.02 o Qi w
Jugar x Rinetin 4 12,361 .58 2,0%0.40 2,18
Errer 158 223 3 To0 .2 1,414 .59
Total 167 292,191.50
«w SEpnifioant st 15 lavel
LED Test for Kinetin $ffact 1n 35 Deutrese (5% level)

Areaswant,

1.0 s25/1 Control Qo0 wg/d ol pe/1 Q.001 e/

49,75 #2.55 89,58 S5.50 1L 50

Jable 22

snzlysis of Yarlanes of the Iffects of Kinstin snd Segar content
on the Mumbar of lataval hoois of Dipleids.

ures of Depres of Sum of Yewri

Yariation Fraadon Tuprs Squars ¥
Tagar ‘ 1 144,00 144,00 1,76
Kinetin -3 2,006.03 1,008,7 1248
Sugar x Xinstin 3 471 .56 157.19 1.95
Trror 136 18,900,67 80,81
Total 143 :
=+ Flenifiennt ot L% level Fiv e 3.94

LSD Tagt for Rinetin SfTast in 3% Destrose (5% lavel}

lrestrent

0.1 =g/l 001 mp/1 Control 0.001 =g/l
2,06 6.,83 13,70 15,50
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#nslyels of Voriance of the Iffects of Eimetim snd Suger Content
on tha Length of lLatersl Hoots of DNiploids

fouros of lLogras of fum of Hoan

Voristion Traedom Prmsre Square T
Sugar 1 T61,500.92 161,000,693 605
Yugsr x Kinetin 3 111,7C1.47 37,232.82 1.37
Arrer 136 3,20,838,24 23 ,682.,63
Toted 143 4,080,747 .32
* Signifigant vt 55 Tewel T 5% w 3.02 1% = 6,84
v " 1 FI1E s 3.9
L& Yest for Kinetin Iffect in 3% Dextroge (5% leval)

‘ Irestrant

.l me/2 0.01 »ig/3 Contwi 0.00% neg/1

14.00 80,17 132,85 21E .25

W
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Table 24. The effects of kizretin on musbser of eells in division,

T Treatsent Fugbar of Galls
v Bltctio
. #Iﬁﬂk 1
fubstance Omwantm tion Soura NMvisiom Totwel F RS #
mg) 3
H0 161 866 2.12:000
a%'naun o, 60 3600 1.6450.1%
0.391 98 3%3 20&3..{:6.‘5
# 0,401 3 102 3904 2.61:0,22 20, 5w
i Gl 121 4648 259015
4 1.0 p ¥+ &754  3.4330,03
u B 00 w 455@5 5“99.20 a} 7
a 5.0 33O 46T 7,6431.00
B0 157 4676 3.4740,66
Kinetin O« 152 L4270 A eb8i0.26
w 0.001 129 4261 3121037
i R & 71 34675 = .%,1-&3.34 14 35ne
w 1.0 95 5078 1, ,Ltﬁ.iit;
n 3.0 107 5363 2,0240,%6
u - 5 2B, 3o TeT1 0,78
320 26 &GLO G -49_'{;69 22
Rinetin Je i 405 4,730,602
® G.00 155 I 4e0840,43
" ER 7} i2 pR¢7A 4520 2e321:0,17 R, Goun
i G,1 140 4207 33130.37
u 1.0 69 345 2,0210,17
" 3.0 &0 3428 Dot 0,33
n 5.0 an 50, 5 e26352 .64
i! 'D G.Cfl
K frue tin O 180 3N 4.830.4
¥ O 001 124 3853 302810, 55
L Q.01 27 i 26565 3 ojé_taug $ 1.32
" G.1 - 130 3938 3e32;0,10
4 1.0 15 3467 40010, 46
“ 3.0 1ol 5163 20540,
" 5.0 1% 4843 Ao 287303,72
Rinatin 0. 172 2088 546210, 51
R 0,0 T 123 2943 Le5120,52
" 1.0 T3 ns 2626,0,80
" %, o) - - 6 11x%
" [ ‘Q 0 - -

Table 24 cont'd.
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Tebla 34 cont'd.
1. Onleulated from mrasine trensformed dnta.

s Ho mitosos bas boswm found so there ip no total eell covat.
#o frniflcant at 0.0 level,

Puneen's Tast. (%5 lewe})

Eeurs Jinstzentey
Ko &3 Ky Ky EH X, K5 R
3 leBh 2259 2460 280 202 343 5.09 7.4
K{, Kﬁ K2 iy By Byl &p K¢,

6 1.9 2,02 2,06 2,22 2,13 3,47 348 7.

12 0,49 2,02 232 2,44 231 402 4T 5,28

7 2052028 332 336 2,20 | La60 L83
B, F  Kg
Y I 226 Lolk. .5.62

s v T R DT

* 1. B0 d3s%3lled weter, ¥p1 control, Ky: 0,001 mg/l,
. Bos 0,00 mgfl, K33 0ok mg/Y, K, 3 3 mgsl, Rge 3 ng/,
Xes 5 me/le
2. Bignificunt differenos fs found betwsen mesns lying

on diffarant linsg,

TetTon.
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Table 25, The offects of kinatin om reolsti

