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INFLUENCE OF ETHEPHON ON GROWTH AND FLOWERING

OF FLUE-CURED TOBACCO

S bl
« Donald James Fowlkes
T (ABSTRACT)

Tobacco (bügxdjana iabagum L.) leaf lnlTlaTion sTops when floral

lnducTlon ls compleTed. Floral lnducTlon (an lnTernal blochemical change

which signals developmenf of flowers) can occur premaTurely, durlng The

pre- and/or posT-TransplanT envlronmenT. PlanTs which flower premaTurely

have few leaves and low ylelds. Removal of The lnfluorescence on These

planTs wlll break aplcal dominance and allow producTlon of addlTlonal

leaves from an axlllary bud. Thls pracTlce requires addlTlonaI labor and

lncreases producTlon cosTs. ObjecTlves of This sTudy were To 1) defermlne
’

how appllcaTlon Tlmlng, raTe, IocallzaTlon, and on—planT duraTlon of

eThephon (2-chloroeThylphosphonlc acld) lnfluences growTh and flowering

of flue-cured 'NC 82' Tobacco; 2) examine The relaTlonship beTween

TemperaTures ln The seedllng envlronmenT and premaTure flowerlng and

deTermlne how Tlme of planT bed cover removal affecTs premaTure

flowerlng; and 3) quanTify The eThylene released from buds, leaves,

sfems, and rooTs of Tobacco seedllngs aT various days afTer appllcaTlon

of efhephon.

EThephon applied To flue—cured Tobacco seedllngs before The

compleTlon of floral lnducTlon slgnlfIcanTly reduced premaTure flowerlng

and lncreased days To flower, number of leaf nodes per planT, and yleld.



MulTlple appIlcaTlons and lncreased raTes of eThephon dld noT lncrease

The number of Ieaf nodes beyond The level obTalned Tron a slngle

appll¢aTl0¤ of 960 mg
L”1

eThephon soIuTion applled aT The raTe of 44 mL

m°2 of planT bed.
'ln

wash—oTT sTudles, maxlmum beneTlT was obTalned when

eThephon remalned on The seedllngs one To Two hours aTTer appllcaflon.

ln locallzaTlon sTudles, lncreases ln number of leaf nodes per planT were

noT dlTTerenT when 0.09 and 0.51 mg oT eThephon was applled To The bud

and largesT leaT, respecT1vely. Efhylene released Tron eThephon-TreaTed

greenhouse seedllngs remalned deTecTable four weeks afTer TreaTmenT. On-

Tarm TesT locaTlons wlTh The Two hlghesT percenTages of premaTure

Tlowerlng had The lowesT average dally mlnlmum TemperaTures during The

preTransplanT perlod. PremaTure Tlowerlng was slgnlTlcanTIy lncreased aT

Two of seven locaTlons by removal of The perToraTed pIasTlc pIanT bed

covers Two weeks compared To one week before TransplanTlng. Floral

lnducTlon of Tobacco seedllngs ln conTrolled preTransplanT envlronmenfs

was obTalned by conTlnuous 15°C TemperaTure and 8 h phoToperlods for 3

weeks.
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INTRODUCTION

Tobacco (Ni$QILän¤ Iähäcum L.) is a hlgh value cash crop whose

leaves are The markeTed producT. InlTlaTlon of leaves sTops when flower

developmenT begins. Flowers normally emerge approxlmaTely 50 To 60 days

afTer TransplanTlng. However, The swlTch from leaf To flower lniTiaTlon

can occur premaTurely, whlle The Tobacco planT ls ln The seedllng sTage.

PremaTure flowerlng can reduce ylelds, unless The lnfluorescence ls

removed frqn The planT To break aplcal domlnance and allow an axillary

bud To produce addlTlonal leaves. This pracTlce requires addlTlonal

labor and lncreases producTion cosTs. Crop managemenT ls furTher

compllcaTed by The nonunlformlTy of such a crop, slnce The axillary

shooTs generally develop and maTure more slowly Than planTs ThaT dld noT

flower premaTurel y.

Flue—cured Tobacco producers have encounTered problems wlTh

premaTure flowerlng ln recenT years. Producers should planT culTlvars

whlch yleld hlgh quallTy cured leaf To conslsTenTly markeT a deslrable

producT. However, culTlvars such as 'NC 82', 'K-326*, and 'Coker 319',

whlch Typlcally yleld high qualiTy leaf, also Tend To be suscepTlble To

premaTure flowerlng. I

AmblenT envlronmenTal condlTions whlch lnduce Tobacco planTs To

flower premaTurely have noT been preclsely characTerlzed. STudies in

conTrolled—environmenT growTh chambers have relaTed premaTure flowerlng

To seedllng exposure To cool TemperaTures, especlally when combined wiTh

low IighT levels and/or shorT days (42).

Tobacco seeds are Too small for direcT field seedlng, so seedllngs

1
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are produced ln densely seeded areas, referred +0 as "plan+ beds"

_ (Q@¤@V¤|lY 84 0V TÖ7 m2), from which seedllngs are +ransplan+ed +0 +he

fleld. Plan+ bed seedllngs are grown under perf0ra+ed plas+lc,

p0Iyes+er, nylon, or co++0n covers which pro+ec+ +he seedllngs from cool

+empera+ures +0 some ex+en+. The covers are removed froh +he plan+ bed,

usually one +0 +hree weeks before +ransplan+lng. Mean +empera+ures ln +he

S0u+heas+ern USA rlse as spring progresses, and +heref0re +he da+e of

cover removal could po+en+lally influence +he level of prema+ure

flowerlng.

E+hephon (2-chl0r0e+hyIphosph0nic acid), a plan+ grow+h reguIa+or,

has been shown +0 increase +he numbers of leaves per plan+ and days froh

+ranspIan+ +0 flower in burley +0bacco plan+s grown under con+r0Iled

florally lnduc+lve envlronmen+s bu+ no+ ln plan+s grown under c0n+r0lled

noninduc+lve and na+ural envlronmen+s (43). E+hephon also femporarlly

suppressed seedllng s+em eIonga+ion ln +ha+ s+udy. E+hephon decomposes

upon absorp+lon wl+hln +he plan+ +0 release e+hylene, an endogenous plan+

hormone or grow+h regula+0r which ls produced ln mlnu+e quan+i+les ln

mos+ plan+ +lssue. Physlological effec+s of e+hephon are a++rlbu+ed +0

, e+hylene.

An e+hephon f0rmula+lon (+radename "Florel") was regls+ered for

pre+ransplan+ use on +0bacc0 +0 +emp0rarlly suppress seedllng grow+h and

lnhibl+ prema+ure flowerlng. Ins+ruc+l0ns on +he label applled prlmarlly

+0 +he use as a grow+h suppressor. lmpor+an+ ques+l0ns concerning +he

use of e+heph0n on +0bacco seedllngs were no+ addressed. These ques+ions

were, +herefore, +he basis for +he devel0pmen+ of +he following research
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objecTlves. The objecTlves of Thls sTudy were:

(1) To deTermlne how appllcaTlon Tlmlng, raTe, locallzaTlon, and

on-planT duraTlon of eThephon lnfluence flowerlng, leaf

producTlon, growTh, yleld and quaIlTy of flue-cured Tobacco.

(2) To deTermlne how preTransplanT and early posTTransplanT fleld

TemperaTures and Tlmlng of planT bed cover removal are relaTed

To premaTure flowerlng.

(3) To sTudy The lnfluence of eThephon appllcaTlon on

eThylene evolved from buds, leaves, sTems, and rooTs of

Tobacco seedllngs aT varlous days afTer appllcaTlon.
·



LITERATURE REVIEW

Flowerlng of Tobacco

Flue—cured Tobacco ls a hlgh value crop whose leaves are The

markeTed producT (37). Leaf lnITlaTlon sTops when floral inducTlon ls

compIeTed (39). Floral lnducTlon normally occurs afTer The lnlTlaTlon of

20 To 25 leaves, and The developlng lnfluorescence generally emerges

approxlmaTely 50 To 60 days afTer TransplanTing. However, floral

lnducTlon can occur whlle The Tobacco planT ls in The seedling sTage,

wheTher before (40) or afTer TransplanTing (68). Flowerlng as a resulT

of pre- and posT—TransplanT inducTlon has been referred To as "premaTure“

(40) and "early" (68) flowerlng, respecTlveIy. PlanTs induced ln The

seedling sTage flower wlThin Three To six weeks afTer TransplanTlng and

develop low numbers of leaves. PreTransplanT inducTlon (40) resulTs ln

earlier flowerlng wlTh developmenT of fewer leaves Than does

posTTransplanT lnducTlon (68). Acfual Ieaf numbers and Tlmes To

flowerlng wlll depend on pre- and posT—TransplanT growing condlTlons

(29,68,61). lnducTlon cculd occur parTiaIly in The preTransplanT

envlronmenT and be compleTed ln The field soon afTer TransplanTlng (40).

WheTher flowerlng is a resulT of pre- or posT-TranspIanT lnducTlon ls noT

as criTical To This sTudy as wheTher flowerlng occurs earller and wlTh

developmenT of fewer leaves Than flowering of conTrol pIanTs.

The Term "premaTure" involves The dimension of Tlme; however, Tlme

of flowering, when defined solely by The number of days frcn

TransplanTlng To flower, may noT be a preclse lndlcaTor of floral

lnducTlon. Floral lnducTlon precedes floral dlfferenTiaTion (46,26), and

4
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+he lnfluorescence may no+ emerge un+lI +hree +0 four weeks af+er

Induc+lon. The lag be+ween +lme of floral lnduc+l0n and emergence ls

grea+er under envlronmenfal condl+lons unfavorable for rapld grow+h and

deveI0pmen+. Number of leaf nodes or leaves a+ flowerlng are more

preclse lndlca+ors of +lme of floral lnduc+l0n (46,9), and parame+ers

such as percen+ prema+ure flowerlng and days +0 flower mus+ be

ln+erpre+ed wl+h reference +0 Ieaf node da+a.

A cons+an+ number of days from +ransplan+lng +0 flowerlng may no+

approprla+ely deflne prema+ure flowerlng for all growlng condl+lons.

Flowerlng wl+hln 45 days af+er +ransplan+lng may be prema+ure ln one

season ye+ no+ In ano+her, for pre- and pos+—Induc+lon envlr0nmen+s can

vary from season +0 season and even wl+hln a season. Kasperbauer has

+heref0re used a crl+lcal poln+ of 35 (40) and some+lmes 45 (42) days +0

deflne prema+ure flowerlng, based on observa+lons (40) +ha+ pre+ransplan+

florally lnduced burley +obacc0 plan+s usually flowered a mlnlmum of four

+0 flve weeks af+er +ransplan+lng. Favorable or unfavorable pos+-

lnduc+l0n growlng c0ndl+lons can shor+en or leng+hen +hls +lme perlod,

respec+lveIy. Da+a for days +0 flower for a glven experlmen+ should be

crI+ically examlned and +he crl+lcaI poln+ for prema+ure flowering

adjus+ed as necessary. ln mos+ seasons, flowerlng pa++erns are such +ha+

selec+lng +he crl+lcal poln+ ls no+ pr0blema+ic. The +erm prema+ure

flowerlng ls applled ln +hls s+udy +0 plan+s developing a vlslble (+0 +he

unalded eye) floral bud wl+hln 35 or, ln some experlmen+s, 45 days af+er

+ransplan+lng.

Flowerlng lnvolves complex ln+erac+l0ns be+ween physlological,
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blochemlcal, and gene+lc processes ln response +0 envlr0nmen+al s+lmull

and +lme (58). Pho+operl0d and +empera+ure are +he prlmary envlronmen+al

s+lmull dlrec+ly affec+lng floral lnduc+lon (9). Ex+enslve revlews of

+he ll+era+ure on flowerlng have been complled (9,10,87,46,26). Tobacco

has been classlfled as a day-neu+ral plan+ (DNP) (31,16), lnferrlng +ha+

flowerlng occurs af+er a perlod of vege+a+lve gr0w+h, lrrespec+lve of

daylengfh (9). Cer+aln cul+lvars of flue-cured and burley +obacco have

displayed charac+erls+lcs +yplcaI of sh0r+—day plan+s (SDP) (40,68),

whlch are lnduced +0 flower when nlgh+s or dark perlods exceed a crl+lcal

mlnlmum dura+lon (9).

In c0n+roIled envlronmen+ s+udles, days +0 flower were no+ dlfferen+

for burley plan+s ln nlgh+ +empera+ures of 20 or 30°C when grown ln 18 h

pho+operlods, bu+ plan+s flowered earller ln 20 +han ln 30°C nlgh+

+empera+ures when +he pho+0perlod was 8 h (38). Nlgh+ +empera+ures

lnfluenced flowerlng of plan+s of cer+aln clgar and Turklsh +0bacco

cul+1vars (16) and of a Nigoiiana Lysiiga L. X M. iabagum L. hybrld (64).

Burley plan+s grown ln day/nlgh+ +empera+ures of 30/20°C flowered earller

in 8 +han ln 12 h pho+operlods, and plan+s grown ln 8 h phofoperlods

flowered earller and wl+h fewer leaves ln c0ns+an+ 20 +han ln 30°C

+empera+ures (39). PIan+s of +hree +0bacco +ypes (burley, flue-cured,

and dark-flred) grown a+ 18 ccmpared +0 28°C flowered earller and wl+h

reduced numbers of leaves when +he ph0+operlod was 8 h; bu+ ln 16 h

pho+operlods, decreaslng +he +empera+ure fron 28 +0 18°C decreased days

+0 flower for burley plan+s only (41). Correspondlng leaf numbers

decreased for all +hree +ypes, al+hough +0 a grea+er ex+en+ ln burley.



7

Flue—cured and burley +0bacc0 seedllngs exposed for 14 days +0 a

florallylnduc+lveenvlronmen+, c0nsls+lng of an 8 h phofoperlod and 18°C,

flowered earller and wl+h reduced number of leaves compared +0 nonlnduced

con+rol plan+s when fransferred +0 a 16 h and 28°C envlronmen+.lncreaseddura+l0n

of exposure, 28 days, dld no+ fur+her lnfluence +hese flowerlng

charac+erls+lcs. Excep+ for a decreased number of leaves ln +he dark-

flred cul+lvar, days +0 flower and number of leaves a+ flowerlng dld no+

change slgnlflcan+ly ln flue-cured, burley, or dark-flred +0bacc0 plan+s

exposed ln +he seedllng sfage +0 a florally lnduc+lve envlr0nmen+ (8 h

ph0+0perl0d and 18°C) for 30 compared +0 15 days. However, when exposed

+0 an envlronmen+ c0nsls+lng of 18°C and 16 h ph0+0perlod wl+h a 50%

reduc+lon ln llgh+ level, and bo+h flowerlng parame+ers decreased ln all

+hree +ypes when dura+l0n of exposure was lncreased froh 15 +0 30 days

(41). Days +0 flower dld no+ dlffer ln +he flue—cured cul+lvar.
‘

ln+errup+l0n of +he long lnduc+lve nlgh+s wl+h low level llgh+ from whl+e

lncandescenf lamps, a +rea+men+ whlch +yplcally lnhlbl+s flowerlng of SDP

(9), lncreased +he days +0 flower and number of leaves a+ flowerlng ln

cul+lvars of all +hree +0bacc0 +ypes, whe+her exposed +0 +he lnduc+lve

envlr0nmen+ for 15 or 30 days (41). The lncreases due +0 nlgh+

ln+errup+lon were grea+er ln +he burley cul+lvar and were no+ dlfferenf
I

for +he +wo exposure +rea+men+s.” The lncreases ln +hese flowerlng

parame+ers for +he flue—cured and dark—flred cul+lvars were grea+er ln

plan+s exposed +0 lnduc+lve c0ndl+lons for 30 days.

