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STATEMENT OF THE PROBLEM

OVER THE PAST THREE DECADES THE MAJOR STUDIES ON THE EFFECT

OF VERNALIZATION ON CEREAL GROWTH HAVE EMPHASISED THE EFFECT OF
CHILLING ON HASTENING THE ONSET OF FLOWERING AMD HAVE STRESSED

ATTENDANT MORPHOLOGICAL CHANGES IN THE SHOOT GROWTH OF TREATED

LY

PLANTS.

LITTLE INFORMATION IS AVAILABLE HOWEVER ON THE SPECIFIC
EFFECT OF VERNALIZATION ON ROOT GROWTH. WorT (1940) visuaLLy
NOTEC AN INCREASE IM THE TOTAL ROOTING SYSTEM OF A SPRING WHEAT
AND INCREASED DBY WEIGHT® MEASUREMENTS FOLLOWING VERNALIZATION.
We INBERGER AMD GoGIN (1963) FOUND THAT VERNALIZATION INCREASED
CELL COUNTS IN A |0 MM, SEGMENT OF THE ROOT APEX.

THE PRESENT STUDY WAS UNDERTAKEN. IN ORDER TO ELUCIDATE
WHETHER VERNAL IZATION DID IN FACT HAVE ANY EFFECT, (WHETHER
LARGE OR SMALL), UPON THE GROWTH OF THE PRIMARY ROOTING SYSTEM.
A SPRING AND WINTER WHEAT WERE SELECTED AND EXPOSED TO TWO
IMBIBITION PERIODS IN ORDER TO ASCERTAIN WHETHER THERE WAS A
VARIETAL DIFFERENMCE IN THE ROOTING RESPONSE TO VERNALIZATION,
ANC TO DETERMINE WHETHER THIS WAS MODIFIED BY THE IMBIBITION
PERIOD, THE PARAMETERS SELECTED WERE CHANGES IN LENGTH OF THE
WHOLE PRIMARY ROOT AND OF SEVEN 0.5 MM. DELINEATED ROQT TIP
SEGMENTS TOGETHER wlfH CHANGES IN CELL NUMBER, FRESH AND DRY
WEIGHTS OF EACH OF THESE SEGMENTS WITH TIME. THIS PRIMARY DATA
YIELDED INFORMATION ON CHANGES IN CELL NUMBER, AVERAGE CELL

LENGTH, AND AVERAGE CELL FRESH AND DRY WEJGHTS WITH DISTANCE FROM

THE ROOT APEX.,
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ABSTRACT

THE EFFECT OF A VERNALIZING TEMPERATURE ON THE EARLY ROOT
GROWTH OF SPRING AND WINTER WHEAT (VAR. MARQUIS AND RIDEAU) HAS
BEEN EXAMINED FOLLOWING TWO IMBIBITION PER100S (5 anD I4 Hours),
AND |~7 WEEKS OF COLD TREATMENT.

COMPLETION OF THE THERMO-PHASE, AS VERIFIED BY TWO STANDARD
BIOCHEMICAL METHODS, VARIED WITH THE SEEC VARIETY AND THE
IMBIBITION PERIOD.

FOUR WEEKS OF PRIOR COLD TREATMENT PROVIUED THE MAXIMAL
IMPETUS TO GERMINATION REGARDLESS OF THE CEREAL VARIETY,
IMBIBITION PERIOD, OR THERMO-FHASE REQUIREMENT.

A MARKED INCREASE IN CELL NUMBER AND A PROLONGATION OF THE
""MITOTIC~-STATE'" WAS OBSERVEL TO BE CO-INCIDENTAL WITH THE COMPLETION
OF THE THERMO—-PHASE IN BOTH GRAIN VARIETIES. CHANGES IN SEGMENT
LENGTH, AVERAGE CELL LENGTH, FRESH WEIGHT AND DRY WEIGHT PER
SEGMENT ANC PER AVERAGE CELL OF THE PRIMARY ROOT OF THESE WHEAT

VARIETIES WETZE ALSO SHOWM TO BE CORRELATED WITH THE COMPLETION

OF VERNAL 1ZATION,
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RESUME

L'EFFET DE LA TEMPERATURE DE VERNALIZATION SUR LA CROISSANCE
IMITIALE DE LA RACINE DU BLE DE PRINTEMPS (VAR. MArQuis) ET obu eLE
p'HivEr (VAR. NIDEAU) FUT ETUDIE AU MOYEN DE DEUX PERIODES 0! IMBI~
BiTioN (5 ET |4 HEURES) ET D'UN TRAITEMENT AU FROID VARIANT BE | A 7
sEMAlnes. LA DUREE DE LA "THERMO~PHASE' (VERIFIEE PAR DEUX EPREUVES
BIOCHIMIQUES), S'AVERA DIFFERENTE SELOM LA VARIETE DE GRAINE ET LA
PERIODE D'IMBIBITION,

QUATRE SEMAINES DE REFRIGERATION DONNENT L'IMPULSION MAXIMALE
A LA GERMINATION, INDEPENDEMMENT LE LA VARIETE DE CEREALE, DE LA
PERIODE D'IMBIBITION OU DE LA DUREE CE LA '"THERMO-PHASE'". UNE AUG-
MENTAT ION MARQUEE DU NOMBRE DES CELLULES ET LA PROLONGATION DU STADE
MITOT IQUE ACCOMPAGNEMT L'ACHEVEMENT DE LA “'"THERMO-PHASE' DANS LES
DEUX VARIETES CE CEREALE. LE TERME DE LA VERNALIZATION EST ASSOCIE
A DES CHANGEMENTS DANS LA LONGUEUR DES SEGMENTS, DANS LA LONGUEUR
MOYENNE DES CELLULES, DANS LE POIDS FRAIS ET LE POIDS SEC DES RACI-

RES.




K . ¢ CONTROL SEEDLING - ESPOSED TO CINTROLLED ENVIRONMENT

List oF Cope Usep IN THE TEeEXT

TEMPERATURE ONLY.

Vit

CABINET

C.E.C. ¢ CoNTROLLED EnviInowMENT CABINET.

Cy : SEEDS VERNALIZED ONE WEEK AT 2 % 1°C.

Co : SEECS VERNALIZED Two WEEKS AT 2 * |0C,

Cz : SEECS VERNALIZED THREE WEEKS AT 2 * 1°C,

Cy : SEEDS VERNALIZED FOUR WEEKS AT 2 * 1°C,

C5 : SEEDS VERNALIZED FIVE WEEKS AT 2 + 19C,

C6 t SEEDS VERNALIZEL S$1X WEEKS AT 2 % 1%¢.

C7 : SEEULS VERNALIZEL SEVEN WEEKS AT 2 + 1°C.

MS : MARQUIS WHEAT (SPRING VAR.) IMBIBED 5 HOURS PRIOR TO
VERNALIZATION.

R ¢ RICEAU WHEAT (WINTER VAR.) IMBIBED 5 HOURS PRIOR TO
VERNALIZATION.

Ry : R1oEAu WHEAT (wINT ER VAR.) tMBIBED 14 HOURS PRIOR TO -

VERNALIZATION.

- CoNTROL SEEL OF MARQUIS AND RIDEAU WHEAT, FIVE

AMD FOURTEEN HOUR IMBIBED.

M5C|_7, ReCy-7s RyuCy_7 ¢ TREATEG SEED OF MARQUIS AHD RIDEAU WHEAT,

FIVE ANC FOURTEEN HOUR IMBIBEU, VERNALIZED

FROM -7 WEEKS.,
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IMTRCBUCT | ON

IN TEMPERATE COUNTRIES THE SEEDS OF WINTER CEREALS MUST UE
PLANTED IN THE FALL, OR SEFORE THE END OF WINTER, FOR THE PLANTS
T0 FLOWER LURING THE FOLLOWING SUMMER. IF THEY ARE PLANTED IN SPRING,
WINTER CEREALS 0O NOT COME TO FLOWER UNTIL THE LATE FALL, AND LO NOT
EAR UNTIL EARLY ilOVEMIER. THIS LATE EARING MAKES HARVESTING OF THE
WHEAT ALMOST IMPOSSIGLE DECAUSE OF THE ONSET OF THE RAIN ANL SNOW OF
WINTER., SPRIMG CEREALS, ON THE OTHER HAND, WHICH GENERALLY CAN NOT
SURVIVE THE PROLONGED COLD OF WINTER, ARE SGWN IN SPRING, ANL THE
CEREALS FLOWER iM MIC~SUMMER OF THE SAME YEAR.

SINCE THE LAST CENTURY, MANY SCIENTISTS HAVE STUUléD THE TWO
DIFFERENT TYPES oF CEreEALs (16,13,24,25,85)., CoNSISTEMTLY, THEY HAVE
FOUND THAT IT IS THE LOW TEMPERATURES OF THE WINTER PERIOD WHICH
HASTENS THE SUDSEQUEMT FLOWER!ING.

THE TERM '"WERNAL IZATIOM" WAS OKIGINALLY COINEC 2Y Lysenko 1928
(23) To DESCRIZE THE ACCELERATIOM OF THE REPROUUCTIVE STAGE OF GROWTH
DY CHILLING THE WINTER CEREAL SEELS OR SEEULINGS., EFFECTIVE CHILLING
TEMPERATURES ARE IN THE RANGE oF -5%C 1o + 10°C (16,17,35,5%6). THE
MAXIMAL RESPONSE T“EING ELICITED -ETWEEN 0°C anc + 3°C. Puavis NoTEC
THAT RYE SEEDS OR SEEDLINGS MA INTAINEL AT TEMPERATURES ZELow -G6°C
CECAYED AFTER PLANTING. /A NEUTRAL RESPONSE WAS OGTAINEUL From 13°C

TO |5°C ANL CEVERNALIZATION OCCURRED IN RYE AT TEMPERATURES HIGHER
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than 18°C (24).

UNCER NATURAL CONDITIONS,; THE VARIOUS
plFFE%ENT CHILLING TIME REQUIREMENTS WHICH
cLiMAaTE (B34). SEEDS MAY THUS DE PARTIALLY

BECAUSE OF THIS, THE SAME VARIETY OF WHEAT

CEREAL SPECIES HAVE

DEPENE UPON THEIR NATIVE

VERNALIZED TDEFORE REAPING.

GROWN IM DIFFERENT REGIONS,

MAY HAVE DIFFERENT REQUIREMENTS FOR THE 2URATION OF COLU TREATMENT IN

ORUER TO COMPLETE THE VERMALIZATIOM PROCESS

THE EFFECTIVENESS OF CHILLING IMN COTH WINTER ANU SPRING CEREALS

1S DEPENDENT UPOMN THE WATER SUPPLY AVAILAOLE TO THE SEEDS AT THE TIME

OF IMDIDITION, AS WELL AS ON THE TEMPERATURE TO WHICH THE SEELS ARE

SUCSEQUENTLY EXPOSED (34). USuaLLY AN OPTIMAL RESFONSE IS OGTAINED

WHEN THE AMOUMNT OF WATER USED IS EQUAL To 50-60% OF THE AtR GCRY

WEIGHT OF THE sees (34).

GREGORY ANC Pumrvis 1938 (16) NOTEL THAT CHILLING AFFECTED THE

MERISTEMATIC CELLS OF THE EMCURYO, oUT THE LATENT CHANGES ONMLY CECAME

MORPHOLOGICALLY EVIDENT LURING SUISEQUENT GROWTH AND DREVELOPMENT.

IN STUDYIMG THE EARLY STAGES OF SEED GROWTH, iT 1S5 [IMPORTANT

TO DIFFERENTIATE ZETWEEN THE GERMINATION PROCESS AS SUCH AND SUDSEQUENT

SEECLING GROWTH. |4 THIS THESIS, GERMIMATION IS DEFINED AS

EMCOMPASSING THOSE PROCESSES WHICH START WITH THE IMCILITIOM OF THE

SEEL AMC EIL WITH THE PROTRUSION OF THE ROOT THROUGH THE PERICARP.

OF ROOT GROWTH,., ItANY DEVELOPMENTAL STAGES

. THE LATER STAGES OF GERMINATION IMEVITAILY OVERLAP THE EARLY STAGES

TAKE PLACE INSIDE THE SEEL




ANU PREPARE THE EMORYO FOR SUCSEQUENT GrRowTH (16). 1T 1S knOwN
THAT WINTER CEREALS AME SOME SPRING CEREALS ARE ACLE TO CE ZROUGHT
TO EARLIER FLOWERING ONLY AFTER CERTAIN METACOLIC CHANGES HAVE CEEN
INCUCEL BY EXPOSURE To LOW TEMPERATURE (16). 5SIOCHEMICALLY, LITTLE

1S KNOWN ADBOUT THE METACOL!C SEQUENCE ASSOCIATEL WITH VERNAL IZATION.

TWC EMPIRICAL BIOCHEMICAL TESTS HAVE CEEMN DEV|SEU FOR USE ON
CEREAL EMDRYOS 1K ORDER TO UETECT THE COMPLETION OF THE VERNAL IZATION
REQUIREMENT OF THE SEELS. OME OF THESE METHODS WAS GEVISEC ©
BASSARSKAJA (1), HE USEL A STAINING REACTION OASED ON THE
PRECIPITATION OF PRUSSIAM SLUE WITHIN THE EMCRYO TISSUES FOLLOWING
ACDITION OF FERXIC CHLORIDE AND POTASSIUM FERROCYAMICE.  RICHTER
(2B) USED A TECHMIQUE CTASED UPCHM THE [ISPLACEMENT OF THE 1SO~ELECTRIC
POIRT OF THE EMTRYO TISSUES TO UETERMIME THE COMPLETION OF THE
VERNALIZATICN REQUIREMENT.
TEMPERATURE AFFECTS GROWTH IN VAi10US WiYS. MWoRKING 1if THE GENE-

RAL FIELD CF winT GRGWTH, YERT (88) Fountt THAT A JUREAL VallaTicn 1M
TEM ERATULE (Cruca 255C usinG THE LAYy AN |70 - 20°C 4T 1GHT) PRO-
VI E L1 TIMAL TEMFEWATUWE C HDITICNS FIR RCOT GRCWTH CF THE FLANTS STu-

1E.. TURSTR 1 (E) . TE THAT UX ER HIGH TEMI'EGATURES THE FINAL LENGTH
LF THE CELLS ~F MAMY RCCTS WAS RE.LUCE. DEGAUSE OF THE SHORTER PERIOUL OF
CELL ELCONGATICH.,

IN STUGCYING THE NATUKE oF GiGWTH Al  IFFELEMTIATION OF APICAL

ME.. ISTEMS, x0UT MERISTEMS SiECIFICALLY, HAVE RECEIVE! MUCH ATTENTION
eY EHQLY woikexs (14, 19, 20). CH..2GES 1 GROWTH ARE MORE EASILY

FOLLOWED HERE SlNCE ROOTS ARE NOT OBSCURED OR COMPLICATED BY FOLIAR




EMERGENCES. EACH REGIOM MEL©DS SOMEWHAT INTO THE NEXT SO THAT NO
CLEAR CUT LINE OF DEMARCATIOM IS ACTUALLY VISIZLE,

USUALLY, THE ROOT TIP IN LONGITUUINAL SECTION IS SOMEWHAT
ARCITRARILY CIVIDED INTO FOUR REGIOHS, NAMELY, THE kooT CAP ( O Mm.
70 0.5 MM.), THE MERISTEMATIC zoNE (0.5 To THE 4.0 MM.), ZOME OF
ELONéATION L.0 MM, TO 10 MM.) ANC THE ZONE OF i IFFERENTIATION OR
MATURATION (ceyomu 10 mMM.) {18,19,28). GROWTH IN A MULTICELLULAR
ORGAN OR PLANT USUALLY INVOLVES AN INCREASE !N THE NUMOER OF CELLS
AND/OR AN INCREASE 1IN THE SIZE OF ITS CONSTITUENT CELLS. THE
RELATIVE CONTRIZUTION OF CELL OIVISION AMU CELL EXPANSION TOWARCS
LONGITUCINAL GROWTH IN THE.APICES OF ROOTS HAS CEEN IMVESTIGATED IN
SEVERAL WAYS.,

GrAY AND ScHOLES 1951 (}5) FOLLOWED ROOT GROWTH 2Y COUMTING
THE MUMDER OF CELLS IN MITOS!IS AN" INTERPHASE [N CONSECUTIVE ROOT
TIP SECTIOHS. 2Rown AND RickLESS 1942 (L) ASSESSED THE ROOT GROWTH
OF THEIR EXCISEC MATERIAL OY MEASURING THE ROOT AMu THEMN MACERATING
IT IN A KNOWM VOLUME OF CHROMIC AClu. SAMPLES OF THE CELLULAR
SUSPENSION WERE TAKEM, COUNTED ON A HEMOCYTOMETER SLIDE, AND FROM
THIS COUNT THE TOTAL NUMBER OF CELLS COMTAIMEL IM KHOWN LENGTHS OF
ROOT WERE COMPUTEGL.

IN ORDER TO ESTADFISH THE CHANGING PATTERN OF GROWTH WITH
TIME, ANALYSES HAVE ALso CEEN MADE OF CAMERA LUCIDA DRAWINGS OR

& Anenha l

OF PHOTOGRAPHIC RECORLS OF MARKEL EP!DERMAL CELLS, OR OF  INK MARKS

ON THE SURFACE OF THE ROOTS. THIS APPROACH HAS BEENM APPLIED BY




ERICKSON AND cowonxsns.( 8,9,10,1 1) anD Gooowin AND AVERS 1956,
THEY USED A FIME CAMEL HAIR BRUSH AND MARKED THE ROOTS WITH LAMP
BLACK AT 0.5 MM. IMTERVALS FROM THE ROOT TIPS, CoNTINUOUS
PHOTOGRAPHIC RECORDS OF THE SUDSEQUENT DISPLACEMENT OF THESE

MARKINGS PROVIDED THE BAS!C DATA FOR COMPUTING GROWTH RATES.,

GR“WTH MAS ALSO DEEN ASSESSEL IN TERMS OF CHANGING FRESH AND lR,Y‘f‘v’f,"‘

WEIGHTSs YKQRKING WITH ZEA R0DTS, Co0k (6) FOUND THAT THE FRESH WEIGHT
IMCREASED FroM {I MpG. PER CELL [N THE ZINE OF CELL DIVISION,

(THE MERISTEMATIC ZONE), TO 88 MUG. PER CELL IN THE ZONE BF EXTENSION
GROWTH. WHEN MAXIMAL CELL SI!ZE WAS REACHED, AN INCREASE IN DRY

WE!GHT WAS ALSO OBSERVED. |N THE CASE OF Efi’ THIS INCREASE VARIED
FROM 2.2 MUG. N THE MERISTEMATIC zong 70 8.3 MUG. PER CELL IN THE
ZONE OF ELOMGATION (28B).

MAMY BIOCHEMICAL ANALYSES OF GROW!NG TISSUES HAVE ALSO BEEM
FOLLOWED. SOME OF THESE HAVE DESCRIBED CHANGES 1In DMA, RMA,
proTEINS (14), amino acips (21), tHiots (2); ENZYMEs-(Bf), AND
CELL WALL COMSTITUENTS WITH GROWTH,

LITTLE INFORMATION 1S AVAILABLE, HOWEVER, OMN THE SPECIFIC
EFFECT OF VERNALIZATIOW ON ROOT GROWTH. WORT 1939 (35) cursoriLY
MOTED THAT VERNAL IZATIOH WAS FOLLOWED BY MORE VIGOROUS ROOT GROWTH
AS OBSERVED VISUALLY, AND BY INCREASED DRY WE!GHT MEASUREMENTS ON
WHOLE ROOT SYSTEMS. “EINBERGER AND GODIN 1953 (32) INDICATED THAT

IN WI'NTER WHEAT (VAR. P.IDE:‘-\U) VERMALIZATION OF THE SEED CAUSED A




MARKED CHAMGE IN THE METABOLISM OF THE SEEDLING AND THEIR WORK
INDICATED AN EFFECT ON CELL DIVISION IN ROOT APICES WITH CHILLING.
HOWEVER, THE EMPHASIS OF THEIR WORK WAS OM LEAF GROWTH. FROM THEIR
STUDY IT APPEARED AS IF THE PRIMARY EFFECT OF THE COLD TREATMENT
WAS TO GET GROWTH AND DEVELOPMENT OFF TO A MORE RAPID START.

RELATIVELY FEW CONCISE AND ANNOTATED OBSERVATIOHS HAVE BEEN
MADE IN THE FIELD OF ROOT GROWTH RESPOMSE TO VERNALIZATION. THE
MA Il OBJECTIVE OF THE PRESENT WORK WAS TO STUDY, IN DEPTH, THE
EFFECT OF VERNALIZATION ANO TwWo IMBIDITION PERIODS ON SELECTED
PARAMETERS OF ROOT GROWTH.

THIS INVESTIGATION REPRESENTS A STUDY [N THE DEVELOPMENT OF
CELLS AT THE ROOT APEX, FROM THE MERISTEMATIC TO THE FULLY
VACUOLATED STATE, IN ROOTS DERIVED rnoﬁ THE SEED CHILLED FROM |=7
weeks AT 2 £ 19C,

4 SPRING AND WINTER WHEAT WERE SELECTED IN ORDER TO ASCERTAIN
WHETHER THERE WAS A DIFFERENCE IN RESPONSE BETWEEN THESE VARIETIES.
AN ATTEMPT WAS MADE IN THIS WAY TO ESTABLISH FIRSTLY, WHETHER
VERNALIZATION GOES IN FACT HAVE SOME EFFECT (WHETHER LARGE OR
SMALL) ON THE EARLY GROWTH OF THESE CEREAL ROUT SYSTEMS, SECONDLY,
WHETHER THE YOULG ROOTS OF SPRING AND WINTER WHEAT VARIETIES RESPOID
I A SIMILAR WAY TO VERNALIZATION, AMD FINALLY, TO DETERMINE WHETHER
THE PRECOMDITIONING TREATMENT OF THE SEED {I# THIS CASE THE DURATION
OF THE IMBIBITION PERIOD) AFFECTED THE SUBSEQUEHT ROOT GROWTH

RESPONSE TO COLD.




THE SPRING AND WINTER WHEATSSELECTED WERE VARIETIES WHICH ARE

MOST COMMONLY SOWN IN THIS REGION, MAMELY TRITICUM AESTIVUM VAR,

MARQUIS AMD VAR, RIDEAU. I THIS WAY THE EFFECT OF VERNALIZATION

ON THE INITIAL ROCT GROWTH OF TWO TYPES OF ECONOMICALLY IMPORTANT

CEREAL VARIETIES WAS FOLLOWED.




PART TWO

A. MATERIALS AMD METHODS

1« TREATMENT OF SEEDS AND SEEDLIfGS

tarQuts (sPring) AiD Ri1DEAU (WINTER) WHEATS WERE USED THROUGHOUT
THE STUDY (¥ PARALLEL EXPERIMEKTS. SEED WAS OBTAINED FROM THE
DEPARTMENT OF AGRICULTURE, Jtviston oF FORAGE CROPS, THROUGH THE

-

COURTESY OF TRe T.J.C. FRIEND.

[METHOD OF SEED SOWING - FIVE GRAMS OF MEDIUM SI1ZED SEEDS WERE

WEIGHED Fii EMLCH THREATMENT, THEY WELE THEM EVEMLY SPACED IN 9 cM, DIA-
METER "LACK :i#1ITEL FETH1 LISHES LINMEDL WITH YHATMAN No. | FILTER PAPER
THE GENE.AL DESIGH Wa$ SIMILAR T THE VERMALIZATICN DISHES USED BY PUR-
VIS AN G EG..Y 1982 (2A4). S{WINGS WE:E AiR.NGEL SO THAT DETELMIMATIONS
oM TWEATE AND C.NTR L wuiTS OF MAJQUIS.AND T1.EAU WHEAT CCULD BE MATE
of SIXTY L0GTS EVENY TW( HCURS OVER A 48 HMUURS EXFERIMEITAL PERIOD.

METHOD OF IMBIBITION - GLASS-DISTILLED WATER WAS ADDED TO THE

SEEDS IN THE PETR! DISHES UP TO A TOTAL OF %0 PER CENT OF THEIR AlIR~
ORIED WEIGHT. THE SEEDS WERE THEMH LEFT TO GERMINATE AT 25%¢C I

THE CBSE OF i11DEAU YJHEAT SEEDS, TWO IMBIBITION PERIODS WERE

EMPLOYED, WAMELY FIVE AMD FOURTEEM HOURS. FoOR MHARQUIS WHEAT SEEDS,

A FIVE HOUR IMBIBITION PERIOD OMLY WAS FOLLOWED (C.F. RESULTS P. 16 ).

PERCEMTAGE GERMINATION -~ THE PERCENTAGE OF GERMIMATION OF

TREATED AND CONTROL SEED WAS OBTAIRED OVER THE IMITIAL 18 Hour

PERIOD IMMEDIATELY FOLLOWIMG IMBIBITIOH AMD TREATMENT.




CONDITIONS OF VERWAL 1ZATION ~ THE [ETRI DISHES CONTAINING THE

IMBlBED SEEDS WERE STORED FOR OME TO SEVE{! WEEKS IM A REFRIGERATOR

AT A TEMPERATURE ofF 2 * 1°C, THE LIDS OF THE P.TR! DISHES WERE
REMOVED DAILY AMD THE SEEDS AERATED FOR A FEW SECOMDS., FOLLOWING
THE EXPERIMEMTAL PERIOD IN THE COLD, SUBSEQUENT GROWTH OF THE

PRIMARY ROOT WAS FOLLOWED IN A COMTROLLED ENVIRONMEMT GROWTH CABINET.

CONTROLLED ENVIRONMENT GROWTH CABINET - & SIXTEEN HOUR DAY AND

EAGHT HOUR NIGHT WAS MAINTAINED FOR ALL THE EXPERIMENTAL MATERIAL
FOLLOWING THE STATED PERIODS OF VERNALIZATION {13). Li1GHT was
PRCVIDED BY FLUORESCENT TUBES WITH THE ADDITION OF 35 PER CENT OF
INCANDESCENT LIGHT ON A LAMP-WATTAGE BASIS 8T Al INTENSITY OF {750 c.
THE TOTAL OUTPUT RATE I THE SPECTRAL REGIoN 400-720 Mu. was 0.005L
caL. cm.~2 MIH._' (81 MICROWATT. CM._Z) PER 100 FT. C. THE TEMPERA-
TURE WAS MAIMTAINED consTaMT AT 24,5 + 0.75°C purinG THE DAY anD 18
+ 0.75°C AT mieHT (B3). THE RELATIVE HUMITITY WAS MAIRTAINED AT

80 % 5 PER cEMT. COMTROL SEED WAS PLACED IN THE CONTROLLED

ENVIRONMENT CHAMBER IMMEDIATELY FOLLOWIKG THE IMBIBITION PERIOD.

GERMINATION I'ROCEDURES ~ FOLLOWIIGC THE IMBIBITION PERIOD THE

SWOLLEM GRAIN WAS CAREFULLY SPREAD Oi' CHEESE CLOTH COVERED SCREEMS
FITTED OM TOP OF BLACKENED 250 ML. DEAKERS. EBCH BEAKER COMTAINED
100 HML. OF DISTILLED WATER. A WICK OF CHEESE CLOTH WAS PROVIDEU

FROM THIS WATER SOURCE UP TO THE CHEESE CLOTH SCREEM SUPPORTING THE

IMBIBED SEEDS. JRYING OF THE SEEDS WAS FURTHER PREVENTED DY
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COVERING THEM WITH A LAYER OF COTTON WOOL, WETTED (BUT NOT '"sOAKED")
WITH DISTILLED WATER. SEEDS WERE PLACED CLOSELY TOGETHER BUT DID MOT
ACTUALLY TOUCH ONE ANOTHER. REAKERS AND SEEDS WERE THEN PLACED IN
LARGE 20" X 30" BLACK PAINTED CONTAINERS AND PLACED IN THE COMTROLLED
ENVIRONMENT CHAMBER AND ALLOWED TO GERMINATE.

SELECTION OF SEEDLINGS =~ SEEDLINGS WERE DISCARDED IF THEIR PRIMARY

ROOT SHOWED ANY CURVATURE FROM THE VERTICAL. OF THE REMAINDER, ONLY
THOSE SEEDLIMGS WITH PRIMARY ROOTS OF .5 * 0.2 CM. IN LENGTH WERE
SELECTED FOR FURTHER STUPY. IN THIS WAY IT WAS ASSURED THAT ALL THE
MATERIAL WOULD BE OF A SIMILAR PHYSIOLOGICAL AGE.

2, EMBRYO TesTs

THE EMBRYOS OF CONTROL AND VERNALIZED WHEAT SEED (QHILLED ONE
TO SEVEN WEEKS) OF BOTH WINTER AND SPRING VARIETIES (R1IDEAU AND
MARQUIS) WERE TESTED IN ORDER TO ASCERTAIN THE DEGREE OF COMPLETION
OF THE THERMO-PHASE ASSOCIATED WITH VERMALIZATION WITHIN THE SEED.
TWo PARALLEL METHODS WERE USEDj THESE- WERE MINOR MODIFICATIONS OF
THOSE IMITIATED DY DASSARSKAJA (1) ano Nichter (26), THESE METﬁoos
INDICATE PROGRESSIVE CHAMNGES IN THE EMBRYO TISSUES OF TREATED GRAIN
BY MEANS OF SERIAL ALTERATIONS IN THEIR STAMNIMG AND 1SO-ELECTRIC
POINT PROPERTIES RESPECTIVELY.

SECTiONS OF CONTROL AND TREATED EMDRYOS WERE CUT AT A THICKNESS
OF 75 L USING A FREEZING MICROTOME., MEDIAM SECTIOMS WERE THEN
MOUNTED ON STANDARD GLASS SLIDES USING A GELATIN FIXATIVE AS

ADHES IVE,




CoLoR TEST = THE SLIDES WERE TREATED WITH 5% FERRIC CHLORIDE
FOR 3 MINUTES, RINSED THOROUGHLY SEVERAL TIMES WITH DISTILLED WATER
AND THEN IMMERSED FOR 3 MINUTES IN A 5% POTASSIUM FERRUCYANICE
SOLUTION.