- 4% e

vo frequencies of mitotie

tages.
Trastssnt yopertian ef Division
“wostance oouma. Fours Frophuae Hotepbose Loaphuse Teloghase
/3
B0 68,40 35,08 322 15,20
rfaetin o, 86 .62 5,50 4230 3,87
" Ca L 68,07 2L, 87 215 1891
H Q.0 3 T7.86 15.55 O 7 584
# 1»0 ?2.09 18.97 2.00 60%
n 3 o'e 7&131 220 53 2003 ' 5 013
n SQL J&n 5‘6‘* 13.5‘5 O.SG &.39
h. A T okl 10,92 480 9.62
X &m Qg ?lcsé’ 11.55': 3-71 9‘17
s GaX : 82 .66 168 L4 5.9
n 0.3 & 5%.79 19,79 a.98 12,57
" Gl 5736 22,60 %o 50 14,54
2 1:0 67-09 10.&3 310[& }.9-&4
® 3.0 5548 16.41 i 098 17.%%
H.G 56295 23622 14.58 15
fastin 0. 53 .67 16,5 637 20.37
“ Q.00% 68,05 it .54 .26 14.15
“ 8.0 iz Tér B2 985 He80 16.58
@ Uul &Bu‘}g 15.71 359 6.7
8 1.0 63.95 10,22 302 227N
. 3 52.55 15,74 2.08 20
i 5.8 08 18,97 0,57 13,48
" G000 54046 13.1%9 5077 26.59
# 2.01 27 50,49 11.3¢9 2o 25,92
" % X 56.32 20,82 Tk 21 .39
s 3.0 57 « 47 16,37 366 22 .48
i dald 3228 ahaB8. s 78,
Einantin Q. 4@ . 79 20 03 2 ] olﬂq 2701)(}
® O‘QOI 72 3€'~‘057 g?a% 3 o% 31.6'2'
b 190 54..3& . 37.0‘7 2.?1 25.86
o 3.0 - - - -

Table 29 cont'd




| Tebls 25 cont'd.
Dupesnte 7 (5 leyel}
Bitotie
| Hours . Ehese. irgatpante
ko HR Ky Kg K5 K3 ip  Rs
3 Kataw~ : :
& Froe
phtse 53.41 5736
* Han footnote of Table 24.
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Conceniration of growth factors

Figure | ,
The effects of Kinetin and IAA on the growth of main roots of
tetraploid rye, Vertical lines a2t each point represent twice
the standard error.
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Kinefin  Kinetin Kinetin  Kinetin  Kinetin

Figure 2

Interaction between Kinetin and IAA on the growth of main roots
of tetraploid rye. Standard errors are indicated by the line
symbols at the top of the hostogram, .
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Conceniration of growth factors

Figure 3

The effects of Kinetin and ISA on the number of lateral
roots of tetraploid rye. Vertical lines at each point
represent twice the standard error.
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Interaction bet weeﬁ Kinetin and IA& on the number of lateral

roots of tetraploid rye. Standard errors are indicsted by tne

Control Ol mg/t Olmg/t Olmg/t O} mg/t
IAA lAA IAA lAA

OGO!mg/l 00l mg/l 0]! mc/l
Kinetin Kinetin  Kinetin

Figure 4

line symbols at the top of the histogram.
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Figure 5 o
The effects of Kinetin and IA4 on the total length of lateral
roots per root of tetraploid rye. Vertical lines at each point
represent twice the standard ervor.




roofts (m.m.)

l.ength of lateral

400

300;

200

100

i

-—

vt nans nrimcy

Conirol  Olmg/L Oimg/L QOlmg/L Olmg/L

I1AA 1AA IAA IAA
+ + +
O.CClmg/L OOImg/1L Olmg/L
Kinetin Kingtin ~ Kinetin
Figure ©

Inieractic.;n between Kinetin and IAA on the total length of
lateral roots per root of tetrezploid rye, Standard errors
are indicated by the line symbols at the top of the histogram.
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Figure 8

The effects of Kinetin and IAA on the number of lateral
roots of diploid rye., Verticzl lines at each point
represent twice the standard error.,
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Figure 11. Two prophases after the ireatment of kinetin at
' 0,001 mg/1 for 3 hours. x600, :

Figure 12, & late prophase after the treatment of kinetin at
0.001 mg/1 for 3 hours. x600.




|
i
i
i
i

Figure 13. 4&n early metaphase after the treatment of kinetin
at 0.001 mg/1 for 3 hours. x600,

Pigure 14. & metaphase after the treatment of kinetin at
0,001 mg/1 for 3 hours. x600.
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Pigure 15. 4 metaphase after the treatment of kinetin at 1 mg/1
for 3 hours., x600.
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' Figure 16. & prophase with braakage after the ireatment of kinetin .

at 0.001 mg/1 for 3 hours.

%600,
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Figure 17. &n anaphase with dicentric bridge sfter the treatment }
: of kinetin et 1 mg/1l for 3 hours. x600.
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' Figure 18.  An anaphase with bridges and breakeges aiter the

treatment of kinetin at 1 mg/l for 3 hours. x1250. .
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Figure 19. & telophase with chromosomal bridges after the traat-
ment of kinetin at 5 rg/l for 27 hours. x600.

Figure 20. A telophase with écentic and dicentic chromosomal
bridges after the treatment of kinetin at 5 mg/1
for 27 hours., x1250,




Figure 21. A birucleate cell after the treatment of kinetin at
1 mg/1 for 12 hours. =x6€00,
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Figure 22. & bimucleate cell after the treatment of

kinetin at
5 mg/1 for 27 hours. x600.
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Figure 23, An abortive anephase with many fragments‘after the

x1250.

3 hours.

treatment of kinetin at 1 mg/l.for
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