A +wo-week exposure of burley +obacc0 seedlings +0 a confrolled

florally lnduc+lve envlr0nmen+ a+ various +1mes af+er seedlng lndlca+ed
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fhaf readlness for floral lnducflon (rlpeness-fo—flower) was nof affalned

unfll some polnf befween 22 and 29 days affer seedlng (40). Followlng

fransplanflng, fhe level of premafure flowerlng, deflned as flowerlng

whlch occurred wlfhln 35 days affer fransplanflng, lncreased from 33 fo

100% as flme from seedlng fo fhe sfarf of exposure was lncreased fron 29

fo 43 days. Durafion of exposure To fhe florally lnducflve envlronmenf

also lnfluenced flowerlng. Exposure af 29 days affer seedlng for fhree

compared fo fwo weeks duraflon lncreased fhe level of premafure flowerlng

from 33 fo 100%. lnferacflon of llghf and femperafure ln seedllng floral

lnducflon was demonsfrafed when premafure flowerlng of planfs exposed fo

8 h phofoperlods and 18°C for 28 days lmmedlafely prlor fo fransplanflng

was 100% buf decreased fo 01 when phofoperlod was 16 h or when

femperafure was 28°C. Subsequenf premafure flowerlng was 100% for

seedllngs exposed lmmedlafely before fransplanflng for 10 days fo an

envlronmenf conslsflng of 18°C and 8 h phofoperlods wlfh llghf level

reporfed as 2200 ff—c (2200 ff—c approxlmafes 22% full sunllghf and ls

fherefore roughly equlvalenf fo 550 umol
m”2s°1

phofosynfheflcally acflve

radlaflon). Premafure flowerlng was 33% when fhe phofoperlod was 13.5 h

and llghf level 400 ff-c (roughly equlvalenf fo 100 pmol m°Zs”1),

suggesflng fhaf low llghf level parflally subsflfufed for shorf

phofoperlods ln floral lnducflon of burley fobacco seedllngs (40).

Days fo flower for flue-cured fobacco 'NC 2326' were nof

slgnlflcanfly alfered (ranglng frcm 37 fo 49 days) when planfs, affer

developlng 10 leaves, were grown ln 9 h phofoperlods ln phofoperlod/nlghf

femperafures ranglng from 18/14 fo 30/26°C, buf averaged 68 days in fhe
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TemperaTure TreaTmenT of 34/30°C (29). AT Two and Three weeks afTer

sImuIaTed TranspIanTIng, pIanTs of flue-cured Tobacco 'Coker 319' were In

a more advanced sTage of floral developmenT when grown In shorT (9 h)

compared To long (9 h + 3 h nIghT InTerrupTIon) phoToperIods, and afTer

Two weeks were In a more advanced floral sTage when grown In 22/18 and

26/22 compared To 18/14 and 30/26°C posTTransplanT TemperaTures (68). In

a reIaTed experImenT, planTs grown In 26/22°C were In a more advanced

sTage of floral developmenT aT Two weeks afTer sImuIaTed TranspIanTIng

when posTTransplanT phoToperIods were 9 compared To 12 and 15 h. AT

Three weeks afTer sImuIaTed TranspIanTIng, The numbers of leaves per

planT averaged 24.3, 27.9, and 29.3 for TransplanTs grown In 18/14,

22/18, and 26/22°C, respecTlvely when summed over shorT and long

phoToperIods. Leaf number aT The TIme of floral InITIaTIon In flue-cured

Tobacco culTIvar NC 2326 Increased wlTh phoToperlod/nIghT Temperafures

from 24 leaves aT 18/14 To 45 leaves aT 34/30°C (61). TIme of floral

InITIaTIon and flnal number of leaves of flue—cured culTlvar NC 2326

grown In 22/18°C and long days were only slIghTly Influenced by dally

accumulafed phoTosynTheTIcally acTlve radlaT1on (PAR) when llghT was

experImenTally varIed from 10.5 To 40.5 mol
m”2

day-1 (69). However,

floral InITIaTIon was delayed and flnal nwnber of leaves Increased for

planTs grown ln 26/22°C as PAR decreased.

PIanT bed seedllngs of a flue—cured breedIng llne, when allowed To

aTTaIn an advanced sTage of developmenT before TranspIanTIng, flowered

earller and wlTh fewer Ieaf nodes Than planTs TransplanTed aT less

advanced sfages, excepf when seedllngs recelved resTrlcTed waTerlng (33).
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TemperaTures aT The planT bed slTe were noT reporTed. However, ln a

relaTed experlmenT uslng conTrol|ed environmenTs, earllesT flowerlng

occurred when seedllngs were grown for aT leasT Three weeks In 16 h

phoToperlods and 30/25°C and Then Transferred To 8 h phoToperlods and

20/15°C day/nighT TemperaTures for aT leasT 10 days, wiTh subsequenT high

TemperaTures and long days hasTenlng floral developmenT. The

ripeness-To—f|ower sTage was lnTerpolaTed To be approximaTely 25 cmz

ToTal leaf area wlTh a ToTal leaf number of approximaTely 10, and This

sTage of developmenT was aTTalned ln a minimum of 25 and 32 days afTer

seedlng when planTs were grown ln 30/25 and 20/15°C, respecTlvely, ln 16

h phoToperlod conTrolIed envlronmenTs (33). In relaTed experlmenTs,

seedllngs of a fIue—cured breeding line and of a flue-cured SDP muTanT

grown ln conTrolled florally lnducTlve environmenTs were reporTed To

aTTaln rlpeness-To-flower only afTer The unfoldlng (expanslon) of The

Third leaf, wlTh The coTyledons and flrsT Two leaves alone belng unable

To faciIlTaTe lnducTion (34). The ablliTy To faclllTaTe lnducTion by

The Third and successlve leaves was apparenTly losT rapldly wlTh age buT

was noT influenced by previous waTer sTress. ExperimenTs involvlng

grafTlng Techniques lndicaTed ThaT The shooT apex of small Tobacco

seedllngs (having 6 unfolded leaves and approximaTely 35 cmz ToTal leaT•

area) was responslve To a floral sTimuIus received frcn a florally

lnduced grafT sTock. ln anoTher experlmenT, defollaTion TreaTmenTs

applied To seedllngs sTarTlng The day afTer TransplanTlng lndicaTed ThaT

removal of The young, rapldly expandlng leaves in The bud region of The

pIanT prevenTed flowerlng, whereas removal of older, expanded leaves
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delayed bu+ dld no+ preven+ flowerlng.

ln experlmen+s uslng dlssec+ing mlcroscopy +echniques, +he shoo+

apices of four—+o—flve-mon+h—old plan+s of SDP Njgoilana iahagum L.

'Maryland Mammo+h' were observed +o become comple+ely comml++ed +o

flowering af+er a perlod of be+ween 7 and 14 consecu+lve lnduc+lve long

nigh+s (75).

E+hephon and E+hylene

The compound 2—chIoroe+hylphosphonicacldupon

absorp+ion by plan+ +lssue, readlly decomposes +o e+hyIene (CZH4)

plus phospha+e and chlorlde lon vla a base-ca+alyzed ellmlna+lon reac+ion

(82,52,11,22). The effec+s of efhephon on plan+s are a++rlbu+ed +o +he

released e+hylene (72,73,82,8l,50). E+hylene, a gaseous grow+h regula+or

effec+lve in +race amoun+s, ls involved in many plan+ processes, occurs

na+urally in mos+ plan+ +lssue (13,85) and is considered a plan+ hormone

(60,47). _

E+hylene produc+lon, usually a+ low levels, is a na+ural

process In +he life of plan+s, especially during such developmen+al

s+ages as germina+ion, rlpenlng of frul+s, absclsslon of leaves, and

senescence of flowers and leaves. However, mechanlcal woundlng,

envlronmen+al s+resses such as chllling, drough+, and floodlng, and

cer+aln chemlcal subs+ances lncludlng +he plan+ hormone auxin can lnduce

e+hylene produc+lon. Curren+ unders+andlng of +he pa+hway and regula+lon

of lnfernally and ex+ernally lnduced e+hylene biosyn+hesls in xixo ln

higher plan+s has been eluclda+ed ln recen+ revlews (85,86,83,84,4,47).

The prlmary s+eps ln +he blosyn+he+ic pa+hway lnvolve reac+lons of
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me+hl0nlne +0 S-Adenosylme+hlonlne (SAM) +0 1—Amlnocycl0pr0pane-1-

carboxylic acid (ACC) +0 e+hy|ene (85). E+hylene blosyn+hesls ls known

+0 be regula+ed in various ways (85). E+hylene can be au+oca+aly+lc or

au+0Inhlbl+0ry, dependlng on +he +ype and s+age of devel0pmen+ of +he

C
plan+ +issue. E+hylene has been shown +0 +0 lnhibi+ ACC syn+hase

ac+lvl+y ln +obacco Ieaf dlscs. This enzyme ca+alyzes +he converslon of

SAM +0 ACC. lnhibl+lon of e+hylene produc+lon by llgh+ ls a func+lon of

d9¢V@ö$9d lnfernal CO2 c0ncen+ra+lons, and ln adequa+e levels of CO2,

llgh+ s+lmula+es e+hylene produc+lon ln many green flssues. The mode of

ac+lon by which e+hylene lnl+la+es i+s effec+s on pIan+s, ls no+ fully

known, bu+ appears +0 lnvolve a dlssoclable e+hyIene-recep+or complex ln

which e+hylene binds reverslbly and speclflcally +0 a recep+or sl+e

(14,47,86). E+hylene binding as a specific requlremen+ for e+hylene

ac+lon has n0+ been de+ermlned (86).

Experlmen+s u+lllzlng lndlca+ed +ha+ e+hephon was

+ransl0ca+ed from frul+ +lssue (81) and leaves (24,81,76,5l), generally

+0 rapidly growlng leaves or fru1+s. Labeled e+hephon, applled +0 ma+ure

+obacco leaves on plan+s wl+h +he aplcal bud removed, was +ransl0ca+ed

wl+hln +he +rea+ed leaves, m0s+ly acr0pe+ally, bu+ 14C ac+lvl+y was n0+

de+ec+ed ln s+em sec+lons below or above +he +rea+ed leaves (23).

Radl0ac+ivl+y e+hephon which may have been +ransl0ca+ed and subsequen+ly

conver+ed +0 e+hylene, which may have +hen been released from +he plan+

flssue, would be unde+ec+ed ln +lssue samples. Fur+hermore, lf e+hephon

is +ranspor+ed ln a source +0 slnk pa++ern (76), ll++le +ranspor+ would

be expec+ed from ma+ure leaves on +obacco plan+s wl+h +he aplcal bud
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removed and wlTh chemlcal lnhlblflon of axlllary bud growTh. Greafer-

Than-conTrol levels of eThylene, evolved from The shooT apex reglon of

squash pIanTs (Qu¤uLhiI§.Q2pQ L.) when a lower leaf was Treafed wlTh

eThephon, were posTulaTed To resulT froh TransporT noT of efhephon buT of

an eThylene precursor, alThough efhephon TransporT was noT speclflcally

lnvesTlgaTed (35). Xylem TransporT of an eThylene precursor has been

deTermlned (12). TransporT of eThylene 1Tself, Though waTer soluble (3),

ls noT consldered To occur over long dlsfances (88), alThough eThylene

dlffuslon over shorT dlsfances wlThln planf Tlssue has been reporTed (8).

STudles of endogenous eThy|ene levels and of eTfecTs of exogenous

appllcaTlons of eThy|ene (and eThyIene—releaslng compounds, such as

eThephon) and eThyIene lnhlblfors have demonsTraTed The crlflcal

lnvolvemenT of eThylene ln numerous meTabollc and physlologlcal processes

lnvolved ln The growTh and developmenT of planTs (13,60,2,l5,3,47,83).

Such effecTs Include The promoTlon of maTuraTlon and rlpenlng of frulT,

promoTlon of senescence and absclsslon, lnhlblTlon of cell dlvlsion and

expanslon, lnhlblTlon of sTem elongaflon wlTh promoTlon of sTem Iaferal

expanslon, lnhlblT1on of polar auxln TransporT, lnhlb1Tlon of DNA

synfhesls, chlorophyll loss, prcmoflon of femaleness (ln cucurblfs),

pronoTlon of flower fadlng, promoTlon or lnhlblT1on of flowerlng, and

also lnducTlon of xylem dlfferenTlaTlon (54,55,56), lmproved frosT

Tolerance (49), and promoTlon of polysome prevalance and new gene

expression (70). The effecT of eThylene on planTs ls lnfluenced by The

envlronmenT, specles, sTage of developmenf, cell and Tlssue Type,

eThyIene concenTraTlon, and lnTeracTlons wlTh oTher planf hormones (47).
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Discovery of The 1nvolvemenT in senescence by eThylene prcmpTed The
A

TesTlng of eThephon on maTure flue-cured Tobacco for effecTs on leaf

senescence and rlpenlng and on subsequenT chem1sTry of The leaves.