TREATED IN THIS WAY THE CONTROL, PARTIALLY VERNALIZED, AMD
FULLY VERNALIZED SEEDS OF BOTH RIDEAU AND MARQU!IS WHEAT SHOWED
D IFFEREMCES 1IN REACTION., THE CHAMGE i COLOR WAS FOLLOWED VISUALLY.
VISUAL RATINGS WERE GIVEN BY COMPARING A SERIES OF SECTIONS OF
VARYING COLOR DEMSITIES. PRELIMINARY ATTEMPTS TC 0UISSCLVE OUT THE
COLORS AND RATE THEM MORE OBJECTIVELY OM A COLOR METER PRESENTED
SOME DIFFICULTIES,; DEPEMDENT MAINLY ON THE POOR SOLUBILITY OF

" PRUSSTAN BLUE.

CHANGE OF THE |s0-ELECTRIC POINT -~ THE SLIDES WERE TREATED FOR

I5 MINUTES WITH MclLwWAIN'S BUFFER SoLuTtioNs ofF PH 3.£ 7o 7.0 wiTH
INTERVALS OF 0.2 PH UNITS. FOLLOWING THI1S; SECTIONS WERE STAINED
FOR 5 MINUTES IN AM AQUEOUS SOLUTION FORMED BY MIXING EQUAL VOLUMES
OF A 1% SOLUTION OF EOSIN AND A 1% SOLUTION OF METHYLENE BLUE AT
THE MOMEMT OF STAININGe. AFTER STAINING, THE SLIDES WERE RINSCD IN
OISTILLED WATER AND RETURNED TO THE DUFFER SOLUTION FOR § HOURS. AT
THE CONCLUSION OF THE {{ HOUR PERIOD THE P OF THE BUFFERS WAS
DETERMINED USING A COLEMAN GLASS ELECTRODE APPARATUS,

3, METHODS OF MARKIMNG AMD {l1FASURING

THE GENERAL TECHM]QUE USED HAS BEEN TO TAKE SEVEN SERIAL SECTIONS

0e5 MMe THICK ALONG 348 MM, CF THE CGURSE CF A RUGCT FROM THE

e e
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APEX TOWARDS THE BASE, ANLC TO DETERMINE OM DIFFERENT, BUT
CORRESPONDING, GROUPS OF SECTIOMS, THEIR LEMGTH, THE NUMBER OF CELLS
THEY £0HTAIN,¢THEIR FRESH AMD DRY WEIGHTS HMEASUREMENTS WERE MADE

EVERY 2 HOURS TO A TOTAL OF L8 HOURS. FROM THESE DATA THE MEASUREMENTS
PER CELL WERE OBTAINED BY DIVIDING THE APPROPRIATE VALUE FOR THE
SECTIOM BY THE MUMBER OF CELLS IT CONTAINED., THIS PROCEDURE YI1ELDED

A FIGURE WHICH WBS AN AVERAGE MEASURE FOR THE CELLS IM ANY PARTICULAR
ZONE OF THE ROOT AND DOES MNOT REPRESENT DATA RELEVANT TO ANY PARTICULAR
CELL TYPE, [RECOBNIZING THEIR LIMITATIONS, THESE TECHMIQUES DO AFFORD

A METHOD OF RELATING LIMNEAR MEASUREMENTS TO MEASUREMENTS OF OTHER
ASPECTS OF GROWTH AWMD PROVIDES A MEANS OF ASSESSIMNG THE EFFECT OF

SEED CHILLING Ol SUBSEQUENT ROOT GROWTH.

MARKING PROCEDURE -~ THE PRIMARY ROOT OF EACH OF THE SELECTED

SEEDLIHGS WAS SUPPORTED OF SLIDES COVERED WITH FOUR LAYERS OF
MOISTEMED CHEESE CLOTH. THE SLIDES WERE THER PLACED OM THE STAGE
OF A BIMGCULAR MICROSCOPE EQUIPPED WITH A MICROMETER EYE PIECE.
USING A VERY FIME MYLON THREAD (5-10 U DIAMETER) SOAKED 1IN INDIA
INK; SEVEN MARKINGS WERE MADE AT (.5 MM. INTERVALS FROM THE ROOT
TIP BACKWARDS. SUBSEQUEMTLY, EACH SEEC VWAS LIGHTLY DOURD AND
SUPPORTED ON A CHEESE CLOTH COVERED SLIDE., EANCH SLIDE WAS THEN
PLACED IN A VERTICAL POSITION IN A 250 ML. BLACK~PAINTED BEAKER
CONTAINING 20 ML. OF GLASS DISTILLED WATER., THE TOP OF THE BEAKER

[ f ]
WAS LOOSELY COVERED WITH JOSEPHS PAPER. #AT H0 TIME DURING THE

EXPERIMENTAL PER1OD DIU THE ROOTS COME :'INTO PHYSICAL CONTACT WITH




.

THE WATER LAYER, BUT AM EFFECTIVE HUMIDITY CHAMBER WAS THUS PROVIDED.
FOLLOWING THIS THE BZAKERS WERE PLACED IM THE GROWTH CABINET.

CeLl ZouwTinG TECHNIQUE — THE METHOD USEDL FOR THE ESTIMATION

OF CELL NUMBERS WAS THAT PREVIOUSLY ESTABLISEEC 3Y 3ROWM AND

RickLess (L), UsinG A SHARP EDGED RAZOR THE EXPERIMENTAL AREA OF THE
ROOT TIP OF BOTH CEREAL VARIET!IES WAS CUT INTO TS COMSTITUENT MARKED
SEGMENTS FOLLOWIMG ALL TREATMENTS AT EACH EXPERIMENTAL PERIOD. USIKG
PARALLEL EXPERIMENTS, SEGMENTS WERE DETACHED 1IN THIS WAY EVERY TWO
HOURS TO A ToTAL oF U143 Hours. SAMPLES WERE LABELLED AND WERE PLACED
Ay SEGMEMT NUMBER IN SEPARATE VIALS COMTAINING 5% cHroMic Acip (0.5 cc.
PER 10 SEGMENTS). THEY WERE LEFT TO STAND AT ROOM TEMPERATURE FOR 18
10 2l HOouRS. AFTER TREATMENT WITH THE ACID SOLUTION; THE TISSUE WAS
BROKEN UP INTO A FINE SLURRY BY MANIPULATING IT WITH A THICK, SLIGHTLY
ROUGHBNEL GL/SS ROD AGAINST THE SIDES OF THE VESSEL. THE SLURRY OF
CELLS WAS MIXECD WITH THE FLUID AND THE FINAL SUSPEMSION, Oi WHICH

THE COUNT WAS TO BE MADE, WAS OCTAINED BY SQUIRTING THE FLUID RAPIDLY,
SEVERAL TIMES,; THROUGH THE NARROW ORIFICE OF A PIPETTE. COUNTS WERE
MADE IN A HEMOCYTOMETER SLIDE.

SEGMERT AND AVERAGE CELL L:s#GTH -~ THE CHANGE {N THE LEMGTH

OF THE SEGMEMTS WAS FOLLOWED USI®NG A BIMOCULAR MICROSCOPE EQUIPPED
VUITH A MICROMETER EYE-PIECE TO AN ACCURACY % 0.075 MM. SAVERAGE CELL
LENGTHS WEHE COMPUTED FROM THE PRIMAXY DATA O# THE LENGTH AND THE

TOTAL NUMBER OF CELLS PER SEGMEKT.
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SEGMENT AND AVERAGE CEeELL FRESH WEIGHTS ~ DETERMINATIONS OF THE

FRESH AND DRY WEIGHTS WERE MADE oF 30 SEGMENTS AT EACH PERI0D. THE
FRESH WE!IGHTS OF EACH SEGMENT WERE ODTAIMED AFTER EACH 2 HQURS OF
GROWTH FOR A TOTAL PERIOD OF 48 HOURS. RAPID SECTIONING WAS

CANCTED *UT UNZER »~ DIN7 CULA MICRCSCCPE. AT ALL TIMES CAGE WAS TAKEN
T. MINIMIZE LSS (F WATER UUE T¢ EVAPUIATICN FROM THESE SMALL SEGMENTS.

.WENATE CELL FRESH WEIGHTS WERE COMPUTEDe

SEGMENT AND AVERAGE CzLlL DRY WEIGHT - DRY WEIGHTS WERE OBTAINED

AFTER HEATING THE SEGMENTS IN aM OVEN FoRr 2 nours at 95 * 1°C

ON SMALL ALUMINUM D1SCS. 'WEIGHTS WERE TAKEN TO AN ACCURACY OF

* 0.01 MGs ON AN ANALYTICAL BALANCE AFTER EQUILIBRATING WITH AT-
MOSPHERIC HUMIGITY. THE ACCURACY OF THE METHOD HAS BEEN EXAMIKED

BY COMPARIMG THESE RESULTS WITH OTHERS OBTAINED DY A FREEZE = DRYING
METHOD. THE RESULTS FROM THE TWO METHODS DID MOT DIFFER SIGHIFICANTLY,
AN ESTIMATE OF THE CHAMGE IH AVERAGE CELL DRY WEIGHT WAS ALSO CALCULATED.

STATISTICAL JATA - ['0ST OF THE DATA PRESENTEGD IN PART 2 WERE

SUBJECTED TO AN ANALYSIS OF VARIAMNCE. WHEREVER THE F VALUE WAS FOUMD
TO BE SIGNIFICANT AT THE 5% LEVEL, THE JUNCAE MULTIPLE RANGE TEST (7)

WAS USEL TC LOCATE THE SIGMNIFICANT DIFFERENCE AT THIS LEVEL.
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B. RESULTS

}. GERMINATION AND EARLY F00OT GROWTH

THE IMeiIBITION PERIOD - MARQUIS AND RIDEAU WHEAT SEEDS WERE

ALLOWED TO IMBIBE WATER AT A LEVEL OF "0 PER CENT OF THEIR AIR

DRY WEIGHT AT 2=°C (34). AFTER 5 HOURS OF IMBIBITION THE MARQUIS
(SPRING) WHMEAT SEEDS (HS) WERE FULLY SWOLLEM, PROLONGING THE
IMBIBITIOH PERIOC FURTHER RESULTED 1IN THE CONTINUED EMERGEMCE OF
THE PRIMARY ROOT. "1DEAU (WINTER) CEREAL SEEDS AFTER 5 HOURS
iMBip1TION (Rig) UNDER THE SAME CORDITIONS OF WATER AMD TEMPERATURE
WERE STILL VERY WRINKLEG M APPEARAMCE. FURTHER PROLONGIMG THE
IMBIBITION PERIOD TO 14 HOurRs (RyL) PROCUCED AN APPEARAMCE IN THE
GRAIN SIMILAR TO THAT OBTAINED FOR MARQUIS SEED AFTER 5 HOURS
TREATMEMT. EXTENCING THE IMBIBITION PERIOD STILL FURTHER RESULTED
IN THE EMERGENCE OF THE PRIMARY ROOT. PQYSIOLOGICALLY THEN, A FIVE
HOUR IMBIBITION PERIOD 1N MARQUIS SEED (Mg) UNDER THE STATED CON-
DITIONS PARALLELED THOSE STAGES OF GERMINATICN OOUSERVED IN RIDEAU
SEEL AFTER 14 HCURS (th)' IN COTH CASES THE CARYUPSES AT THIS STAGE
WAS MILKY, THE EMORYC FULLY HYLRATEC, AND PROLONGING THE IMGIBITICN
PERIGLS FURTHER KESULTEG IN THE EMERGENCE OF THE FPRIMARY RGCT, Be-
CAUSE OF THIS, TWO PARALLEL IMBICITION PERICUS WERE USED FOR RIDEAU
WHEAT, NAMELY 5 anp Ik Hours (R5 AND th) AND UNLY ONE FIVE HOUR
PERIOD FOR MARQUIS (MS).

PERCENTAGE GERMIMATION ~ THE PERCENTAGE GERMINATION OF CONTROL

SEED OF sPrinG (MarQuis) awo winTeR (RI1DEAU) WHEAT FOLLOWING ALL
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TREATMEMTS WAS OBTAIRMED., GERMIMNATION WAS ASSESSEL TO BE COMPLETED
WHEN THE RADICLE HAD PIERCED THE PERICARP. THE RESULT OF TREATMENT

0» GERMINATIOR 1S SHowM 1IN TAGLE .

TASLE |
THE VARIATIOi OF PERCENTAGE GERMINATION OF MARQUIS ANL RIDEAU
WHEAT WITH 1H3I0ITION, VERUALIZATICN AMC SEEDR VARIETY.
JATA REPRESEMT TRIPLICATE DETERMINATIONS oF 20 SEEDS TO A TOTAL

ofF 720,

SEER UAPL T
SEED VARIETY VERNAL IZATIGH (HEEKS)

0 ! 2 3 4 5 2 7
g 92 20 92 92 &I 92 o2 91
fig o3 sh o2 92 o $3 9l 91
T 91 o0 92 S0 S0 9l

90 91

IT IS EVIDEMT THAT APPROXIMATELY 90-935 PER CEMT GERMINATIOM
WAS OBTAINED UNDER ALL CORULITIONS OF TREATMENT., MEWTHE{l THE

IMRIBITION PERIOD, HNOR THE BDURATION OF THE COLS TREATMENT AFFECTED

THE GERMINATION CAPACITY OF THE SEEDS.

RATE OF GROWTH OF THE PRIMARY N00T — UNLIKE PERCENTAGE GERMINATIOM,

THE RATE OF GROWTH OF THE PRIMARY ROOT OF EACH VARIETY OF SEED
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FOLLOWING RUPTURE OF THE PERICARP WAS DEPENDENT UPON THE IMBIBITION
PERIOD AND THE DURATION OF VERNALIZATION. THE TIME REQUIRED FOR
THE SEEDS, UNDER ALL TREATMENTS, TO REACH |.5 CM. 1IN LENGTH IS GIVEN
In TABLE 2. IN ALL CASES SIXTY SEEDS WERE OBSERVEL (TRIPLICATE
DETERMINATIONS ON TWENTY SEECS.)

TABLT 2
MARGUES MHEAT (Mg), RIDEAUN UHEAT (1) Al (Ry). V. RIABLE SCHEDULES
TO REACH 1.5 cM 13 LEMGTH WITH TS HRPIBITION PERIODS AMD VERMALI

ZATIGY,

Juncants TesT (5% LeEvEL)

VERMALIZATIOM TIKE (HOURS)
(HEEKS)
0 LL,0 + 0.5 Lo, + 0.5 28,0 + 0.5
25,5+ 0.5 28,0 + 1.0 25.5"+ 0.5
23.0 + 0.5 27.0 + 0,5 2,07+ 0.5
§ g Pk Mg
- 25.0 + 0,5 2L.0 + 0,8 19.0 £ 0.b
L Ul lig Mg
2L,0 1 0,5 23,0 * 0.5 12,0 + 0.7
5 "5 Sl Vs
2L,0 + 0.4 23,0 = 1.0 17.0 £ 0.7
r Tl n i
24,.0'% 0.5 25.0 2 0.7 15,02+ 0.8
7 ! n !1'5 515
23,0 + 1,0 22.0 + 0.8 18.0 + 0.5
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CHILLING ELICITED A SIMILAR PATTERN IN THE TIMES TAKEN FOR
THE PRIMARY ROOTS OF FIVE HOUR IMBIBED SPRING ANL WINTER WHEAT
TO REACH {.5 £ 0.2 CM. IN LEMGTH, NAMELY, C7=C5=C5=C4=C3«<c2=c|< Ke
TH1S SEQUENTIAL RESPONSE DID NOT HOLD 1IN THE CASE OF THE FOURTEEN
HOUR IMBIBED RITEAU SERIES WHERE K=C| >C2 >C3 - C9. THE PRIMARY
ROOT OF THE COMTROL SEEDS IN THIS LATER SERIES ATTAINED THE LENGTH
ofF 1.5 % 0.2 cM. IN ONLY 28 HOURS AS AGAINST Ul awn LO nours In
THE OTHER DICEAU AND MARQUIS SERIES.,

THE RATE OF THE EARLY ROOT GROWTH OF THE RADICLE WAS THUS
SHOWN TO BE HIGHLY DEPEMDENT UPON THE IMBIBITION PERtOD. CHILLING
MOULIFIED THIS PRIMARY RESPOMSE,

2. JIAGNOSIS OF THE VERMALIZED STATE

THE EARLY ADVANCE IN DEVELOPMENT OF A GERMINATING SEER 1S NOT
ALWAYS EVIDENCED BY MORPHOLOGICAL CHAHRGES. THIS IS PART!ICULARLY
TRUE IN THE CASE OF VERMALIZED CEREAL SEED WHICH IS MORPHOLOGICALLY
IMCISTINGUISHABLE FROM UNTREATEL COMTHOL GRAIN. THE OATA OH ROOT
EMERGENCE AS PRESENTED IN TAPLE 2 INUICATED THAT 3~7 WEEKS OF CHILLING
WAS OPTIMAL FOR THE EARLY ROOT GROWTH OF POTH SPiING AND WINTER
VARIETIES OF WHEAT. A DIAGROS!S OF THE VERMALIZED STATE OF THESE
SEELS WAS THEREFORE UMDERTAKEN USING A MOUIFICATION OF THE METHODS
EMPLOYED BY DASSARSKAJA (1) ane RicHTer (26).

THE FErRRIC CHLORICE - PoTAsStuM FERROCYANICE CoLor TEST - THE

METHOD GETAILED PREViousLY (p. 10 ) was EmPLOYED on Marquis (kg)

Anb R10EAU (Ti5 AND R|u) WHEAT SEEDS. TREATED IM THIS WAY THE

bemases e




VERNALIZED AND UMVERNALIZED SEEDS SHOWED DIFFERENCES I# REACTION.
AS THE SEEDS PASSED TOWARDIS COMPLETION OF VERMHALIZATION THE COWCR
OF Tﬁe GROWING POINT CHAMGED FROM YELLOW TO GREEM WITH AREAS OF
YELLOW,; AND FIMALLY TO A DARK DLUE. THE BLUE COLOR WAS OBTAIHNED
WHE®M vsnuanznTnom(vEnlflec DY PARALLEL GROWTH EXPERIMENTS) WAS
COMPLETED. TISSUES OTHER THAN THE GROWING POINT STAINED BLUE FROM
THE BEGINWNINGs, THESE CHANGES ARE DETAILED IN TABLE 3, A.G.C.
TABLE 3
MARQUIS WHEAT (Mg), RIDEAU WHEAT (Rg AMD th)' VISUAL RATING OF
THE CHAMGE OF COLOR OF THE GROWIMG PGIMT WITH IMBIBITION, VERIA-
LIZATIOM ANG SEED VARIETY.

A) MARQUIS WHEAT (MS)

TREATHENT (NEEKS)

CoLor Mgk MgCy gy MeCx MgCly MgC g MgC3
Y + +
YG + + +
G + + + +
o + + ++ +++ +
2 + + ++ ++ 4t +4+++

8) 1INEAU YHEAT (35)

CoLor nek fieC nel neCx el RgC RsC,.
Y +7 +5 ! +5 2 2" - 53 >
Y& + ++ ++
G + +
Go - et 4+ + +
b 4+t e+ 4

c) Rapgau MHeat (Ryy)

CoLon nk Gy 4C, Ninls RyuCh “Lubs R14Cq
Y +4 +
YG ++ +
G + +
GB + ++ +4++
fh + ++ +++ +++

Y: YeELLow; YG: YeLiow GREen; G: GreEen; GD: Greem BLue; B: BLue.
+: VisuAL lLaTinGs oF CoLor DENSITY.
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THE COLOR TEST RELIES ON A CHANGE IM REACTIVITY OF CEREAL
EMBRYO TISSUE TOWARDS FERRIC CHLORILE AMD POTASSIUM FERROCYANI!DE
DURING THE COURSE OF COMPLETION OF VERNAUZATION. FULLY VERNAL IZED
TISSUE ALLOWS DEPOSITION OF PRUSSIAN BLUE IN THE REGION OF THE
GROWIMNG POINTS. N THIS SERIES, IT IS APPAREMT THAT THE MARQUIS
(SPRING) WHEAT USED HERE HAD & CHILLING REQUIREMENT OF AT LEAST
ONE WEEK IN ORCER TO COMPLETE VERNALIZATION. THE CURATION OF THE
CHILLING PERIOC TO COMPLETE THIS PHASE IN RNIDEAU WHEAT APPEARED TO
BE INFLUENCED LY THE PRIOR PERIOD OF SEEL IMDIDITION. SEEDS IMBIBED
FOR 5 AND FOURTEEN HOURS REQUIRED FOUR AKD THREE WEEKS RESPECTIVELY
OF CHILLING FOR COMPLETION OF THEIR VERMAL IZATION REQUIREMENT AS
EVILENCEG BY THE FIRST APPEARANCE OF WHOLLY BLUE AREAS IN THE
EMBRYO.

THE CHANGE IN COLOR WAS FOLLOWED VISUALLY, VISUAL RATINGS
WERE GIVEN DY COMPARING A SERIES OF SECTIONS OF VARYING COLOR
PENSITIES. PRELIMINARY ATTEMPTS TO DISSOLVE OUT THE COLORS AND
RATE THEM MORE OBJECTIVELY ON A COLORIMETER PRESENTED SOME
CIFFICULTIES, LEPENDENT MAINLY ON THE POOR SOLUZILITY OF PRUSSIAN
DLUE.

PARALLEL EXPERIMENTS WERE UNCEBTAKEN It ORDER TO VERIFY THESE
FINUINGS ON THE VERMAL 1ZATIOM REQUIREMENT OF THE GRAIN. THE TEST
EMPLOYED WAS THAT LEVISED BY RICHTER (43), THIS METHOC 1S DEPENUENT
UPON SERIAL 1SO~ELECTRIC POINT CHANGES OF SEEL TISSUES AS VERNALIZA-

TIOM ACVANCES TO COMPLETION.,

bt miw wss e
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CHAMGE OF |SO-ELECTRIC FoiMT = DURING THE COURSE OF EXPOSURE

To. COLD TREATMENT IT WAS OBSERVED THAT AS THE THERMOPHASE OF
VERNAL IZAT1ON ADVANCED TO COMPLETION THE PH REACTION OF THE TISSUE
PROGRESSIVELY CHANGEO. THIS CHANGE WAS EVIDENCED BY AM ACTUAL
CHANGE IM PH MEASUREMENTS AND BY A VISUAL CHANGE iN THE COLOR OF
THE TISSUE., AT FH 5.32 SECTIONS FROM UMNVERNALIZED SEEDS STAINED
BLUE WHEN TREATED WITH EOSIN AND METHYLENE BLUE BUT AT THE SAME
PH SECTIOHS OBTAINED FROM COLD TREATED SEED STAINED PIMK, DURING
THE COURSE OF VERNMAL IZATI1ON THE PH AT WHICH THE SECTIONS STAINED
BLUE DROPPED. ONM COMPLETION OF VERMALIZAT!ON THE EMBRYOS IN ALL
CASES (Ms, Rgs L) STAINED BLUE AT PH L.87, IT THUS APPEARS AS
IF THE 1SO~ELECTRIC POINT OF THE EMBRYO TISSUES CHANGED FROM PH
5.2 10 PH L,CC DURING THE COURSE OF vénNAlearlow.

THE RESULTS FOR THE TREATED WHEATS ARE SHowm 1w TasLe L, a.s.c.

TARLE L

PARQUIS WHEAT (Hg), RIVEAU WHMEAT (fig) A% (7y4). CHAMGE OF 1S0-
ELECTRIC POI#T WITH IMBIBITIOM AND VERMALIZATICH.

A, MARQUIS WHEAT (MS)
VERWALIZATI OM

(WEEKS) 0 | 2 z L 5 £ 7
pH 5.32 L.,38 L4L.,88 L,68 L.,68 L,08 L.88 L.88

8. NIDEAU WHEAT (Rg)
VERNALIZAT 1O
(WEEKS) i 2 3 4 5 £ 7

0 £
pH 5.32 5,16 5,14 L,92 L.,88 L.sg L.88 L.88

c. Ripeau wheaT (Ryy)
VERMALIZAT | OM
_(WEEKS) 0 2 3 L 5 5 7

!
PH 5.32 5.6 5.14 4,92 L,90 4,88 L.,88 4,88

ke




s

22

THEY INDICATE THAT VERNALIZATION WAS COMPLETE AFTER | WEEK
IN MARQUIS (MS), AND L AND 5 WEEKS RESPECTIVELY IN THE RIDEAU SERIES
N Aﬁc th. THESE RESULTS, EXCEPT IN THE CASE OF Rlu’ ARE COMPARABLE
TO THOSE OBTA INED USIMG THE FERRIC CHLORIDE-POTASS UM FERROCYAMIDE
METHOD (C.F. TABLE 3).

I ORDER TO DIFFERENTIATE BETWEZH PATTERN'S OF ROOT GROWTH
OVERLAPPING THE LATER STAGES OF GERMINATIOM, AHD THE PROCESSES
OF ROOT GROWTH PER SE, FURTHER STUDIES WERE UNDERTAKEN SOLELY ON

ROOTS THAT HAD ATTAINED 1.5 k£ 0.2 CM, IN LEMGTH AT THE BEGINMNNING

OF THE EXPERIMENTAL PEKRIOD.

2 MEASURES OF GROWTH WITH TIME AND WITH JISTANCE FROM THE ROOT APEX

INCREASE IN CELL MUMBER WITH TIME

ConNTROL SERIES

— — e —— —— ——— —

THE DATA IN TaBLE 5 AND FIGURE | SHOW THE CHANGE N THE
TOTAL MNUMBEWR OF CZLLS IR EACH SUCCESSIVE Q0.5 MM, SECTiON OF CONTROL
ROOTS WITH TIME. THE DATA INDICATE THAY MOST SEGMENTS OF ALL SEP'FS
CONTAIY COMPALABLE MNUMRERS OF CELL IN EACH SUCCISSIVE SEGMENMNT.
VERNAL!ZED SEGIES

MARQUIS VIHEAT (HS):— CELL COUNTS PER SEGMENT WITH TIME,

OBTA INED FROM "I IMALLY VERMALIZER MARQUIS WHEAT AND COMPARATIVE
DATA FROM THE NN IDEAU SERIES IS GIVEN In TAsLE 6,

THERE WAS A SPECTACULAR INCREASE IMN THE MUMBER OF CELLS IN
ALL SEGMENTS OF MARQUIS WHEAT AFTER ONE WEEK OF CHILLING, YWITH FEW

EXCEPTIONS THE INCREASE OVER THE FIRST |E HOUR GROWTH PERIOD WAS

AT LEAST A 100% OVER THAT OF CONTROL SEGMEMTS OBTAIMED FROM NON-

£ v Sttt
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TABLE 5 (Part I)
Number of cells XZLO"2 of each segment of the primary root of Marquis (MBK)
Rideau (RSK Rl).LK) wheat with time,imbibition, vernalization and seed variety.

Control Data,

Duncan's test (5% level)

t
)

—e

1 Scarrnt Experimental period (hours
2 L | 6 8
1 | MgK  L.56 | RgK 4,78 Rgk 7,11 Rk 7,11
{ ReK 3,11 i P11k L.72 R K L.83 Rk 5.
| Ryx 2.8y Lk 2,39 MK 3.27 MK L.22
2 Ry K 10,11 i By K 7.72 Rgk  1L.39 RgK 14,50
- MK 6.50 ReK 6.72 Ry K 12.61 Ry K 13.22
»N“"“_i_ESK 6,22 MK 3.Lb MgK- 7.4k MK 8,89
Ry)K 8,28 | Rek 9.8l i ReK 14,78 i R K 15.50
3 5 MgK  7.17 ! thx 9.56 'Ry K 12.50 E R K 13.00
. BsK 6,89 MK 5.22 MK 9,22 5K 10,k
Bk 3.50 . RgK L8l Rck 8,22 ReK 8,50
o !
L " RX 3.39 P MgK L.22 K 6, ’ Ry ) K 7.1
5 i 5 Ry, 9l 1l T.11
i Ry K
S B e e S .. S22 gk 5.8
Ry)K 5.11 f R K 5.78 R 5.82 R 6,11
5 | Mgk 5.00 - MgK 5.l Ry)K L.61 By)K k.89
r
B L% RE BB I L LTI
Ry K 2.33 | RgK 2,67 RgK  3.67 BgK 3,79
6 | Rk 1.78 R K 2,22 Ry K 2.39 Ry K 2,50
Lotk 13 fuk 108 Mgk 2,28 MgK 2,33
Ry K 1.9k ‘ RSK 2,22 ReK 2,83 RgK 3,00
v Bk 1.61 R K 2,22 MK 1.67 Rk 2Lk
MK  1.56 ' MK 1,67 | Ry)K 1.39 MgK 1.79
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TABLE 5 (Part IX)

-2
Number of cells X 10 of each scgment of the primary root Marquis

(MSK) and. Rideau (RSK and thK) wheat with time, imbibition, verna-

lization and seed variety.