EThephon applled To greenhouse—grown Tobacco planTs yellowed The leaves

w1Thln flve days afTer TreaTmenT and did noT adversely affecT ToTal N,

ToTal alkalolds, or reduclng sugars ln The drled leaf (19). ln field

experlmenTs, eThephon appllcaTlons To culTlvar Hlcks yellowed all buT The

1mmaTure upper leaves, slighfly reduced prlce index and yleld, reduced

ToTal N and ToTal alkaloids in The cured leaf, elevaTed sTarch levels buT

dld noT affecf reduclng sugars in The cured leaf (53). AppllcaTlons of

eThephon To culTlvar Coker 254 yellowed The more maTure leaves w1Thln

Three days and remalning leaves wlTh1n 10 To 14 days, lncreased sTarch

levels ln green leaves TreaTed aT 180 mg planT”1, lncreased reduclng

sugars in The cured leaf, and apparenTly Iowered n1TraTe reducTase

acTlv1Ty (50). Applied To culTlvar Virglnia Gold, eThephon yellowed The

leaves on The lower half of The planTs wlThln four days, lncreased prlce

index when all leaves of boTh unTreaTed and TreaTed planTs were harvesfed

durlng a single day, lncreased reduclng sugars and decreased ToTal N in

The cured leaf (21). When maTure Tobacco leaves were exposed To

eThylene, chlorophyll conTenT and endogenous eThylene producTlon

decreased (63). Leaf discs, from maTure Tobacco planTs, TreaTed w1Th

AAC- eThephon evolved IAC- eThylene conTinuously durlng a 96 h period,

w1Th rapld evoluT1on during The flrsT 24 h followed by a decllne ln raTe

over The subsequenT 72 h (22). The raTe decllne was aTTrlbuTed To

decreased avallabillfy of hydroxyl lons needed for eThephon degradaTlon.
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E+hephon was applled +0 burley +obacco 'Ky 14' seedllngs a+ ra+es of

500 and 1000 mg
L”1,

wl+h subsequen+ +ransplan+lng a+ 1, 3, 7 and 10 days

af+er +rea+men+ (48). Early gr0w+h was suppressed, flowerlng was

delayed, and yleld and value were reduced for e+hephon +rea+ed plan+s

+ranspIan+ed one day af+er +rea+men+ compared +0 +he la+er

+ranspIan+lngs. PIan+ responses +0 +he +w0 ra+es were no+ slgnlflcan+ly

dlfferen+ excep+ for a grea+er delay ln flowerlng a+ +he flrs+ +ransplan+

da+e wl+h +he higher ra+e.

Pre+ransplan+ appllcafions of a 1000 mg L°1 e+hephon solu+l0n +0

burley +obacco seedllngs 11 days af+er +ransfer +0 a con+rolled florally

lnduc+lve envlr0nmen+ lncreased days frcm +ransplan+lng +0 flowerlng and

number of leaves a+ flowerlng ln +w0 of +hree years (43). E+hephon

applled +0 seedllngs growing ln a florally nonlnduc+lve envlronmen+ dld

no+ slgnlflcan+ly affec+ days +0 flower or Ieaf number, aI+h0ugh

flowerlng was delayed +wo +0 +hree days by e+hephon +rea+men+. When

floral lnduc+l0n was c0mple+ed before +he appllca+i0n of 0+heph0n, +he

e+hephon +rea+men+ dld no+ reverse +he lnduc+l0n and so dld no+ lncrease

+he number of leaves a+ subsequen+ flowerlng. Pre+ransplan+ e+hephon

+rea+men+ lncreased yleld (when applled before c0mple+l0n of floral

lnduc+i0n) of plan+s exposed +0 +he lnduc+lve envlr0nmen+, bu+ did no+

- affec+ yleld of plan+s exposed +0 +he noninduc+lv0 envlr0men+. T0+al

alkalolds ln +he cured leaf were no+ affec+ed by e+hephon +rea+men+. ln

a reIa+ed experlmen+, seedllng s+em Ieng+h dld no+ increase durlng +he

period of +w0 +0 nine days af+er e+hephon +rea+men+ when e+hephon

c0ncen+ra+l0ns were > 1000 mg L°1. A+ e+hephon c0ncen+ra+i0ns of 250 and
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500 mg L°1, sTem lengThs were Ilkewlse less Than Those of unTreaTed

seedl lngs by four days afTer appl lcaTlon. The effecT of eThephon

concenTraTlon on sTem elongaTlon remalned obvlous 21 days afTer

TreaTmenT.

EThylene-lnduced lnhlblTlon of flowerlng has also been observed ln

cockleburs (Lan;Ll1_i_um Wal In.) (1) and Japanese morning glory

(Eh.¤E.b.I.tLä 11.l.L L.) (65). EThylene-lnduced promoTlon of flowerlng has

been reporTed ln plneapple (Anan_ass_a_s_a;Ila L.) (18) and ßLum_b_ag9_l_¤_d_l_q_a

L. (59).



MATERIALS AND METHODS

On-Farm Fleld Tes+

An 0n—farm +es+ +0 evalua+e +he lnfluence of e+hephon and pIan+ bed

cover managemen+ on flowerlng, leaf produc+lon, yleld, and quall+y of

flue-cured +obacco was conduc+ed In Vlrglnla a+ four loca+lons ln 1983

and +hree loca+lons ln 1984. Cul+lvar NC 82, repor+ed +0 be suscep+lbIe

+0 prema+ure flowerlng (36,37), was grown a+ each l0ca+lon. Seedllngs

were grown under perfora+ed plas+1c covers ln 84 m2 pIan+ beds (excep+

+ha+ +he 1984 May loca+l0n plan+ bed was 167 mz) par+l+loned ln+o four

equal—slzed experlmen+al unl+s. Cover managemen+ +rea+men+s involved

removal of +he cover a+ an es+lma+ed 14 days before +ransplan+ing or a+

seven days af+er +he flrs+ cover removal da+e. E+hephon +rea+men+s,

applled af +he la++er cover removal da+e, lncluded no+ sprayed and

sprayed. A s+ock solu+lon of 960 mg L'1 e+hephon was prepared by mlxlng

237 mL of "FloreI" (dona+ed by Unlon Carblde) ln 9.47 L of wa+er, and

+hls solu+lon was applled a+ +he ra+e of 136 mL m'2 of pIan+ bed uslng a

CO2 pressurlzed sprayer equlpped wl+h +hree nozzles on a 1.83 m boom and

opera+ed a+ 2.8 kg cm°2 pressure. Amblen+ hlgh and low +empera+ures were

m0nl+ored dally s+ar+lng ab0u+ 40 days af+er seedlng using maxlmum-

mlnlmum +hermone+ers s+a+loned a+ each loca+Ion. Tempera+ure sensors

were shaded na+urally or wl+h whl+e clo+h and were p0sl+loned 30 +0 40 cm

above ground.

Seedllngs were +ransplan+ed appr0xlma+ely seven days af+er e+hephon

+rea+men+ ln a randomlzed complefe block deslgn wl+h +hree repllcafes.

Convenflonal cul+ural prac+lces were used af+er fransplanfing. Plo+ slze

17
‘
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was 337.5 mz, and daTa were colIecTed froh The cenTer Two rows of four-

row ploTs (four locaTlons) and from The cenTer row of Three-row pIoTs

(Three locaTlons). ParameTers measured were days frcm Transplanflng To

flower, number of leaves per planT aT flowerlng, yleld, and qualITy.

PlanTs were consldered "ln flower" on The daTe ThaT The floral bud flrsT

became vlsible To The unaided eye. DaTa for flowerlng were collecTed

weekly. PlanTs ln flower wlfhln 45 days afTer TransplanTlng were

consldered To be flowerlng premaTurely. The IowesT leaves on The

TranspIanTed seedllng, whlch do noT develop To normal harvesfable slze,

and leaves less Than one cm wlde were noT included ln The Ieaf counTs.

STem helghTs (measured froh soll level To The base of The bud) and

ToTal Ieaf area of represenTaTive seedllngs were measured aT each cover

removal daTe. Leaf areas were obTalned by muITlplylng welghTs of Ieaf

Tracings on paper by The average welghf of one square cm of The same '

paper. These measureenTs provlded characTerlzaTlon of seedllng

developmenT sTage aT cover removal and aT The Tlme of eThephon

appllcaTlon. Cured leaves from each pIoT were welghed and asslgned an

offlclal U.S. GovernmenT grade (by a U.S. GovernmenT lnspecTor), and

ylelds and grade lndlces (77) were compuTed. lncreased quaIlTy lndex

lndlcaTes lncreased quallTy of The cured leaves.
1

The daTa were analyzed for individual locaTlons, wlTh facTorIal

arrangemenT of The exposure and eThephon TreaTmenTs. Analysls of arc-

sln-Transformed daTa for percenTage premaTure flowerlng ylelded ldenTlcal

resulTs as analysls of nonTransformed daTa, and Therefore, nonTransformed

daTa are reporfed. TreaTmenT means presenfed are averages of all planTs
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(approximaTely 175 To 250 planTs) from daTa rowls) of each ploT.

On-STaTlon Field TesTs
’

Qenegai Epgggdupes. PlanT beds were seeded To culTlvar 'NC 82'

Tobacco on 2 March 1984 for all field experlmenfs (planT bed efhephon

appIlcaTlons, sTage of developmenT, and eThephon volume TesTs) conducTed

aT The SouThern PledmonT Cenfer. Planf beds were dlvlded lnTo 4.2 mz

experlmenfal unlTs following removal of The coTTon covers on 7 May.

Ambienf TemperaTures aT The planT bed were monlTored dally uslng a

maximum-mlnlmum Thermqnefer. EThephon TreaTmenTs were repllcafed once.

EThephon was applled as a 960 mg
L”1

soluflon aT The raTe of 136 mL
m”2

using a CO2 pressurlzed backpack sprayer equlpped wlTh a 1.83 m boom wlTh

Three nozzles and operaTed af 2.8 kg cm'2 pressure. AparT fron
‘

experlmenfal TreaTmenTs, planT bed seedllngs were grown accordlng To

convenTlonal culfural pracflces. Seedllngs were TransplanTed ln a

randomlzed compleTe block design wlTh four repllcaTlons (excepT for Three

repllcaTlons ln The efhephon volume sTudy). PloTs conslsfed of one row

of 22 planTs spaced 51 cm aparT wlTh 1.22 m befween rows. Field plofs

were managed accordlng To convenTlonal culTural pracfices, excepf ThaT
I

The lnfluorescence of planTs flowerlng premaTurely was rmoved and a

formulaTlon of faTTy alcohols was applled To conTrol axlllary bud growTh

and enable evaluaflon of The influence of premaTure flowerlng on yleld.

Under convenTlonal producTlon pracTlces, premaTurely flowerlng planTs
l

would be allowed To produce an axlllary bud for addlTional leaf

producTlon. DaTa were collecfed To obTaln days To flower and ToTal
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number of leaf nodes per plan+ a+ flowerlng. Plan+s were consldered +0

be ln flower on +he da+e +he floral bud became vlslble +0 +he unalded

eye. Da+a were collec+ed for flowerlng on Monday, Wednesday, and Frlday

of each week. Plan+s flowerlng wl+hln 35 days af+er +ransplan+lng were

consldered +0 be flowerlng prema+urely. All vlslble nodes, lncludlng

+hose wl+h senesced leaves and small leaves par+lalIy enveloplng +he

emerglng floral bud were lncluded ln +he node coun+s.

Cured leaf ylelds and grade lndlces were de+ermlned as descrlbed ln

+he on-farm +es+. A represen+a+lve, wh0le—plan+ sample of cured leaf was

ob+alned froh each plo+ and analyzed for nlco+lne (30) and reduclng

sugars (20). Sulfanlllc acld was subs+l+u+ed for buffered anallne

solu+l0n ln +he nlco+lne analysls.

The da+a were analyzed by analysls of varlance and +he Leas+

S1gn1flcan+ Dlfference (LSD) was used a+ +he 0.05 level of pr0bablll+y +0

separa+e means of s+a+ls+lcally slgnlflcan+ effec+s. Analysls of arc-

sln-fransformed percen+age prema+ure flowerlng da+a ylelded lden+lcal

resuI+s as analysls of non+ransformed da+a, and +herefore, non+ransformed

da+a are repor+ed. Trea+men+ means presen+ed are averages from 18 +0 22

plan+s.

Thls experlmen+ was conduc+ed +0

compare performance of +obacco plan+s +rea+ed wl+h slngle and mul+lple

appl1ca+l0ns of e+hephon. E+hephon +rea+men+s consls+ed of an un+rea+ed

con+rol, one appllca+lon ln +he plan+ bed (18 May), +wo appIlca+lons ln

+he plan+ bed (18 and 24 May), and one appllca+lon ln +he plan+ bed wl+h
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an0+her appllca+lon ln +he fleld 10 days af+er +ranspIan+lng (18 May and

4 June). Seedllngs were +ransplan+ed on 25 May.

Thls experlmen+ was conduc+ed +0 0b+aln

lnforma+l0n abou+ +he appropr1a+e +1me +0 apply e+hephon +0 plan+ bed

seedllngs for c0n+r0l of prema+ure flowerlng. E+hephon was applled +0

seedllngs a+ +hree dlfferen+ s+ages of developmen+: 1.5, 2.5, and 5.0 cm

s+em helgh+s (averages of 6 represen+a+lve pIan+s) measured from soll

level +0 +he base of +he bud. To+al Ieaf areas a+ +he +1me of e+hephon

appllca+lon averaged 82, 192, and 202 cmz for seedllngs +rea+ed a+ s+em

helgh+s of 1.5, 2.5, and 5.0 cm, respec+lve|y. Leaf areas were ob+alned

as descrlbed ln +he on—farm +es+. E+hephon was applled +0 +he 1.5 cm

seedllngs on 9 May and +0 +he 2.5 and 5.0 cm seedllngs on 15 May, and +he

seedllngs were +ransplan+ed on 21 May.

EiheghQn_19lyme. Thls s+udy was conduc+ed +0 1nves+lga+e a

po+en+lal ln+erac+l0n be+ween e+hephon and subsequen+ plan+lng da+e.

TVGBTNGNT v0|uméS of 960 mgL°1 e+hephon solu+l0n were 0, 41, 81, 122, or

244 mL m'2 of plan+ bed. Seedllngs were +ransplan+ed +hree and seven

days af+er +he 18 May e+hephon appllca+l0ns ln a randomlzed cohpIe+e
I

block design. S+em helgh+s froh soll level +0 +he base of +he bud of

flve represen+a+lve plan+ bed seedllngs were measured weekly for four

weeks af+er +rea+men+. Weekly s+em helgh+ measuremen+s froh ·

+ransplan+lng un+ll flowerlng were +aken froh flve consecu+lve plan+s,

beglnnlng wl+h +he second plan+ ln each row. Da+a were analyzed by

analysls of varlance for a 2 X 5 fac+orlal arrangemen+ of +ransplan+ da+e

and e+hephon +rea+men+s. The e+hephon volume effec+ was also analyzed
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separaTeIy wlThln each TransplanT daTe.

Greenhouse and GrowTh Chamber TesTs

EEHQEäl.§C§§DhQH§§.EEQQ§§HL§§• Greenhouse TesTs, conducTed ln 1984 aT

The Vlrglnla Tech SouThern PiedmonT CenTer, were repeaTed for each

experimenT (excepT eThephon volume). PlanTs for The firsT series of

TesTs were seeded on 13 Aug. and seedllngs were planTed on 10 SepT. ln

sTyrofoam flaTs conTalnlng vermlcullTe. Seedllngs were waTered as

required and nuTrlenTs were applied weekly. NuTrlenT soluTlon, prepared

by mlxlng 75 g of PeTers Hydro-Sol (5-11-26 analysls) and 50 g of CaNo3

ln 75.6 L of waTer, conTa1ned The following concenTraTlons of nuTrlenTs

ln unlTs of nmol L'}: 10 928 N, 1 581 P, 5 473 K, 3 300 Ca, 1 259 Mg, 1

240 $04, 55 Fe, 9 Mn, 2 Zn, 2 Cu, 47 B, 1 Mo, 1 Cl, and 16 Na. PlanTs

for The second TesTs were seeded 28 SepT. 1984, and seedllngs were

planTed ln sTyrofoam flaTs on 23 0cT. Seedllngs were supplled wlTh

nuTr1enT soluTlon Twlce per week.