Duncan's test (5% level)

i Segment Experimental period (hours)
I0 - 12 1L 16
1 IRgK 7.33 | RsK 7.k Lk 7.LL (Rgk 7.50
! roo i
_ thllr\v 5.89 Ry)K 6,11 gk 6.89 Ry K 7.22
M : X 5.00 Rg 600 Rnn 6 50 K 6.79
R_K . . g, ¥ 1h.
o lh 79 (RSK 15.00 RSK 15.50 Ry L.79
R..X 13, L O Ry, K 1. K 1.2
2 R 13,79 thK 1hL.00 'thl 14.79 th { 1h.22
MK 9.78 MSK 10,00 K 10.89 MK 12,00
R K 1 'OO . - 1 L] ..iJ
K 17 RSK 16.11 R K 15 hh. RgK 1}.50
3 - 1K 13,6
3 ))K13.50 By K LIl Ry K 13.67 Ry), K 13.33
Mg{ 12.50 MSK 13.74 MK 13,50 MK 13.11
RgK 8,89 qrK  BIL ymg) it 8L RgK 8.0
L !’Rlb}\ 7,79 R 3,11 i E 8.22 Ry K 3.00
DMK 611 Mg 7.000 jRgl 7.50 MK 7.0
l,) . f » - e . 7 LA
o 4,79 i K 7.50 | i 6,11 R.K 56O
|5 E R °
5 EETRNIETE I YR SR : MK 5.11 BT L.79
‘. . | .
Igt 5.00 5?«15?( hGT Ty & 11,50 E‘gl( 11.50
Ryl L 11 gt b33 ¥ L.00 Rg ¥ 3.50
| ! :
5 B, K 2, Lo, K 3,00 T G50 na o 2.50
6 blhl 2,79 gnlh{ 3.00 ]‘ g - 2.0vu 1y )
.1;3:-: 2.50 iI\ISK .79 | ), 2.67 MS( 2.50
n.K IR . Beil A RK 2.
é R 3.22 ipgi 3.50 Be 3.11 R 79
s 7 thr 2.11 By K 2,10 ’I-ISK 1.89 thi 1.79
i i .
MSK 1.90 ik 2,00 |mp K 1.79 Mgk 1.71
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TABLE 5 (Part III)
Nurber of cells X10™2 of each segment of the primary root Marquis (M) and Rideau
(RgK and Rj}K) wheat with time,. imbibition, vernalization and seed variety.
Duncan's Test (5% level)
:; Experimemtal period (hours)
1 Segrent
; 18 2L 36 I8
) 5 Mk B8.22 C ReK 12022 Mgk 2201 Mk 2311
| RgK 7,33 Mgk 1201 |RgK 20,11 Rgk 28.79
! i :
h mpx 722 Impx 1200 mpxeam [rycoesso |
Rk 14,3 MK 15.8 .
g 3 g 5.89 MgK 28,89 MSK 14,50 |
> Ry)K 13.39 ReK  15.33 RgkK 2Ll Rgk 17.33 :
MK 13,22 |RpK 179 IRyK 22,11 |RyK 11,00 |
; iRSK 13,78 . Mgk 10,00 MK 7.78 | MK 7.78
{ R1)K 12.50 R 9.79 RgK  6.50 - |RgK 6,50
MK 12,11 Ry K 9.78 Rk 6,22 |R K 6,00
MK 7.89 , MK 6,72 MgK 6,50 M 6,L E
I Rk 7.50 ReK 6,56 RgK 5.78  |RgK 5,50 i
ReK 7,33 BK 611 [ Ry)K 580 IRjK 51
| MK L.56 ; RSK L1l MSK 3.80 MK 3,4)
g Ry K Ll By K 3Lk RgK 311 jReK 3,11
- _mtRSK h.3§ ) mLng 3.22 B K 3,00 {B))K 3,00 N
. RgK  3.06 CRE 2,89 RgK 2,11 |RgK 2,00 !
> !
6 Rk 2,50 . pRjK 2,11 R;)K 2,00 IRy X 2,00 |
i MgK 2,39 | MK _%,ZQWA‘ C MgK 1,71 MK 1,79 .
Rk 2,22 . | |
K 2.2 {RgK 2,00 BgK o L.79 | RpK 1.78
7 Ry K 2.00 % RO E 109 0 TRK 1,79 ;RgK 1,00
| | |
Mgk 1,59 MK L2 MK 101 MK 1,20 *




 hundreds )

Number of cells per segment
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Figure |

MgK o0---0
RsK a---a
Rk o---0
sof N3Gy 0—o0
RgCet—a
ol RuCs0—0
30
29
0
. N N R . . L

ssRsrgsT——-*

o
sl
4
s 3t
i RS vy S S
ST Smae sl R e
N R s . . T
o+ 8 e w m oW am w ® e w o 0 ® % o

Distonce from apex of root (mm.)
NUMBER OF CELLS PER SEGMENT AT SUCCESSIVE INTERWALS FROM THE APEX.
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TABLE 5 (Part I)

» Marquis Wheat (M) Rideau Wheat (RS) and »(th). The cell. nunber
X 10% of each segment of the Primary Root with time, imbibition and vernalization.
Control data on Marquis Wheat included (MzX) Duncan's test (R§ level)

_Segment 5 Experimental period (hours) 5
MSCl 11.61 M501 5.17 ngcl 5.18 MSCl 7.11
1 MK L.56 ;RSCl 3.78 i ReCy .78 *Rscl 6.50
;RSCl 2.22 §M5K 2.39 ’ )0, 333 R li.22
'thcl 2,11 | Rq),Cq 2,06 i MK 3.27 MK ly.22
MCy  1L.78 MgCy  11.72 ngcl 14,72 MgCp  17.22
0 iﬁlﬁpl :.gg ;1801 i.;f |RgCy 13.17 ERSCI 1L.00
R . 0y O Ethcl 9.83 |;thc1 12.22
ROy 5.2 | ngk 3k ik 7l flagr 8.8
MSCl 15.56 MSCl - 12.5% 150y 22.57 MSCl 23.78
3 }MSK 7.17 RypCy  7e22 RgCy 13.561 RgCy .11
;thcl 7.11 | RCq 6.61 i Byl 10.17  fjiRy)Cq 12,11
‘RgCy 5.50 Mg 5.22 |} iGK 9.22 HgR o 10.Lk
MGy 8.61 MC,  10.89 BCy 10.89 G 11.22
) 'RSCI 5.00 ;MSK .22 R0y 8.11 iascl 8.00
|R1),01 2.89 iRSCl 3.72 MK 5.06 i=thcl 6.11
' MK 1.17 ‘R Cy  3.00 RCy  5-00 |l MK 5.78
MCy 8.83 MGy 8.78 MLy 8.78 M0y 9.00
N X 3
: igsxn i.ii %zsxc ?.u4 Rsél L.78 ‘RSCl 5.11
Ry),0y . 'Ry Gy b1l MK Lol |R1,,C 6.11
1RSCl 3.06 (RCp  3.37 | R0 3.89 | IR0 3.79
MGy 1;.00 MCy 6,94 N.Cy 6.9 H.Cy 7.11
6 lthcl 1.4k | RgCy 2.11 ReCy 2.39 iRSCl 3,00
MK 1.39 iMSK 1.28 M X 2,28 ‘MSK 2.33
{Rscl 1.11 [Ry) 0y 1.22 R0 1.89 | [Ry)Cy 1.66
MSCl .56 M501 .59 Mscl L.61 Mscl L.89
) iMSK 1.56 | {MSK 1.67 MSK 1.67 Rscl 1.79
!Rlucl 1.4k iR))Cy L1 R.Cy 1.28 MK 1.79
§ CRLy L1 53501 1.10 | [R;;Cy  1.00 | |Ry)Cy 1.50
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TABLE 6 (Part II) 28
Marquis Wheat (M5) Ridcau Wheat (RS) and (th). The cell number
X 152 of cach scgment of the Primary Root with timc,imbibition and vernalization.
Control 3ata on Marquis Whoat included (MSK)' Duncan's tcst (5% level)
Segment Experimental period (hour)
10 12 1k 16 |
3 MSCl 9.00 M501 10.28 MSC1 11.78 MSCl 13,50
L ?Scl 6.Lh {ReCy 6i89 3501 7.00 ReCy  7.22
MSK 5.00 jMSK 6.11 MSK 6.89 MSK 7.22
;thK .67 gthCl 5.11 thCl 5.27 thCl 5.50
M€y 20,11 McCy 22.50 McCy 2L.67 MGy 25.78
) §R501 13.59 RSCl 14,11 RSCl 13.79 RSCI 13.50
'thcl 12,11 “thCl 13.79 : thCl 13.11 thCl 13.50
MSK 5.78 : MSK 10.00 ' MSK 10.89 MSK 12.00
MSCl 25.89 5 1 24,11 MSCl 21l.LL MSCl 19.11 1
3 RSCl 16.00 lR 15.50 RSCl 14.33 RECl 13.79
B),0p 12.50 IM5 13.78 HeK - 13.50 MK 13.33
iLS 1 12.50 1h 1 12.79 thcl 12,11 thCl 11.39 )
MSCl 11.78 MSCl 12.90 MSCl 13.11 ﬂSCl li.hh
) RSCl 7.50 ‘RSCI 7.00 MSK 8.22 MSK 0,00
thcl 6.11 ‘MSK 7.00 thCl .22 RSCl 6.79
My 6.11 lwlh 1 7.00 ReCy 6.79 R0 6.18
MSCl 9.79 5 1 10,11 MSCl 9.78 MSCl 9.00
: Rl 5.4 |R 6.22 ‘Rs?l 5.22 MK L.79
;MSK 5.00 l'& 5.68 MSK 5.11 Rscl L.22
ithCl L.22 = lh 1 3.79 »thcl 3.11 thcl 3.22 .
Mgl 7.50 5 ;1 1.78 MgCy  7.20 My 6.79
6 RSCl 3.50 5 1 3.22 RSCl 3.22 RSCl 2.79
MSH 2.50 ‘WSK 2.7¢ ‘MSK 2,68 MSK 2.50
thCl 1.79 thl 2.0C lh 1 1.50 lthcl 1.11 B
M501 5.11 MSCl 5.33 'hscl L.59 MSCl 1. 50
] I?SCI 2.22 ?SCl 2.50 ; HSCl 2.22 %5?1 1.79
ﬁSK 1,90 ;MSK 2,10 NS 1.89 .MSK 1,71
!thCl 1.79 ’thCl .50 ‘*lb 1 1,11 lthCI 1.22

RTS8 e A e i
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TABLE 6 (Part III)

29

Marquis Wheat (M_) Rideau Wheat (R.) and (R,,). The cell number
5 5 1

X 10° of each segment of the Primary Root with time, imbibition and vernalization.
Control data en Marquis Wheat included (MSK). Duncan's test (5% level)

Segment Experimeqtal period (hour)
18 2l 36, L8
M0y 15,33 My 23.11 M.Cy 35.50 M.Cy L8. Ll
. | MK 8.22 | McK 12.11 MK 22,11 MK 31,11
!Rmcl 6.11 |ReCy 10.00 'RSCI 18.50 .RSCI 26,50
l R:Cy L.8L | B),01 9.89 B0 18.00 Ry) Gy 2Ll
MGy 26.06 mLy 301 Gy I,8.50 ML, 29.11
) RgCy 73.4L | BCy 16.99 MK 28.89 MK 14.50
MK 13.22 \MSK 15.89 RG, 21,00 ,Rsc1 10.00
Ry),0y 11.22 RTRS 15.79 RCa 20.50 i 2,01 9.67
B Cy 17.50 NG sInn N0y 9,89 MGy 9.79
3 Ry 12.72 M K 10,00 iMSK 7.78 ‘MSK 7.78
MK 12,11 ReGy .79 1RCy 5.7 ReCy  5.50
Ry)0p 10.22 Rl 779 l R0 5.11 RC1 5.11
IicCy 11.61 M:Cy 8.78 . HCy 9.LL NGy 9.50
y MK 7.89 MK 6,22 M K .50 MK 6.k
ReCy 6.ul R.Cy 5.11 RgCy 5.50 ReCy 1. 50
Ry),Cq 5.89 R1)C1 5,00 'R0 5.11 R1)Cy lpo iy
Msc1 8.28 MOy 6.7% Msc1 7.11 MCy 7.00
5 MSK .56 MK 3.22 1K 3.80 MK 3.4k
RgCy  3.77 Re0y 3.22 ReCy 2.4 ey 2.50
Rq) Gy 3.50 R0y 2.56 R0y 2.l 31h01 ‘EL??_“,
MCy 6.28 MGy .11 K.Cy .22 450y 5.11
6 ReCy 2.78 ReCy 2.22 MK 1.71 Iigk 1.79
MK 2.39 MK 1.78 ReCy 1.50 ReCy 1.50
121,01 1.89 RCa 1.11 R),Cq 1.50 R0y 1159_“‘
M0y L, 11 BCy 3.56 B Ly .11 BeCy I, 11
, ReCy 1.78 ReCq 1.77 ‘MS* 1.22 MK 1.22
M K 1.59 R)Cq 1.50 ‘alhcl 1.22 R0 1.22
IRy Gy 1.50 | K 1.22 Ry 1.11 ReCy 1<%}“

!
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VERNALIZED SEED.

THE STIMULATION IN CELL DIVISION GROWTH AS SHOWN BY THE
HIGHER CELL COUNT WAS ESPECIALLY EVIDENT IN SEGMENTS | AND 2.
THE DATA FOi SEGMENTS !=5 ArD 7 1S PLOTTED IN FiGure |, 1T CaN
BE SEEN THAT THE LOG PHASE OF CELL DIVISiON GROWTH WAS CONTINUED
FOR A LOMGER PERI1OD OF TIME IM THE FIRST TWO SEGMENTS RESULTING
IN A SUBSTANTIALLY HIGHER CELL COUNT.

UATA RELATING THE CHAMGE IN CELL COUNT PER SEGMENT WITH TIME,
FOR CHILLING PERIODS OF 1-Ii WEEKS ARE GIVEM In TABLE AI—IZ IN THE
APPENDIX SECTION., CHILLING STIMULATED THE CELL DIVISION PHASE OF
GROVTH, CVEM 1} THOSE SEGMEMTS MOST DISTAMT FROM THE APEX. THE
TREND WAS USUALLY OBSERVED THAT C)>C2>Cz>Cp>K.

fIDEAU WHEATY (Rs):- THE CHANGE IM CELL MUMBER an ALL SEGMEMNTS
OF £pPT:MALLY VERNALIZED RIDEAU WHEAT (25) WITH TIME AND COMPARATIVE
DATA FROM THE OTHER SERIES ARE GIVEM IN TABLE 7. STIMULATION OF THE
CELL DIVISION PHASE OF GROWTH IN THE RANGE oF 50-200 PER CENT IS ALSO
EVIDENT IN ALL SEGMEMTS OF THIS SERIES. HOWEVER, UNLIKE THE ‘MARQUIS
SERIES, HIGH RATES OF CELL DIVISION WERE MAINLY CONFINED TO THE FIRST
FOUR HOURS OF GROWTH., 1M SEGMENTS NUMBER 5-7 WHERE THE CELLS ARE
USUALLY TYPIFIEC AS BEING IM THE LATER STAGES OF ELONGATION, THERE
WAS AN 80-200) FOLD INCREASE It THE TGTAL NUMBER OF CELLS AT EACH

PERIOD UP To 2L HOURS, AFTER WHICH A MORE OR LESS CONSTANT VALU:

WAS OBTAINED.
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TABLE 7 (Part I)

Marquis Wheat (MS)’ Rideau Wheat <R5) and (th).

Number -of cells X 10'2 of each segment of the primary Root with time,
inbibition and vernalization. Duncan test lines placed vertically.
Control data on Rideau Wheat included (RSK).

Duncan's test (5% level)

l Segment Experimental period (hours)
2 L % B
WG, 9.18 ReC), 11,61 ReC 12,61 | ReC 8.00
L ‘R?ciﬁ 9.17 ﬁ?xh e lagxh 7.11 |R5 <7
IR;Kq 3.11 ‘ Cé L.33 iRléCh L.78 lugc 5.28
RILC), 2.83 L.11 Mg L.28 théh 5,00

RcC),  1L.78 ﬁSCh 15.83 §5§h 16,72 ngh 17.22

c 9,17 c yann ! 1L.39 | R 14.50
2 lRE%Bh 7.67 RSKu 6.72 lIRi%cu 12,61 . RS Ch 13,00
Rg 6,22 R{hch 6.72 MC), 9.17 M%%u 10.50

ReC 15,11 RC 16,50 ReC 21,22 ReC 22,
l Mgch 9.17 Rih%h 8.89 | RgKh k.78 RgKh 15.88
|§1%B“ q.gg ﬁsg 2.33 llRléch 11.2& MEC), 13,11
5' e, 50), . MS I 11,67 R].LLCLL 12,79
ReC 8.7L ReC 3,77 R.C 8.9L | ReC 11
L 11501L 6.72 l Mgcﬁ 6.768 RgKP 8.22 ‘ Réxh 8.50
R7)C, 3.39 |RgK L.8L l MZC), 7.61 1| M0 8,50
Rs% 3.39 thCh L.22 thch 6.39 théh 7,00
ReC 6,72 ReC 8.89 ReC 8.LlL RcC 9.00
5 ' hsch 5.39 Méch 5.83 Mgct 6,28 M?Ct 6.89
glkéu F.gg R),6), i.gz ReK i.iﬁ RgK i.él
- g e RS | .83 thCh . thch .50
ReC 5.66 ReC), 7.34 ReC 7.4L0  R.C .78
6 Ri Eh 2,11 RSKh 2,67 ﬁgcﬁ L.39 Mgcﬁ £.79
Rsk i.gg Mgc,d 2,142 ReK 3.67 REK 3,79
MEC), . Ry), 2,00 Ri),C) 2.89 R1)0, 2622
ReC 4,78 ReC 5.11 ReC 5.50 R.C 5,70
7 Mgcﬁ 1.80 |mx* 2,22 Mgc“ 2,50 l R%Ku 3.00
lecu 1.61 D508 2.11 RSKA 1,67 MG 2,78
Ry 1.56 R{)C),  2.00 R1),0), 1,22 th%h 2,22

Lo
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TABLE 7 (Part II)

Marquis Wheat <M5) s Rideau Wheat (RS) and (th).
Number of cells' X 10-2 of each segment of the primary Root with time,
inbibition and vernalization.

Control data on Rideau Wheat included (RSK)- Durcan's test (5% level),

Segment Exverimental period (hours) 2 _
. 10 12 ik - .
R_C 8.11 ReC 9.79 ReC, 11,22 R.C 12.78
1 | ;gxh 7.33 ” RéKp 7ol Méci 8.LL MéCﬁ 9.89
RSC% g.ég gsc% ;.gz % K g.gh l REK g.go
RC 17.77 R.C 18.50 R.C 19,11  R.C 19.79
R?Kh 14,79 RgKh 15,00 RSKh 15,50 Mgcﬁ 15,78
2 ngch 13.50 Rléch 14,00 Mgcé .89 RK" 1h.79
MgC), 12,00 [MgC)~ 13.50 R1)5), 14,00 B7),0), k.1l
RcC 23.57 ReC 25,11 R.C 22,79 R.C 18,4k
Réxh 17.00 RéKh 16,11 | Mgcﬁ 18,79 Mgcll 16,22
3 MSC8 15,22 M5cé 16,00 ,‘RSK 154k ’ R;Kh 14,50
th L 13,11 th L 14,20 thch 13.50 thch 12.50
ReC 9.79 R.C 10.50 M_C 10,50 M5C 10,00
3§Kh 8.89 Mgct 9.11 Rgcg 9,79 H Rscz 9.00
U §5CQ g.gg gsxc g.%l gll ) 8.?% le ) 7.%9
lh u . 1)4 h . 9 5 7. RS 7: 0
ReC 9.50 ReC 10,00 RC 8,79 R_C 8,11
Mgcﬁ 7.1 Mgcﬁ 7.80 l‘mgcﬂ 7.79 MgCt 7.79
5 RgK 6.79 IRBK 7.50 IRSK 6.11 |RZK 5.67
RiLC), 5.00  Ry)C), k.50 R0, L2l IR0 L.22
ReC .79 R.C T.11 R.C 6.79 R.C 6,22
Mgcﬁ 5,11 ‘ Mgcﬁ Sk Mgcﬁ 5.11 l M%Cﬁ 5,00
6 RZK L. R 4.33 RZK 1,00 ReK 3.50
By)C), 2.60 [RILC)  2.79 R0, 2.k IRy 2,22
RSC 6.00 ReC,  6.11 R.C 5.50 | R.C 5,22
RSKh 3.22 Mgcﬁ 3,67 Mzgch 3.72 I Mgcﬁ 3.50
7 r;cg 3.00 REK 3.50 RSKL 3.11 RSK 2.79
RuCy 2.0 IR)C) 179 R{)C,  1.79 IR3)C) 1.60

L




TABLE 7 (Part III) 33
Marquis Wheat (MS), Rideau Vheat (RS) and (th).
Mamber of cells X 10"2 of each ségment of the primary root with time,
imbibition and vernalization.
Control data on Rideau Wheat included (R5K)'

Duncan's test (5% level)

Segment Experimental period (hours)

|

——e o — ¢ s = i A . el + - -

—— o r— e - ————

8 o, T 36 18

R.C, 16.11 R.C, 20.11 R.C 32,11 RC L. 50
Méct 11,28 MSCh 16.89 ‘MSG,-'L 31.22 50"L

1 IRSK 7.33 RoKM 12,20 RéK” 20.11 \ﬁéxh 28.79
R7)C), 7.00 R0, 10,56 B30, 19.00 R),0), 26,00

R G, 20.89 R.C, 26.50 M_C L. 89 M_C 26.79

l Mgct 16. Ll Mgci 20.22 ngct Ll Ly Récﬁ 26.11

2 ‘RSK 14.33 RZK 15.33 \RSK 2L.11 RS* 11.33
R7) 0 1322 R3) Cg 15.11 R0, 21,79 R7),0), 10.50

?Sch %f.hg Rsch 1)4.50 MSCh g.so M5ch g.hh

i2c .1 K2Ck  13.79 R2C .22 R2C .11

3 Rsxh 13.78 EéKh 9.79 RgKu 6.50 \RgKh 6.50
R3)C), 12,01 B30y, 9,22 B3, 6.00 R0 5,79

MC 9,17 R.C 7.79 M_C 8,86 M.C 8.67

L | Récﬁ 5.56 Méch 7.11 Rgct 8.11 ‘ Réqﬁ 7.79
ESKq 7.;; Rk 2.56 RZi 5.79 \ REK gnSo

lhbh 7.22 thCh .19 thch .79 Rl)ich .00

M_C 7.72 R.C, 6.79 R.C 6.79 R.C 6.50

5 Réct 7.4L Mgcﬁ 6.00 Mgoﬁ 6,22 Mgcﬁ 6.11
\RSK L.83 \RSK' .11 R2: 3.11 RgK 3,11
B0, be22 R7)C)  3.22 Rihcu 2.79 R0, 279

R.C 5.9 R.C 1. 00 R.C 3.79 R.C 3,50

o 3 B pmsb o |k 2o | 2
IRBK 3.06 HSC 2.79 RSK 2.11 RSK 1.79
7),0), 2.1L5 R}, 2.00 R0y, 2+V9 R7,C, 179

R.C,  L.11 R .C 3.50 R.C 3,50 R.C 3.11

2 fwgct 3.72 Mgct 2.Lk Mgci 2.hh M?CLL 2.k
‘RSK 2,02 Rg% 2.00 RZK 1.79 Rigbh 1.67

'R7) C) 1.89 R}),Cs 1.72 R7)C), 1.50 Rek 1,50
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DATA RELATING THE CHANGE IN CELL COUNT PER SEGMENT WITH TIME,
FOR ALL OTHER CHILLING PERIODS MAY BE FOUND 1IN TABLE By_j2 M THE
APPENDIX SECTION. AT ALL TIMES, IN ALL THE SEGMENTS, A CLEAR

PICTURE OF STIMULATION WAS OSSERVED TO BE AS FOLLOWS RgC)=Rgls=

KSC6;>R5K=R5C3=D5C2=R Cj1» ALTHOUBH MO STATISTICAL DIFFERENCES WERE
OBSERVED BETWEEN MEMBERS OF EACH GROUP, THE COMSISTENT ORDER OF
STIMULAT 1OM OBSERVED THROUGHOUT MIGHT INDICATE A GENERAL TREND.
IM ANY CASE 1T WAS APPARENT THAT L4 WEEKS OF CHILLING RESULTED
It SIGNIFICANTLY HIGHER CELL COUMTS PER SEGMENT OVER THOSE OF
CONTROL AND -3 WEEK CHILLED GRAIN.

Ri1DEAU WHEAT Ryp:- IN TABLE 8 1S FOUND THE COMPARATIVE DATA
ON THE SECOND SERIES OF RIDEAU WHEAT (th) FOLLOWING FIVE WEEKS
CHILLING AND SUBSEQUENT GROWTH. CELL COUNT DATA ON MARQU!S WHEAT
WAS NOT OBTAINED AT TH1S CHILLING PER;OD. VERNALIZATION SIGMIFICANTLY
STIMULATED AN INCREASE [N CELL OIVISION GROWTH IN ALL SEGMENTS AT
ALL PERIODS OVER UNTREATED CORTROL ROOTS. HOWEVER, 1T WAS OMLY N

SEGMENTS 5,h ANMD 5 THAT CONSISTENTLY HI1GHER CELL COUNTS WERE OBTAINED

AT ALL PER1IODS ! THE R‘q SERIES AS COMPARED WITH THE OTHER D1 DEAU

SERIES.

DATA RELATING THE CHANGE IN CELL CCOUNT PER SEGMENT WITH TIME
FOR ALL TESTED CHiLLiNG PERI0DS (1.E. 1-6 WEEKS) ARE GIVEN 1IN
TasLe Cyyz v THE APPENDIX SECTION. APART FROM SEGMENTS 2 AND 3

FOLLOWING 2 HOURS OF GROWTH, CHILLING STIMULATED INCREASED CELL

DIVISION GROWTH IN THE ORDER Cg=Cg> K=Cy=C3=C2=C|.




TABLE 8 (Part I) 35

Ridcau Wheat (RS) and (th)

Number of cells X 10"2 of each segment of the primary root with time,
imbibition and vernalization,

Control data on Rideau Wheat included (thK)

Duncan's test (5% level)

Segmemnt Experimental period (hours)

Ui

~3

2 L 6 8
RSCS 8,73 RSCS 10,78 R505 12,55 RSCS 8,22
\ thcs i thcs 7.83 thcs 7.83 IR hps 7.79

thK 2.89 thK L,72 thK 4.83 thK 5.22

Rsc5 14,39 Rsc5 14,28 RSCS 16,11 Rsc5 17.11

‘ Rq),C5 11,67 Rq) Cc 11,78 Ry)0c 13,00 By) 0 15,11

. . R 2.6 .22
thK 10.11 thK T.72 1hK 12,601 thg 13

\ thgs 15.32 thcs 15.3? thCS 23.33 -R ups 24,00
R5c5 1.5 RSCS 1h.61 3505 20.33 Rsc5 21,50
thK 8.28 thK 9.56 thK 12.50 Ry) K 13,00

thCS 10.11 thps 10,56 thCS 11.39 thgs

Rsc5 8.78 RSCS 7.22 RSCS 8.4k 3505 8.79

RluK 3.50 thg L17 thx 6.9 R .K 7.1

thos 6.89 ‘RSCS 8.78 Ry),0s 8.72 thCS 9,00
RSCS 6.33 thcs 7.61 RSCS 8.17 ,RSCS 8.79

R lg S.11 thK 5.78 thK .61 R.,K L.89

‘thog 5,22 RSCS 6.17 RSCS 7.67 R.C 7.61

ReCy L.67 Ry),Cc 5.29 Ry),Cq 5.hh Rq)Ce 5.79
R,K 2,33 R, K 2,22 R K 2.39 R.,K 2,50

1L 1l 1l
\ RSGS h.22 5,00 Rsc5 S.hi \ Rsc5 5.ubL
‘ C thcs 3.5 ‘thcs 3.79

th g 3.33 IR.,C. 3.89 \
Ry K 1.94 Ry K 2,22 Ry K 1.39

|




TABLE 8 (Part II)

' idcau Wheat (RS) and (th)

Number of cells X 1072
imbibition and vernalization,

Control data on Rideau wheat included (thK)

Duncan's test (5% level)

36

of each segment of the primary root with time,

— ———— — 4+ > ————

Segment Experimental period (hours)
10 12 1L 16
‘thcs 2.89 | RyCs 9.50 RSCS 11.02 RSCS 12,50
1 RyCy .00 ReCq o, Lk R\ Co 12.7 R),Cg 12.00
thK 5.89 thK 6,00 thK .50 thK 6.79
\th05 17.50 Rluc5 19.56 RSCS 21,22 thc5 23,11
2 RSCS 17.11 RSCS 18,00 Ry),Cc 18,50 RSCS 19,00
thK 13,79 thK 14,50 thK 1Lh.79 thK 14,22
lﬁlucs 2L,.50 Rq)Cc 25,11 ‘Rscs 21.79 ‘thcs 18.11
BjpK  13.50 Rk 111 Ry) K 13.67 Rk 13.11
thcs 12.79 thcg 13.50 thp 11.11 thCS 10,22
L ‘RSCS ?.So RgGy 10.11 \ Rgly  9.50 ReCe 879
thK 7.79 RluK 8,11 thK 8.l thK 8,00
thCS 9,22 \ Rl).LCS 9.79 \ thCS 3.50 ‘ thCS 8,67
5 RSGS 9.11 RSCS 9.29 RSCS .50 Rsc5 8.00
RluK 5.11 thx L.67 RluK 4,50 thx 4.50
. \Rsc5 2.79 ‘Rsc5 Z.oo ‘ RSCS 6.:7 l Rsc5 6,11
thCS J1 thcs .22 thCS 5.60 thCS LN
thK 2,19 thK 3.00 thK 2,67 thK 2.50
\ RSCS 5.79 \ RSCS 6,00 RSCS 5,00 ‘ RSCS 5.20
7 |th95 3.90 ‘thcs L1l ‘ thGS 3.79 thcs 3.67
| th; 2.11 RiuK 2,00 RluK 1.79 thK 1.79




PARLE 8 (Part III)

Rideau Wheat (R ) and (R )

of each segment of the primary root with tlme,
imbibition and vernalization.

Number of cells X 107

Control data on Rideau Wheat included (Bp)K)

Duncan's test (5% level)

37

Segment Experimental period (hours)
18 _2h 36 L8

RcCy 15.00 RgGg 19.11 Rgly 31.50 RSCS L3.50

1 thcs 13.33 R hps 19,00 thps 31,11 h g hz 22
RihK 7.22 thx 12,00 thg 19.11 thK 26,50

thps 26,00 R.C., 21,50 thpg I \ R.C., 25,50

2 RSCS 19,67 By Ce 20.50 RSCS he.22 Ry Ce 25,11
thg 13,39 RluK 1L.79 thK 22,11 thK 11.00

‘ thps 16,61 thcg 1,11 3505 8.00 RSCS 7.79

3 Rsc5 15,22 RSCS k.11 _thps T.79 thCS 7.11
thK 12,50 thK 9.78 thK 6,22 thK 6.00

\ R hCS 9.00 RSCS 8.11 \ RSCS 8.11 RSCS 7.50

L R:Cg 8.LL Rq),Ce 8.00 .\R1u05 7.79 Ry G 711
By)K 7.50 Ry) K 6,11 R, K 5,60 Ry K 5.11

\thCS 7.3 | BpCe 6.89 \thCS 6.67 | Ry)Ce 6,10

5 ReCy 7.22 RSG5 6.79 ReCe 6.50 RSCS 6.11
thK Lol R K 3.Lk R K 3,00 R\ K 3,00

\3505 5.28 1h g 1,00 thcs 3.67 thps 3,22

6 thcs 5.23 RSCS 3.79 RSCS 3.50 ReCe 3.11
R hK 2.50 . thK 2.11 thx 2,00 RluK 2,00

‘ 14,00 \thcs 3.33 Ry)0c 3.4k Ry)Ce 3,00

7 \thc5 3.4 [ ReC 3,22 RgCe 3.11 ReCy 3,00
R, XK 2,00 R,hK 1.89 thK 1.79 thK 1.78
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CoMPARATIVE CsLL CounNt DATA:-~ FOR PURPOSES OF COMPARISON,
CELL COUNTS PER SEGMENT AT EACH 2 HOUR PERIOD OBTAINED FOLLOWING
OPTIMAL CONDITIONS OF STIMULATION FOR THE THREE WHEAT SERIES ARE
GROUPED IN TABLE 9.

IN ALL CASES AND AT ALL PERI0D0S, A 100~200 PER CENT INCREASE
I8 CELL COUNT PER SEGMENT WAS OBTAIMED FOLLOWING OPTIMAL PERIODS
OF VERMAL 1ZATION., CELL COUNTS PER SEGMEMT OBTAINED FROM THE
OPTIMALLY VERMALIZED SERIES WERE SUBSTANTIALLY ALIKE, WHERE
SIGNIFICANT DIFFERENCES WERE OBSERVED THE LEVEL OF DIFFEREMCE
WAS SLIGHT.

THE NUMBER OF CELLS FOUND i SEGMENT 7 OF ALL SERIES
FOLLOWING VERNALIZATION WAS COMPARABLE TO THOSE OBTA INED IN
SEGMENT 5 IN THE NON-TREATED COMTROLS. THAT 1S, VERNALIZATION
STIMULATED A CONTINUANCE OF CELL DIVISIOWN GROWTH I[N THOSE
SEGMENTS WHICH WOULD OTHERWISE HAVE PASSED OUT OF THIS GROWTH

PHASE,

INCREASE IN CELL NUMBER WITH DISTANCE FROM THE HoOT APEX

THE DATA 1N TasLe 10, AND FIGURE 2, SHOW THE TOTAL NUMBER OF
CELLS 1IN SUCCESSIVE 0.5 MM, SECTIONS OF CONTROL AND OPTIMALLY
VERMAL 1ZED MARQUIS AND R IDEAU WHEAT. IN ALL CASES THE CELL NUMBER
INCREASED RAPIDLY FROM THE ROOT APEX TO APPROXIMATELY I MM, THIS
WAS FOLLOWED BY A RAPID UECREASE TO ABOUT 2 MM, AND A SLOWER
DECREASE THEREAFTER TO 3-l4 MM. WHEN A MORE OR LESS CONSTANT VALUE

WAS MAINTAINED TO ¢ MMS. FROM THE APEX, THIS REGION REPRESENTING




TABLE 9 (Part I) 39

Marquis Wheat (MS) Rideau Wheatl (R5) and (th) Comparative Data -
Cell counts at the control and maxinum condition of stimwlation of the cell
division phase of growth, Duncan's test (5% level). Cell count X 10"2

Segment - Experimental period (hours)
2 . 6 8
MzCp  11.61 | |RgC),  11.61 } RgC), 12.61 ’) 0y 8.22
ch 9.17 | I’ 7.83 7.83 ReC)” 8.11
i ‘ 10uv5 ! 1)-% 5-h :
1 gdSK .56 | NHgC”  5.17 i |R 711 ¢ MGy 7.1L
[73)Cg L.LLf) ReX L.78 | MGy 5,18 l | Reil 7.11
S T RI%K L.72 E nl% L.83 ’ Rl)K 5.22
Rk 2. 89 Mgk 2.39 1 ' Mg 3.27 L.22
T
MGy 14,78 ReC), 15.33 | |RgC), 16.72 MgCp  17.22
zgcl 14.78 &Rihés 11.78 zl Mgcé .72 [Rgcl 17.22
5 |FLGs 1L 17 0 iMgGy 172 || 14.39 ]thcs 15,11
%K 1011 4 R)K  7.72 Rl”§5 13.00 Rgi) k.50
6.50 | IRegK 6.72 | ! l& 12.61 thK 13,22
R;K 6.22 | M2k 3L 1 Mgk 7.bh | MgE 8.89
MzCy 15.56 ! (ReCy 16,50 |Ry)Cg 23.33 Ry)Cg  2h.11
Ri%; 15.33 Ri_)é; 15.89 ngé > 22.57 |iM5)éls 23.78
3 R;C% 15.11 i Mgl 12,56 | |RgC) 21.22 || RgCh 22,79
Ryl 8.28 \thK 9.56 lRSK 1,78 RgK™ 15,50
|MgK 7,17 IRgK 3,83 1 IR7K 12.50 | RI%K 13.00
ClReK 6,89 gk s.22 | Mgk 9.22 ¢ MK 10
. | ‘ )

R1)Ce 10.11 : |MgCy, 10,89 Ry)Ce 11.39 - [Ry)Cg 12.00
dgéls 8.61 Rghés 10,56 1% 5 10.8% lﬁ;gl 11,22
L RgC), 8.7k ihgCy, 8,78 i IRgC),  8.9L i |RgCy ?Jl

R 3.50 RS b.6% 0 lmex S22 @ |RsK . 8.5
ReK 3,39 | |MEK L.22 ¢ RILK 6.9 iR T. 1%
gk 17 (R LT L PR 5,06 ’ygx 5,78
MgCy  8.083 ! ngC), 8.59 Mgty 3,78 1 M50y 9.00
Im0s 6.0 ©wer .75 ¢ |m)Cs 8077 1 |EZo, 9,00
g B v;r% €.72 | Pulucg 7.61 ' sO), 8.hh i IRty 9400
§ ‘: R,k 5.11 iRy 5.73 Rc‘ 5.83 | jhgk 6.11
Chpk 5.0 | Bulh L}K L6l | RDx by
| ReK L8 [} ReK h.83 . lMgE L.bh | GK L9
| \Rgop  L.78 | |ReC 5.1 | |RgC),  5.50 | jRC 5.70
lngci L.56 1 h L9 vt c? L.61 MéC% L.89
7 R1),Cg 3.33 : lRlL 3.89 ; ' %Cr 3.55 | Rl\L%CS 3.79
R 1.9k T ReR T 2,22 IPRET 2.8 KT 3.0
1 |Rgk 1,61 «thx 2.22 | Mgk 1,67 !nlﬁx 2.k
Mgk 1,56 lMSK 1.67 i RgK  1.39 R 1.79

Duncan test lines placed verticallv to facilitate compression of the data,




TABIE § (Part II) L0

Marquis Wheat (M ) Rideau Wheat (R ) and (th) Comparative Data -
Cell counts at the control aqd meximum noqdltlon of stimulation of the cell

division phaze of growth. Duncan's test (5% level). Cell count X 10 -2

Segment : Experimental period (hours)
12 BN 16

l M cl 9 00 | |HsC1 10, 25 | |MgCy 11.78 l»gcl 13.50

i ]Rl Cg 8.89 9.79 : [RgC) 11,22 'RgC), 12,78

1 } R;Ch 8.11 | !thCS 9.50 ! 'RlLCS 10.78 Aﬁlhcg 12,00
G RoK 7.33 0 G RK 7. mgX T T.Lk 7.50

thK 5.80 © |MgK 6,11 Mgk  6.89 !MgK 7.00

iMgK  5.00 | R}k 6,00 { {RpK 6.50 | .R}K 6,79

M;Cl 20,11 MgCy  22.50 MgCy  2U.67 MgC1 25.78
;c% 17.79 | R1,C5 16.56 R1),C5 21.22 R1),Cq 23.11
> R1),C517.50 i RgC), 18,50 RgC), 19.11 Rgch 19.79
RHK .79 RgK 15.00 | jRgK  15.50 RgK  14.79

RILK 13.79 | IRk 1L.50 lplx 10,79 | |R3K 1h.22
M;K 9.78 MgK  14.00 gK 10.89 MgK  12.00

B I T, N

M50y 25.89 RgC1  25.11 RSCl  22.79 MgC1 19.11

Rl Cg2L.50 R1}C)Y 25.11 R1),C5 21.68 | |RgCl 18.LL

‘ éh 23.57 | lmgog 2l.11 lMgcl 21,0 | IR,Cq 18.11

3 Rk 17.00 | RgK 16,11 | RgK  15.Lk | RyK ~ 14,50
R K 13.50 | RILK 1L.L | RLLK 13.67 | |MgK 13.33

5% 13.50 | |RLLK 13.11

l
1
i
|
|
gk 12,50 | Mgk 13.78
= .
!
I
!
I
(

|
i -
. |R1),C512.79 |R1,Cg 13.50 M1 13.11 MgCy  12.Lb
| 1MgCy 11,78 itgCy~ 12,00 R1)Cg 11.11 {R3),Cg 10,22
} | B5Cl, 9.79 R5C), 10,50 ReC) 9.79  |iRgCL~  9.00
b '3k 8.89 . mgk 8.1 K B iMgK - B.00
ERLE 7079 |RLK 8.1 ‘H;K 8.22 |iR]) K 8.00
gt 6.1 gt 7,00 | [Rgx 7.50 | RgK 7,50
|| M5C1 9.79 ! |MgCy 10,11 [ iMeGy 9,79 MgCy 9,00
' |RgC), 9,50 | |RgC) 10,00 ! iRy)Cg 9.50 lthCcJ 8,67
g 13105 9,22 . i1R1,05 9,79 | IRgC)” B.79 5oy, 8.11
| iRgk T 6,79 ?5K 7,50 R 6.1 R 5,07
L) 5.1 ‘ | 5.6% Mg 5.1 | BK u.z9
| Mgk 5,00 qllx LG0T ne 5.0 LR K bls0
| S N S
\RgC) 6,00 | IReC, 6.1 MeC), 5450 lR;Fh 5,22
| ;Mgcf 5,11 1§CT 5.33 | Mgc{ L.99 l]l;Cl L.50
7 : |n1%05 3.90 ¢ iRCs L1 piny)Cs 3.79  1RICs 3.67
| llzgk 7 302 qtlzsi 3.50 il ng? 0 311 | RgK 2,79
LR 2.9 IBK 2.0 K 1,89 Rk 1.79
| jigE 1,90 RpK 2,00 Tk .79 Mgk 1.7

\
! !
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TABLE © (Part III) ol

Marquis Wieat (MS) Rideau Vheat (RS) and (th) Commarative Data -

Cell counte at the control and maximum co..dition of stimulation of the cell

division phase of srowth, Duncan's test (54 level), Cell count X :]_0"2
Segment Experimental period (hours)
18 2, 36 L8
MGy 15.33 | M) 23.11 | g0y 35.50 | MGy LB.LL
RgCj, 1L.11 ‘RSC 20.11 = |RgC) 32.11 RﬂC Ll .50
1 |’y 55 13.33 | Ry 55 19.00 | I®j %5 31,11 g Le.22
.Msk 8.22 ,RSR 12.22 | WSQ 22,11 % 31.11
R 7.33 | MK 12,11 jRgK 20,11 RSK 28.79
Ry K 7.22 | |Ry)K 12.00 ‘thx 19.11 R)K  26.50
MeGy 26,06 | MgGy 30,11 | MGy LB.S0 MeCy 29.11
iéi %5 26.00 Rgcl 26.50 | |R§c Ll bk Rgc% 26,11
o | RS%h 25,89 1) ES 20.50 h2.hh Ry g 25,11
REK 1.3 ik~ 15,39 > 2813 gkt 7 14.50
13.39 | iRk 15.33 Rr( 211 | IR7)¥ 11.33
;ubk 13.22 | 1Ry 1L.79 IthK 22,11 | |RY)K 11.00
McCyp 17.50 ¢, .50 | Mgcy 9.89 | MgCy  9.79
Ri %5 14,61 f L AT |RgC), 8.22 RgC), 8.11
3 iRcC),” 15.hbL | 1hCH 1,.11 URy)Cs 7.79 tRy),Cg 7.11
et 13078 | et 10,00 1R 0 7.78 | Mgt 6.78
\ D{L;L\ 12.50 “~" 9.79 n5¥ 6.50 RgC, &.50
Pt 12,11 nlh\ 9.79 | 1Rk 6.22 Ry;Cy  6.00
MeCy 11,61 | igel  8.78 | MG 9.Lk MgC1  9.50
‘Réc} 9.17 lnl;cr 8,00 | R;Ch 8.1 | |®gC), T7.79
. Ir2, b 8.9 7.79 ||Rle 7.79 | 1RLCs 7.12
fed 7 7.B9 |iirsx 6.86 Jl1sk” .50 | ik 6.l
| MK 7.50 l Mgk 6.22 1l MgK 5.78 Rg 5.50
| mgt 7.3 || apk 6.1 ,jl.thK 5.60 | IRk 5.1
MeCy 8,28 | [RyuCg 6.89 | |MgCp 7.1 | MgCy  7.00
Rgch 7.72 MgCy 6,79 % RsCl 6479 | 1E50), 6,50 |
g R]),Cg  7.hL tReC),  6.77 | |R1Cs 6467 'R1),Cs  6.LO
MK~ L.56 | (BRsK bl Mgl 3.80 | MgK "~ 3.Lh
PK bl | [RRK 3. RgE 3.1 | Bk 3.1
agk .33 Mgk 3.2 E R1)K  3.00 |IRy,K 3,00
e —|
MeC L.,11 McCp  3.56 | i5Cy L,11 1501 L.11
Rgcl L1 Rgbh 3.50 i {RgCy  3.50 yReC), 3.1
R %5 3.4k 8,6 3.33 IRy Cg 3.Lk i th 3.00
7 1 RgK © 3,20 gk © 2,00 | Rk © 1.79 | |R3)X 1.79
| 11, K 2.00 ESRTH 1,899 | Rl)_l7( 1.79 : ;Rr'K 1.50 |
it 189 | gk aler gt a1 dDix 122




TABLE 10 42
Marquis Wheat (MS) Rideau Wheat (RS) and (th).

Variation in total eell count with distance from root apex at opti-
mally vernalized periods, GCell counts X 10

Duncan's test (5% level)

Distance from

apex of root Vernalization (weeks)
(om)
0.5 MSK MSCl thcs RSCh thK RSK
25,50 21,96 19.51 18,39 17.69 1h,Lh
10 B TS RsG o Ryk o R MK
153,95 128.38 123,27 108,16 101.21 9L.16
2,0 thK RSK MgK M:SC1 Rsch thCS
77.72 77.50 75,22 7L.06 69.26 63,83
3.0 RihK Rihc5 MSK RSK M501 _ RSCh
L, O M:S.c1 MSK thCS RSCh thK RSK
59.3L 50.00 40.83 0. 3L 36,26 33.38
5.0 Mscl MSK thcs RSCu Ry K RSK
57.1L 48,33 40.00 35,00 34,61 31.L0
6.0 MSCl MSK thcs thK Rscu RSK
56,51 L7.5 38,00 31.20 31.00 28,00
10,0 Msc1 MBK thcs RSCLL RBK thK
50.60 L7.07 36,22 34.89 32.22 30,89
20,0 M501 :MSK thcs RSCM RSK thK
48.50 38,07 36.10 31,82 29,62 29,35
30.0 thcs MSCl thK MSK RSK RgC),
32.81 28.3 2L,00 22,50 19,62 11.50
Lo.o McCy RgC),  Rq)0g  McK RgK Rq) K

8.50 8.11 7.11 5.79 3.50 3.00
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OBSERVATIONS MADE AFTER |© HOURS OF GROWTH. FOLLOWING THiIS, A SLOW
DECREASE IN TOTAL CELL NUMBER TOOK PLACE OVER THE NEXT |6 HOURS
REERESENTING A REGIOM 20-30 MM. FROM THE ROOT APEX, AND THIS WAS
FOLLOWED BY A MORE OR LESS RAPID DECLINME IM THE REGION 30-L0 MM.
FROM THE APEX AFTER L8 HOURS OF GROWTH. THE OUTSTANDING FEATURE
HERE IS THE EFFECT OF IMBIBITION, SEED VARIETY AND VERMALIZATION
OM THE BASIC CURVE.

CONTROL SFRIES

— e o o - —

OVER THE -3 MM, ROOT TIP REGION, STIMULATION OF CELL
DIVISION, AS EVIDENCED BY INCREASED TOTAL CELL COUNTS, WAS ELICITED
AS THE SERIES, R|4K‘>R5K;>M5K. HOWEVER OVER THE SUCCEEDING 3-6 MM,
REGION THE GREATEST NUMBER OF CELLS WAS FOUND IN MARQUIS SPRING
WHEAT.,

VERNAL1ZED SERIES

M e—- — e— om — — — —

FoLLowING VERMALIZATIO, THE GENERALIZED PATTERMN OF CELL
DIVISIOK GROWTH WAS SIMILAR TO UNTREATED COMTROLS BUT SIGNIFICANTLY
HIGHER LEVELS WERE OBTAINED IN ALL CASES ALONG THE COURSE OF THE

ROOT.

IMCREASE IN LriGTH WITH TIME

00T LENGTH

AT EACH 2 HOUR PERIOD TO 48 HOURS THE CHANGING TOTAL
LENGTH OF THE ORIGINALLY MARKED 3,5 MM. ROOT TIP REGION WAS OBSERVED
AT ALL CHILLING PERIODS. THIS DATA 1S PRESENTED IN TaeLe 11, IT
REPRESENTS THE SUMMATION OF THE CHANGING LENGTH OF EACH OF THE SEVEN

ORIGINALLY MARKED 0.5 MM. PORTIONS OF THE ROOT TIP. IN ORDER TO




TABLE 11 (part I) k5

Marquis Wheat (MS)' Rideau Wheat (Rs]and (Rlb)' Increase in total

length in mms, of originally marked 3.5 mm. root tip with time, imbibition and

vernalization. Duncon's test (5% level).

{ vernaptascion | . Eméﬁﬂ&éfgaiﬁﬁ%ﬁﬁﬁw'“"”“;
| "MK k.28 ?mihlhK 6.0L [ Rk 7.28 | Ry K 8.69
: 0 égagx .35 {MSK 5.68 ? 'MSK 6.88 i MK 8.68
| RSTS L.55 (Bg X 5.61 | IRK 6.87 |RK  8.61
? giﬁgéii 5.10 i MSC;-“;:Lé“_é..-ﬁéai_-9:§§u | T
. 1 EPthCl L. L6 f ;thcl 5.57 | RC é.éo RgCy  7.95
¥ Rscl 4.16 ; ; RSCl 5.23 , RSCl 6.33 thcl 7.87
! | 40, 5.05 MC, 7.L0 | MGy 9.93 MG, 12.29
2 iithCQ L350 . |Ry G, 5.69 i Rg Cp 6.75 ReCy 8.09
| R,Cy L.19 i 1RCy 5431 L [R)Cp 6Lk Ry 8.06
|¥5C3 L.92 ' MgC3 691 j MgCy 9.11 |- MgCy 11.63
| 3 B0 L83 Ry 05 5,75 g' Ry)Cy 6.87 | |RC, 8.30
5 | Rsc L.26 {HSC3 5.L3 g R.Cq 6.60 R1)C5 8.21
Tﬁisgh 5.05 | RO 7.7k | ReCy 10.53 RgC), 12.85
L 50, L.8L MC)  6.65 McC)  8.70 | M0 11,21
IRy 0y, La6L i Ry)C), 59k Ry)C), 715 Ry)C), 8.52
|R1)Cg 5.08 Ry Cg 7.28 | \ReCe 9.83 RgCg 12.0L
5 | [FgCs .87 CIRgGg 7.13 | [Ry)Cg 9.82 Ry)Cg11. 9k
i 10 L.72 MG 6,36 MGy 8.30 McCo 10.7§ﬁ
;{ }.;th(.) L.92 ’ thcé £.97 thCé 9.33 thcéll.bl
6 f 15Cg  LiL6h ;l ReCy  6.65 RgCy 8,78 ReCq 10.95
fiﬁscé .56 Mscé 6,16 E Gy 797 L .S, 10.39
{ | Ry),Co 77 |RgCy 6.61 { Ry)Cq 8.83 § Rq),610.87
§ 7 Hgly L.6L IRy C, 659 RgCp 8.66 | |RgCy 10.80
] 1RgCy L.6O !ngcj//é.oz i MgCq 7.70 | |0, 10.01




TABLE 1] (Part IT)

L6

Marquis Wheat (MS)' Rideau Vheat (RS)and (th). Increase in total

vernalization., Duncan's test (5% level).

length in mms. of originally marked 3.5 mm. root tip with time, imbibition and

f Vernalization|

Experimental period hours)

(weeks ) 10 12 1 16
[ Mgk 10,12 MK 11,91 MoK 13,11 (MK 15,30
0 {|R_K 10,37 RK 11.91 lR K 13,19 IR_X  1L.62
s 5 5 5
thx 10.2L thx 11,60 thx 12,80 thx 1L.13
MgCq 1,17 1:C;  16.L0 Msclﬂuis.aé Mscl 20,95
1 | RCq 9,84 RSCl 11,11 RSCI 12.33 RSCl 13,68
MSC2 1,61 MSC2 16,83 M502 13,81 MSC2 21.35
2 RSCB 9.80 RSC? 11.30 RSC2 12.53 RSCE 55,91
thcz 9.50 thcz 1C.79 thc2 T2,01 Ry Co 13,16
! Msc3 13,94 MSCB 16,13 Msc3 17.6L M5C3 20,16
3 RSCB 10,03 3503 11.52 iRSCB 12,80 IRSC3 1.2l
th03 9,68 thCB 10.93 ;thc3 12,22 .thC3 %%:%2“_
RSCh 14.19 Rgcb 16,17 RSCu 17.88 MSCh 20,04
thcLL 10.03 thch 11.37 thch 12.65 thch 13.96
RgCo 14.26 RSCS 15,22 RgCy i%i§1 ReCo 19,66
- ‘< I PYAS
5 thCS 14,13 thCS 14,10 thcs 17,67 bSCS 19.L7
Msc5 13,02 Msc5 15,15 MSC5 17.00 Rlbc5 19,22
RgCy 13.15 Rq),Cg 15.L8 )04 17.0L u5c6 19,02
6 Rlbcé 13,1} , 3506 15,05 3536 16,74 thcé 18.57
M506 12.6L , 3506 14,74 M506 16.57 3506 18.48
7 3507 12,98 R5C7 14,52 MSC7 16,18 RluC7 17.95
M507 12,29 IMSC7 1,.38 RGC7 16.17 RSC7 17.88

g A et =TV




L7
TABIE ¢ (Part ITI)

Marquis Vheat (MS)' Rideau Wheat (RS) and (th). Increase in total

length in mms. of originally marked 3.5 mm, root tip with time, imbibition and

vernalization. Duncan's test (5% level).

, l Vernalization ‘ Experimental period (hours)
fi (weeks) 18 2k 36 W8

MoK 17.31 ) MK 23.26 ; MoK 3L.50 MoK LL.8O

0 RSK 16.29 ’RSK 20.82 j RSK 30.6L ERSK LO.LbL

|
lthx 15.58 | |Ry)KX 20.60 ; Ry 30.03 !Rle 39.26
MGy 23.49 | MGy 32.93 ; McCy  L6.05 MsCy  65.97
- H rl

1 RSCI 15.29 RSCI 19,70 % RSCI 29.35 R501 38,76
,Rlucl 1441 thcl 18.53 i thcl 27.70 thcl 36.59

M,;C2 23.87 MSCZ 31.13 M502 45,97 M5C2 65.51

Q

2 Rsc2 15.54 RSCZ 19.93 R502 20,71 RSCQ 39,23
thcz 1,.73 thcz 18,92 thcz 28.13 thcz 37,07

M.C .6 M.C. 29.92 I M i .6 1.6 60.18
‘53235 g0 2992y MOy k.63 2R

‘ 2
.RluCB 15,00 th03 .9.73 thc3 28,55 th03 37.53
MSCh 22,50 MSCh 29.67 Mscu L,.08 MSCll 59.47
]

L Rsch il.?Z RSCb iz.*; gscg 29.13 zscé Sz.hi

thch 5.L thCh 9.7 1., 9. 1.5 38.3
MGy 21.98 |M505 2?.00 - MGy §3.29 MGy 58,58

5 %RSCS 21,65 RgCy  27.03 | ReCe 39.25 ReCo 52.54
_ :thcs 20,94 ! thCS 25,95 § thCS 37,16 thCS 149,07
MCg 2L.L8 || 1Ty 28.L6 } Mgl uz.sf MCq 57.82
6 Rsc6 20.L3 ‘Rscé 25.78 | Rsc6 37.6l Rscé 51,30
IRCq 2025 | IRy Cq 25.25 g Ry)Ce 36.37 | Ry Cg L7.2L

| 1c, 27.80 | 1c - 6.8
EMSC7 2o.i5 MS 7 27.80 ; M507 u2.71 M5C7 56 19
9.,¢ .12 % . .10

7 !RSC7 1¢ ,1 ‘3507 25,12 5 RSC7 3 ?h R507 50

ithCT 19,65 ;RlL-C7 24,58 l Rluc7 35,68 Rmc7 Lh7.45
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COMPRESS THE DATA, DUNCAN TEST SIGNIFICANCE LINES WERE PLACED

VERTICALLY,

SIGURE 3 GRAPHICALLY PRESENMNTS THIS ELONGATION GROWTH DATA

PERTAINING. SOLELY TO THE OPTIMAL PERIODS OF VERNALIZATION,

APART FROM THE L~8 HOUR GROWTH PERI1OD, ROUTS DERIVED FiicM
MARQUIS SPii1HG WHEAT SHOWED AN ACCELEGATED RATE CF ELCMGATIGHN GRCWTH
WHICH BECAME STATISTICALLY SIGNIFICALT AFTER |8 HOURS GF GROWTH.
GENERALLY, THE ORDER GF ELCMGATICH GROWTH IN THESE THKEE SERIES
FOLLCWED THE TREMD M5K>.";5K >F|4K.

VERNALIZED SERIES

AT ALL EXPERIMENTAL PEXIODS, OME TO TH:EE WEEKS GF PRIOR
SEED CHILLING EVOKED At ACCELERATED ELCMGATIGH GREWTHARESPONSE CF THE
PRIMARY ROOTS CF MARQUIS WHEAT. ’ROLLCHGING THE VERHAL IZATION PERIGD
TC L WEEKS RESULTED 4&'A HIGHER STIMULATED RESPGMSE IN "IDEAU WINTER
WHEAT (Rs). DURING THE FI1itST {4 HOURS OF GRCWTH, AFTER WHICH A GREATER
RESPONSE WAS GBTAINED |9 THE MARQUIS SEwlES, FURTHER CHILLING
(5-7 WEEKS) EVOKED A SIAILAR PATTERN OF RESPONSE INM THF OTHER {"'nEAY
SEIES (ﬁ,@) WHERE STIMULATED ELOMGATICN GROWTH WAS ORSERVED OVER THE
FinsT b Hours oF GROWTH, FOLLOWEDL BY A GAEATER RESPONSE IR SPRING
WHEAT To b8 Hours.

SEGMENT LgéGTH

THE BATA REFERRING THE GOWTH VERMALIZATION RESPONSE OF
ERCH IMDIVIDUALLY COMSECUTIVE SEGMEMT OF {HARQUIS ROGTS 1S GIVEW
N TABLE D,~7 IN THE APPENDIX SECTICH, THE RESPOMSE TREMD To THE
DURATION OF PRIOR CHILLING IN ALL CASES WAS AS Si>C >l >0 s>

Cr>Ca> K.

s
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COMPARABLE DATA OM THE RIDEAU 5_.HOUR—IMDIBED SERIES ARE GIVEN
in TABLE Ey_5 IM THE APPENDIX SECTION., THE SEQUENTIAL RESPONSE
HE&E WAS OF THE ORDER CQ=C5=CG=C7:>K=C5=C2=C|.

fn THE CASE OF THE DIDEAU 1L HOUR IMBIBED SERIES THE DATA ON
SEGMEMT RESPONSE WITH TIME AND VERNAL IZATION ARE GIVEN IN TABLE F|_g
IN THE APFENDIX SECTION, §f MOST CASES THE RESPONSE WAS ORSERVED
TO FOLLOW THE SERIES g=f-=R7> K=C=C3=C,=C

IT WAS THUS APPARENT THAT THERE OBTAIMED A SIMILAR SEQUENTIAL
NESPONSE TC THE CHILLING PERIODS FOR CELL DIVISION GROWTH AS WELL
AS FOR ELOMGATIOM GROWTH.

THE CHANGE IN SEGMENT LENGTH WITH TIME AT OPTIMAL PERIODS
OF VERNALIZATION 1S GIVEN IN Fi1Gure L. In SEGMENTS I=5 CHILLING
EVOKED AN INCREASE IN SEGMENT ELONGATIOM OVER THAT OBTAINED FOR
CONTROL SEGMENTS W!THOUT ALTERING THE TYPICAL GROWTH CURVES. THIS
PATTERN PARALLELS THE CELL DIVISIOM STIMULATED GIROWTH RESPONSE
DETAILED PREVIOusLY (P, 38~4i).

AVERAGE CELL LENGTH

THE DATA RELATIMG CHANGE IM AVERAGE CELL LEMGTH WITH TIME
WAS ALSO DETERMIMED FOR ALL SERIES ARD 1S FCUND IN TABLE 12,

AT MOST PERIODS THERE WAS A GREATER INCREASE IN THE AVERAGE CELL
LENGTH OF CELLS DERIVED FROM SEGMEKTS OF UNTREATED SEED. .0
GENEXALIZED PATTERN OF RESPUNSE APPEARED TO BE EVOKED BY SEED
VARIETY, THE TWO IMCIBITIONM PERIODS OR THE DURATIOM OF VERNMAL [ZA~

TIOH.