TreaTed seedllngs were poTTed ln 15-cm-dlameTer clay poTs conTalnlng

vermicullTe. PoTs were placed Two each in 2.8 L pans To whlch

approxlmaTeIy 1.4 L of nuTrlenT soluTlon were added weekly. Single-pIanT

experlmenTal unlTs were asslgned To pans ln a randomlzed compleTe block

- deslgn repl1caTed five Times. PoTs were re-randomlzed one per pan and

l spaced 30 To 40 cm aparT on The greenhouse bench To prevenT llghT

compeTlTlon problems (approxlmaTely four weeks afTer poTTing).

SupplemenTal fluorescenT IlghTlng from General ElecTrlc F40LW-R5-WMlI

LiTe WhiTe lamps was supplled ln The greenhouse durlng The second series
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of +es+s +0 ex+end +he sh0r+, w1n+er daylengfhs +0 14.5 hours.

Tempera+ures ln +he greenhouse ranged fron 21 +0 32°C.

Dafa were c0Ilec+ed for days from p0++ing +0 flower and number of

leaf nodes a+ flowerlng as described In +he field +es+ me+h0ds. S+em

helgh+s, measured fron +he p0++lng-medla +0 +he base of +he bud, were

recorded for m0s+ experlmen+s. Final s+em helgh+s, fron p0++lng-medla +0

+he uppermos+ leaf > 1.0 cm wide, were measured a+ +he full flower s+age

(l.e., when a majorl+y of +he fl0re+s were open and pink) for +he second

+es+ of +hese experlmen+s. O+her da+a c0Ilec+ed are as described for +he

individual experimen+s. Da+a were analyzed by analysls of varlance for a

randomlzed complefe block design wl+h flve repllca+es and s+a+ls+lcally

signlflcan+ means were separa+ed by +he LSD me+hod. Trea+men+ means

presenfed are averages of 5 plan+s (excep+ 10 plan+s for +he efhephon

volume +es+). _

Seedllngs in sfyrofoam fIa+s were

fransferred frcm +he greenhouse +0 a floral lnduc+l0n grow+h chmber for

a +hree week period. The chamber was confrolled a+ 15°C +empera+ure and

8/16 h llgh+/dark periods. Chamber ligh+lng was provlded by +hree Sun-

Brella lamps from Envlronmen+al Grow+h Chambers (Chagrln Falls, OH), each

equipped wl+h a me+al hallde (General Elec+rlc Mul+lvap0r MVR40OU) and a

high pressure sodium (General Elec+rIc Lucalox LU400) Iamp.

Ph0+0syn+he+lcalIy ac+lve radla+ion (PAR) averaged 263 umol m'2s°1 a+ +0p

of +he planfs.

Con+r0l seedllngs in +w0 experlmen+s (e+heph0n grow+h effec+ and

efhylene quan+lfica+l0n) were fransferred +0 a florally n0ninduc+lve
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growTh chamber for Three weeks. This chamber was conTrolIed aT 25°C and

13.5 hour phoToperlod. Chamber llghTing was as described for The ‘

inducTlon chamber, excepT ThaT PAR averaged 178 umol m"2s”1 aT Top of

planTs. The second TesT of The growTh chamber eThephon Tlming sTudy was

also conducTed ln This growTh chmber, buT TemperaTure and phoToperiod

were conTrolIed aT 15°C and 8 h, respecTiveIy.

NuTrienT soluTlon and waTer were applied To seedlings ln The growTh

chambers as described for The greenhouse seedlings. EThephon TreaTmenTs

were applied durlng The period ln which The seedlings were ln The growTh

chambers. Seedllngs were Temporarlly rmoved from The chambers for

TreaTmenT appllcaTlons. EThephon was applied as one mL of a 960 mgL'1

soluTion per planT as a mlsT frcm an "EThrel" TesT kiT sprayer To The

adaxlal surface of The leaves. Seedllng leaf areas aT The Tlme of

Transfer To The growTh chambers were deTermlned by mulTlplying The Ieaf

IengTh by wldTh by an adJusTmenT facTor of 0.7 obTalned from similar slze

planTs of known Ieaf IengTh, wldTh, and area. A similar adjusTmenT

facTor was reporTed prevlously (66). STem helghTs were measured from The

poTTlng media To The base of The bud. Appendix Table 1 shows seedling

Ieaf areas and sTem helghTs when Transferred To lnducTlon chmbers and

days afTer Transfer To chambers when eThephon was applied.

ELQuIh.§hamh&£.EIh2phQn.Ilming. This experlmenT was conducTed To

deTermlne lf Tobacco flowerlng response To eThephon was lnfluenced by The

Tlming of eThephon appllcaTlon ln relaTlon To duraTlon of seedllng

exposure To a conTro|Ied florally inducTlve environmenT. Two mlIllllTers
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of a 960 mg L°1 e+heph0n soIu+lon were applied as a mls+ +0 each seedllng

af+er 0,7,14, or 21 days exposure +0 +he lnduc+lve envlronmen+.

Seedlings were removed fron +he lnduc+lon chamber for applica+lon of

e+hephon +0 reduce +he posslblIl+y of acciden+al applica+lon +0 0+her

seedllngs. Trea+ed seedllngs were lmmedla+ely placed in a separa+e

chamber (15°C and PAR averaglng 149 umol m'2s" a+ +0p of plan+s) for +wo

+0 seven days +0 mlnlmize +he p0sslbill+y of con+amlna+l0n of 0+her

seedllngs by e+hylene released from +rea+ed seedllngs. Trea+men+s

included an un+rea+ed con+rol, and ln +es+ one a "la+e" con+r0l was also

included. La+e con+rol seedllngs were no+ +ransferred +0 +he floral

lnduc+lon chamber un+ll nlne days of +he 21 day lnduc+lon period had

elapsed. C0n+rol and la+e con+roI seedllngs were +herefore exposed +0

+he florally lnduc+lve envlronmen+ for 21 and 12 days, respec+ively.

Af+er +he lnduc+lon period, seedllngs were +ransferred +0 a la+h house

for condl+ionlng +0 +he amblen+ envlronmen+ for seven days prior +0

+ransplan+lng. Trea+men+s were asslgned +0 plo+s ln a randomlzed c0mple+e

block design wl+h four repllca+i0ns. Plo+s c0nsis+ed of one row of 18

plan+s 51 cm apar+ wl+h 1.22 m be+ween rows. Plan+s were grown in +he

field according +0 conven+ional cul+ural prac+lces. Plan+s flowering

wl+hln 45 days af+er +ransplan+lng were considered +0 have flowered

prema+urely. 0+her da+a were c0llec+ed as described for +he on-s+a+i0n

field +es+s. Appendlx Table 2 shows da+es when relevan+ procedures were

conduc+ed and charac+eriza+lons of seedllngs s+age of devel0pmen+ when

+ransferred +0 floral lnduc+lon chambers.

This greenhouse and grow+h chamber experimen+
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was conducTed To deTermlne The lnfluence of seedling sTage of developmenf

on efflcacy of eThephon in delaying flowering. EThephon was applled when

seedlings aTTalned a sTem heighT of 1.5 or 2.5 cm. Seedllngs were

removed frcm The floral lnducTion chamber for eThephon appllcaTions and

were refurned To The chamber afTer alr drylng for 45 To 60 mlnuTes aT

approximaTely 15°C,

EjnephQn_19lume. The lnfluence of eThephon raTes on sTem elongaTlon

and flowerlng of planTs noT exposed To a florally inducTlve envlronmenT

was sTudied in The greenhouse. A 960 eThephon soluTion was applied

To seedllngs af raTes of 0,41,81,12Z, or 244 mL
m”2.

TreaTmenTs were

applled on 25 SepT. 1984 (28 and 15 days afTer seedlng and poTTlng,

respecTively) and were repllcaTed 10 Times. PoTTed seedlings were placed

ln an area having The same dlmensions as The pIanT bed experlmenTal uniTs ·

of The previously described fleld TesT of This experimenT, and eThephon

was applied To ThaT enTire area. STem helghTs were measured weekly and

days To flower were recorded.

Eihgph9n_Hash;9ii. This experimenT was conducTed To sTudy The

reIaTionship beTween vegeTaTlve/floral developmenT and The elapsed Time

beTween eThephon appllcaTion and washlng of The seedlings wlTh a 23-

second simulaTed 2.5 cm ralnfall. Seedllngs were washed aT 15,30, 60,

120, or 240 mlnuTes afTer appllcaTion of eThephon. A noT washed conTrol

TreaTmenT was included ln TesT Two. Seedllngs were removed fron The

floral lnducTion chamber for TreaTmenT. Seedllngs washed af 15, 30, and

60 mlnuTes were kepT ouTslde The chamber (ln TemperaTures of

approximaTely 15 To 20°C) unTil washed; The remalnlng seedlings,
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lncludlng c0n+r0ls, were re+urned +0 +he chamber af+er 60 +0 80 mlnu+es.

All seedllngs were re+urned +0 +he lnduc+l0n chamber lmmedla+ely af+er

washlng. ‘

Eih2mhQu.LQ£aLlzaIl9n. Thls greenhouse and gr0w+h chamber

experlmen+ was conduc+ed +0 de+ermlne +he lnfluence of on-plan+

locallza+lon and an0un+ of applled e+hephon on grow+h and flowerlng of

+obacc0. Locallzed plan+ par+s +rea+ed were yellow leaf, leaf 1, leaf 2,

leaf 3, leaf 4, all leaves, bud, bud (3X concen+ra+lon of e+hephon>, all

leaves plus bud, and r0o+s. E+heph0n frcn a 1.0 mL syrlnge was applled +0

+he leaves as drople+s spaced five cm apar+. The larger leaves,

+herefore, recelved grea+er amoun+s of e+hephon. Ac+uaI amoun+s applled

are shown ln +he resul+s. The yellow leaf was +he lowes+ leaf and had

senesced. Leaves one +hrough four were +he successlve leaves above +he

yellow leaf. Seedllngs +rea+ed ln +he bud recelved one drople+ of

e+hephon solu+l0n. A second bud +rea+men+ consls+ed 0+ a 3X

concen+ra+lon of e+hephon (2880 lns+ead of 960 mg E+heph¤n was

applled +0 +he roo+s as 20 mL of a 480 mg
L”1

e+hephon s0lu+i0n poured

0n+o +he vermlcull+e po++lng medla. Seedllngs were re+urned +0 +he

chamber lmmedla+ely af+er +rea+men+. Un+rea+ed seedllngs were used as

con+r0Is. The da+a were analyzed by analysls 0+ covarlance, w1+h +he

amoun+ of e+hephon as +he covarlan+.

Eiheph9n_§;Qw1h_Eiiegi. Plan+ response +0 e+hephon applied +0

seedllngs exposed +0 +loraIly nonlnduc+lve and lnduc+lve envlronmen+s was

examlned ln a greenhouse/gr0w+h chamber experlmen+. Seedllngs were

+ransferred +0 a florally nonlnduc+lve (25°C and 13.5 ph0+operl0ds) or
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lnducTlve (15°C and 8 h phoToperlods) envlronmenT for Three weeks. One

half of The seedllngs ln boTh envlronmenTs were TreaTed wlTh eThephon

durlng Thls perlod. AfTer Three weeks ln The growTh chambers, seedllngs

were reTurned To The greenhouse. Leaf IengThs and wldThs and sTem

helghTs were measured aT varlous Times afTer TreaTmenT. Days To flower

and number of Ieaf nodes aT flowerlng were also recorded. The daTa were

analyzed by analysls of varlance for a 2 x 2 facTorlal arrangemenT of The

envIronmenT and eThephon TreaTmenTs.

E;hylene_QuahiljLga1LQn. The relaTlonshlp beTween eThephon

appllcaTlon To Tobacco seedllngs and correspondlng levels of eThylene

released from dlfferenT pIanT parTs aT varlous Tlmes afTer eThephon

appllcaTlon was lnvesTlgaTed in a greenhouse/growTh chamber experImenT.

Seedllngs exposed To a florally lnducTlve envlronmenT were TreaTed wlTh

eThephon. Nonlnduced and lnduced planTs were lncluded as conTrols. Slx

planTs froh each of The Three TreaTmenTs were harvesTed aT lndlcaTed days

afTer eThephon TreaTmenT and Transferred To The laboraTory. VermlcuIlTe

was genTly washed from The rooTs and leaves were genT|y rlnsed wlTh

running Tap waTer. Seedllngs were dlssecTed lnTo four parTs: aplces (The

bud, lncludlng The sTem segmenT down To flrsT node below bud), sTems

(segmenT frcm flrsT node below bud To crown), leaves (cuT lnTo l-cm-

dlameTer dlscs before welghlng), and rooTs (lncludlng The below—solI-Ilne

segmenT of The sTem). PlanT parTs were elTher alr drled or bloTTed dry,

and afTer belng welghed were lncubaTed for Three h ln 20 mL dlsTllled

waTer ln peTrl dlshes placed under fIuorescenT IlghTlng To allow wound

eThyIene To subslde (5). SeparaTe parTs froh Three planTs (one
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repllcaTlon) were Transferred To 25 mL Erlemyer flasks conTalnlng one mL

dlsTllled waTer. Flasks were sealed wlTh rubber serum sToppers and

placed ln darkness aT 28°C fer 24 h. A one mL sample cf alr was Then

wlThdrawn from The flask head space wlTh a gas—TlghT syrlnge and lnjecTed

lnTo a HewIeTT-Packard HP 5750 gas chr¤naTagraph (GC) for eThyIene

analysls (71,62). The GC was equlpped wlTh an alumlna F1 column operaTed

aT 110°C oven TemperaTure and a flame lonlzaTl0n deTecTor operaTed aT

175°C. Flow raTes for oxygen, hydrogen, and nlTrogen (carrler gas)

averaged 320, 40, and 50 mL mln°1, respecTlvely. CallbraTlon polnTs were

obTalned by measurlng peak areas obTalned frcm known amounTs of eThylene

sTandard, and a cublc regresslon curve was flTTed To These daTa polnTs.

The equaTlon obTalned frcm This regresslon model was used To quanTlfy The

eThylene ln The samples. RaTes of eThyIene evolved frcm planT parTs

wlThln a TreaTmenT were analyzed by analysls of varlance for each

sampllng daTe.



RESULTS AND DISCUSSION

On-Farm Fleld TesTs .
Dlfferences ln The level of premaTure flowerlng among locaTlons

conTrlbuTed To a slgnlflcanT locaflon X eThephon lnTeracTlon, and The

magnlTude of dlfferences ln error varlances also precluded The comblnlng

of daTa across locaTlons. Therefore, The resulTs for lndlvldual

locaTlons are presenfed.