Segment length  (mm)

Figure 4
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TABLE 12
MARQUIS YHEAT (M5), R1DEAU WHEAT (Rg) anD (R1y)

CHANGE 1IN AVERAGE CELL LENGTH (UMM) IN EACH SEGMENT OF THE PRIMARY ROOT WITH

TIME,

duncan's Test (5% LeveLr)

Eomens EXPERIMENTAL FERIOD (HOURS)
T 12 18 < 5% Lg
MeK 23,9 RypK  12.5 5 12.5 "4k 2.0 ReK 8.7 MgCy
Sy 45 I 5 "
MsCi L33 sk 11.e RgK 124 RgK 9.0 RjpK 8.2 oK
RILK 12,5 fBSK  10.5 sk 10.9 [k 9.0 REARATAN TS
nsk o 12.3RICs 9.3 RpCs 7.9 RpuCs f.7 C| 7.3 [ReCyy
5 | 1 | . 5 | - I e
cikCs 8.3 RSl 9.3 EsCyT 7.0 dngly 7.7 [RECH 6.8 IMgK
IRsCy, 5.7 {4sCy 9.1 -.:CL ) ipscl 7.5 ‘F|QC5 Gol IR1LCy
MK F2.5  1igK 8.6 Mgk 39.2 MeK 65,3
| LN - - H_ e R - 3
R 5K 9.2 ReCp 11.2  IReK 25.5 | uK 57 ; nlhK SR
’ ! : 5 ll‘, 5 . |v]5K 72.6 R K
IR LK B.5 {RpLK 1.1 lRlQK 29.3 ,n5K E3.1 ifsK  71.9 HSK
k,qu .l | 5K 1.0 st 2L.9 (B |uCs LY, ¥eC| 55.3 M2C|
5C) 5.4 MsCy 1045 (Rgcu 2L.L IMc 2.5 LRsCL  LG,9 R-C
R5CY L.k fRihls 10,1 My 18.2 cCl, 37,5 ;F|465 Ls,2 Pqu5
gsK lg.i SILK 17,8 |RsC, 3.3 1 eCy bb,3 M5C)  115,2 Mg
LR 14K 8.2 1K 17.1 ﬂmscl 51.9 hEsK L3,5 IRsCL 72,1 Ry C
R 5K 7.1 11K I5.8 "h5K 30.9 4M5K 43,0 IR 15 70,7 geC °
MsC)| ) ~1.;7 1£15C | I5.5 ln|[+C5 30.5 «iRLI-I'K L4,5 leKf 65.5 R;SQ:.(’
RiuCs 5, RsCy  th.o fip 4K 29.9 ikeCy 40,9 [LLK 65,3 fP K
RsCL 56 IRuCs 14.8 | reK 27.9 Ri4C5 35.0 1K 55.3 ng
RILK 27.3  wek Ls.2 yrscy £2.0 R|uCs 5
i 5 %2.0 ' R1LC5 58.5 ;RyuCe 70.5 :
EPSK 21.8 Ikgly bbb 'P.qcs (0.4 !'5CQ A8, ’R;K 70.2 ;Eltcs
iM5K 20,40 TreK b, nek 55.0 0 BsK 61,9 ReCy s5.4 i
ReCl 17,5 K ho. jrjnk 7.8 | < v [roie (R
2 : 4 ). 1.1%. HeS R LK 59,4 RILK 2.6 iR 5CY,
fILCs 12.8 0 w45 36,3 | Mg Dol ssK Bl gk 5g.0 MEK
MsCy 10.9 MsCp 32.9 stcl Lo.7 {irecy s3.9 MsC)  50.1 ch,
EfSK Ef.f glex 36.9 sk bi.2 rek  sg.b TILK 58.0  Ryyk
]:f§Cq GF'Z ?5k gg.f T LK S3.l N LCn 5005 L neK 52,8 ,h;K‘
Aibes 21k ;55 S s 37.5 iBsCy AC.A | HeK  Lo.s Ir 5K
hshy o 2h.0 ot neCly o 2500 qnsce Zho7 [RgK Lo ¥ e ;
DLK 20,7 Moc EE i .- ‘5 .0 "\5(:' 36.7 501
M]e : . !:‘h 5 33,2 ?r5C| 33.% iLgCh 35 .1 si'-:5C[, 38.1 iMqC{
[MsC 2.1 5K 21.2 H|AC¢ Zhar 14Cs ko 1485 38,1 ALLCk




IHCREASE IN LENGTH WITH DISTANCE FROM THE ROOT APEX

AVERAGE CELL LENGTH

THE VARIATION IN AVERAGE CELL LEKGTH AT INCREASING DIST
FROM THE APEX AT OPTIMAL PERIODS OF VERMAL IZATION WAS ALSO
DETERMIMED AND IS $How!'! 1N TABLE 13 AND FiGURE 5. VERNALIZATION
APPEARED TO DEPRESS AVERAGE CELL ELOMGATION GROWTH IN THE RECGION
oF 0~20 MM. ACTUALLY, HOWEVER, BECAUSE OF STIMULATED GROWTH BY
CELL DIVISION AS NOTED ABOVE, A SIGMNIFICANTLY GREATER NUMBER OF
CELLS WAS FOUND IM THIS REGION, THEREFORE, THE APFARENTLY DEPRES
EFFECT OF VERNALIZATIOM ON AVERAGE CELL ELOMGATION 1S ACTUALLY AN
ERROMNEOUS IMPLICATION, AS EVIDEMCED BY THE GREATER AVERAGE CELL
LEMGTHS OBTAIMED IH ALL THE VERNALIZED SERIES OVER THEIR CONTROL
FOLLOWING 53 HOURS OF GROWTHy; AT A nEG|6M 30 MMS. FROM THE APEX.

INCREASE i FRESH WEIGHT WiTH TIME

SCGMENT WEIGHT

THE CHAMGE IM THE FRESH WEIGHT OF EACH SUCCESSIVE 0.5
MM, SEGMENT DERIVER FROM THE ROOTS CF COMTROL AilD OPTIMALLY
VERNALIZED PNARQUIS AilD 1 DEAU WHEATS WAS OSSEXRVED AT THREE TIME
PERIODS AND IS SHOWE I8 TaoLe I, CACH VALUE REPRESENMTS THE MEAR
OF THIRTY DETERMIMATIONS (TRIPLICATE DETERMINATIONS ON |0 ROOTS.)
JUNCAN'S TEST SIGMIFICANCE LINES WERE FLACED VERTICALLY 1IN ORDER
TO ACCOMMODATE THE TOTAL DATA IM OME TABLE. THE FRESH WEIGHTS
WERE OBSERVED TO INCREASE COINCIDEMTALLY WITH SEGMENT ELONGATIORN

GROWTH .
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TABLE 13 54
Marquis Wheat (MS) Rideau Wheat (RS) and (th).
Variation in cell length () with distance from root apex at optimally
vernalized periods,

Duncan's test (5% level)

Distance from

apex of root Vernalization (weeks)
(sn)
R
0.5 MSK MSCl thK R 5K thC g 5cLL
21,0 13.3 12,5 12,3 8.3 5.7
1 M 5K RSK RluK Msc1 Rsch thcs
12.4 10.7 8.L 7.1 7.0 6,2
2 MSK thK RSK Msc:1 RSCh Rmc5
13,0 9.6 749 6.7 6.2 5.9
3 MSK RSK thK | MSCI Rmc5 RSGLL
19,5 16.7 10.8 10.7 10.1 8.0
L MgK RgK R1)K 2k} M0y Rq)Cg
23.5 23,2 22,1 b 14.0 11,1
5 MSK Rmx RSK RSCh MSCl thCS
29.0 25.0 23.1 1L 14,0 14,0
6 MK Ry K RK ReC), Ry)C MGy
39,2 28.0 25.0 22,6 19.8 14,0
10 MSK R,y K MGy RSK thc g hsch
13.0 3 l2,0 37.2 37.0 35.L
15 MgK . MSCl R 51{ Ry hK thc 5 R 5c: L
5L.0 49.0 15.0 JI) W0 1.0
20 MSK RSK M5(31 Rscu thK Rluc5
65,0 55.9 55.0 51.7 50.0 L8.9
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Cell length ( umm)

FIGURE 5

48 hrs

5 6 10 i5 20 30 " 40
Distance from apex of root{mm),
variation in cell length with distance from root apex.
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Time _ 1

hows) | MsC1  L3.5%9 W0
” h RgK 35.5%7  Rg(Q),
1iR1h05 30.6%6  |Ry),Cc

MoK 29.6%5 |MeK

“RSCu 27.9%5  RcK

ithK 20.1%5 Ry),K
RlLLCS 65. 6ilhj Rl)—LCS

' RgK 63.L4#10l] Rk

!

% RgC),  58.6%9 i} BsCy,

lthK 5k.5%9 ” MK

quK 53.1¢7 | M.

,;Scl L9.7+6 lRl) K

MGy 390.2%62 MGy

! RSCE 220.0ﬂi5 Rsch
L8 ’iRluCS 181,737 f RlLCS
LRluK 102.1#32 || Ry | K

gk 81.0230 i;MSK

1R5K 71.1#26 'RSK

TABLE —u (Part I)

wheat variety, imbibition,d vernalization,~ = -

.
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Variation in Fresh weight mg. per 10 roots of each segment with time,

Triplicate determinations to a total of 30 segments per period.
Duncan's test (5% level)

segment

266,517

220,11l
15Lk,1+11
1L, L5
130,07

87.9%5

L58.8%79
4138.0%75
Lol,0%2)
390,5%12
357.5¢22
333.6%20

7L3.8%65
683.,9%49
51k, 9%L45
L87.5kLY
21.3%37
39L,3+27

T
McCy 26l,3%18

?
f
‘
{
|
1

}%K

=y )

50

ithCS

£11,Cg
MSK

11,05
M501
£M5K
s
thK

RsK

McK 1?3.2119
225.6%#19 | Ry K  127,0%18
217.2%11 | MgCy 122,118
198.2%¥10 |iRgC),  120.1#16
19L,9%9 }thCg 115.5+10
182.5%5 RgK 93,5%11
365.5+28 MOy 194,515
325,6%25 RgK  175.3%15
318.8+18 Rq)K 139.8%15
280.4*18 McK 135,1%11
251,217 %RSCh 133,5%11
227.7¢15  By)Cy  9L.9%9
530,141 RgC) 212,147
LLo.L#32 | M0, 167.L1
353.4%30 (B),C5 1h7.2¢3)
340.2%30 IMSK 139.7431
265,1%25 RgK  113.8+26
A3.119  Rj K 93.5%15
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TABLE 1u (Part II)
Variation in Fresh weight mg, per 10 rocts of each segment with time,
imbibition, vernalimation and seed virie™y.
; Triplicate determ’nations to a total of 20 segments per period.
Duncan’is test (57 levsl)
Segment
1 ime 5 6
(hours)
MK 80.1+2L | MgC,  26.6%13 MgCp 22,27
[ MgCy  L.6%17 i Mgk 26.2i13 . MX 13,0%6
o ! RgC),  b9.9%1h %iRSCh 20,78 @;thCS 10,5%5
1] H] N
t s e
1 FuCs L7.541h T 16.8+8 [ BeC), 1015
] i 1 ' : +
!alhx by, 21l ginlhcs 16.6%8 iithh 10,0%5
RgK 51.3%12 PReX 9,93k | Rk 3.7k
G 90,0 P 0.2£12 (M 2,8%
15 1 o1l 3 501 3 EMSK 22,88
MK 68,3%10 | Mg 30,012 H Rgkt 21, 3+8
 Rg 60,239 giRSCM 27,5%3 | Mscl 17,055
36 i o B ;
- O L% LROK Lo L
iRsch 59,48 éiqlhA 25.918 ?thcs 17.945
| 1)K 56,218 HRgK 20,327 Ry L
RBy)Cg L3.7%7 )Ly T O ReC) 12.244
R ) > *
lehCS 6$.6+13 RgC), L5.8+8 ‘ MgCq 20.5%8
MK 68.1%9 MgCy 37.L%E | RgC), 10.4+8
{ HgCy 66,749 ‘ng 25.5% !;thcs 16,6%5
L8 j ! 3
| RgC),  55.8%9 iRq)Cg 25,077 HHgK  1h.3%5
| Rk 3k.0zl RgK 15,726 ‘Rgf  13.5%u
b , | '
R 33.5% | RypK 11.5%L RypK  6.0%2
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AVERAGE CELL FRESH YWEIGHT
AVERAGE CELL FRESH WEIGHT MEASUREMENTS ARE GIVEN 1IN TABLE |5 anp
F1GURE %,

ControL SERIES

IH THE COMTROL SERIES THE AVERAGE FRESH WEIGHT PER CELL
INCREASED RAPIDLY DURING THE FIRST 3% HOURS OF GROWTH; AMD THIS
CORRESPONDED TO A REGION APFROXIMATELY 30 MM, FROM THE ROOT APEX.
FOLLOWING THIS PHASE A SLOWER INCREASE (¥ AVERAGE CELL FRESH
WEIGHT WAS OCTAIMED IN THE McK4 R 4K SERIES, WHEREAS A DECREASE

WAS OSSERVED IN THE RSK SERIES.

VERMALIZED SERIES

e —— — - — — o—

IN THE THREE VERNALIZED SERIES, IT WAS NOTED THAT THE

ONSET OF |INCREASE IR AVERAGE CELL FRESH WEIGHT OCCURRER AT A REGION
MORE DISTANT FROM THE APEX THAN OBSERVED FOR THE UNTREATED CONTROL
SER1ES. ONCE INITIATED, THE INCREASE I# FRESH WEIGHT WAS RAPID
AND ATTAIMED LEVELS AT LEAST |00 FOLD OVER COMNTROL.

THE "LAG" 1% AVERAGE CELL FRESH WEIGHT IMCREASE IN THE CELLS
OF GPTIMALLY VERNALIZED SEED CORRESPOMDED TO THE DELAY OF THE ONSET
OF ELOMGATION GROWTH. THE HIGHEST V. .LUE WAS OBTAIMED IN MARQUIS
WHEAT AT THE U8 HOUR GROWTH PERIOD REPRESENTING A REGION MORE
DISTANT FROM THE APEX THAN OBTAIMED IN THE RNIDEAU SERIES. THIS
DIFFERENCE MAY BE CORRELATED WITH THE INCREASE IN AVERAGE CELL LENGTH

GROWTH AT THI!S PERIOD AS MOTED PREVIOUSLY (C.F. FiGure 5)-
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Change in average cell fresh weirht (mug in esca serment of the primary

root with time, imhibition, vernalizatiion and seed variety.

Duncan's Test (5% level)

Segment Experimental period (hours)
i 36 I8
RsK 29.09 ‘R;K 31.54 MS'C]_ 30,61
MgK  2h.L6 [P K 28.33 ReCl, Lo.13
1 HMgCq 3.83 ‘MS% 20,02 R1)Cg  L3.05
Ry) K 16.75 pE3)05 21,09 R1.K 33.52
A1)05  16.10 ‘ReC), 1025 QK 25.0L
RgCl,  13.18 1cCy 11,00 Rgk 2468
MoK 90,81 "gX  171,7L K Lk3.18
MgCy 28.73 Png 130,95 Re%  3U3.73
2 gk 8L.9% MgK 137,12 MK 290,55
iR=CLy  03.05 R1).C~ 108.20 RsC), 252,03
f:"t']_th')’ Z§.17 Plsdh 90.31 el 255,60
Rk 59.39 IC1  73.71 R1)C2 205,17
Tg 225,08k Rgd o osen,oe 15K 1153.07
ReK - 202.2l R5Cl, 388.79 507 LL9.33
3 D) 1h6.32 gl 369,19 RILCS  LLE.61
€1 183.5L {R1),K 367.23 Ryp K LLL1.83
250y Lhg. 19 R1iC3 359.)1 RzC),  L20.0C
R1.05 139,22 MzK T 322,03 ek 327.8L
728765 Ry 3027, ReCl,  27L.92
Bypk 203,19 Rk 2Lo.ol Mgk 217.28
Ty 153.97 g 207,08y Ry G5 207.32
L it 1LL.37 L1261 20%.01 RgH ~ 200,90
5K 7 11,66 RgCy, 104,01 !thh 183.33
501 1349.75 R14Ce 121,66 M€ 175.21
5x 0 250.31 RgK 090,19 Mgk 200.27
2K 130.00 210 107.33 RLK 113.33
sk 7630 MEK 179,73 Ry)Cg 108,75
5 b 75.82 O 120,77 IRgk ~ 103,06
150 7330 el 7,33 ReC),  85.3
f1),05  63.20% R1)Cu  6y.20 M5, 90.EL
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INCREASE tiv Dy WEIGHT WITH T IME

SEGMENT WEIGHT

DaY WEIGHT DETERMINATIONS ON ALL DELIMEATED SEGMEMNTS WAS
OBTAINED AFTER 24, %% amo L8 HOURS OF GROWTH FOR THE COMTROL AND
OFTIMALLY VERNALIZED SCR1ES (1.E. A5C|, nscu AND KIQC5). THIS DATA
1S PRESENTED In TapLe 15. VenrTicAL HUuwCAM TEST SIGMIFICANCE LINES
WERE AGAIM USED 1IN ORDEN TO FACILITATE COMPRESSION OF THE DATA,.

FEW STATISTICALLY SIGMIFICANT DIFFERENCES IN THE CHAMNGE OF DRY
WEIGHT OF OPTIMALLY VERMALIZED AND CONTROL SEGMENTS WERE OBSERVED.
“JHERE REAL DIFFEREMCES WERE PRESEMT THEY COULD GEMERALLY CE CORRELATED
WITH SIGNIFICAMTLY HIGHER LEVELS OF CELL DIVISION ANn/bn SEGMENT
ELONGATION GROWTH AS IN THE CASE OF HSC| SEGMENTS 3 AND L4 AFTER
3% HOURS OF GROWTH, AMND SEGMENT | OF THE SAME senlés FoLLOWING L8
HOURS OF GROWIH (C.F. TabLES © amp I1). THE RELATIONSHIP DID NOT
HOLD I THE CASE OF SEGMENT 3 il|L4Cg, AT THE 3% HOUR GROWH PERIOD.

AVERAGE CELL Day WEIGHT

THE CHANGE i AVERAGE CELL CRY WEIGHT AFTER 2L, 35 anb 48 Hours
OF GROWTH IS GIVE® I¥ TABLE |7 WHERE VERTICAL JUHCAM TEST
SIGHIFICARCE LINES WERE USED.

APART FROM THE CELLS FOUND IP SEGMENT & anD 4 oF THE HSCI
SERIES AT U7 HOURS , VERNALIZATION APPEARED TO DEPRESS AM INCREASE
1M AVERAGE CELL DRY WEIGHT, THIS APPARENTLY DEPRESSANT EFFECT,
COULD BE CLOSELY CORRELATED WITH THE CHAMGES 1IN AVERAGE CELL
LENGTH (P, 50 ). /i SIMILAR ERRONEOUS IMPLICATION COULD HAVE BEEWM

OBTAIHED IF THIS PARAMETER OF GROWTH HAD DEEN STUOIED ALOHME, AND OUT
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TABLE 16 (Part I)

imbibition and vernalization and seed variety,

tion to a total of 30 segments per period,

Duncan's test (5% level)

1

62

Variation in Dry Weight mg. per 10 roots of each segment = with time,

Triplicate determina-

Time Segment
(hours)
1 2 3 L
MoK 10,86 MGy 17,0l MGy 16,1%) MK 1L,0%2
RSK 6,845 M K 13.9%L MoK 1L,6%3 ReK 10.5%2
2l, RSCh 5.1%5 RSK 11.0%3 RSK 1k, 3%3 thK 8,7+2
+ + + +
Mscl L5+l thc5 10,93 thCS 12,8+2 thGS 8.2
thK 3.0t thK 8.6%3 Rsch 12,1#2 “501 5.9%1
Rqp)Ce 1,6+3 ReC), 6,72 Rqy)K 10,8%1 Rg0), S.Lh+1
RyCg 14.7#5 Ry Oy 3h.0%11  MyC) 39,046 MGy 28,1tk
l RSK 9.0%3 HSK 21,97 RSK 20,8%5 RSK 11,743
36 MBK 8.6%3 RgK  21.0%7 MK 20,245 ROy, 10,8%3
RSCh 6,0%2 RSCh 20.6+7 RSGLL 18,6t MSK 10,5%3
Ry K 4,82 Ry) K 20.0%5 Ry K 13.8%3 Ry)K 10.2%3
MG, L.3%2 MgCy 15,143 Ry)Ce 11,6%3 Ry)0g 8.1%2
MCy 22,0t ReC), L2 . L*+15 thcs 26,425 RgC)  11.0%3
RgC), 16.1%l MgCy 31.1#11  |RgC), 21.9%5 Ry),Cg 9.5%3
18 Rluc5 8,1%3 RSK 26,5%11 MSK 21,9%5 MSK 9,5%3
Ik
thK 8.0%3 RluK 2L4.9%9 xscl 20,8l thK 8.6%2
RSK T.T%2 MSK 23,6%7 thx 16, Ll RSK T.7%2
MK 7.6%2. thCS 21.8%5 RgK 15.0%l MGy 7.3%2




TABLE-16 (Part II)

Variation in Dry Weight mg, per 10 roocts of each segment with time,
imbibition, vernalizatiocn and seed variety, Triplicate determination
‘to a total of 30 segments per period,

Duncan'!s test (5% level)

Time
(hours) Segment
5 6 7
MSK 9,1%6 MSK 6,8+, MSK 6.1t
RSK 5.8%5 RSK 5.9t lthcs 3.1%2
2l, Rsch 3.5%) Rluc5 3,5%2 RcK 2,02
thK 3.3%, RSCh 3.4%2 Mscl 1,5%2
M501 3.1%h thK 3.1+2 RluK 1,5%2
Ry)0c 2.3k MgCy .94 RgC),  1,0%2
RgK  7.6¢3 MK L.732 l MK 5.7%2
MK 5.9%3 RgC), L.52 MGy 3.0%1
3 Ruc5 5.3%3 RSK L L2 thK 2,9%1
thK 5,13 M5C1 L. 32 thc 2,911
Msc1 2,811 thK L, 0£2 RSK 2,741
Ry)Cc 2.5%1 Ry) 0 2.5 RgC) 2,741
thCS 7.1%3 Rmc5 L, 0x2 thCS 3.7%2
IIEK 5,13 RSCh 2.6%1 RMK 2.5%1
148 I:5C1 L, 6+2 thK 2,5%1 ‘501 2.1+1
RSCh b LE2 1-:501 2.5%1 RSK 2,01
thx Ly, 242 R 5K 2.4t1 MSK 1.7

R_K o1E2 17 K 2,2%1 R 1,081
gk b 5 €,




TABLE 17 sh
larquis Wheat (MS)’ Rideau Wheat (RS) and (th).

Change in average cell dry weight (mug) in each segment of the pri-

mary root with time, imbibition, wvernalization and seed variety.

Duncan's test (5% lovel)

Scgment Experimcntal period (hours)
2l 36 L8
McK 8,92 R1)K  L.,72 McCy L5k
R ho57 REE Lol RIGL  3.61
1 RgC), 2,53 MgK 3.89 Ry)K 3.0l
R7)K 2,50 R1LK 2,51 RgK 2,67
X 1.9L RgC), 1,86 MK 2.LL
R])C  0.8L4 MgC 1.21 thCS 1.91
MK 8.7k Rk 9.0L 23,65
Rgk  7.18 RgK 8.71 % 22,63
5 RI}K  5.81 R1)Cc  8.01 16,27
MGy 5.6L |! MoK 7.57 16,24
R1)Cg 5.31 I| RgC), . L.63 M5 10.28
| RgC)~ 2,52 MgCy  3.11 thCS 8.68
Ol EnonE I
3 Mscl 11,18 l MSK 25.89 I cK 28,07
19.02 lR;C 22,68 Rl 27.33
é 9.07 ‘ th% 22,25 é 27.03
£C),” 8.3L R)Cc 1L.87 21.22
MgK 20,89 MGy 29.89 thK 16,86
RcK 15,90 RgK 20,17 gk 1L.8L
L thx 1L,26 1K 18.21 RzC), 1L.10
" Ry 05 10,62 hsk 16,15 RSK 14.00
‘Rg 6.92 IRSC 13.33 1)C5 13.38
MGy 6.70 th 10.38 M 1 7.68
MK 28.L3 R;K 2,51 MgK 15,00
RSK 1h.1h i 17.00 ‘Rl K 1L.00
g 9.70 % 15.52 ng 13,22
Rgéh 5.1b R;Ch 7.79 c 11.09
‘M 1 L.ss g0y 3.9k | sy 6.8
Ry)Cg 3.62 thcs 3.73 M501 6.57
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OF COMTEXT WITH THE DYNAMIC PHAEES OF CELL DJViISiON AND CELL
ELONGATION GROWTH.

THE CHANGE IN AVERAGE CELL DRY WEIGHT OVER THE 2L-48 Hours
GROWTH PERIOD IS ALSO SHowi 1IN Fi1Gure 7. T 1S INTERESTING TO
MOTE HERE THE TIMES AT WHICH DRY WEIGHT CHANGES OCCURRED, AS
WELL &S THE GENERAL SHAPE OF THE CURVES., {¥ THE CONTROL SERIES,
OPTIMAL AVERAGE CELL DRY WEIGHTS WERE OBTAINED AT A REGION
25-35 MM, FROM THE ROOT APEXy; AND THIS WAS ALWAYS CO~INCIDENT WITH
THE 35 HOUR GROWTH PERIOD. IN THE VERMALIZED SERIES, APART FROM
THE EXCEPTIOMAL CASE OF THE RIDEAU FIVE-HOUR-IMEIBED SERIES (RS),
THE PEAK VALUES PER CELL WERE ALSO OBTAIMED AFTER 35 HOURS OF GROWTH,
BUT THIS REPRESEMTED AREAS MORE DISTANT FROM THE APEX; NGAIN, & CLOSE
CORRELAT10# PERTAINED BETWEEN THE DELAYED OWSET OF ELONGATION GROWTH
IN THE VERMALIZED SERIES AND THE ACCELERATED ONSET OF INCREASE IN

AVERAGE CELL FRESH WEIGHT.
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BISCUSSION
IN A LECTURE TO THE SOCIETY OF AMERICAN MATURALISTS IN 1956
(29) THIMANN STRESSED THE FACT THAT ULTIMATELY, IF NOT DIRECTLY,
MOST STUDIES ON GROWTH AND ODEVELOPMENT IN PLANTS ARE BASED ON SOME

VERY GENERAL CHARACTERISTIC, SUCH AS INCREASE IN CELL NUMBER,

LENGTH, FRESH B8R DRY WEIGHT., SUCH INCREMENTS REPRESENT AN INTEGRATION

OF A LARGE SERIES OF DIFFERENT REACTIONS THROUGHOUT THE PLANT. IF
CHANGES IN THE ENVIRONMENT WERE TO AFFECT ALL THESE PROCESSES
EQUALLY, THIS WOULC BE REFLECTED IN EQUAL CHANGES IN THE VARIOUS
PARAMETERS OF GROWTH, AND THE PLANT WOULD BE UNALTERED. AS IS
WELL KNOWN, THIS IS NEVER THE CASE, CHAMGES 1IN THE ENV4{RONMENT HAVE
DIFFERENTIAL EFFECTS ON A MULTIPLICITY OF PROCESSES WHICH ULTIMATELY
AFFECT ONE OR MORE OF THE FACETS OF GéONTH.

IT 1S AN IMPORTANT FEATURE OF THIS SERIES THAT OBSERVATIONS
HAVE BEEN MADE OM THE EFFECT OF CHILLING ON GERMINATION, AND ON THE
LATER GROWTH OF THE ROOT. EVIDENTLY, THESE TWO GROWTH PROCESSES
HAVE PHYSIOLOGICALLY DIFFERENT RBQUIREMENTS FOR CHILLING, 1T wouLD
APPEAR AS IF A GERMINATION INHIBITOR PRESENT IN THE SEED OF RIDEAU
WHEAT WERE LEACHED OUT, OR HYDRATED TO A NON-INHlBITlNG.FORM
AFTER 14 HOURS OF iIMBIBITION, AND THAT ONE WEEK EXPOSURE TO CHILLING
TEMPERATURE AFFECTED THE SAME CHANGE IM SEED OF RIDEAU AND MARQULS
WHEAT GIVEN A LESSER IMBIBITION PERIOD., THAT THE DECREASE IN
INHIBITOR WAS VERY RAPID AT FIRST BUT THAT ITS DISAPPEARANCE WAS

ONLY COMPLETE AFTER 3 WEEKS OF CHILLING 1S EVIDENT FROM TABLE 2,
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OBSERVATIONS ALSO COVERED THE EFFECT OF CHILLING ON THE
CEVELOPMENT OF THE CELL FROM THE MERISTEMATIC TO THE FULLY VACUOLATED
STATE. ANATOMICAL OBSERVATIONS SHOW THAT WITHIN THE FIRST |.0 MM,
THE CELLS ARE ALL MERISTEMATIC EXCEPT FOR ROOT CAP CELLS. ALL
SUCCEEDING REGIONS CONTAIN AN EVER INCREASING NUMBER OF VACUOLATED
CELLS WHICH DO NOT DIVIDE,

IT HAS GENERALLY BEEN ACCEPTED THAT APICAL MERISTEMS ARE THE
SITE OF "PERCEPTION'" OF A LOW TEMPERATURE STiIMuLus (16,L17,3%,38).

THE RECENT WORK OF WELLENSI&K STRONGLY SUPPORTS THE CONTENTION THAT
VERNALIZATION PROCEEDS VIA DIVIDING CELLS ONLY. THIS IS FURTHER
SUFPORTED BY THE OR!GINAL EMPIRICAL OBSERVATIONS OF LYSENKO THAT SEED
VERNALIZATION TAKES PLACE ONLY IN GRAININ WHICH GERMINATION HAS

DEENM INITIATED, TO SOME DEGREE, BY Pénon EXPOSURE TO WATER. SCHWABE'S
woRK (27) HAS INDICATED THAT THE VERNAL IZATION STIMULUS DOES NOT
REMAIN ALWAYS CONCENTRATED IN THE TERMINAL APICES OF THE PLANT.

IT 1s AXlonAfjc, OF COURSE, AND AT THE FOUNDATION OF ANY
UNCERSTANCING OF VERNAL IZATION, THAT THE AFTER-EFFECT OF CHILLING
MUST BE TRANSMITTED THROUGH CONTINUING CELL GENERATIONS, AFFECTING
MANY ASPECTS OF GROWTH AND DEVELOPMENT AND EVENTUALLY AFFECTING THE
TIME OF REPRODUCTIVE MATURITY.