Excludlng The Crews locaTlon, eThephon applled To preTranspIanT

flue-cured Tobacco seedllngs slgnlflcanTly reduced premaTure flowerlng

and lncreased The number of leaves per planf aT flowerlng (excludlng The

Scarce locaTlon) aT all flve locaTlons havlng aT leasT 7% premaTure

flowerlng ln 2—weeks-exposed conTrol planTs (Tables 1 & 2). Efhephon

also lncreased The number of days frcn TransplanTlng To flower aT These

locaTlons. The Three locaTlons whlch had a slgnlflcanT preTranspIanT

duraTlon of exposure effecT also had a slgnlflcanT exposure X eThephon

lnTeracTlon (Appendlx Tables 3 & 4). The lnfluence of eThephon on

premaTure flowerlng aT Thé 1983 May and Scarce locaTlons, on number er

leaves aT The 1983 Hawfhorne locaTlon, and on days To flower aT The 1983

May IocaTlon was greaTer when The eThephon was applled To seedllngs fron

whlch The perforaTed plasTic covers were removed Two weeks lnsTead of one

week before TransplanTlng (Table 1). Thls lnTeracTlon appears To be The

resulT of a greaTer level of floral lnducTlon ln The conTrol seedllngs

exposed To The amblenf envlronmenf for Two weeks. lncreased lnducflon

could have resulTed from lncreased duraTlon of exposure To a florally

lnducTlve envlronmenT. Also, aT one locaTion (1983 May), lower

30
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Table 1. Influence of exposure to ambient temperatures and pre-
transplant ethephon on five agronomic characteristics of flue-
cured tobacco grown at four locations, 1983.

weeks Days Leaves
of to per Premature Quality

exposure Ethephon flower plant flowering Yield index

1 % kg mil
Hawthorne location

1 No 45.2 19.7 23.5 3434 72.7
”

Yes 47.7 20.2 6.9 3241 74.0
2 No 44.6 18.1 29.5 3213 72.7

Yes 47.6 20.5 9.5 3453 73.0
1.6 1.0 21.6 NS NS

CV (%) 1.8 2.7 62.3 5.4 2.7

May location

1 No 51.8 21.9 6.4 4417 48.7
Yes 52.5 24.2 2.4 3997 48.7

2 No 48.3 20.8 23.1 4190 51.7
Yes 52.6 24.9 2.4 4010 54.7

LSDO.O5 2.5 V 2.0 11.8 NS NS
CV (%) 2.4 4.3 69.0 13.7 7.1

Crews location
1 No 53.1 19.7 7.0 2259 57.7

Yes 53.3 18.9 3.8 2396 59.3
2 No 51.9 17.1 10.9 2194 57.3

Yes 52.8 19.4 10.1 2475 54.3
NS NS NS NS NS

CV (%) 2.2 12.1 59.1 8.9 3.9

Scarce location
1 No 64.7 22.6 1.4 2227 45.7

Yes 67.5 22.7 1.1 2204 42.3
2 No 62.8 21.7 7.1 2237 43.7

Yes 67.1 23.0 1.2 2242 42.7

LSDOIOS 4.1 NS 2.4 NS NS
CV (%) 3.1 3.3 43.6 9.4 9.9
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Table 2. Influence of exposure to ambient temperatures and pre-
transplant ethephon on five agronomic characteristics of flue-
cured tobacco at three locations, 1984.

weeks Days Leaves
of to per Premature Quality

exposure Ethephon flower plant flowering Yield index

$6 kg na‘l
Hawthorne location

1 No 51.8 19.8 20.3 2946 65.3
Yes 53.8 21.7 7.6 3162 66.3

2 No 49.1 18.9 37.5 2829 68.7
Yes 53.4 22.0 11.3 3198 68.0

LSDO 05 2.9 1.9 16.8 223 NS
CV (%) 2.8 4.5 43.8 3.7 6.4

May location

1 No 70.4 25.1 _ 0.1 3293 57.7
Yes 71.3 24.7 0.0 3638 53.3

2 No 70.0 24.7 1.3 3109 55.0
Yes 71.9 24.5 0.1 3415 56.7

LSDO 05 NS NS NS NS NS
CV (%) 1.4 2.2 260.0 11.8 6.6

Guthrie location
1 No 55.4 23.2 5.0 1919 48.0

Yes 56.0 23.7 1.4 2026 46.7
2 No 55.1 23.7 4.8 1919 49.0

Yes 55.8 23.2 2.9 2016 46.0
LSDO 05 NS NS NS NS NS
CV (%) 2.7 1.8 79.3 8.1 4.1



33

+empera+ures during +he inl+ial seven days exposure were observed (Table

_ 3). lncreased dura+l0n of exposure of burley and flue—cured +0bacc0

seedllngs +0 a con+rolled florally lnduc+lve envlronmen+ was repor+ed by

Kasperbauer (41) +0 decrease days +0 flower and leaves per plan+ a+

flowerlng.

Average e+hephon-lnduced decreases ln prema+ure flowerlng for plan+s

exposed +0 +he amblen+ envlronmen+ for one and +wo weeks, respec+lveIy,

were 4.0 and 20.7 percen+age poln+s a+ +he 1983 May Ioca+lon and 0.3 and

5.9 percen+age poln+s a+ +he Scarce loca+lon (Table 1). Average

lncreases ln days +0 flower as a resul+ of e+hephon appllca+lons a+ +he

1983 May loca+lon were 0.7 and 4.3 days for plan+s exposed for one and

+wo weeks, respec+lvely. Average e+hephon—lnduced lncreases ln leaves

per plan+ were 0.5 and 2.4 leaves a+ +he 1983 Haw+horne loca+lon for

plan+s exposed for one and +wo weeks, respec+lvely. For loca+lons wl+h a

slgnlflcan+ e+hephon effec+ bu+ wl+h0u+ a slgnlflcan+ exposure X e+hephon

1n+erac+l0n, +he average e+hephon-lnduced lncreases ln days +0 flower and

leaves per plan+ and decreases in prema+ure flowerlng were 2.7 days, 2.9

leaves, and 18.9 percen+age poln+s, respec+lveIy, when summed over +he

_ exposure +rea+men+s.

The +wo highes+ percen+ages of prema+ure flowerlng occurred a+ +he

+wo loca+lons wl+h +he lowes+ average dally mlnlmum +empera+ures durlng

+he four weeks lmmedla+ely prlor +0 +ransplan+lng (Table 4). .Thls

rela+l0nsh1p ls consls+en+ wl+h prevlous rep0r+s of work wl+h burley (40)

and fIue—cured +0bacco (33) ln con+rolled envlr0nmen+s, ln which

earllness of flowerlng was rela+ed +0 decreased +empera+ures ln +he



34

Table 3. Ambient temperatures and premature fl owering at on—farm
tests with exposure duration x ethephon interactions for certain
parameters, 1983.

Mean daily minimum temp.
weeks of from cover removal Premature

Location exposure until transplanting flowering

°C %

May 1 15.6 4

2 13.7 13

Hawthorne 1 4.3 15

2 5.9 20

Scarce 1 11.2 1

2 12.3 4
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Table 4. Mean daily minimum temperatures at plant bed locations
immediately before and after transplanting, and percentages of
premature fl owering (summed over treatments).

4 weeks 1 week Premature
Location preplant postplant fl owering

°C °C %

1983 Hawthorne 4.4 11.1 17

May 11.7 13.9 9

Crews 8.9 11.1 8

Scarce 8.9 15.6 3

1984 Hawthorne 6.1 7.2 19

May 7.8 10.6 0

Guthrie 7.2 12.2 4
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seedllng envlronmenT. ln Thls sTudy, however, The relaflonshlp beTween

preTransplanT amblenT TemperaTure and premafure flowerlng was noT

conslsTenT across locaTlons (Table 4). Thls lndlcaTes ThaT TemperaTure
V

ls noT The only facTor lnvolved ln floral lnducTlon of Tobacco seedllngs.

STage of developmenT of Tobacco seedllngs has been reporfed To

affecT response To TemperaTure (40,33,34). Seedllng sTage of developmenT

was characTer1zed aT The Tlmes of cover removal and eThephon appllcaTlon

for The 1984 TesTs. Seedllngs exposed for Two weeks and one week aT The

HawThorne locaTlon, The only one wlTh florally lnducTlve condlTlons ln

1984, averaged 110 and 173 cm2 in leaf area and 2.2 and 5.9 cm ln sTem

helghT aT The Two respecflve Tlmes when The planT bed covers were removed

(Table 5). Average leaf area and sTem helghT was 171 cmz and 5,1 cm,

respecTlvely, when eThephon was applled. Lack of seedllng-sTage floral

lnducTlon aT The oTher 1984 locaTlons prevenTs conclusions froh These

daTa, excepT ThaT seedllngs of These developmenTal sTages can obvlously

be florally lnduced. DaTes when reIevanT managemenT Tasks were performed

and TreaTmenTs were applied aT each locaTlon are shown ln Appendlx Table

5.

EThephon lncreased The number of days To flower for planTs fron boTh

one- and Two-week exposure duraTlons aT The 1983 HawThorne locaTlon.

EThephon-lnduced lncreases ln number of days To flower aT The 1983 May

and Scarce and 1984 HawThorne locaTlons were obTalned only for planTs

exposed To The amblenT envlronmenT for Two weeks (Tables 1 and 2).

DesplTe a slgnlflcanT eThephon effecT on days To flower aT The 1984 May

locaTlon (Appendlx Table 4), dlfferences ln exposure X eThephon
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Table 5. Characterization of seedlings at time of plant bed cover
removal for on—farm test locations, 1984.

weeks of Avg. total Avg.
Location exposure leaf area stem ht.

cmz cm

Hawthorne 1 173 5.9

2 110 2.2

May 1 200 9.5

2 126 5.3

Guthrie 1 252 9.0

2 81 2.5
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lnTeracTlon means were noT slgnlf1canT (Table 2).

Slnce The Tobacco lnfluorescence ls Termlnal, floral lnducTlon

resuITs ln TermlnaTlon of leaf lnlTlaTlon. Delayed floral lnducTlon may

permlT ln1TlaTlon of addlTlonal leaves. AppllcaTlons of eThephon have

been shown To Temporarlly reTard growTh and developmenT of Tobacco

seedllngs (48,43). EThephon-lnduced lncreases ln days To flower could

resulT froh The lnlTlaTlon of addlTlonal leaves and/or delayed

developmenT. |nvolvemenT of boTh facTors would seem llkely when eThephon

was applled To seedllngs growlng ln a florally lnducTlve envlronmenT,

whereas delayed developmenT would appear To explaln an eThephon—lnduced

lncrease ln days To flower under florally noninducTlve condlTlons.

PremaTure flowerlng ls reIaTed To days To flower, and reduced

premaTure flowerlng can also be an lndlcaTlon of lnlTlaTlon of addlTlonal

leaves and/or delayed growTh and developmenT. AT each of four locaTlons

wlTh a slgnlflcanT eThephon effecT on premaTure flowerlng (Appendlx

Tables 3 & 4), eThephon reduced premaTure flowerlng, mosT dramafically ln

The Two—weeks exposed planTs (Tables 1 and 2). AT Three of The four

locaTlons, The effecT of eThephon on days To flower and leaves per planT

was also slgn1flcanT. AT The 1983 Scarce locaTlon, reduced premaTure

lflowerlng apparenTIy was a resulT of eThephon-lnduced delayed developmenT

slnce The eThephon effecT was slgnlflcanT for days To flower buT noT for

number of leaves per planT.

The leaves are The markeTed producT ln commerclal Tobacco

producTlon, and lncreased leaf producTlon would be a major benef1T froh

appllcaflon of eThephon To Tobacco seedllngs. EThephon appIlcaTlons
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slgnlflcanfly lncreased fhe number of leaves per planf af flowerlng for

fhe +wo—weeks exposed blanfs af fhe 1983 Hawfhorne and May and 1984

Hawfhorne locaflons (Tables 1 & 2). The exposure effecf on number of

leaves was hof slgnlflcanf af any locaflon (Table 2). Leaf numbers per

planf were nof slgnlflcanfly dlfferenf for efhephon-freafed seedllngs

exposed fo fhe amblenf envlronmenf for one week or fwo weeks before

fransplanflng (Tables 1 & 2). The efhephon-lnduced lncrease ln number of

leaves for planfs exposed for fwo weeks fo a florally lnducflve amblenf

envlronmenf lndlcafes fhaf prefransplanf efhephon appllcaflons delayed

floral lnducflon.

An lncrease ln yleld of e+hephon—+rea+ed planfs af fhe 1984

Hawfhorne locaflon was fhe only slgnlflcanf effecf of exposure or

efhephon on elfher yleld or quallfy (Table 2). To avold pofenflal yleld

reducflons froh premafure flowerlng, fhe fops of planfs flowerlng

premafurely were removed af all locaflons fo break aplcal domlnance and

permlf producflon of addlflonal leaves froh an axlllary bud.

Convenflonal removal of fops ("fopplng") of nonpremafurely flowerlng

planfs was lnadverfenfly lmplemenfed af a less fhan normal Ieaf number ln

confrol plofs af fhe 1984 Hawfhorne locaflon, and fhe reduced ylelds of

fhe unfreafed plofs were fhe resulf of fhese fopplng procedures. Yleld

decreases would be expecfed for premafurely flowerlng planfs nof freafed

wlfh efhephon lf producflon of an axlllary bud was nof permlffed.

Desplfe premaiure floral lnducflon af fhe 1983 Crews Iocaflon,

efhephon dld nof slgnlflcanfly lnfluence flowerlng (Table 1). Floral

lnducflon may have been complefed before fhe efhephon freafmenfs were
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applled. Delayed flowerlng as a resulT of eThephon—lnduced suppresslon

of growTh and developmenT was noT observed aT Thls locaTlon. Kasperbauer

reporfed ThaT eThephon applled affer floral lnducTlon did noT affecT leaf

number or days To flower (43).

lncreased days To flower and leaves per planT aT flowerlng as a

resulT of preTransplanT eThephon appllcaTlons To flue-cured Tobacco

seedllngs are ln agreemenT wlTh resulTs of slmllar sTudles wlTh burley

Tobacco seedllngs grown in a conTrolled florally lnducTlve envlronmenT

(43). PremaTure flowerlng can be a serlous problem for Tobacco

producers, especially Those growlng suscepflble culTlvars such as NC 82,

slnce premaTure flowerlng lncreases labor requlremenTs and producfion

cosTs and can decrease yleld. ResulTs of These TesTs lndIcaTe

concluslvely ThaT eThephon applled To flue-cured Tobacco NC 82 seedllngs

grown ln florally lnducTlve amblenT envlronmenfs in on—farm planT beds

can slgnlflcanTly decrease premaTure flowerlng and increase The average

numbers of leaves per planT aT flowerlng and days froh TransplanTlng To

flowerlng. Timing of removal of perforaTed plasTlc planT bed covers can

lnfluence The flowerlng of and also The effecT of preTransplanT eThephon

on The flowerlng of flue—cured Tobacco.

PlanT Bed EThephon AppllcaTions

ln earlier sTudles (48,43), eThephon was applled To Tobacco

seedllngs as a single preTransplanT TreaTmenT. In This sTudy, The

eThephon was applled as single and double preTransplanT appIlcaTlons and

as a single preTransplanT comblned wlTh a second appIlcaTlon iO days
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af+er +ransplan+lng.

Slngle and mul+lple appllca+lons of e+hephon slgnlflcan+ly reduced

prema+ure flowerlng and lncreased +he number of days +0 flower and leaf

nodes per plan+ (Table 6). Mul+lple appllca+l0ns, whe+her pre- or pos+—

+ransplan+, dld no+ add +0 +he effec+ of a slngle pre+ransplan+

appllca+lon.

Pre+ranspIan+ slngle and double appllca+lons of e+hephon, compared

+0 c0n+rols, slgnlflcan+ly lncreased yleld (Table 6). However, yleld of

plan+s +rea+ed wl+h +he comblna+lon of pre- and pos+-+ransplan+ e+hephon

appllca+lons was no+ slgnlflcan+ly dlfferen+ fron yleld of con+r0l

plan+s. The addl+l0nal appllca+lon 10 days af+er +ransplan+lng severely

suppressed early—seas0n plan+ grow+h, bu+ no dlfferences were observed ln

helgh+s a+ flowerlng among plan+s recelvlng +he dlfferen+ e+hephon

+rea+men+s. Delayed early developmen+ probably con+rlbu+ed +0 +he

reduced yleld of plan+s recelvlng +he comblna+lon pre- and pos+—

+ransplan+ +rea+men+ compared +0 con+roIs. lncreases ln leaf welgh+

normal occur af+er removal of +he lnfluorescence (78,79), and delayed

developmen+ apparen+ly delayed +hese welgh+ lncreases. Delayed gr0w+h

and devel0pmen+ of plan+s recelvlng +he comblna+lon pre- and pos+—

+ransplan+ e+hephon +rea+men+ apparen+ly decreased cured- leaf quall+y
’

compared +0 +ha+ of c0n+r0ls (Table 6). Quall+y has been ass0cla+ed wl+h

a decllne ln nl+rogen u+lllza+lon and an increase ln s+arch accumuIa+l0n

ln +obacco leaves a+ +he +lme of flowerlng (78,79), and a delay ln +he

+lmlng of +hese even+s could reduce quall+y. In con+ras+, cured—leaf

quall+y of plan+s +rea+ed wl+h slngle and double pre+ransplan+
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appllcaTlons of efhephon was noT dlfferenT from quallTy of conTrol

planTs. However, quallTy of planTs TreaTed wlTh pre- and posT—TransplanT

mulTlple appllcaTlons was slgnlflcanTly lower Than ThaT of planTs TreaTed

wlTh only a slngle appllcaflon of efhephon.

· PercenTages of nlcoTlne and reduclng sugars ln The cured leaves were

noT slgnlflcanTly dlfferenT among TreaTmenTs (Table 6). Slmllar resulTs

have been reporfed from experlmenTs wlTh burley Tobacco (43).

Resulfs of Thls experlmenT lndlcafe no beneflT froh more Than one

appllcaTlon of efhephon To Tobacco seedllngs for conTrol of premafure

flowerlng. Cured—leaf quallTy was acTually reduced by mulTlple

appllcaTlons, and yleld was lowered when The slngle preTranspIanT

appIlcaTlon was suppIemenTed wlTh a second efhephon appllcaflon 10 days

afTer TransplanTlng.

STage of DevelopmenT

Tobacco seedllng sTage of developmenT affecTs The duraTlon of

exposure To an lnducTlve envlronmenT requlred for floral lnducTlon.

Larger seedllngs can be lnduced To flower more qulckly Than smaller

seedllngs exposed To The same florally lnducTlve envlronmenT (40,41).

Alfhough The envlronmenTal condlTlons and duraTlon of exposure To

such condlT1ons necessary for floral lnducTlon of Tobacco seedllngs under

amblenT condlTlons have noT been preclsely characTerlzed, The label on

The formulaTlon of eThephon used ln Thls sTudy ("Florel") only sTaTes

ThaT efhephon should be applled Three To four days before TransplanTlng.

ELeld_jesi. PercenTage premaTure flowerlng of unTreaTed and TreaTed
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pIan+s was no+ slgnlflcanfly dlfferen+ because of +he low level (4.2%) of

prema+ure flowerlng ln c0n+rol plan+s (Table 7). Even wl+h a low level of

prema+ure flowerlng, number of leaf nodes per plan+ af flowerlng was

slgnlflcan+Iy lncreased by appllca+l0n of e+hephon +0 seedllngs a+ each

+rea+men+ helgh+. Dlfferences ln numbers of leaf nodes among +rea+men+s

were no+ large and may no+ have been agronomlcally slgnlflcanf, bu+ were

sufflclen+ly consls+en+ (fhe coefflclenf of varlaflon was 1.7%) +0 be

s+a+ls+lcally slgnlflcanf. The average number of days from fransplanflng

+0 flower was lncreased by e+hephon appllca+lon +0 seedllngs wl+h s+em

helgh+s averaglng 1.5 and 2.5 cm. Days +0 flower for plan+s +rea+ed a+

+he 5.0 cm s+age were no+ slgnlflcan+Iy dlfferenf from days +0 flower of

con+r0l planfs. These resulfs sugges+ +ha+ +he generally observed delay

of gr0w+h and developmen+ from e+hephon was greafer when e+hephon was

applled +0 small seedllngs.

Yleld, quall+y lndlces, and percen+ages of nlco+lne and reduclng

sugars ln +he cured leaves were no+ dlfferen+ among +rea+men+s (Table 7).

Pre+ransplan+ e+hephon appllca+l0n dld no+ reduce yleld or quaIl+y of

planfs no+ exposed +0 a florally lnduc+lve envlr0nmen+, regardless of

seedllng s+em helgh+ when +rea+ed. Yleld lncreases from e+hephon

appllca+lon may have been observed lf +he level of prema+ure floral

lnduc+l0n had been hlgher. Seedllngs ln fhls experlmen+ were small

rela+lve +0 +h0se ln +he 0+her fleld experlmen+s a+ +he S0u+hern Pledm0n+

Cen+er, and +hls may acc0un+ for +he low level of floral lnduc+l0n.

§;eenh9use_iesi5. Efhephon applled +0 seedllngs of 1.5 cm s+em

helgh+ dramaflcally lncreased days +0 flower and number of leaf nodes per
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plan+ (Table 8). Thls +rea+men+ was applled seven days af+er +ransfer of

seedllngs +0 +he floral lnduc+lon chamber and lndlca+es +ha+ floral

lnduc+lon had no+ been c0mple+ed a+ +ha+ +lme.

In +es+ one, days +0 flower for c0n+roIs and seedllngs +rea+ed a+

+he 2.5 cm s+em helgh+ were no+ dlfferen+ (Table 8). Al+hough +he

numbers of leaf nodes a+ flowerlng for plan+s recelvlng +hese +wo

+rea+men+s were s+a+ls+lcally dlfferen+, +he numerlcal dlfference was

small and no+ considered agronomlcally lmpor+an+. Compleflon of floral

lnduc+lon ln +he 2.5 cm seedllngs prlor +0 a++alnmen+ of +rea+men+ slze

caused +he lack of meanlngful dlfferences among plan+s recelvlng +hese

+wo +reahnen+s. When +ransferred from +he greenhouse +0 +he floral

lnduc+lon chambers, seedllngs ln +es+ one averaged 8.7 mm ln s+em helgh+

and, ln +he 15°C envlr0nmen+, dld no+ reach 2.5 cm un+1l af+er +he +hree—

week lnduc+lon perlod.

ln +es+ +wo, seedllngs averaged 16.0 mm ln s+em helgh+ when placed

ln +he lnduc+lon chambers, and had a++alned +he 2.5 cm s+em helgh+ nlne

days la+er. Therefore, slgnlflcan+ lncreases ln days +0 flower, leaf

nodes and s+em heigh+s a+ flowerlng were observed ln plan+s +rea+ed a+

+his s+age of devel0pmen+ (Table 8). The increase ln nodes per pIan+ was

slgnlflcan+ly grea+er when +he e+hephon was applled +0 seedllngs

· averaglng 2.5 compared +0 1.5 cm in s+em helgh+. Correspondlng lncreases

in days +0 flower and s+em helgh+ a+ flowerlng followed +he same +rend

bu+ were no+ s+a+ls+lcally slgn1flcan+. The reason for +he lncreased

Ieaf node response +0 e+hephon by +he seedllngs averaglng 2.5 compared +0

1.5 cm ln s+em helgh+ ls no+ known. The concluslon ls n0ne+heless valld
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_ Table 8. Influence of ethephon applied to greenhouse—grown flue-
cured tobacco seedlings at two stages of development.

Stem ht. (cm) Test 1 Test 2
when treated Days to Leaf nodes Days to Leaf nodes Stem ht. {cm}
with ethephon flower per plant flower per plant at flower

Control 9.6 11.0 11.6 12.0 51.9

1.5 32.4 25.6 44.2 24.2 99.9

2.5 10.8 11.8 59.0 33.8 125.3

LSDO·O5 2.7 0.7 16.6 8.5 31.1

CV (%) 10.7 2.8 29.8 24.9 23.1



48

+ha+ e+heph0n applled +0 flue-cured +0bacc0 seedllngs prlor +0 +he

c0mple+lon of con+r0||ed floral lnducflon slgnlflcan+ly lncreased days +0

flower and number of leaf nodes a+ flowerlng.

E+hephon Volume

„ELQLd_igsi. EvaIua+l0n of pre+ransplan+ e+heph0n ra+es for c0n+r0l

of prema+ure flowerlng and for seedllng gr0w+h suppresslon ln flue—cured

+0bacc0 has no+ been rep0r+ed. In +hls s+udy, on +he slx+h day af+er

+rea+men+, +he l0wes+ one or +w0 leaves of seedllngs +rea+ed a+ +he 244

ML
M”2

ra+e were sllgh+ly yellowed and +he bud and upper leaves were

sllgh+ly crlnkled compared +0 seedllngs recelvlng +he 0+her +rea+men+s.

Four days la+er, +hese effec+s were accen+ua+ed and +he plan+s had

developed a r0se++e appearance. Buds of +hese plan+s, ln con+ras+ +0

0+her plan+s, were sh0r+er and appeared +0 be p0sl+loned lower ln

reIa+lon +0 leaves baslpe+al +0 +he bud. Buds of c0n+rol seedllngs were

l1gh+ green +0 yellowlsh, whlch ls a charac+erls+lc of rapld gr0w+h. ln

Co¤TraST, buds of The 244 ML M°2—+rea+ed plan+s were dark green. N0

dlfferences ln plan+ habl+ were observed for seedllngs recelvlng e+heph0n

a+ +he ra+es of 0, 41, 81, or 122 mL m°2, excep+ +ha+ on day 20 af+er

+rea+men+ +he upper leaves of seedllngs +rea+ed a+ 41, 81, and 122 mL m'2

appeared sllgh+ly more p0ln+ed a+ +he leaf +lp. E+heph0n +rea+men+s

were repllca+ed only once ln +he plan+ bed, and as a resul+ of +he small

number of s+a+ls+lcal degrees of freedom, weekly lncreases ln s+em helgh+

of plan+ bed seedllngs were no+ slgnlflcan+ly dlfferenf among +rea+men+s

(Table 9). However, +he general +rend was +ha+ an lncreased e+heph0n

ra+e suppressed s+em elonga+l0n. Slgnlflcan+ dlfferences ln s+em
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Table 9. weekly stem elongation for flue-cured tobacco plant bed
seedlings following treatment with ethephon at 5 rates.

Stem elongation after treatment
-—-—--------------week------—-------·---—~-

Ethephon rate 1 2 3 4

mL m-2 cm/week _

0 3.6 13.1 16.7 9.4

41 2.2 12.7 13.7 5.4

81 3.0 10.5 13.8 4.9

122 1.9 11.2 16.4 6.6

244 1.5 9.0 12.9 3.5

NS NS NS NS

CV (%) 41.8 20.4 11.0 36.9
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elongaTlon were obTalned for The Thlrd week afTer TransplanTlng (Appendlx

Table 6), wlTh elongaTlon slgnlflcanTly reduced ln planTs recelvlng

eThephon af The 244 mL m°2 raTe compared To conTrols (Table 10). In

general, sTem elongaTlon was suppressed as eThephon raTe was lncreased.

. Dlfferences ln sTem elongaTlon were noT slgnlflcanT for weeks one and Two

afTer TransplanTIng. TransplanT sTress may have slowed growTh of all

seedllngs and made TreaTmenT effecTs undeTecTable. Four weeks afTer

TransplanTlng, dlfferences In sTem elongaTlon were noT slgnlflcanT,

suggesTlng ThaT The planTs had recovered froh suppresslon of growTh.

EThephon-lnduced suppresslon of sTem growTh ln burley Tobacco has

prevlously been reporTed (43).

PercenTage premaTure flowerlng of planTs TransplanTed Three days

afTer TreaTmenT (3-day TransplanTs) was noT affecTed by eThephon raTe

(Table 11) and was slgniflcanTly less Than percenTage premaTure flowerlng

for The 7-day TranspIanTs (Appendlx Table 7). EThephon appllcaTlon

slgnlflcanTly reduced premaTure flowerlng ln The 7-day Transplanfs. The

greaTesT reducTlon was obTalned from The 244 mL
m”2

raTe (Table 11).

Numbers of Ieaf nodes per planT were noT dlfferenT among eThephon raTes

for planTs TransplanTed Three days afTer TreaTmenT, buT for The 7-day

TranspIanTs, The number of nodes for confrol planTs was slgnlflcanTly

less Than Those for eThephon TreaTed planTs (Table 11). Dlfferences ln

node counTs among The dlfferenT raTes were noT slgnlflcanT. Thls

suggesTs ThaT The dlfferences ln premaTure flowerlng among eThephon raTes

for The 7-day TranspIanTs resulTed froh delayed growTh and developmenT

and noT from lnlT1aTlon of addlTlonal leaves. Dlfferences ln premaTure
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Table 10. Posttransplant weekly stem elongation summed over two
transplant dates of flue-cured tobacco treated pretransplant
with 5 rates of ethephon.

Stem elongation after treatment
—-—-------~---—-----week--———-————-———----—--

Ethephon rate 1 2 3 4 5

mL
m_2

cm/week
0 2.5 4.0 9.5 20.9 30.3

41 1.7 3.2 7.9 18.5 28.8

81 2.0 3.6 9.5 21.1 28.0

122 1.7 3.1 7.5 18.2 27.2

244 1.5 2.6 7.0 16.9 27.4

NS ANS 2.3 NS NS
CV (%) 36.4 24.4 15.8 13.5 13.8
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Table 11. Flowering characteristics of flue—cured tobacco
. transplanted at 2 dates following application of ethephon at

5 rates.