G®IF SHOWED THAT WINTER RYE COULD BE VERNALIZED AT -4°C anD
PRESENTED CYTOLOGICAL EVIDENCE TO INDICATE THAT ALTHOUGH M|TOTIC
ACTIVITY WAS sToPPED AT -2°C, VERNALIZATION PROCEEDED NORMALLY (18).

HE FURTHER REPORTEC THAT SWOLLEN IMBIDEC SEEDS IN WHICH PHASES OF




ACTIVE MITOSIS WERE NOT YET VISIBLE COULD BE VERNALIZED AT
TEMPERATURES BELOW 0OC., FROM THIS GRIF CONCLUDED THAT THE OVERALL
Pnﬁczss OF VERNALIZATION IS INDEPENDENT OF MITOTIC ACTIVITY BEFORE
FREEZING. MORE PRECISE CYTOLOGICAL STUDIES ON PLANTS KEPT AT
TEMPERATURES RELOW 0O0C 1S REQUIRED BEFORE A GEFINITE AND IRREFUTABLE
CONCLUSION CAN BE REACHED AS TO WHETHER LIVIDING CELLS HAVE TO OE
PRESENT OR MOT FOR THE VERNALIZATION PROCESS TO PROCEED. MY OWN
WORK TO DATE HAS ADUED NOTHING TO THIS CONTROVERSY EITHER WAY.
FUTURE WORK, IT IS HOPEG, WILL CLARIFY THE POSITION WITH RESPECT

To MARQUIS AND RIDEAU WHEATS,

THE STRIKING EFFECT OF VERNALIZATION ON ROOT GROWTH WAS
RELATED TO THE PROLONGATION AND STIMULATION OF THE CELL DIVISION
PHASE OF GROWTH. THE STIMULATION TO ACCELERATED DIVISION WAS
EVIDENCED BY SPECTACULAR INCREASES IN CELL NUMBER AS SEEN IN
FIGURE 2. THE EXTENT OF THIS ACTIVITY 1S HIGHLIGHTED BY COMPARING
CELL COUNTS DERIVED FROM UNTREATED CONTROL WITH THOSE OBTAINED FROM
THE ROOTS OF THE OPTIMALLY VERNALIZED WHEATS. IN OPTIMALLY VERNALIZED
GRAIN, EVEN THOSE SEGMENTS NORMALLY TYPIFIED AS CONTAINING MATURE
CELLS.RETAINED A HIGH CAPACITY FOR CONTINUED CELL DIVISiIONs. THIS
WORK CLEARLY INDICATES THAT VERMNALIZATION STIMULATED INCREASED CELL
DIVISION GROWTH, SO.THAT MORE CELLS WERE INVOLVED IN MITOSIS IN ANY
GIVEN REGIOM ALONG THE MEASURED COURSE OF THE ROOT. GVER THE LATER
PART OF THE EXPERIMENTAL PERIOD (36-U48 HOURS), STIMULATED CELL

ELOMGATION GROWTH ALSO BECAME EVIDENT. CORRELATED WITH THIS, THERE
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WAS AN INCREASE IN AVERAGE CELL DRY WEIGHT IN SEGMENTS 2 AND 3

AND A DECREASE IN SEGMENTS L ano 5, INDICATING AN ACCUMULAT1ON OF
METABOLITES PRIOR TO THE ONSET OF CELL ELONGATION GROWTH WHEN A
UTIL1ZATION AND DEPLETION OF THIS METABOLIC STORE WAS OBSERVED, A
nsPLéT}on OF DRY WEIGHT IN SEGMENT | COULD BE CORRELATED WITH VACUOLA-
TION OF ROOT CAP INITIALS IN THIS SEGMENT.

THE PROGRESSIVE CHANGES IM FRESH WEIGHT MEASUREMENTS COULD AT
ALL TIMES BE CORRELATED WITH THE PHASE OF CELL ELONGATION GROWTH.

IN THIS WAY THE AVERAGE ROOT CELL FRESH WEIGHTS DERIVED FROM THE
CONTROL SERIES ALWAYS SHOWED AN ACCELERATED INCREMENT OVER THE
VERNALIZED SERIES. THIS DIFFERENCE COULD BE DIRECTLY CORRELATED, ON
THE ONE HAND, WITH THE EARLIER ONSET OF ELONGATION GROWTH IN CELLS
OF CONTROL ROOTS, AND OM THE OTHER, QITH THE DELAYED ONSET OF
ELONGATION GROWTH DUE TO THE PROLONGAT!ON OF ACTIVE MITOSIS IN

ROOT TIP CELLS OF THE VERMAL IZED WHEATS.

THE PROGRESSIVE INCREASE IN CELL NUMBER, COUPLED WiTH SOME
STIMULATION NN THE ELONGATING GROWTH PHASE OF THE NEWLY FORMED
CELLS, TOGETHER WITH COMCOMITANT FRESH AMD DRY WEIGHT CHANGES, ENABLED
THE FULLY VERNALIZED SEED TO PRODUCE ROOTS WHICH GREW MORE QUICKLY.
THtS RAPID GROWTH THEN SERVED TO PRODUCE A SEEDLING WITH A BETTER,
MORE DEEPLY ENTHENCHED ROOT SYSTEM, AND I[N THI!S WAY, PROVIDED A
MORE RAPID SUPPLY OF NUTRIENTS TO THE DEVELOPING SEEDLING. THE
BOOST !N THE SHOOT SYSTEM GROWTH AS DETAILED BY WEINBERGER AND GODIN

(52) WAS THEREFORE PRECEEDED BY A MORE RAPID GROWTH IN THE ROOT
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SYSTEM DUE TO THE COMTINUED STIMULATION OF MITOSIS AMD ASSOCIATED
PARAMETERS OF GROWTH.

LITTLE 1S KNOWN OF THE B IOCHEMICAL IMPLICATIONS AND CHANGES
WHICH ARE BROUGHT ABOUT BY VERNALIZATION. IT IS IMPLICIT IN THE
BIOCHEMICAL TESTS UTILIZED HERE, AND IN THE SUBSEQUENT CHANGES IN
THE PATTERN OF GROWTH, THAT VERY FUNDAMENTAL PROCESSES ARE |NVOLVED,

MY OwWN DATA TEND TO CONFIRM THIS, CLEARLY SHOWING THAT THE
EFFECT OF VERNAL {ZATION IS ALSO TRANSMITTED TO PARTS SOME DISTANCE
FROM THE APEX. [T 1S EASY TO VISUALIZE T0O, THAT MANY INHERENT
CHANGES MIGHT HAVE BEEN EVOKED BY VERNALIZATION, AMD THAT SOME OF
THESE WOULD ONLY FIND EXPRESSION AT A LATER STAGE OF DEVELOPMENT.

FT 1S FAIRLY GEMERALLY HELD THAT. THE PROCESS OF VERNALIZATION
IS DEPENDENT ON THE PRODUCTIOM OF 4 SINGLE END PRODUCT SOMET IMES
CALLED VERNALIM, HOWEVER, IT WOULD SEEM UNLIKELY THAT THIS CAN DEPEND
UPON A SINGLE ENZYME REACTIOM WITH A TEMPERATURE OPTIMUM AS LOW AS
0% to h°c. IT MOULD SEEM MORE PROBABLE THAT THE OPTIMUM IS sb Low
BECAUSE 1T IS DETERMINED BY A COMPETITION BETWEEN TWO OR MORE
REACTIONS WITH DIFFERENT TEMPERATURE RESPOMSES. THE UNUSUALLY LOW
OPTIMUM TEMPERATURE AMD THE FLAT SHAPE OF THE RESPONSE CURVE IN RYE
(12) SUGGEST THAT THE VERNAL IZATION RESPONSE !S DUE TO A COMPETITION
BETWEEN TWO0 REACTIONS, WHICH, PERHAPS, REQUIRE THE SAME SUBSTRATE
~ND WHICH MAY OPPOSE THEIR PRODUCTS; BOTH HAVING MORE NORMAL TEMPERA-
TURE OPTIMA THAN THE IR RESULTANT. FIGURE 8 ILLUSTRATES THE POINT,

THE OBSERVED RESPONSES MAY THEN BE DUE TO AN OVERLAP OF THE TWO
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Figure 8
5}
I 1 P 1 " 1 A I -
-5 0 5 10 15 20 25 30 35

Temperature °C

A scheme for vernalization. Curve B is the response to temperature
of the promoting process;,; Curve A that of a second, opposing pro-
cess, perhaps competing for the same substrate, Curve C, the
outcome of these two, the actual vernalization response.
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PORTIOMS OF THE CURVES.

IT MAY BE THAT THE EnNZYME (OR ENZYMES) RESPONSIBLE FOR THE
VERNALIZATION EFFECT IS OME WHICH GAINS ACCESS TO THE SUBSTRATE ONLY
AT LOW TEMPERATURES BECAUSE ANOTHER REACTION, (OR SERIES OF REACTIONS),
COMFETING WITH IT FOR THE SAME SUBSTRATE, IS SLOWED DOWN TO A GREATER
EXTENT BY THE LOWERED TEMPERATURE. U MORE SIMPLY, ONE MIGHT SPECULATE
THAT THE COLD TREATMENT LEADS TO THE PRODUCTIOM OR ACTIVATION OF A
NEW EMZYME SYSTEM; THE ACTIVATION OF WHICH 1S SWITCHED ON OR OFF AS
EITHER THE CELLULAR OR EXTRA-CELLULAR ERVIRONMENT CHANGES. WORK
CARRIED OUT BY TOMATH it Jaran (30,3)), BUT AS YET UNCONFIRMED,
SUGGESTS THAT NUCLEOTIDES ARE INVOLVED, PROBABLY URIDYLIC ACID
(UMP) orR UMP-LIKE SUBSTANCES. GRZESIUK AND J. KuLKA (2}) MOTED THAT
VERNALIZED GRAIN EMBRYOS DIFFERED CONSIDERABLY FROM THE EMBRYOS OF
UMVERNAL IZED GRAIN IN THE QUANTITY OF ASPARTIC ACIL ANC GLUTAMIC ACIDS.
THIS DIFFERENCE WAS NOT VISIBLE N THE ENDOSPERMs. |IN THE EMBRYOS
OF VERNALIZED GRAIN, GLUTAMIC ACID WAS THE CENTRAL LINK IN NITROGEN
METABOLISM WHILST IK THE EMBRYOS OF UMNVERNALIZED GRAIN IT WAS
ASPARTIC ACIL AN TC A LESS iLEGREE GLUTAMIC ACI.., VEXNALIZED
EMBRYOS COMTAINED A CONSIDERABLE AMOUMT OF LYSINE AND A SMALL
QUANTITY OR ARGININE WHICH DIMINISHED IN THE COURSE OF VERNALIZATION.
CONVERSELY, IN UKVERNALIZED EMBRYOS THE QUANTITY OF ARGININE WAS
COMS IGERABLE, AND ITS CONCENTRATION INCREASED IN THE COURSE OF

GERMINATION, WHILE THE LYSINE COMTEMT REMAINED LOW. THE CHANGE
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IN THE AMINO ACID METABOLISM OF THE EMBRYOS OCCURRING DURING THE
COURSE OF VERNAL IZATION UNDOUBTEODLY REFLECTS THE CHANGES IN THE
MORE FUKRDAMENTAL METABOLIC PROCESSES WHICH INFLUENCE THE FURTHER
PROCESSES OF PLANT ONTOGENESIS.

THE LONG LASTING AND ALL-PERVASIVE AFTER EFFECTS OF VERNALIZATION
SEEM TO BE ANALOGOUS !N:-MANY WAYS TO THE PERMANENT CHANGES OBSERVED
IN BACTERIA=~FREE TISSUE OF CROWN GALL TUMORS. IN THIS CONTEXT HIGHKIN
(22) HAS POINTED OUT THAT SUCH CHANGES ARE LONG LASTING AND THE
CHANGES IN METABOLISM ARE PASSED OM THROUGH SUBSEQUENMT CELL
GENERAT IONS .

P:ESEMTLY; THE FUNDAMEMTAL CHAMGES 1IN THE MOLECULAR ENVIRONMENT
OF VERNALIZED CELLS S BUY LITTLE UKRDERSTO000. THIS FIRST PHASE OF MY
OWN WORK HAS BEEN UNDERTAKEN ON MAlNL§ PHYSIOLOGICAL MEASURES OF
CHANGE |IN CEREAL ROOT TIPS. THE ORIGIMAL QUESTION HAS BEEN ANSWERED
IM THE AFFINMATIVE RELATING EFFECTIVE COLD TREATMENT WITH INCREASED
ROOT GROWTH VIGOR. IT 1S HOPED TO PURSUE SOME PARAMETERS OF.BIOCHEMICAL

CHANGE i# THE CONTIMUIMG PHASE OF RESEARCH.
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MARQU1IS YWHEAT (HS). UMBER OF CELLS ¥ 1072 osTaineD

IN EACH ROOT SEGMENT AFTER 2-18 HOUKS GROWTH WITH TIME,

IMBIBITION, VERNALIZATION AND SEED VARIETY, =—=——==ceeee- -1=Xt1
RICEAU WHEAT (K5). HJuMBER OF CELLS X 10'2 IN EACH

ROOT SEGMENT AFTER 2-L8 HOURS GROWTH WITH TIME,

IMEIBITION, VERNALIZATION ARD SEED VARIETYs—m=mm==m————— Xiri=xiv
RiDEAU WHEAT (Ry4). NUMBER OF CELLS X 102 N EACH

ROOT SEGMENT AFTER 2-L48 HOURS GROWTH WITH TIME,

IMBIBITION, VERNALIZATION AND SEED VARIETY,—~=——w==-- ——— XXV I=XXXVI
MARQUIS WHEAT (MS). INCREMENT IN LENGTH IN MMs. X 10~3

OF SEGMENT |=7 WITH TIME, IMBIBITION, AND VERNAL IZAT ION&~XXXVIt=XL11]
R1CEAU WHEAT (Rg). INCREMENT IN LENGTH IN MMS. X 10-3

OF SEGMENT |=7 WITH TIME, IMBIBITION ANGC VERNAL IZATION ~=XL 1V~
Ripeau YHEAT (N)4). INCREMENT IN LENGTH IN MMS. X 10~3

OF SEGMENT |=7 WITH TIME, IMBIBITION ANC VERMNALIZATION~=LI~LVI]

PERTAINING TO GHOWTH PERIODS 20, 2L-3L, 38-L6, OBTAINED, BUT OMMITED

TEXT, SOLELY FOR CONVENIENCE OF ASSEMBLY COF UATA IN PRESENT TYPESET.




TABLE Al

Marquis wheat (MS)

Number of cells X 10~2 cbtained in each root segment after 2 hours growth

with time, imbibition, vernalization and seed variety.

Duncan's test (5% level)

Segment Vernalization (weeks)
1. MGy McCy McCy MgC), MK
11,611 10, 9Ll 10,889 9.778 L.556
2, M McCy M5Cs McC), McK
1. 778 10,667 9,500 9.167 6.500
3. MG M:Co M:C3 M5C), McK
15,556 Ll 10,278 9,167 7.167
Le  MgCy McCyp McCy McC), McK
8.611 7.389 7.167 6.722 6.167
5. MG MGy M0y MsC), McK
8.833 6.333 6,311 5.389 5.000
6. Mgy MgCo MgCy M:C), McK
L.000 3.Lbky 2,556 L1722 1,389
7. MOy MeCyp MGy M), MK
L.556 L.056 2,94l 1.800 1.556




Marquis wheat (MS)

Number of cells X 1072

time, imbibition, vernalization and seed variety,

TABLE /'~2

Duncan's test (5% level)

Segment Vernalization (weeks)
1. MSCl 4G, MgCy M50), HeK
5.167 5.067 L.389 4.333 2.389
2. MGy McCo MgCsq M:C), MK
11,722 10,722 8.778 7,Lhk 3.ubk
3. MgCy McCp My MO Mgk
12,556  10.833 8.711 6.389 5.222
L. MGy MG, McCy MsC), MoK
10,889 9.111 8.778 6.778 L.222
5. MeCy MsC, MgCsq MeC), MK
8.778 6,722 6,222 5.833 5.hhl
6. M 0y MgCo MGy M0, McK
6.9kLL N 3.833 2,422 1,278
7. M5Cl M502 MsC 3 MSC)-L MsK
li.588 11,078 3,111 2.111 1.667

ii

in each root segment after L hours growth with




iii
TABLE %3
Marquis wheat (MS)

' .2
Number of cells X 10 obtained in each root segment after 6 hcurs growth

with time, imbibition, vernalization and seed variety.

Duncan's tcst (5% level)

Segment Vernalization (wecks)
1, Mg5Cy McCop M0, M:0), McK
5.177 5.111 L,722 L.278 3.27
2, MgCy McCy M:Cq MeC), McK
1,722 10.9717 10,278 8.167 7.0k
3. M5Cy MgCo McC3 MsC), McK
22,566  14.389 11.667 11.667 9,22
L. MCy MsCs MgC3 MsC), McK
10.889 9.500 8.333 7.611 5.06
5. MgCy MeCo McCy McC), Mgk
8,778 7.056 6,667 6.278 IR
6. MGy McGo HcC3 MgC), MK
6.,9ku 5,556 4,550 L.389 2,28
7. McCqy MsC, McCy MsC), McK

L,611 4,333 3.9Lk 2.500 1,667




iv
TARLE Ah
Marquis wheat (MS)
Numher of cells X 102 obtained in each root segment after 8 hours growth

with time, imbibition, vernalization and seed variety.

Duncants test (5% level)
Segment Vernalization (weeks)
1, MgCy McCy McCq MeC), McK
7.111 6.211 5.500 5,278 L, 222
2., McCqy McCp MsC3 M5C), MgK
17,222 13,333 12,111 10,500 8.389
3. MSC]_ Mscz MSCB Msch _MsK
23,778 16.500 13,333 13,111 1o.LLk .
L. McCy McC,, M5Csq M0), MK
11,222 9.889 9,500 8,500 5.778
5. MsCy MeC2 MC3 MgC), MK
9.000 7.778 7.000 6.889 li, 889
6. MgCq Msc2 M5Cy McCl, MgK
7.111 5.778 L.,789 L,789 2.333
Te M501 M.l:)’C2 MSC3 MSC)—l MSK
14,889 mnnn 4,000 2.718 1,789




TABLE A
5
Marquis wheat (MS)
Number of cells X lO-2 in each root segment after 10 hours growth
with time, imbibition, vernalization and seed variety.

Duncan's test (5% level)

Segment Vernalization (weeks)

1 . MSCl Mscz MSCB MSCLL MSK
9,000 7.789 6,611 6,278 5,000

2 M501 Msc 5 MSC 3 MSC L MSK
20,111 16,111 14,000 12,000 9.778
25.889 18.778 15.500 15,222 12,500

L. Mscl M502 M:Cy MSCh McK
11,778 10.000 9,889 8.500 6.111

5. MGy McC M5 HeC), McK
9,789 8.111 7.678 7.111 5.000

6. MSC1 FgCy M503 MSCh MSK
7,500 6.333 5,222 5.111 2,500

5.111 L,789 l,222 3.000 1,900




TABLE 16
Marquis wheat (M;)
Nunber of cells X 1072 cbtained in each root segment after 12 hours growth
with time, imbibition, vernalization and seed variety,

Duncan's test (5% level)

Segment Vernalization (weeks)
1. M0 M5C,, M5Cy MsC), McK
10,278 9,222 7.1778 7.222 6.111
2, McCq MG, McCsq M5C), McK
22,500 18.889 15,889 13,500 10,700
3. MGGy MsCyp Gy MsC), MK
2l,111 19.556 17,111 16,000 13.778
J L, M:Cy MgCy M:C, M), MgK
12,000 10,500 10,222 9,111 7.000
5. M5Cq McCo MeCy M5C), MK
10.111 8.889 8.000 7.800 5,678
6. MGy McCo McCy M), McK
7.778 6.667 5.500 5.ubLl 2,789
7. MG,y McCo MgCy MgC), MeK

5.333 5.000 1,.500 3,667 2.100




TABLE ."t.?

Marquis wheat (MS)

Number of cells X 1072

obtained in each root segment after 1l hours growth
with time, imbibition, vernalization and secd variety.

Duncan's test (5% level)

Segme it Vernalization (weeks)
1. MCq McCy MeCq McC), McK
11.778 10.500 8.533 8.LulL 6.889
2L. 667 20,500 17.500 1L.389 10.889
3. My McCo 4 | MgC), - MK
21.Lbk 190,111 19,000 18.778 13.500
L. My M5C,, MgC3 Mc0), MK
13,111 11,889 11,500 10,500 8.222
5. M0y FgCo g0y MsC), MK
9.778 8.570 8.222 7.789 5.111
6. McCy MgCp HeC3 M0), MgK
7.200 6.111 5.700 5.111 2,678
H 7. McCq McC, MgCsq MgC), MK
14,889 4.678 bbbl 3.722 1.889




viii
TABLE 4

Marquis wheat (MS)
Nurber of cells X ZLO_2 obtained in each root segment after 16 hours growth
with time, imbibition, vernalization and seed variety,

Duncan's test (5% level

Segment Vernalization (weeks)
1. MSC]. MSCQ MSC 3 MSCLL MSK
13,500 12,111 9.389 9,889 7.222
2. MSCl M:SC2 Msc3 M:C), Mgk
25.778 22,hbL, 18,778 15,778 12,000
3. McCy MeCy MC3 M50, MK
19,111 19,000 18,111 16,222 13.333
L, MGy MsC,, %% MgG), McK
12.Lhhl 11,500 10.889 10.000 8,000
S. Mscl MSC2 Msc3 MSCLl McK
9,000 8,202 8,111 7.789 L.789
6. MgCy MgC, McCy MsC), McK
6.789 6.000 5,700 5.000 2.500
7. MGy MSG2 M503 Msch MoK

li. 500 L Ll . 222 3.500 1.711




Marquis wheat <M5)

TABLE A

9

Number of cells X 102 in each root segment after 18 hours growth

with fime, imbibition, vernalization and seed variety,

Segment

3.

Te

Duncan's test (5% level)

Vernalization (weeks)

MsCy Msc2 P%CB Msch ng
15.333 13,778 12,278 11,278 8,222
Msc1 MGy MgCsq Mgch MK
26,056 211,333 19.889 16, L0L0L 13,222
Msc1 MSCZ M.Sc3 Mgch MSK
17,50 16,889 16,278 1L,167 12,111
M5Cq MeC, McC3 MeC), McK
11.611 11,056 10, 389 9,187 7.889
MSCl M:C, LE MSCll MSK
8.278 8.167 8,056 7.722 L.556
MSCI M502 p@CB M:C), MeK
6.278 5.9LL 5.667 L.389 2,389
M'Sc1 McCy MSCB MSCLl MSK
L.111 4,111 L,111 3,722 1,58e

1




Marguis wheat (MS)
Number of cells X 10'2 obtained in each root segment after 22 hours growth

with time, imbibition, vernalization and seed variety.

Segment

1.

3

5.

Te

TABLE Al 0

Duncan's test (5% level)

Vernalization (weeks)

MeCy MGy M503 McCl,
20,056 18,722 18.556 16.LhLl
MSC1 Msc2 M:C3 MeCy,
28,722 27.722 22,089 19.111
MSCl Msc2 MeCy McC),
15,167 1,722 1, 667 1,111
MgCy MsC, M:C3 MgC),
9,611 9.500 8.833 7.556
MGy McCp MCy M)
7.222 6.889 6,722 6.500
10y H:C, McC3 Q)
L.722 3.833 3.611 2.9LL
MOy MGy MC3 Mg,
3.689 3,278 2.889 2. 389

MSK
10, 9k
M5K
15.167
MC;K
11,111
MsK
6.611
MEK
3.722
MSK
1.722
MSK

1.333

-
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TABLE A’_Ll
Marquis wheat (MS)
Number of cells X 102 obtained in each root segment after 36 haurs growth

with time, imbibition, vernalization amd seed variety,

Duncan's test (5% level)

Segment Vernalization (weeks)
1. McCy MG, MgCq MSCh MSK
35,500 34L.333 33.500 31,222 22,111
2 Bho HG, 503 50 Mgk
118,500 L6, Lk L6.000 Lk, 789 28,889
3. Mscl M:Cp MgCy . MgC, MgK
9.889 9.111 8.789 8.500 7.778
L. MgCy MsC, NgCsy MeC), MgK
9.LhLkL 9,111 8.389 8,887 £.500
5. MSCl MeCy M503 Msch McK
7.111 6,789 6.500 6,222 3,820
6. McCq .Gy MgCy Msch MSK
L, 222 3.500 3.111 2,500 1.711
T. MGy MSCQ MGy MSCh MgK

L,112 3.400 2,789 2. hhly 1,111




xii

TABLE A12
Marquis wheat (MS)

Number of cells X 10‘2 obtained in each root segment after L8 hours growth

with time, imbibition, vernalization and seed variety,

Duncants test (5% level)

Segment Vernalization (weeks)
1. Msc1 McCy M'Sc3 MSCh MSK
L8. Ll LL.789 13,667 L0.500 31,111
2. McCy M5c2 MSC3 MsC), McK
29,111 28.L0L) 27.789 26.789 14,500
3. McCy MG, MGy ' HsC), MK
9.789 9,000 8,789 8.LLh 7.778
L. MsCy MyCy M5Cq MsC), MK
9.500 9,222 8.789 8,667 6.l
5. MGy MgCy MsC, MgC), McK
) 7.000 6.667 6.l 6.111 3.Lhk
6. Mscl M5C2 M503 Msch MSK
L1311 3.40L0L 3,222 2. Ll 1,789
7. MCy HgC, MgCq MSCh MK

b1 3.335 2,667 2.4kl 1,222




xiii
TABLE By
Rideau wheat (R5)
Nurber of cells X 162 in each root segment after 2 hours growth
with time, imbibition, vernalization and seed variety,

Duncan's test (5% lovel)

Segment Vernalization (wecks)
1, Rg0), RgCy RgCy, RgK ReCy RgCy RsCy
9.167 8.733 7.333 3.147 2.777 2.711 2,222
2. RgC), ReCo ReCo RgK RgC3 RcC2 RiCy
14,778  1L4.389 12,833 6,222 5.889 5.772 5,222
3. RSCh ReCo RgCyg RSK RcCy ReCy RgCy
15,111 1L4.556 13,167 6.889 6,500 6,056 5,556
b Rg0), RSCS RgCy Rek R503 3502 RgCq
8.7LL 8.778 6.833 3.389 3.311 3.111 2.989
5. R.O), ReCy RiCq Rgk Ry RgCy R0y
6,722 6,333 6.000 L.176 Iy, 222 1,.000 3,056
6. Rsch RSC5 R5C6 ng R503 ReCy RgCy
5,056 L.667 L.556 1.778 1,278 1,111 1,111
T RSC)_L RSCS RSCé RsK RSCB RSCQ RSCl

L.778 L, 222 3.556 1.611 1. hhl 1.222 1,111




xiv
TABLE B2
Rideau wheat (RS)
Nunbér of cells X lf'z in each root segment after L hours growth
with time, inbibition, wvermalization and seed variety.
Duncan's test (5% level)
Segment Vernalization (weeks)
1. RSCh RSCS ReCy RSK R;C3 R502 R5C1
11,611 10,778  8.056 L.778 L.000 3.833 3.718
2.  RgO RgCe ReCq ReK ReCy ReCo RgCqy
15.833  1Lk.278  11.833 6.722 5.333 L. 000 4. 000
16,500 1L.611 13,839 8,833 6.889 6.833 6.61%
L, ReC)  RgC ReCy RcK RgC, R.C, ReCq
8,771 7.222 6.7tL L.l L.333 L.211 3.722
5. R0y R5Cg ReCg RcK RgC3 ReCo RgCq
8:889 8.778 T.711 L.833 L.278 L.211 3.333
6. RSCh R505 RSCG RSK RSC3 RSC2 RSCl
7.338  6.667 6.556 2.667 2.556 2.389 2,111
Te RSCM R505 R506 RSK R503 R502 RSC]-
5.111 5,000 4.278 2.222 1,789 1,111 1,100




Rideauv wheat (RS)
-2
Nunber of cells X 1C

time, imbibdition, vernalizaticn and seed varicty,

TABLE B3

Duncan's test (5% lewcl)

Xv

in ¢ach root segment after 6 hours growth with

Szgment Vernalization ( weeks )

1. RSCh RSCS R5C6 RSK R503 R502 RSCl
12,611 12,556  11.664 7.111 5.111 5.000 L.778

2, RgC) RgCy ReC, RK Re%3 RgC, R0y
16,722 16,111 16,70 W,389  1h,220 13.889  13.167

3 R0, Rsc5 ReC, R K RCs ReCy RgCy
21.,222_ 20,333 20,000 1,778 1k.056 13,833 13.611

) ~

;. ReC) R.Cs RgCg RgK ReC, RsCy RgCq
80Uk B.ubl 8.267 8,222 8.200 8,111 8.111

5. RO}, ReCc 250g Rk Ry ReCp ReCy
8.LLh 8,267 7.hbk 5,033 5.222 5.000 _ L.778

5. IeC), Psgg NGy RgK RgC3 ReCyp RgCq
7.399  7.607 6.778 3.607 3.233 3,056 2,389

7. BgC), Ry 20, RyK RCy Rsc2 ReC,
5.500 _5.lLk 5.167 2.633 2,222 1,611 1.278




TABLE Bh
Rideau wheat (RS)
Number of cells X 1072 in each root segment after 8 hours growth

with time, imbibition, vcrnalization and seed variety.