Days Nodes
Premature to per
flowering flower plant

Transplant day
Ethephon rate 3 7 3 7 3 7

mL m°2 %

0 1.4 51.1 48.2 36.3 27.5 22.2

41 2.8 16.7 48.4 43.0 27.6 26.1

81 1.4 24.0 48.7 41.1 27.7 25.8

122 1.4 19.0 49.4 43.0 26.9 26.0

244 0.0 3.0 53.0 46.6 27.2 26.8

LSD0_05 NS 10.6 1.8 4.9 NS 1.8

CV (%) 168.4 48.0 1.9 6.2 2.5 3.8
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flowerlng of conTrol and TreaTed planTs, when TransplanTed seven days

afTer TreaTmenT, are apparenTly due boTh To The lnlTlaTlon of addlTlonal

leaves and T0 delayed developmenT.
U

Average number of days from TransplanTlng To flower for The 3-day

TransplanTs was noT d1fferenT among TreaTmenTs, excepT for a slgnlflcanT

increase for planTs recelvlng The hlgh raTe of eThephon (Table 11). Thls

lndlcaTes ThaT The hlgh raTe of eThephon delayed pIanT deveIopmenT To a

greaTer exTenT Than The lower raTes. Days To flower for The 7-day

TransplanTs were slgnlflcanTly hlgher for TreaTed compared To confrol

planTs, excepT ThaT days T0 flower for planTs TreaTed aT The 81 mL
m’2

raTe and for conTrol planTs were noT sTaTlsTlcally dlfferenf. DaTa for

premaTure flowerlng and leaf nodes suggesT ThaT The lack of difference ln

Tlme of flowerlng beTween planTs recelvlng These Two TreaTmenTs may be

more sTaTlsTlcal Than blologlcal.

Yleld of The 7-day TransplanTs followed The paTTern for nodes per

planT, wlTh eThephon appllcaTlons resulTlng ln slgnlflcanT lncreases ln

yleld, and wlTh no slgnlflcanT dlfferences ln yleld among planTs

recelvlng The four preTransplanT eThephon raTes (Table 12). When

seedllngs were Transplanfed Three days afTer TreaTmenT, eThephon

appllcaTlons dld noT slgnlflcanTly affecT yleld aT The 0.05 probablllTy

level. Yleld daTa (Table 12) suggesT an apparenT eThephon-lnduced

reducTlon ln yleld of 3-day TransplanTs, buT lack of dlfferences ln

number of leaf nodes (Table 11) supp0rT The lack of slgnlflcanT

dlfferences ln yleld.

QuallTy Index ls derlved fron The offlclal U.S. GovernmenT grades
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applled To flue-cured Tobacco (77) and ls an lndlcaTor of cured-leaf

quallTy. QuallTy lndlces of The cured leaves of confrol and eThephon

TreaTed planTs were noT slgnlflcanfly dlfferenT wlThln Transplanf daTes

(Table 12). Percenfages of nlcoTlne and reduclng sugars ln The cured

leaf are lmporTanT cr1Terla ln The deslrablllTy of flue—cured Tobacco To

purchasers (79). In Thls sTudy, dlfferences ln percenTages of nlcoTlne

and reduclng sugars beTween cured leaves of conTroI and eThephon TreaTed

planTs were noT slgnlflcanT (Table 12).

SlgnlflcanT dlfferences were observed ln percenTage premaTure

flowerlng, days To flower, number of leaf nodes per planT aT flowerlng,

yleld, quallTy and percenT nlcoTlne for 3-day and 7-day TransplanTs

(Appendlx Table 7). Increased premaTure flowerlng and decreased days To

flower (Table 11) and yleld (Table 12) for planTs from seedllngs

TranspIanTed seven compared To Three days followlng eThephon TreaTmenT

were observed aT all raTes of eThephon. Decreased number of leaf nodes

for The 7-day compared To 3-day TransplanTs appears To resuIT malnly froh

The reduced number of nodes ln 7-day conTrol planfs (Table 11). Hlgher

qualiTy lndex of The 7-day TransplanTs was observed for eThephon raTes of

41 and 244 mL m°2 (Table 12).

Increased nlcoTlne level of The 7-day TransplanTs could be due To

The reduced yleld of These pIanTs (Table 12). NlcoTlne ls synTheslzed ln

The rooTs and TransporTed To The above ground parTs of The Tobacco planf

(28). Reduced yleld could resulf ln a hlgher concenTraTlon of nlcoTlne

in The leaves lf The rooT sysTems of The hlgh and low yleldlng pIanTs

synTheslzed slmllar amounTs of nlcoTlne.



56

Explanaflon of The effecT of posTTreaTmenT TransplanT daTe on

premaTure flowerlng and qualiTy ls more dlff1culT. Llnk (48) reporTed

delayed flowerlng and reduced yleld of burley Tobacco planTs when

TransplanTed one day following eThephon TreaTmenT buT noT when

TransplanTed 3, 7, or 10 days posTTreaTmenT. No expIanaTlon was given

for Thls effecT. Dlfferences ln performance among TransplanT daTes of

flue-cured Tobacco were reporTed by Mlner (57) To be The resulf of

dlfferenf envlronmenTal condlTlons beTween daTes. ln Thls sTudy, The

TransplanT daTes were 21 and 25 May, and 1.3 cm of ralnfall, ending a

Two—week droughf, were measured aT The Soufhern PledmonT CenTer on 23

May. Variaflons in mean daily Temperafure durlng Thls period were

mlnlmal, and The ralnfall on 23 May would noT appear To explaln The

effecT of TransplanT daTe ln Thls sTudy. PlanTs under sTress from

droughf and oTher envIronmenTal causes synTheslze eThylene aT Increased

raTes (85). TransplanT shock may Therefore have lnduced eThylene

‘

blosynThesls. DeTecTlon of eThylene fron eThephon—TreaTed maTure flue-

cured Tobacco pIanTs was reporTed To decllne rapldly afTer 24 h and To

have apparenTIy sfopped afTer approxlmaTely 96 h (22). Therefore, The

amounT of eThylene from eThephon decomposlTlon and perhaps also from

eThephon-lnduced blosynThesls of eThylene In The Tobacco seedllngs may

have been greaTer aT Three Than aT seven days afTer eThephon TreaTmenT.

However, resulTs oT a relaTed experlmenT (eThylene quanTiflcaTIon)

lndlcaTed mlnlmal dlfferences ln eThylene evolved from Tobacco seedllngs

four and elghT days afTer eThephon TreaTmenT (see Table 23). These

facTors may have resulfed in higher eThylene concenfraflons In The 3-day
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+ransplan+s. A florally lnduc+lve pos++ransplan+ envlr0nmen+ would have

been necessary for +hls posslblll+y +0 have caused +he observed effec+s

of +ranspIan+ da+e. Tempera+ures a+ +he S0u+hern Pledmon+ Cen+er durlng .

21 May +0 3 June may have been florally lnduc+lve (Appendlx Table 8).

Ano+her ln+erpre+a+lon of +he effec+ of +ransplan+ da+e can be

made. The 7-day +ransplan+s were exposed +0 +he pre+ranspIan+

envlr0nmen+ for an addl+lonal four days, and +hls lncreased dura+lon of

exposure may have resul+ed ln +he lncreased level of floral lnduc+lon.

Percen+age prema+ure flowerlng was approxlma+ely 1 and 51% ln +he

c0n+rols +ransplan+ed 21 and 25 May, respec+lvely (Table 11). The

average dally mlnlmum +empera+ure was 17.3°c for 21 +nrougn Z5 May and

9.8°C durlng +he pre+ransplan+ perlod 23 Aprll +hrough 20 May. These

+empera+ures were apparen+Iy florally lnduc+lve. Fur+hermore, +he larger

seedllngs probably ln+ercep+ed m0s+ of +he e+hephon spray, and +herefore

+he smaller seedllngs undernea+h recelved slgnlflcan+ly less volume of

e+hephon. Three days Ia+er, +he larger plan+s were removed from +he

plan+ beds and +ransplan+ed, and +he maj0rl+y of +he remalnlng seedllngs,

fran whlch +he 7-day +ransplan+s were selec+ed, were ones whlch had

recelved less e+hephon. The 7-day +ransplan+s, +heref0re, flowered

I
earller and wl+h fewer leaves, and yleld was lowered (Table 11). Also,

average quall+y lndex of +he 7-day +ransplan+s was hlgher +han +ha+ of

+he 3-day +ransplan+s (Table 12). Weybrew and Wol+z have assocla+ed

quall+y lmprovemen+ ln flue-cured +obacc0 wl+h deple+lon of avallable

soll nl+r0gen a+ approxlma+ely +he +lme of flowerlng (78,79). Twen+y

cen+lme+ers of raln fell ln July and probably leached much of +he soll
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nlTrogen from The rooT zone. AfTer adjusTlng for The four day

dlfferences ln Transp|anT daTe, The 7-day TransplanTs flowered an average

of almosT_3.5 days earller Than The 3-day TransplanTs. DepleTlon of

avallable soll nlTrogen probably occurred aT or near The Tlme of

flowerlng ln The 7-day TranspIanTs and may accounT for The hlgher quallTy

of These planTs.

§£22¤hQus¤.I9sI. The lnfluence of eThephon on days To flower, sTem

helghT aT flowerlng, and sTem elongaTlon for greenhouse-grown planTs are

shown ln Tables 13 and 14. ExcepT for durlng The Thlrd week afTer l

TreaTmenT, eThephon appllcaflons slgnlflcanTly lnfluenced sTm elongaTlon

from The Tlme of TreaTmenT unTll aT leasT slx weeks afTer TreaTmenT

(Table 13). The general paTTern was for an lncreased raTe of eThephon To

decrease sTem elongaTlon. Thls same paTTern was observed ln The fleld

TesT. Lack of slgnlflcanT dlfferences In sTem elongaTlon durlng week

Three cannof be explalned. Days To flower were lncreased by appllcaTlon

of eThephon aT raTes of 81, 122, and 244 mL m'2 (Table 14), slnce fbe

seedllngs were noT exposed To a florally lnducflve envlronmenT, The

effecT of eThephon on days To flower for These planTs ls apparenTly due

To suppresslon of growTh and developmenT. Lack of slgnlflcanT

dlfferences In sTem helghTs aT The Tlme of flowerlng (Table 19) lndlcaTes

ThaT growTh suppresslon was Temporary.

Appearance of The greenhouse-grown seedllngs followlng eThephon

TreaTmenT was generally slmllar To ThaT of The planT bed seedllngs. By

day 6 afTer Treahnenf, The lower one or Two leaves of seedllngs TreaTed

aT The 244 mL m'2 raTe were yellow or yellowlsh orange. The small leaves
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Table 13. weekly posttreatment stem elongation of greenhouse-grown
flue—cured tobacco treated with 5 rates of ethephon.

Stem elongation
Ethephon rate week 1 week 2 week 3 week 4 week 5 week 6

mL m-2 cm/week

0 5.5 9.0 10.2 19.7 29.0 27.9

41 4.5 8.3 11.3 19.8 28.3 29.8

81 3.6 7.8 10.0 17.7 23.2 28.2

122 3.5 6.4 9.4 15.9 21.9 26.4

244 2.0 4.8 10.0 14.1 19.0 20.9

LS00·05 1.3 1.8 NS 2.7 4.3 4.2

CV (%) 38.5 26.2 21.9 17.3 19.7 17.3
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Table 14. Stem height at fl owering and days to flower for greenhouse-
grown treated with 5 rates of ethephon.

Stem ht. at Days from potting
Ethephon rate fl owering to flower

mL
m_2

cm

0 83.6 36.4

41 86.1 37.8

81 89.7 41.3

122 86.7 42.0

244 90.9 47.6

LSD0·05 NS 3.2

CV (%) 14.6 8.7
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ln The bud were moTTled and The leaf Tlps and marglns were llghT green.

The exTreme Tlp of These leaves was brown and The upper leaves crlnkled.

On day 17 afTer TreaTmenT, seedllngs TreaTed aT The 244 mL m'2 rafg ygrg

dlsTlncTly shorTer Than The oTher seedllngs and had developed a roseTTe

appearance as a resuIT of shorTer lnfernode spaclng and suppressed growTh

of The upper leaves. Seedllngs TreaTed aT The 41 mL
m”2

raTe and conTrol

seedllngs were slmllar ln appearance. Buds of seedllngs TreaTed aT The

81 and 122 mL
m”2

raTes appeared sllghTly roseTTe—llke and The upper

leaves were sllghTly reTarded ln growTh. In general, green color of The

seedllngs lncreased ln lnTenslTy as The eThephon raTe was lncreased.

Thls was aTTrlbuTed To higher concenTraTlons of nlTrogen due To

suppressed growTh of These seedllngs. Leaves To whlch eThephon was

applled aT The 244 mL m'2 raTe remalned suppressed ln slze ThroughouT The

duraTlon of Thls experlmenf.

GrowTh Chmber Efhephon Tlmlng

The resulTs of Thls experimenT lndlcaTe ThaT The Tlmlng of The

eThephon appllcaTlon was noT crlTlcal durlng The flrsT Two weeks of a

Three week exposure To a florally lnducTlve envlronmenf. Percenfage

premaTure flowerlng and days To flower were slgnlflcanTIy reduced by

•eThephon applled To seedllngs afTer 0, 7, or 14 days exposure, and were

noT dlfferenf among These Treafmenfs (Table 15). ln TesT one, eThephon

applled afTer 0, 7, or 14 days reduced premafure flowerlng from 47 To 0%

and lncreased The average days To flower frcn 44 To approxlmaTely 70.

Also, numbers of leaf nodes per planT were lncreased fran 18 To

approxlmafely 26 and yleld was lncreased frcm 2578 To approxlmafely 3156
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kg ha”1 by e+hephon applled a+ any of +hese +lmes.

Percen+age prema+ure flowerlng and number of leaf nodes per plan+

for plan+s wl+h e+hephon applled on days O, 7, or 14 and for nonlnduced,

la+e con+rol plan+s were no+ dlfferen+ (Table 15). Therefore,

appIlca+lon of e+hephon +0 seedllngs prlor +0 compIe+lon of floral

lnduc+lon compIe+ely nega+ed floral lnduc+lon. However, e+hephon

+rea+men+ af+er 0, 7, or 14 days exposure, compared +0 la+e con+rol

pIan+s, delayed days +0 flower. This appears +0 be +he resul+ of delayed

grow+h and devel0pmen+ resul+lng from e+hephon +rea+men+.