Duncan's test (5% level)

Segment Vernalization (weeks)

1. RSCh ReCy Rscé RcK R5c3 ReCy RgCq
8,000 7.789 7.500 7.111 7.000 6.889 6.500

2, Rsch Rsc5 R5Cy¢ RcK RgCy R502 Rsc1
17.222 17.111 16,789 1L.500 1L LhhL 14,111 1L.000
22,789  21.500 21,111 15.500 . 15,111 1L.789 14,111

L. RSCh RgCo Rsc6 RgK R503 RgC, RgCy
9,111 8.789 8. 500 8,500 8. bk 8,222 8.000

5. R RgCy RgCy RcK RgC, R5C, RgCy
9.000 8,789 8,111 6,111 6,000 5.789 5,111

6. RgC,  RgCq RgCe Rgi R¢Cy R;Cp ReCy
7.778 7,667 7,222 3.789 3.667 3,202 3..000

5,700 &Lk 5,111 3.000 2.789 2,222 1,789




xvii
TABLE B,

Rideau wheat (RS)
Number of cells X 162 in each root degment after 10 hours growth with
time, imbibition, vernalization and seecd variety,

Duncan's test (5% level)

Segment Vernalization (weeks)

RO}, RgCy ReCq ReK RgCy RgCy Rsc1
8,111 8.000 7.718 1.333 7.11) S,780 AN
RgCy, RSCS Rsc6 RSK 3503 RSC2 Rscl
17.789  17.111 16,789 1,789 1h Ll 14.000 334500
RSCLL RSC[; R5C6 RsK . RECB RSC2 RSCl
23,567 22.789 22,500 17.000 16,500 16,111 16,000
RsC), R5Cg ReCe RcK ReC3 RsCp RCy
8.789  9.500 9.Lbly 8.889 8.500 8.111 7.500
RgC), Rsc5 ReCg RgK ReCy RSCZ RSCI
9,500 9,111 8.789 6.789 6.500 6,000 5. Lhl
Rsch RgCs R506 ReK R5Cq R5C, RgCq
7,789 7.789 7.333 ,111 11,000 3.789 3.500
Rsch RgCg RgCg, ReK R5C3 RsC, ReCy

6,000 5.789 5,222 3,222 3.000 2,500 2,222




xviii

TABLE Bé
Rideau wheat (Rq)
: i -2
Number of cells X 10 in cach root segment after 12 hours growth with

time, imbibition, vernaligation and sccd variety,

Duncan's test (5% level)

Vernalization (weeks)

RSCh RgCg RgCyq RgK RgCq RSCQ R5Cp
9.789 9.hhl 9,111 ynnn 7,222 7.000 6.889
18.500 18.000 17.789 15,000 1).789 1L, 500 Th,171
Rsch RcCg RgCy RSK . R503 RgCy RgCy
25,111 24,789 23,500 16,111 16,000 15.789 15,500
RECh RgCg RcCy ReK R503 RgCp RgCq
10,500 10.111 10,000 8,111 7.789 7.222 7.000
10,000  9.789 9,500 7,500 7.111 6.789 6,222
RgC), RcCy RgCy ReK RgC3 RsCy RgCy
7.111 7,000 6,667 4.333 L.111 3,789 3,222
RsC), RgCo ReCy RgK RSCB RSCQ R501

6.111 6.000 5.389 3.500 3,111 3.000 2,500




Rideau Whaat (RS)

-2
Nunber of cells X 10

TABLE B7

time, imbibition, ’ernalization and seced variety,

Duncan's test (5% level)

xix

in each root segment after 1L hours growth with

Segment Vernaligation (weeks)

Rsch ReCo RgCg ReK RgCsy Rsc2 ReCy
11,222 11,000 10.789 7.LhL 7.111 6,111 7.000
R5C), RgCg RgCy RSK RSC 3 RgC, 3501
19,111 18,500 18,000 15,500 1L,500 1,222 13,789
Rc0), RSCS RSC 6 RSK RSC 3 R502 Rscl
22,789 21,789 21,000 15, Lk 15,000 1),,678 14,333
R SCh RcCg Rscé RSK R503 R502 R5Cy
9,789 9.500 9,111 7,500 7,111 7.000 ° 6,789
RSCh R505 RSC 6 RcK R5Cq ReCyp PcCy
8,789 8.500 8.111 6,111 6,000 5,500 5,222
RgC), RgCe RsCy RoK RgCy ReCo RgCqy
6.789  6.667 6,40 1000 3.789 3,500 3.222
RBE N RgCg RCq RSK RgCsq R<Co R:0p
g.500 5,000 L., 889 3,111 2,789 2,500 2,222




TABLE B g
Rideau wheat (RS)
Number of cells X 10"2 in each root segment after 16 hours growth with
timé, imbibition, vernalization and seed variety.

Duncan's test (5% level)

Segment Vernalization (weeks)
Rsch R c5 R5C6 Rgk 3503 R502 RSC1
12,778 12.500 12,111 7,500 7.Lhl 7.333 7.222
ReCl, RSCS RgCg RSK 3503 RgCo RgCy
18.789 14,000 18,222 1h,789 1L,111 1,000 13,500
RSCb RSCS 3506 RcK RSCB | ReC, ReCy
18.Lhhly  17.789 17.500 1L.500 14,111 11,000 13.789
RSCLL RSC5 R506 RSK RSC3 RSC2 R5C1
9,000 8.789 8,500 7 500 7.111 7.000 6.789
Rscu RgCs ReCq ReK B.Cq RgCp RgCy
8,111 8.000 7.500 5,667 5,222 L.778 Ly, 222
RsC), RSCE ReCy gk R503 ReCy Rsc1
6.222 6.111 5.789 3,500 3,222 3.000 2.789
ReC), ReCo ReCy RgK RSC3 ReCy RSCl

5,222 5.000 L.789 2,789 2,500 2,222 1,789




TABLE B9

Rideau wheat (RS)

-2
Number of cells X 1C  in each roct segment after 18 hours growth with
time, imbibition, vernalization and seed variety.

Duncan's test (5% level)

Segment Vernalization ( weeks )

RSCh RSCS R506 RSK RSCB R502 R501
16,111 14,996 1,778 7.333 6.889 6.778 L. 8Lk
RgC), RCq R5Cg RSK RgCs ReC, RCy
20.859 19,667 1%.333 14.333 13,789 13.500  13.lLh1
RSCh R505 R506 RSK R5C3 ) R5C2 RSC1
1o.Lhly 15,222 15,117 13.778° 13,22 “2;889 12,722
RSCh RSCS R506 RSK RSCB RSC2 RSCI
8.556 8. Ly 8.296 7.333 7,111 6.778 6.uLh
Rsch RSCS R506 R5K RSCB R5C2 Rscl
ynnn 7.333 6,556 4.333 1,200 3.059 3,771
RSCh RSCS R506 RSK RSC3 R502 Rscl
5. %l 5,278 5,222 5,056 3,000 2,839 3.771
RSC}-L RECS Rscé RSK R5C3 RSCQ R501

4,113 l;, 000 3,667 2,222 2,000 1.889 1,778




xxii

TABLE Bl 0

Rideau whaat (RS)

Number of cells X 162 in each root segment after 22 hours growth with
time, imbibition, vernalization and secd variety,

Duncan's test (5% lewel)

Segment, Vernalization (weeks)
1. ReC), RgCe R<Cg RSK R503 R502 RgCq
18,833 17,000 15,667 11.000 9.889 8.778 8,111
2l bl 23,94l 23,333 1L,809 21,833 12,607 12,000
3. RgC), RgC ReCq RgK - RgCq RgCy RgCy
15,111  1L.9LL 1k, 621 10,111 10,000 9.9LL 9.611
L. RSCh ReCo ReCy RSK 3503 R502 RSCI
8.333 8,267 8,111 7.222 6,833 6,056 . 5,667
5. RgC), R Cg RgCg  ReK ReCy R5Co RgCy
To1ll 7.000 6.9LL L.356 L,311 3.889 3.722
6. Rgch Rsc5 R5Cy Rk 3503 Rsc2 RSCI
4,222 L,111 3.889 B.000 2,889 2,711 2,667
7. RSCh Rsc5 RgCy RoK RSC3 R502 RgCqy

3,778 3.611 3.4l 2.111 2,000 1.889 1,778




xiii
TABLE Bll
Rideau wheat (RS)
Number of cells X 152 in cach root segment after 36 hours growth with

time, imbibition, vernalization and sced variety.

Duncan's test (5% lewel)

Segment Vernalization (weeks)

ReC), RsCs Rsc6 ReK ReCy RgCy Rsc1
32.111 31,500 31,000 20,111 19.789 19,222 18,500
RgC), RsCg Rscé RgK RcGy Rsc2 Rsc1
L Ll  L2,222 41.789 2h,111 23,789 22,500 21,000
8,222 8.000 7,778 6,500 6,222 6,000 5,789
RSCh Rsc5 Rscé RgK RgCy RgCo RgCqy
8,111 8,111 8,000 5,789 5.222 5.000 -~ 14,789
Rscu RgCg ReCy RSK Rsc3 3502 RSCl
6,789 6,500 6,222 3,111 2. 789 2. 500 2.4l
RSCu RSCS ReCe, RSK RSC3 Rsc2 Rsc1
3.789 3,500 3.111 2,111 2,000 1.789 1,500
RgC), RSCS R506 RSK ReCq 3502 R5C1

3,500 3,111 3,000 1,789 1,500 1.hhh 1,111




xiv

TABLE B,,

Rideau wheat (RS)
Mumber of cells X 10° in ¢ach root segment after 48 hours growth with
time, imbibition, vernalization and sced variety,

Duncan's test (5% level)

Segment Vernalization (weeks)

%% Rﬁs RgCy Rﬁ %% %% %%
Lh.500 13,500  }2.789 28.789 28,111 27,789 26,500
RSCh RSCS R506 RsK R503 RSCZ R501
26,111 25,500  2L4.789 11,333 10.789 . 10,222 10,000
Rg0), RgCg RgCy RgK 3503 R502 RSCl
8,111 7.789 7.500 6,500 6.111 5.789 5. 500
R;ch RSCS R506 RcK RSCB RgC, Rscl
7.789 7.500 7.111 5.500 5,222 L.789 }4.500
6.500 6,111 6,000 3,111 3,000 2.789 2,500
RSCh RSCS R506 RSK R503 RgCo R501
3.500 3,222 3.000 2,000 1,789 1.789 1,500
RgC), R.sc5 RgCy ReK R5C3 R502 R501

3,111 3.000 2,789 1,500 1,hhlL 1,222 1,111




TABLE ©y
Rideau Wheat (R1L)

Number of cells X10™2 in each root segment after 2 hours growth with

time, imbibition, vernalization and seed variety.

Duncan's test (5% level)

Vernalization (weeks)

Segment
1. R1LC5 R1LC6 RajK  Ry)C) R1)C3  R1LCH Ry),C1
Lokl L,333 2.889 2,833 2,778 2,222 2,111
2. R1)Cs  Ry),C6 R1LK R1),C), thC3 Ry),C2 R1),Cq
11.667 10.556 10,111 7.667 T.556 7.222 6.667
3. MG Rl RK B0 RuC3  RyC2  RuGy
15.333 13.333 8.278 8.222 8,000  7.333 _ 7.111
L. RilCs  RyCe Rilk  Ry)C), RyC3  RuCy Ryl
10,111 9,778 3,500 3,387 3,111 3.000 2.889
5. B1)Cs RalCg  RapK  Rq)C) RypC3 RypCo RypCl
6,889 6.833 5,111 5,000 L.889 L bl 1,111
6. B11Cs R1LC6  RyK  By)Cp Ry)C3 Ry Co Rq),Cq
5.222 5,000 2,333 2,111 1,789 1,667 1.Lhhh
7. thCS thCé thK thCh thC3 thCZ thcl
30333 3,211 1,94k 1,611 1.556 1.500 1Ll




TABLE Gg
Rideau Wheat (Rj)))
Number. of cells X 10-%n.each root segment after l hours growth with time,
imbibition, vernalization and seed variety,

Duncan's test (5% level)

Segment Vernalization (weeks)
1. R4Cs  Ry4C6 RyK  RyCp By)C3  RLCp Byl
7.833 6,056 L.722 L4.111 3.831  3.722 2,056

2. Ry)C 5 Ry),C6 thK thCh R1),C3 R3)Co th Cl
11,778 11,722 7,722 6,722 6,611 5.778 5,722

3. Ry),C g Ry)06 thK R'l L Gy, Ra)Cs Ry),Co Ry},C1
15,889 1L.611 9.556 8,889 8.111 7.789 7,222

L. RyiCs  RiCe RypK  Ry)Cy RBRy)C3 Ry, Ryl
10.556 10,056 L.667 L.222 3,789 3,222 3,000

5. R0 R1C¢  RyK  RyC) Ry)C3  RyCp Ry
7.611 7.111 5.789 5,222 L4.889  L,111  L.056

6. B85 Rypl6 Rk R0 R1LC3 Bylp  ByGy
5,289 5,222 2,222 2,000 1.889 1.0l 1,222

7. R1)Cc  Ry)C6 RiK  Ry)C) Ry Cs Rq),Co Ry),C1
3.889 3,Lhl,  2.222 2,000 1.611 1,389 1.111




'} Segment

1.

3.

Te

Riddau wheat (Rlﬁ)

TABLF, C5

Number of cells X 10-2 in each rcot segment after 6 hours growth

with time, imbibition, vernalization and seed variety,

Duncan's test (5% level)

Vernalization (weeks)

Rq),C R1),0 thK R)).C Ry)Cs By, Ry),Cy
7.833 6,778 1,.833 4,778 .056 3.556 3.333
13,000 12.889 12,611 12,611 11.333 10,333 9,833
R1),0¢ thcé thK thch Rq1)Cq thcz Ry)Cq
23.333 21,94k 12.500 11,9LL 11,850 10,889 10,167
R)Cs  Ry)Cg thK thch R1)C3 Ry, 0o Rlucl
11,389 10,889 6.9k 6.389 5,778 5.0 56 5,000
Rils Ry Cg  RyK B0, ®11C3 BCo By
8,722 8,222 L. 611 AN L. 222 L.111 3.889
Fuls Rle Rk "6, B85 e Bb
S.Lbly 5,111 2.389 2.889 2,222 2.000 1,889
uls Bl Bk R, By1.% Al Rl
3,556 3.056 1.389 1,222 1,111 1.000 1,000




3.

7.

Rideau Wheat (th)

-2

TABLE Ch

Tuncan's test (5% level)

Vernalization (weeks)

time, imbibition, vernalization and seed variety.

xxviii

Number of cells X10 in each root segment after 8 hours growth with

M& R1,C¢  EByK R0 Rq),C5 Ry),C2 Ry),C
8.222 8,000 5.222 5,000 L.789 L.500 L, 222
R1),Cg Ry),06  R1LK R1),C), R)C3 R11Cs thcl
15,111 14.789 13,222 13,000 12,789 12.500 12,222
24,111 23,222 13,000 12,789 12,500 12.LLl 12,111
R1,Cg  RilCg Ry)K R3),0), 'Bqy),C3 R3),Co B
12,000 11,789 7,111 7,000 6.889 6,500 6,111
thCS th06 thK thCh thC3 thCz thCl
9.000 8,889 4,889 L,,500 L.222 1, 000 3,789
thCS R1h06 thK thCh thCB thCZ thcl
5,789 5.500 2,500 2,222 2,000 1.789 1.660
B1)Cs  R1C6  RpK R0, R)C3 Ry)Cr By 01
3,789  3.50h 2,hhL 2,222 2,111 1.789 1.500




xxtx
TABLE C‘
Rideau Wheat (Ry))
~2
Number of cells X10 in each root segment after 10 hours growth with
time, imbibition, vernalization and seed variety.

Duncan's test (5% level)

Segment Vernalization (weeks)
8.889 8,500 5,889 5.500 65,222 L.789 L, 667

2. R1)C5  RiuC¢ Ry K RyQ) R1),C3 Rq),Co Ry),C1
17.500 17.222 13,789 13,500 13,000 12,889 12,111

3. Ry)05 Ry 06 Rk R1C) R1Cs R1)Cy,  Ry)C
24,500 23,789 13,500 13,111 12,789 12,789 12.500

L. RCs  ®q)C¢ Ry Ry0y RuCy By, Ry
12,789 12,000 7.789 7.500 7.222 6,889 6,111

5. RCs  ByC¢ Ry K Ry, RC3  BypCr  ByGy
9.222 9,111 5,111 5.000 L,789  L.500  L.222

6. R1,05  BRinCe¢ ByK  Ry)0) RC3  ByC, Ry G
6,111 5.789 2.789 2,600 2,222 2,111 1,789

3,900 3.500. 2,111 2,000 2,000 2,000 1.789




TABLE C
&

Rideau Wheat (Ry)) -

-2
Number of cells X20 1in each root segment after 12 hours growth with
time, imbibition, vernalization and seed variety,

Duncan's test (5% level)

Segment Vernalizati on (weeks)
1. Fls Fle  RyK B0 ByC3 Ryl Ryl
9.500 9.111 6,000 5.789 5.500 5,222 5,111

2. Ry)Cs  RBy)0¢ RILK  Ry)C) Ry C3 Ry Cp  RyGy
19,556 19,111 14,500 1L4,000 13,789 13,111 12,789

25,500 25,111 14,111 14,000 13,500 13,111 12.789

L. RuC5  Rule ByXK Ry Ryl3 By, Ry Gy
13,500 13,111 8,111 7.789 7.500 7.200 7.000

5 Rl Rule RuX  ByS, Ryl RyCy Ry
9.778 9.500  L.667 L,500 L.hlly  L,11 3,789

6. By ls Ryul6 BRyK ROy Ryl RS, Ry O
6.222 5.789 3,000 2.789 2,500 2,222 2,000

7. thCS thCé‘ thK thch thCB thcz thCl
4,111 L,000 2,000 1,789 1,667 1.500 1.500




xxxi

Rideau Wheat (th)-

~2
Number of cellsX 10 in each root segment after 1l hours growth with
time, imbibition, vernalization and seed variety,

Duncan's test (5% level)

Segment Vernalization (weeks)
1. Ry)Cs  Ry)Cg Ruﬁ R1),0), mﬁ% R1),Co Ry),Cq
10,778 10,111 6,500 6,222 5,789 5.500 5,222

21,222 20,789 1! 789 1},000 14,000 13.500 13.111

3. Ry),Cc  Rq)Cq Ry) K R1),0), Rq),Cq R1),Co R11,C1
21,678 21,111 13,667 13.500 13.111 12,789 12.111

L. BiCy  Rle RuX  RyCh Rycy R0,  PyCy
11,111 11,000 8,hhh 8,111 7.789 7.500 7,222

5. R1Cs  ByC¢ RiK  RyC) By C3  RyCo Ry 0y
9.500 _ 9.222  L.500 L,111 3,789  3.500 3,111

6. thCS RiC¢  By K ByjC) By)C3  RyCp,  Ry)Cy
5.600 5,222 2,667 2.Ll 2.111 1,789 1,500
7 . R]_hCS thCE) thK thCu R]-LI-CB thcz thcl

3.789 3,600 1,789 1,789 1.500 1.500 1,111




xoxii
TABLE CQ

\ ¥

Rideau Vheat (th)
Number of cells X 10 in each root segment after 16 hours growth with
time, imbibition, vernalization and seed variety.

Duncan's test (57 level)

Vernalization (weeks)

thCS thcé thK thch Rle3 thCz R]_hC]_
12,000 11,667 6.789 6,500 6,222 5.789 5.500

23,111 21.789 1,222 14,111 14,000 13,789 13,500

168,111 17.7689 13.111 12.500 12,222 12,000 11.73%

L. By)Cs Byl Ry K )0, Ryl Ryls  Ryh
10,222 9.339 8,000  7.839 7.222  7.000  4.789

5. By)0c Byl By K R0, Rfy Ryle Ryl
8.667 8.500 11,500 L.222  L4.000 3.789 3,222
S.uhl 5,111 2,500 2,222 2,111 1..500 1,111

7 thcs 286 Ry) K o8, R R1),Co B1)C1
3,667  3.556 1.769 1,600 1.500 1.500 1,222




TLBLE C9

Rideau wheat (Ry))

time, imbibition, vernalization and seed variety,

Durcan's test (5% lewvel)

xxxiii

Number of cells X lO"'2 in each roct segment after 18 hours growth with

Segment Vernalization (weeks)
13.333 12,111 7.222 7.000 6.889 6,167 6,111
Bl RuG RuK  Rjc Rjcy  Rjc, Ryg
26,000 22,Lk), 13.389 13,222 12,789 11,889 11,222
16,609 15,500 12.500 12,409 11.500 10.500 10,222
be RO ByGg RYK RyS,  RyCy  RyCp  Ryg
9,000 8.889 7,500 7.222 6.500 6.000 5.889
5. R1)Cc  Ry)0g BRyK Rq),Cl, R1uC3 Byl  ByyGy
7,722 7.222 L Ll Ly, 222 3.389 3.722 3,500
6. R1Cs Ryl Ry R),0), B3 Rulp  RuG
5,228 5,000 2,500 2.1L8 2,222 2,000 1.889
3.4Lh 3,000 2.000  1.889 1,722 1,722 1,500




xXiv
TABLE C;D

Rideau wheat (th)
Number of cells X 10~2 in each root segment after 22 haurs growth with
time, imbibition, vernalization and seed variety °

Duncan's test (5% level)

Segment Vernalization (weeks)
1, thCS R1h06 thK thch Rl).LCB thcz thcl
16,833 15,500 10.889 9,500  9.222 8,889 8,550
e EnlG BySe  RyE  BygG Rcy Bjc, Ryl
22,4kl 21,278  1h.222 14,000 23,889 13,222 13,000
3 . thc 5 Rl LLC 6 RluK thCh Rl )-LC 3 Rl LI-C.Z thcl
15.000 14,689 10,111 9,889  9,Ll) 9,111 8,789

Lo By 05 RyCe Rk RuCy  Ryl3  Byly Ry Gy
8,111 8,000 6,500 6,222 5.500 5,222 5.111

5. Ry),Cg Ry),Cq Ry K Ry)C), Ry)C3 R1),Co Ry)C1
7.000 6,889 3,889 3,500 3,111 3,000 2,889

6. ByCg Ry G, Ry)K R1)C),  RyC3  RByCp  RLGy
L.278  3.667  2.222  2.000 1,889 1,711 1,500

3,222 3,000 © 2,000 1.839 1.722 1,722 1.530




XXXV

TABLE Cll

Rideau wheat (Rlb)
Number of cells X" 1072 in each root segment after 36 haiwrs growbth with
time, imbibition, vernalization and seed variety.
Duncants test (5% level)
Segment Vernalization (weeks)
1. thCS thcé thK thCh R1h03 thCZ R’lhcl
31,111 30,889 19,111 19,000 18,789 18.500 18,000
Lo Ll  L1.000 22,111 21.789 21,500 21.000 20,500

3. Rq)Cg Rq)Cg Ry)K Rq),0) thCB R3),Co thCl
7.789  7.500 @ 6.222 6,000 5.786 5,500 5,111

).L. thCS th06 thK thCu thC3 th02 thcl
7.789 7.500 5.000 1,789 I, 222 L, 000 3.789
5. Ry)Cc RyCy By R0, Rty RyCy Ry Gy
6.667 6.222 3,000 2.789 2,500 2.hbl 2, lh)

6. thCS thcé thK thch thC3 thcz thCl
3.667  3.LhY4 2.000 2,000 1,789 1,667 1.500

Te thCS thcé thK thCh thCB thCQ thcl
3.LL 3,000  1.789 1.500 1.Lhh 1,202 1,202




XX vi
TABLE 012
Rideau wheat (Ry),)
Number of cells X 10“2 in each roct segment after 48 hours growth with
time, imbibition, vernalization and seed variety.

Duncan's test (5% level)

Segment Vernalization (weeks)

T Byls Byle Rk RyCy Ryl RyS,  Rygy
42,222 42,000 26,500 26,000 25,789 25,000 2L Lkl

2, thCS Rqy),C6 R)K Rq),C), R1C3 Ry 0o Ry},Cq
25.111 25,000 11,000 10,500 10,000 9,889 9.667

3. RluCS thCé thK thCh thCB thCQ Rlucl
7.111  7.000  6.000  5.789 5,500 S5.LLL  §.111

L. RyCsg Ryl Ry Ry),Cl, R1C3  RyC2  Ry)Cqy
7.111 7,000  5.111 5,000 L.789  L.667  L.hhh

5, thCS thCé thK thCh thCB thCQ Rlucl
6.400 6,111 3,000 2,789 2,667 2,500 2,222

6. RyCs RiCs Rk Ryl  Ryl3  R1G, Rq),C1
3.111 3.000 2,000 _1.789 ~ 1.789 1.667  1.500

T thcs thC6 thK thCh thC3 Ry),Co thCl
3,000 2.789 1.778 1,667 1.500 1,222 1,222




xxxvii
TABLE D,
Marquis wheat (MS)
Increment in length in mms X10-3 of segment 1 with time, imbibition and

vernalization,

Duncan's test (5% level)

Experimental

Vernalization (weeks)
period (hours)

2

MG,  MgCp  HCy  Mgl) 1O : MgCe  MCy MK

1.15 0.81  0.66  0.67  0.55 0.51  0.L9 0.36

Lo st MG MO Mscu Ul MiGe MG, MK
0.87  0.70 0,60 0,53  0.50.....0JA8 03 0.36

¢ Mgc, MgC3 M5Oy MsCz Mg Cs MgCq  MgCy McK
0.57 0.50 _ 0.50 _0.L8 0.b3 o3 0,37 0.35

5 MgC1  MgCp  MgC3  MgC)  MgCg MgCq  MgCq McK
6.1 6.0 el Balt 5.0 L6 L3 Lo

10 MSCl M5C2 I'1503 MSGLL M505 M; Ce M507 M5K

6.1 8,0 5.9 5.3 5.1 5.0 b7 b.1

1o MgCy  MgCp  MgCy  Mgl), MG MgCg Mgy McK

6.5  6.L 6.1 5.7. .. %.5_ _ 53 .51 L.1

W IVJ-:'Cl M502 MSC 3 MgC I “’ISc 5 MSC 6 1-'{507 MsK

7.0 7.0 6.7 6,5 6.3 61 61 . 57

MgCy MgCp  McCy T"Sch. McC McCe  MgCr HgR

16 8.'_!'_ 5_!..0. 7.'5. - ._~7..°..3_ .‘..__.._Z.!:L..-,. c—— _7.-.(.)._...._.._.. ...6_!3.. 5-}4
18 Mscl Mng MSC3 IsCh MSCS MSCé 1‘4'507 MsK

9.3 9.0 8.7 8, 5 82 80 7.7 5.8
MG T Hidp MGy MgO,  MgOg  1isCs M5Cq 15Cg

<0 10,0 10,0 9.9 9.5 9.1 8.7 8.1 6.1

. Mgl sCp  MgC3  MgC),  HgCg MgCq  McCy Mgk

1.1 1.0 109  10.5  10.0 9.7 9.7. 7.2

MeCy " THSCp 103 MgCp  MgO MeCg  McC MeK

o 1373 13,5 11.3 1i5LL9L . 18__._% _;_géq_,_.iig 60

5  MBCT TS T g3 MgC,  MgCy  MgCq  MsCy Mok
2L.bo 24,10 23,8 23,5 21.1 20,9 20,5 15.0

L8 Mscl MSC2 MSCB Msch MSCS M5C6 MSC7 MsK
89.7 87.1  86.6  86.0  86.0 85.L  85.1 55.0




TABLE -, ooeviil
I
Marquis Wheat (MS)

Increment in length in mms X lO"3 of segment 2 with time, Iimbibition and

vernalization.
Duncan's test (5% level)
Experimental .
period (hours) Time (hours)
o M50 M0y M.Cy u.C), MGy McCy 14507 M_K
1,15 0.97 8.66 7.66 6.33 6.22 6,22 6.11
) M5Cy MgCp MeC3 MgC), MgCg MgCg MgCy Mg¥
13.1 1.20 1.11 9.77 8.00 713 6,88 5.33
¢ MgCy McCy MCq MeC), HeCo McCyg MGy HK
8.9 8.8 8.7 8.0 7.5 1,2 6.8 6.1
s 101 MgCo  MSC3 Mg, MgCg MG MgGy MeK
L5.3 b5.1 Lh,8 _ _Lh,5 LL.O 42.0 .1 31.1
10 M0 MgCo McCy MgC), MCsg McCyg McCq MK
52.0 51.8 __ 5L.1 50.9 .50.Q. ... b9.9 . ho.5  37.7
1, 150 McCo  MgCy  MgCl McCg MgC6  MgCq Mg
2 66.0 65.1 6.8 6li.2 63.9 _63.L 63,0 51.1
M MC MC MC MC MC MeC MK
1 85“1 502 53 5% 505 506 507 5
0.0 78.8 78.1 77.2 76.1 75.0 7h.1 62.2
16 0y MsCo MGy McC), MeCy McCg McCr MK
155.5 54,0  152.1 151.1 150,0  1h9,5  1L8.9 120.0
18 MSCl MSCZ MSCB Mscl_L MSCS MsCé M507 . MSK
178.1 177.8  176.7 175.6 173.3  172,1  170,0 150.0
20 MsCl MSCZ I"1503 MSCLL 1"[505 MSCé I"ISC7 MsK
190,0 188.9 188,1 187.0 186,7 184,1 183,3 158.9
0y TSC1 ;-1502 HoCq McC), MgCy MgCq MCo Mgid
210,0 207.8  205.6 204l 200,2  199.9  197.6 177.8
2l MgCy MgCo M5C3 MGy, MgCy MgC6 ¥gCo Mg
230.0 228.9  225.6 220.0  213,9  215.5  210,0 183.3
36 YsC1 M5 Co McCs3 Mg0), McCo McCq MgCq MgK
231.1  229.6  228,7 225,0 22L.5  22hy  223,3 170.0
g Tl MC, MgCy McC), MGy McCy McCo MoK

180.0 179.8 179.0 178.L 177.9 177.2  177.0 130.0




xxxix
TABLE B 3

Marquis Wheat (MS)

Increrent in length in mms X 1073 of segment. 3 with time, imbibition and

vernalization,
Duncan's test (5% level)
Experimental
period (hours) Vernslization (weeks)
s MG McCy MgCq MgC), MyCo HeCg MGy Mgk
15,0 1L4.5 10,9 9.22 9.22 8.00 8.00 6.89
MeCy lgCy McCs M0, HeCe McCqg MeCo MK
L 1.92 1.60 1L.0 9,66 8.66 8,00 __ 7.77 . 7.Lb
g M501 M5C2 M5C3 MsC), M5Co  MgCe M5C7 MK
L49.8 37.0 27.0 2l,3 22,6 19.2____17.2 11.3
8 MgCy M502 M503 MSCLL MSCS MSCé M507 MsK
83.9 83.1 82.7 82,0 81.1 80.0 - 79.1 59.8
10 WsCy Mgly T Mgl M0, MzCg McCq McCq MeK
80,0™".  179.5 79.1 78,8 8.2 77,8 77.1 52.4
g HSCTTT MSTRTT UWECYT U MgC), HgCs M5Ch MgCry MK
7.1 71.1 70,5 70.1 69,2 68,8 68.2 18.8
I"Is”l IVISCQ 1"[503 MSC}-L MSCS MSCé MsC-? MsK
%6 3.1 60 625 (22 6.1 603  L8.8
6 50 Mgy  Mgly  MgO) McCs McCg MgCq MK
69.5 67.0 68.7 68,2 67.7 . 6.0 . 66.6 51.1
MGy MA.Co M.O e M.C M.C M.C MoK
18 51 52 53 574 5°5 576 577 S
52.0 51.1 So 2 b9 L9l L7.8 0 L7.1 38.1
20 MSC]. M;_J)CZ 11503 "IsC)_l "150;; 11506 MSC7 MsK
hl'o L}.O.(.). 3-96 i ___.3“.?9:0:: . *3-8'—9 37-:_. 81_. . 3..7_!.1 30'0
Mscl MSCZ MsC 3 MSC)-l l"‘IsC 5 MsC 6 MSC7 MSK
# oo 23 227 21 A0 a1 20,2 18.1
2 McCy N502 1‘45C3 MGy, MgCg MG McCr MK
15,1 1L.0 13,1 12,4 11,1 1.1 10.7 11,80

* 26-1,8 Data obtained for all period to 48 hours when level indicated no change
was observed from last noted period. Specific data not included.




TABLE D L

MARQUIS WHEAT (M)

x1

Inorease in length cf segment L, in mms, X 103 with time, imbibition and

H

vernalization. Duncan's test (5% level).
Time
Hours Vernalization (weeks)
5 MGy M:C, MGy M:Co MC) MGy M.C, MK
28.1 22.3 16.} 15.7 15.0 12.6 12.1 9.1
X M0y MO, McCy MO M0y MCq MG, MK
L.2 L0.8 37.1 31.8 30.7 | 29.3 28.6 | 27.3
106.6 99.8 89.8 83.9 80.6 79.3 70.6 L5.3
] M0y MG, MGy McCo MC) MCe M.C, MK
: 107.0 100.0 99.1 99.0 | 98.2 97.7 96,0 71.1
| M0y MG, M:C, MCo N C) MGy M.C, MK
YO les.s | 851 ) 8hs | 81 | 83.5 | 83.0 | 8.2 | 70.5
L M0y MG, MCy MCe MGy MGy M:Co M K
72,2 71.5 70.9 70.1 69.9 69.2 68.L L2.2
MGy 1y M0y Ml MC), NeCy Mo M K
1L L1.1 140.0 38.9 38.0 37.7__| 36.9 36.5 | 30.0
i MGy MGy : 1:Cy M Co M0 M0y MGy MK
| 22.1 21.1 20.2 19.9 19.2 19.0 18.9 | 10.0
MGy MG, M Oy MGy MO MGy M, MK
B i 13.5 3.1 | 12,2 | 1.7 10,8 10.L 7.8 i

* 20-40 Data obtained for all period to U8 hours when level indicated no change

was observed from last noted period.




x1i

TABLE D
5
Marquis wheat: Increment in length in mms XlO"3 of segment 5 with time,
imbibition, vernalization and seed variety,

Duncan's test (5% lewvel)

Time Vernalization (weeks)
our's
McCy MsC,, MSCh 45C3 MSCS MCy M507 M K
2
3.69 3.60 3. 60 3,13 2,82 2,717 2,74 2,62
MGy McCo 450, MgC),  MgC p MGy MiCq MeK
4 9.32 9.23 8.02 7.18 6.0 6,01 5.L2 5,22
MeC M=C MeC MeC M.C M.C c K
1 Mg
. 5 2 5Cq 56, Ml 50 MGy Mg
7.10 7,00 6,82 6.36 6,05 5.86 _ 5.71 4,36
MGy MG, MsC3 MeC), L MsCy MSC,? McK
8
9.50 9.40 8,50 8.70 8,10 7.70 7.10 5.20
MsCl MSCQ MsC3 Msch M5CS MSCé M5C7 MsK
10 5.3 502 5.0 h.8 LI-.B LL.O 309 3.5
MCq MgCop McCy MgC),  MgCg McCq MgCq McK
12 L.7 L.3 1.0 3.7 3.1 2.8 2.8 2L
MGy MeCy MgCq MGy, MyCe McCg MgCoy McK
Al L,2 L1 3.9 3.3 3.2 3.2 3.1 2.7
MeCy MgCo MgC3 MgC), MgCo M5Cq MgCq MoK
16 b1 L, 0 3,9 3.5 3.k 2.8 2,7 2,5

# 18-L0 Tata btain.d £~ all rivd to L8 heurs vhen lovel indicatced no

chang. was obscrvid from last nobed p.riod., Specific data not included.




xlii
TABLE Dy

3

Marguis wheat: Increment in length in mms X1C° of segment 6 with time,
imbibition, vernalization ard seed variety,

Duncan's test (5% level)

Time
Hours Vernalization (weeks)
, MsCp  MgCp MGy MG,  MgCg McCr McCo MK
L.53  3.59 3.54 3.37  3.36 3.20 3.0L 1.93
) Mgy MGy MgCq MgC),  MgCg McCoq McCq MgK
L.71  h.69 L.59 L6 3.5 3.0L 2.95 2.8l
MgCy  MgC MgCs MgC), Mgl MCg MgCo HMgK
6 2,21 3,96 1.95 1.,8 1.61 1.20 . 1,07 0.95
MgCp  MgCp M5Cy MgC),  MgCg Mz Cg McCy MgK
| 7.3 7. 6.8 6.5 6.1 5.5 5.0 L.8
MgCp  MgCp McCq MgG), Mgl MeCg Mg Crp MeK
- L1 k.o 3.9 3.8 3.8 3.6 3.2 . 3.0
MGy MeCp McCs Mg, MgCg McCg McCo McK
re 2.3 2.3 2.1 1.5 1.5 1.5 1.5 0.9

# =08 Data cbitainid fer all torisd to L8 hours when level indicated no
change was dbserved from last noted period. Speeific data not included,




x1iii

TABLE D7

Marquis wheat: Increment in mms X10™> in length of segment 7 with time,

imbibition, vernalization and seed variety,

Tire Vernalization (weeks)
Hours
2 MgCqy McCy McC), MsCy  MgCq MCg Mg Cy MK
2,89 2.87 2.79 2.6L 2.L0 2.31 2,17 1,38
MgCq M5 Co MzCsy MsC), Mg McK MgCe MGy
. 1,74 1,69 1.54 1.50 1,20 1,19 1,06 0.97
) Mg Gy MzCo McC3 MgC),  MgCg M5C6 M5 Cy McK
2.50 1.80 1.80 1.60 1,60 1.0 1,10 1.00
MzCy MgCo Mg Cs MgC),  MgCg MgCq ~ MgCy MK
S 5.30 _s_.io L.70 4,30 k.20 4,10 L,10 3.80
MzCy MeCo McCq Mgl MgCg My Gy, MeCo MK
10 2.2 2.2 2.1 1.9 1,7 1.4 1L 1.k

% 12-48 Dat~ btained fer a1l yirisd to LB hours when level indicated no

change was dbserved from last notcd periocd, Specific data not included,
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x1liv
TABLE E1

Rideau wheat (RS): Increment in length in mms. XlO3 with time, inbibition,

and vernalitation

Duncan's test (5% level)

Vernalization (wecks)

RC,  RgC.  ReC. R.G RK BReC, R.C  R.C
oo o8 o ose oS 037 GR o

oMWW WmowmE v on
nh_d FE ML BRI vk oy
A R R
S < R
OB W w B m o
ol o
B W W m R  w
W mEw m om
W W m BB s
RN wEE o
L N o I

ReC 4
R I R R T o W o

R5C), RsCs  RgCg R5Cr, Rk ReC ReC
61,1 €0.0 8.9 sg.g ug.o 33.3 3%.% ?%C%




TABLE E, xv

Rideau Wheat R5' Increment in length in mms x 103 of segment 2, with
imbibition and vernalization. Duncan's test (5% level)

Time Trestment

hcnimna
[2qwiv =

N
=
Ul
Q
i~
j2v]
L
«Q
Ul

Rele | 70y | RgK | R0y | RuCp| Ry
12.6 | 9.3 | B8,22| 822! 7.22| 5.56| s5.22| .00

oo e e b e

R CS RSCh RSC6 RSC
8 7

7
?;H__‘ S.hily 4.10 g.22 5.00 l;.80 L.L5
- .

——— e

c R_C R_C R R_X R.C R.C 7.

¢ e R A R N L 53| 52| s
9.6 9. | 8.38 | B.Lh| 71| 6,86 | 6.00] 6.00
. ReC, | Rglg | Rl | ReCy RgK RgCy | BeCy| ROy

21.0 21,0 | 20.7 20.5 18,5 17.9 16.6 16.2

I R ) R_K R.C I

1 0, | Bls | Bslg| Ly Re 5% | Ml Rl
10 40.0 | 39.6 |39.2 38.9 | 25.6 | 25.1 | 2L.6 | 2,.0

1o Rg0), ReCy | RgOq | ReCp | Ry RgCy | ReCp| ReCy
67.1 | 66.7 [65.6 | 65.0 | 52.2 | 51.5 | 510 | s5o.5
R.C ) R.C R.C R_K R,C R.C R.C
1 57 | 5P | gt | gty | Ty 53| ‘52| 51
' 20.0 | 83,9 183.,6 | 83,0 | 72.0 | 71.1 | 70.6 | 70.0
» RC), | Rgls | Ryl ReCo | ReK RgCy | Rglpl  Rely
. | 93.8 192.7 | 92.2 | 85.0 | 85.0 | 8Lk | 83.L
RgC) | R.C. | R.C R.C R_K R_C R.C R_C
2 5 576 577 5 5 5.2 5.1
18 118.8 | 118.8 117.9? 16,7 EQQ;E_W_.98-93 97.8 | 971
0 _Rsch RCy | Rely RC., | RoK ReC, | Ry RC)
1311 1130.0 pog.s 1128.9 |115.0 |113.5 [113.0 | 112.7
22 155.0 | 154.0 053.5 1153.0 [133.6 |133.0 [132.8 | 132.0
2L 171.1 | 170.0 [168.9 1165.0 |1L3.9 | 13,5 |1h2l5 | 1202
% RSCh RCy | RsCq | RgCyp| RgK RgCy | ReCy| ROy
201.,0 | 200.2 [199.5 |[199.0 |162.2 |161,0 {161.0 | 160.0
L8 RgC) | AgC Relg | RgCop| Rgk RgCy | ReCpl  Rely

5’5
165,0 1 16h.h 163.5 |163.1 [|110.0 | 104.5 [103.5 | 102.2




x1vi .

<l

3
ide:x en. (7). ure i ) X UP o o Lo
LALTon gad cmmliva s L Y Loty me R RIS D
Tirg
NOUTE Treatment
R_C R.C R_C R.C R_C R.K R
) 5L Ts5 57 st NSy RgK RO, RO,
5.9 1h.5 12,8 12,2 8,87 8.82 6.33 5.70
R.C R.C R.C R.C R_I R_C R R_C
L 5 55 57 56 Mg 51 “gh3 %
27.L,  17.5 16.9  1h.7  l2.5 12,2 11,7  11.6
R.C R_C R.C C R
p 5% 55 Mshe FGp RK ROyRC, R0
L1 L4000 32.6 31,3 27.0 26,0 25.8 25.1
R.C R C R.C R C R_K RC RC R C
8 Sy ss 56 s g 53 5o g
62.2  62.0 61.5  61.0 L0.,0 38,9 37.8 3.7
R C R_C R.C R_C R_K RC RC R C
10 sL 55 56 57 53 52 51
85.0 83.6 83.3 8.2 65.0 6L.L 63.5 63.0
T - . ¥ X
12 R5C), RgCq ReCy RgC., RgK PSCS R5Cy RgCy
90.2 90.0 33.5 87.8 69.5 68.9 67.8 66,7
R C R C R C R C R X RC RC R C
N 514 55 56 57 5 53 52 51
L5.0  Wh.Lh  Lh,0  L3.83 28,9 28,5 28,0 27.6
g R.C, C R_K ' ; R
y RSCh RSCS RO, ReCo Rl RSCB 1502 0y
18.7 18,2 48.0  L7.5 32,2 31.1  30.5 30.1
18 Rsch RSCS ReC¢ RC, K ReCy R5Cy RgCy
62.1  6l.1  60.5 60.0 52,2 51.1 50,6  50.1
R C R_C R C R.C R_X RC. RC R_C
20 5L 55 56 57 g 53 ‘52 51
40.0 38.5: 38,0 37.8 28.9 28.5 27.5 27.1
R,.C R_C R_C R_C R_K R.C. R.C R_C
22 Ly Tss 56 gty Mg "5ty gtz g
21.0 20.0 20,0 19.5 11.1 10.0 9.5 9.1
o R0y, RgCy ReCy  ReCy RgK ReCy  BSC, RgCy
1.5 1.5 0.9 0.9 0.5 0.5 0.4 0.2
ST *Data cbtained for all period to L8 hours when level indicated
26-),8 ‘
no change was observed from last noted neriod




Rideau Wheat (Rg)
Increment in length in mms x lO3 of segment lj with time imbibition and
vernalization.

TABLE i L

Duncan's test (5% level)

x1vii

no change was observed from last nated period.

Time
Hours Vernalization (weeks)
RCy | RO R<Cq ReCo RK RC, RC, ReCy
2 28.3 | 26.6 | 25l | 25,0 | 201 | 191 | 17.3 | 16.3
. RO | R, RgCy RC, RK RCy | RC, ReCy
78.1 | 77.2 70.5 | 69.0 35.6 | 3L.1 | 32,6 31.L
) RC) | ROy ReCg ReCo RK R.C, RS, ReCy
147.3 | 1hk.1 99.5 97.1 43.0 0 .1 | L1.0 | Lo,0
. RO, | ROg ReCg ReGy | ReK R.C, ReC, ReCy
125.0 | 12h.h | 121.1 | 120,0 |105.6 | 10h.L | 102,2 |101.1
i RO, | ReCg ReCg R, RK RC, R.C, ReCy
91.0 | 90.0 | 88.9 | 8.2 | 78.9 | 77.8 | 76.9 | 75.6
R.C, | Relg ReCq R.C, RK RC, RC, R.C)
12 31.1 | 30,8 | 30.2 | 30.0 | 25.0 i 2 | 2h1 | 2:.8
. RC | RCq ReCg RC RK R.C, R, ReCy
1
26._0_.4_ 25.5 25,0 2.6 20.0 | 18.9 | 18.0 18.0
9 RC, | RO R.Cy RC., RK RC, R, ReCy
22.0 | 2Lk | 2.2 | 23,6 | 185 | 18.0 | 17.5 | 17.0
6 ReC), | RCg ReCq R.C, RK RC, ReC, ReCy
2.3 | 12,2 | 1.5 | 11.1 9.7 9.5 | 9.3 | 9.2
20-118% * Data cbtained far all period %o 48 hours when level indicated




x1viii
| TABLE E,

3
Rideau wheat(Rgh Increment in length in mms X10~ of segment 5, with time,

imbibition and vernalization,

Duncan's test ( 5% level )

Tine .
Vernalization (weeks
hours
RgCj, RgCy RgCg RgCq RcK  RgC3 RgCo ReCq
2 3.69 3.3 2,63 2,63 1.9k 1,80 1,65 1.6l
L RgC), RgCs  RgCg  RgC7 RgK ReCy ReCp RgC
10.0 7.93 7.83 6.91 L.32 3,91 3.82 3.6
6 RgC), RgCg RgCeq R5Cr RgK  RgC3 RgCo RgCy
5,22 5,16  L,86 L.71 3,86 3.11 3.0 2,96
8 RegCyy R5Cg R5Cq RgCq RgK  RgC3 RgCo RgCqy
5.6 b8 b6 kb 35 33 32 30
10 RgC), RgCq RgCq RgCq RgK  RgCs RgCo RgCq
3.6 3.l 3,1 3.0 2.2 2,1 1.9 1.5
15 RgC), RgCy RgCq RgCr RgK  RgCs RgCo RgCy
3.5 3.2 3.2 3.0 2,7 2.h 2.4 2.2
10 RSCh R505 RSCG RSC7 RSK RSC3 R502 R501
3.7 3.5 3.l 3.2 2,5 2.2 2,2 2.1
RgC), By R5Cg  RsCy RgK RgCy Rglo RsCy
16 3.9 3.6 3.5 3.1 2.4 2,0 2.0 1.5

1--48% D +a obtained for all. piriod to U8 hours when level indicated
no change was dbserved from last noted reriod. Specific data

not included.




x1ix
TABLEE6

Rideau Wheat(Rgx Increment in length in mms X 10° of segment 6,

with time imbibition and vernalization. Duncan's test (5% level).

Timn
hours

Treatment

R_C R_C R_C R_K R_C R_C R C
5L 55 57 56 5 51 53 52
2,93 2,19 1.51 1.38 1.27 1,26 1,05 0,97

RSCh RSCS RSC7 Rscé RSK Rscl RSCB RSC2
2.7 1.82 1.7 1.6l 1.32 1.31 1.20 1.15

RSCh R5C5 RSC7 RSCé RSK RSC1 RSCB RSCQ
1.9 1.88 1.71 1.70 0. 96 0,80 0.71 0,70

RSCh RSCS RSC7 RSCé RqK Rscl R503 RSCQ

2.70 2.50 2.20 2.10 1.50 1.30 1.11 1.00

Data obtained for all meriod to L8 hours when level indicated
no change was observed from last noted period. Specific data

not included.




TABLE E7
Rideau Wheat(RS) Increment in length of segment 7 in mms with

time,imbibition and vernalization., Duncan's test (5% level).

hours Trestment
) RSCh R505 Rscé R5C7 RSK RSCI R502 R5C3
2.47 2.12 1,6 1,43 1.25 1.16 1.01 0.97
R_C R_C R.C R.C R_K R_C R.C R.C
5L 55 56 57 5 51 52 53
L 2,00 | 1.82 | 1.7 | 1,62 | 0.97 | 0.91 | 0.80 |0.76
6-18 Data obtained for all period to L8 hours when level indicated
no change wa¢ observed from last noted period.




TABLE ¥ —

Rideau Wheat (th). Increment in length in mms X 103 of segment 1,

with time,imbibition and vernalization,

Duncan's test (5% level).

Time Vernalization (weeks)
(hours)
, thCS thcé thc7 DlhK thch thc3 thcz thcl
0.95 0.70 0.69 0.55 0.53 0.48 0. kil 0.41
0,56 0. 54 0.50 0,36 0.31 0.31 0.30 0,28
’ thCS thcé thc7 thK R*hCh thCB thca thcl
0.62 0.61 0.58 0.36 0,31 0.31 0.29 G, 27
5.7 5.5 S.L 3.8 3.4 3.2 3.1 2,5
o thCS thcé thc7 thK thch : thCB thcz Rihcl
6.1 6.0 5.7 L.1 L.l 1 3.8 3.5 3.3
6,2 6.2 6.0 5.1 L7t .2 3.8 | 3.5
" %lhcs thcé thc7 thx thch 3 th03 Rluc2 Rihcl
0.0 600 S 9 5'2 501 ‘ )4--7 )_L.é )-l»-o
R !
% thCS 1&66 thc7 thK thch ; thCB thc2 thcl
5.5 S.h 5.1 5.0 L8 1 L.7 N L.l
18 U0 |t | Ryl | Rk o) RyG L RyCy | RyC, | Ry
5-1 500 )419 h’8 hoh " )-1»02 3.8 3.8
R., C R,, C R., C R.TK R.., C . R.,C R
20 T T e e A B B T R T R T I AT
6'2 6'1 507 h-9 LL»S . )-l»-h’ )-‘-ol l‘—lno
» Q N !
”s thCS lhc6 thc7 FlhK thch ! thCB RleZ thcl
7.8 7.5 7.2 6,2 6.2 v 6.1 5.8 5.5
R.,C, |- i ‘
802 8.0 7 9 608 607 ‘ 606 601L 611
K A
36 0% | fuS% | Byl | Rk oL R0 0 RyCy | RyC, | Ry 0
12.8 12,6 12,0 9.8 9.6 | 9.0 8,6 8,2
48 05| % | RSy Rk Ry TR0 | RyC, | Ry G
60.0 5809 5?-8 3990 38.5 : 3800 370 37-1




1id
TABLE 7,

Rideau Wheat (th). Increment in length in mms X 103 of segment Z,
with time imbibition and vernalization. Duncan's test (5% level).

Time Vernalization (weeks)
(hours)

) thcs thcé thc7 thK thch thpz thCB thcl
10.9 10.8 10.1 6.7 6.5 5.9 5.3 5.2
thcs thcé Ry),Cr thK Rmch Ry)Co thCB thcl

L 11,2 11,2 | 10,5 | 7.7 | 6.5 6.5 5.8 5.6

) RleS Ry).Ce Ry),Cr thx Rmc,_L Ry),Co Ry) Cy R1,C1
9.6 2.0 | 8.0 6.2 é.1 5.7 5.k 5.1

: thCS BCe Ry),C7 Ry K R),C), R)Co R11C3 R0y
18,7 18.2 17.8 15.2 15.1 1.7 .l 13.5

" R).C¢ R1).C R0, thK )0 R1),Co R1),C3 R1).Cy
38.0 37.8 36.7 28,9 27.8 26,7 25.0 2L, 7
L thCS thcé thc7 thK thch R1u02 thCB thcl
59.9 59.3 58.9 L1.1 | Lol 38.9 | 38.3 37.8
" RluCS thcé R1),C7 thx R0y R1).Co thc3 R1),01
85,0 8L.4 83.8 68.9 67,8 65.9 6L.9 63.8
L R)Cs A% R1),C7 thx R0 R),Co thc3 RC
91.0 90.0 | 89.7 78.9 | 77.8 75.0 73.1 72,2
16 R),Cg Ry) Cg R1).C7 Ry)% thch RuCo thCB R1)C1
100.2 | 99.9 99.0 89.9 | 89,2 88. 7 88,0 87.8
” Rluc5 Ry).Ce R1)C7 Rk Ry, R1),Co R0y Ry),Cy
127.2 127,1 12€.5 | 106.9| 108.5 108,0 107.5 107.2
i thcs )% R1),Cq Ry)K 29),0), R1).Co thCB R1),01
142,0 1.1 139.9 120.0 | 119.5 118.7 117.6 116.5

" RluCS R)Ce | thc7 thx R0, 8)),C5 R)Cs thcl

161,2 160,0 |~ 160.0 149.7 1 1L8.9 147.8 146.0 145.5

2 thCS R))C R)C7 thx Ry).C), R1),Co R1)Cq R)C1
191.1 190,0 189.8 147.8 | 1L46.9 146.5 146.0 105.7

18 thcs Rlbc6 thc7 thx thch thcz thCB thcl
i 133.3 133.0 132.8 111.1 | 110.0 105, 8 105.5 105,0




with time

. 1iii
TABLE ¥,
Rideau Wheat (th). Increment in length in mms X lO3 of segment 3,

imbibition and vernalization. Duncan's test (5% level),

Treatment
hours
1% | Byle | Byl | BpGy | Ry | RpCo TG TR
2 1L.6 14.5 13.8 11.6 9,3 9.0 8.9 7.7
L 25,1 23,1 21,9 19.h 19.1 | 18.3 17.3 15.3
) thcs thcé thC7 Rmch thK thCB R))Cq R)) G,
50,6 L8.6 47.5 21.3 21,1 20,0 19.0 18.2
61.1 60.1 58,9 31.1 31,0 30,0 29.)1 28,9
i thCS thcé thc7 Rluch thx thCB By),Ca Ry),Co
81.1 80.1 79.5 55.0 53.5 53.1 - { 52,8 52.2
L thcs thcé thc7 thch Ry) % thCB thcl thce
90.0 88.9 87.8 66.7 65.6 65.0 6.8 60,0
" s | Byle | ByCy | ByS, | Ry BuCs | Byl | 0
L2.0 L1.1 40.7 38.1 38.0 37.6 36.7 35.8
» RluCS Ry) Cg thc7 R)C), Ry) K thCB Rl Ry)Co
39.1 38.9 37.8 35.54 35.0 3.7 3L.4 32,2
s thcs Ry, Ce thc7 thch alhx thc3 R0, thcz
55.1 55.0 sh. 5 48.9 L7.8 46.9 45,8 45,5
” thcs thcé thc7 thch thx thCS thcl Ry) Cp
25.8 25.1 _el.9 18.9 18.5 17.6 17,0k 17.1
2 thcs thcé thc7 thch thx thCB thcl R85
12,5 12,0 11.8 9.3 9.0 8.5 8.1 7.6
o | WO [ RuSs | RSy 1RO L Ry | Rpcy | oRje | RyG,
4.2 L1 k.0 3.3 3,3 g 3.0 2.5 N
* + |
+#26-1,8 Data dbtained for all period to L8 hours when level indicated no

change was observed from last noted period. Specific data not included.




Rideau Wheat (th)

Tie

TABLE 7,

nalization. Duncan's test ( 5% level).

liv

Increment in length in mms, 103 of segment ), with time, imbibition and ver-

Hours Vernalization (weeks) g
! : l
) Rls | By e | B),Cq - Rk | Rl | Payly | ByCo R1).C1 '
27.6 | 23.5 ! 19.8 | 9.4 | 18,3 | 17.7 | 17.3_ ! 15.9
! : et .
! |
) RCs | By Cg | By b ORuX RS, | By | Ryl Ry),Cy
56.L 52,6 | L8.6 ; hh.6 | L1.1 36.4 35.9 3h.9
) R)Cs | BySe | ByyCo % RpE RS, | RSy | RS, Ry, 0y
110.2 99.3 oh.3 ' Lh.3 | L3.2 38.0 37.5 37.0
BSs | Bule | RSy | Ry | Ryl Ry | Byl Ry,01
° | 1200 | 1178 | 1156 | 85.6 | 833 | 81.7 | 199 | 18.9
Buls | Byls | BySp | RyK 1 RyO) RSy | RyCy Ry, 0y
10 88.0 | 87.5 | 8.5 | 63.3 | 62.8 | 61.1 | 60.5 | 60.0
Lo Buls | EpSe | Ryly | RpE R0 RyCs | Ryl Ry),C
37.7 35.6 35.0 é, 21.1 | 20.8 20,0 19,8 19.1
(S N ooy R
i
22.0 21.8 21,1 | 15,6 | 154 | 15.0 | 1.9 1.l
i = i
y R)Cs | BySe | ByyCy i RyX 1 ByC, | RSy | Ry Ry) 0y
19,1 ,  18.9 18.5 | 1.1 | 140 12.9 12,2 12.0
! : e
R))Co | By O i R1Cq i RE LR, | RSy | Byl Ry} 0
18 12.1 12.1 ' 12,0 | 11.0 | 10.8 10.5 10,1 10.0
| .
BCs | Byl | By Co E RyK 1R, 0, | Ry O, | Ry),Co Ry),0p
20 3. 52 | 511 sl b | w1l 3.7 3.4

?2-U8 % Data btaincd far all ;vri-d to U8 hours when level indicated n-
change was dbserved feom last noted period., Specific data not included.




1v
TABLE w
5
Rideau Wheat. Increment in length in mms X 103
imbibition and vernalization, Duncan's test (5% level).

Treatment Vernalization (weeks)
hours
, Rlucg thcé thC7 thCu thCB thK thCl thcz
3.65 3.L8 2.95 2.90 2.8 2,78 2,63 2.61
X thCS thCé thC7 thCh thCB thK thCl thC2
i 7.68 7:53 6.95 L.20 3.80  3.47 3.3L 3.08
6 thCS thcé thC7 thCh thC3 thK thCl thCZ
6.27 5.80 5.60 L.36 L.2 L.11 3.80 3.7C
5 thCS nthé thC7 thCh thCB thK thCl thCZ
L.70 L.60 .50 3.50 3.40 3.00 2,80 2.50
1 thCS thcé thCY thCh thCB thK thCl thcz
L.10 L.10 4,10 3.00 2.830 2.50 2.40 2.20
12 thCS thCG thC? thch thC3' thK thCl Rlucz
L 1’8 306 Boh 2-7 2n5 2.2 109 1-5
1 thCS thcé thC7 thch . thC3 thK' thcl _ thce
2.1 2.1 1.9 1.5 1.5 1.1 0,9 C.7
*16-1,8 *Data obtained for all period to L8 hours when level indicated no
change was observed from last noted period.




1vi
TABLE Fy¢

Rideau Wheat (th)’ Increment in length in mms, X 10° of segment 6,
with time imbibition and vernalization. Duncan's test (5% level),

Trﬁ:ﬁ?‘:m Vernslization (weeks)
3.23 2.92 2.71 2,61 2.59 2.51 2.50 2.32
L thCS thCé thCT thCh thK thC3 thCZ thCl
3.99 3.42 3.11 2.58 2.11 | 1.96 1,94 1,86
. thCS thCé thC7 thCh thK thC3 thC2 thcl
1.4 1.27 1.18 0.56 0.47 0.38 0,36 0.30
5 thCS thCé thC7 thCh thK thC3 thcz thCl
2.0 2,0 1.9 1.5 1.3 1,1 1.1 0.9
*10-)48 *Data obtained for all period to L8 hours when level indicated no
change was observed from last no.ted period.




lvii

TABLE F7

Rideau Wheat (th). Increment in length in mms X 103 of segment 7 with

time,imbibition and vernalization. Duncan's test (5% level).

Treatment . s «
houps Vernalization (weeks)
) thCS thCé thCT thCh thC3 BthQ Rlel thK
2.62 2.18 2.02 1.hh 1.32 1.30 1,21 1,20
R.,C R..C R.,C K R..C R_.C R..C R.,C
L 1% | *ul | Falr | Ry o | f | b | Fub
0.56 0.55 0,51 0.6 0.2 0,37 0.33 0.27
e
R.,C R., C R..C R K
6 ws | fute | fulr |t
0.0 0.03 0,02 0
8-48 'Data obtained for sll period te 1,8 hours when level indicated no
change wos obeserved from last noted period,