The level of floral lnduc+lon was lower ln +es+ +w0, and only 18%

prema+ure flowerlng was observed (Table 15). Consequen+Iy, yleld was no+

reduced by prema+ure flowerlng, and number of leaf nodes was no+

lncreased by e+hephon applled af+er O, 7, or 21 days exposure +0 +he

con+rolled florally lnduc+lve envlronmenf. However, leaf nodes for

plan+s +rea+ed af+er 14 days exposure were s+a+ls+1calIy grea+er +han

+hose of con+rol plan+s, bu+ were no+ dlfferen+ from +hose of plan+s

+rea+ed af+er zero or seven days. The difference ln nodes be+ween

con+r0ls and plan+s +rea+ed af+er 14 days ls no+ llkely of agronomlc

slgnlflcance slnce prema+ure flowerlng, days +0 flower, and yleld were

no+ dlfferen+ for plan+s +rea+ed af+er O, 7, or 14 days exposure. Warmer

+empera+ures during +he one week condl+lonlng period ln +he la+h house

and also fol lowlng +ransplan+lng (Appendlx Table 9) may explaln +he

reduced level of lnduc+lon in +es+ +wo. However, +his ln+erpre+a+l0n

would require +he assump+lon +ha+ floral lnduc+lon had no+ been comple+ed

in some plan+s during +he +hree—week period ln +he grow+h chambers.



64

Thomas eT al. (68) reporTed reduced leaf nmbers of flue-cured Tobacco as
‘

a resulT of lower posTTransplanT TemperaTures.

Seedllng sTage of deveIopmenT can also affecT floral lnducTlon.

When Transferred To The floral lnducTlon chambers, seedllngs In Thls

S*¤dY ¤V6VaQ9d T3) cmz ln Ieaf area and 4.0 cm sTem helghT ln TesT one

and 73 cmz and 1.6 cm, respecTlvely, ln TesT Two. Average Ieaf area of

seedllngs ln boTh TesTs exceeded The reporTed 25 cmz mlnlmum requlred for

floral lnducTlon of a M. iabagum L. breedlng llne (33). However,

Kasperbauer (40) reporTed ThaT floral lnducTlon of burley Tobacco

occurred afTer fewer lnducTlve cycles as planT slze or age lncreased.

Floral lnducTlon of Tobacco seedllngs has also been assoclaTed wlTh rapld

growTh of leaves (34). In Thls sTudy, The average ToTal lncreases ln

sTem helghT fron day 0 To day 21 were 7.4 and 7.0 mm for conTrol

seedllngs ln TesTs one and Two, respecTlvely. Correspondlng lncreases ln

ToTal Ieaf area per planT from day 0 To day 21 averaged 15.4 and 41.8 cmz

for conTrol seedllngs ln TesTs one and Two, respecT1vely. Senesced lower

leaves were noT lncluded ln The day-21 Ieaf area measuremenTs. The

dlfference ln sTem helghT lncreases of seedllngs ln TesTs one and Two

appears To be lnslgnlflcanT, and The reduced level of floral lnducTlon ln

TesT Two cannoT be explalned on The basls of a decreased raTe of Ieaf

growTh.

DesplTe The reduced level of floral lnducTlon ln TesT Two, The

responses of premaTure flowerlng and days To flower followed The same

paTTern ln boTh TesTs. EThephon applled on day 0, 7, or 14 reduced

premaTure flowerlng To almosT zero and lncreased days To flower (Table
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15). PremaTure flowerlng was noT slgnlflcanTly reduced when eThephon

appllcaTlon was delayed unTll The end of The Three week lnducTlon perlod.

Days To flower were noT lncreased ln TesT Two by eThephon applled afTer

21 days exposure, posslbly due To a warmer posTTransplanT envlronmenT ln

TesT Two (Appendlx Table 9). GrowTh suppresslon would be expecTed To be

less severe ln more favorable growlng condlTlons.

EThephon, whlch releases eThylene upon absorpTlon by planT Tlssue,

had been reporTed by Kasperbauer (43) To lncrease days To flower and

number of leaves aT flrsT flower ln Two of Three TesTs when applled To

preTransplanT burley Tobacco seedllngs 11 days afTer exposure To a 21-day

conTrolIed florally lnducTlve envlronmenT. Influence of eThephon when

applled To seedllngs of flue-cured Tobacco and aT Tlmes prlor or

subsequenT To 11 days exposure To a florally lnducTlve envlronmenT had

noT been prevlously reporTed. AlThough evidence (43) suggesTed ThaT

eThephon appllcaTlon would noT negaTe an already compleTed floral

lnducTlon, wheTher The Tlmlng of The appllcaTlon was oTherwlse crlTlcal

was noT known.

The delay ln flowerlng of The day—21 eThephon TreaTed planTs could ·

be expecTed as a resulT of eThephon—lnduced suppresslon of growTh and

developmenT. However, even The small lncrease ln leaf nodes observed ln

TesT one was noT expecTed slnce eThephon was applled afTer The floral

lnducTlon perlod. Kasperbauer reporTed ThaT eThephon applled afTer

floral lnducTlon dld noT lncrease leaf nmbers of burley Tobacco (43).

He posTulaTed ThaT burley Tobacco seedllngs TreaTed wlTh eThephon were

unresponslve To a florally lnducTlve envlronmenT durlng The perlod of
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eThephon-lnduced Temporary growTh suppresslon (43). lf floral lnducTlon

ln some planTs was only parTlally buT nearly compleTed afTer 21 days, a

subsequenf florally lnducTlve envlronmenT durlng The one week perlod of

condlTlonlng ln The IaTh house and/or afTer TransplanTlng (Appendlx Table

9) could have compleTed lnducTlon of The conTrol seedllngs. ln ThaT

slTuaTlon, senslTlvlTy To The lnducTlve envlronmenT of The day-21 TreaTed

seedllngs could have been delayed by eThephon TreaTmenT. AfTer The

efhephon effecT subslded, The planTs TreaTed afTer 21 days exposure could

be florally lnduced more qulckly Than Those exposed 0, 7, or 14 days

before TreaTmenT, assumlng an addlTlve response To exposure. However, a

more probable explanaTlon for The lncreased number of leaf nodes for day-

21 TreaTed compared To conTrol planTs ls ThaT The magnlfude of dlfference

ln percenTage premafure flowerlng (7 percenTage polnTs less ln The day-21

TreaTed planT) may have been sufflclenT To accounT for a sIlghT lncrease

ln average number of leaf nodes. Also, number of leaves per planT aT

flowerlng (daTa noT presenTed) was defermlned concurrenTIy wlTh number of

leaf nodes, buT dld noT Include lower leaves whlch had senesced or upper

leaves less Than 1.0 cm wlde. The average number of leaves were 14 and

13 for The conTrol and day-21 eThephon TreaTed planTs, respecflvely, and

were noT sTaTlsTlcalIy dlfferenT. Thls was The only slTuaTlon ln whlch

sTaTlsTlcal dlfferences for leaf nodes and number of leaves dld noT

fol low The same paTTern among TreaTmenTs.

PremaTure flowerlng was less and days To flower and number of leaf

nodes were greaTer for laTe conTrol (lncluded only ln TesT one) compared

To conTrol planTs (Table 15), lndlcaflng ThaT The laTe conTrol seedllngs
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were no+ florally Induced. The addl+IonaI nlne lnduc+Ive cycles +0 whlch

+he c0n+r0ls were exposed resuI+ed In a large lncrease In prema+ure

flowerlng. Floral lnduc+l0n under +hese c0ndl+Ions was apparen+Iy

comple+ed a+ sone p0ln+ be+ween 12 and 21 days exposure +0 +he lnduc+Ive

envlronmen+. In earller repor+s, a mlnlmum of 10 and appr0xIma+ely 14

days, respec+Ively, were requlred for floral Induc+l0n of a flue-cured

breedlng llne (33) and burley +obacco (40,41) seedllngs.

Yield followed +he same pa++ern as number of leaf nodes per plan+,

wI+h no sIgnIfIcan+ dlfference In ylelds of con+rol and day-21 e+hephon

+rea+ed plan+s, and no dlfference In ylelds of la+e con+r0ls, lncluded In

+es+ one, and plan+s +rea+ed wI+h e+hephon on days 0, 7, or 14 (Table

15). These resul+s show +ha+ prema+ure flowerlng can serlously reduce

ylelds. Wl+h 47% prema+ure flowerlng In c0n+rol plan+s, pre+ransplan+

e+hephon appIlca+Ion Increased average ylelds by as much as 715 kg
ha‘1,

Yleld Increases from e+hephon applled +0 burley +obacco seedllngs exposed

+0 a florally lnduc+Ive envlr0nmen+ were also rep0r+ed by Kasperbauer

(43). E+hephon dld no+ affec+ +he qualI+y Index or percen+ages of

nlc0+Ine and reduclng sugars In +he cured leaves (Table 15). In

con+ras+, e+hephon applied +0 pos++ranspIan+, ma+urIng +obacco pIan+s has

been repor+ed +0 slgnIfIcan+ly Influence cured leaf qualI+y, nIco+Ine,

and reduclng sugars (19,21,50,53). Po+en+laI lnfluences of e+hephon on

cured leaves are apparen+ly los+ If e+hephon Is appl led +0 plan+s In +he

seedllng s+age of deveIopmen+.

WI+hln apr0xIma+ely one week af+er +rea+men+, +he lower leaves of

+rea+ed seedllngs (each seedllng recelved approxIma+ely +w0 mL of 960 mg
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L°1 eThephon, whlch ls approxlmaTely a 4 T0 5X label raTe) began To

yellow more rapldly Than Those of conTrol seedllngs. These leaves of

TreaTed seedllngs developed small necroTlc spoTs and were easlly

absclssed durlng handllng. ETheph0n—lnduced yellowlng and senescence of

maTure leaves of Tobacco ls well documenTed (l9,2l,50,53>. The younger

leaves near The aplcal bud dld noT yellow, and were darker green Than

correspondlng leaves of conTrol seedllngs. AT TransplanTlng, mosT leaves

had absclssed and only a few very small bud leaves remalned. lnlTlaI

growTh of These TransplanTs was exTremely slow, buT aT flowerlng, The

planTs had aTTalned normal slze. Thls severe sTunTlng made TransplanTlng

and early culTlvaTlon dlfflculT, and exTreme care was Taken To avold

coverlng The seedllngs wlTh soll. However, Thls was a mlnor problm

conslderlng The subsequenT beneflTs ln yleld and crop unlformlTy

resulTlng from eThephon-lnduced reducTlons ln premaTure flowerlng.

SeverlTy of sTunTlng may be reduced by appllcaTlon of lower volumes of '

eThephon per planT. Comparable raTes of eThephon had a greaTer lnfluence

on appearance of Tobacco seedllngs grown ln The greenhouse and growTh

chamber Than on seedllngs grown ln an ouTdo0r planT bed. Greenhouse-

grown seedllngs appeared more succulenT and may have absorbed eThephon

more readlly Than planT bed seedllngs. Yellowlng of lower leaves and

growTh suppresslon was more obvlous for seedllngs TreaTed In The growTh

chamber Than for seedllngs TreaTed ln ouTdo0r planT beds.

ETheph0n Wash—0ff

ln c0nducTlng research wlTh eThephon on Tobacco seedllngs ln The
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amblenT envlronmenT, quesTlons were ralsed concernlng a crlTlcal

posTTreaTmenT Tlme perlod before whlch a ralnfall would slgnlflcanTly
’

reduce The effecT of eThephon by washlng off The maTerIal. LlTeraTure

searches ylelded no reporTs of relevanf experlmenTs wlfh Tobacco
I

seedllngs.

Slgn1flcanT dlfferences were noT obfalned for days To flower and

number of leaf nodes for conTrols and planTs washed 15 and 50 mlnuTes

afTer TreaTmenT, excepf ThaT leaf nodes of planTs washed 30 mlnuTes afTer

TreahnenT were §reaTer Than conTrols ln TesT one (Table 16). When

washlng was delayed unTll 60 mlnuTes afTer TreaTmenT, slgnlflcanT

lncreases ln boTh parameTers over conTroIs were observed for days To

flower and leaf nodes.

In TesT one, planTs washed 120 mlnuTes affer TreaTmenT flowered

laTer and had more leaf nodes Than Those washed aT 60 mlnuTes (Table 16).

Days To flower and leaf nodes were noT addlflonally lncreased by delaylng

washlng unTll 240 mlnuTes afTer TreaTmenT.

ln TesT Two, no dlfferences were observed ln days To flower and leaf

nodes for planTs washed aT 60, 120, and 240 mlnuTes afTer TreaTmenT

(Table 16). Efhephon TreaTed planTs whlch were noT washed flowered

slgnlflcanTly laTer and wlTh lncreased number of leaf nodes Than planTs

washed 120 mlnuTes afTer TreaTmenT. Days To flower and leaf nodes were

noT slgnlflcanTly dlfferenT for planTs washed afTer 240 mlnfues and Those

nof washed.

STem he1ghTs aT flowerlng, measured only In TesT Two, responded To

eThephon ln slmllar ways as days To flower and leaf nodes. AT flowerlng,
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sTem helghTs were noT dlfferenT for conTrols and planTs washed aT 15 and

30 mlnuTes, buT These helghTs were slgnlflcanTly lower Than Those of

planTs recelvlng The oTher TreaTmenTs (Table 16). STem helghTs aT

flowerlng were noT slgnlflcanTly dlfferenT for planTs washed aT 60, 120,

and 240 mlnuTes afTer eThephon TreaTmenT. NoT-washed planTs were Taller

Than planTs washed aT 120 mlnuTes buT were noT dlfferenT ln helghT from

planTs washed aT 60 and 240 mlnuTes.

AlThough The dlfferences were noT sTaTlsTlcally slgnlflcanT, planTs

washed aT 120 mlnuTes ln TesT Two Tended To flower earller, had fewer

leaf nodes, and were shorTer Than planTs washed aT 60 or 240 mlnuTes

afTer eThephon TreaTmenT (Table 16). ExperlmenTal unlTs were lndlvldual

planTs, and planT To planT varlaTlon could greaTIy influence TreaTmenT

means. In TesT Two, Two of The flve planTs washed aT 120 mlnuTes afTer

TreaTmenT flowered conslderably earller Than The remalnlng Three planTs.

Floral lnducTlon had apparenfly been compIeTed ln These planTs before

eThephon was applled. Earller flowerlng of These Two planTs would

Therefore explaln The varlaTlon observed ln The flowerlng of planTs

washed aT 120 compared To 60 and 240 mlnuTes afTer TreaTmenT.

These resulTs lndlcaTe ThaT a 2.5 cm ralnfall wlThln beTween 30 To

60 mlnuTes afTer appllcaTlon of eThephon can negaTe The reducTlon ln '

premaTure flowerlng obTalned fron eThephon. These resulTs also suggesf

ThaT for maxlmum beneflT, The eThephon should noT be washed off The

seedllngs wlThln a perlod of approxlmaTeIy one To Two hours afTer

appllcaTlon.

STem helghTs were measured aT weekly lnTervals afTer TreaTmenT.
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Lack of dlfferences ln s+em elonga+lon of seedllngs In +he grow+h chamber

are a++rlbu+ed +0 slow seedllng gr0w+h ln +he 15°C envlr0nmen+, and

perhaps also +0 a lag ln response +0 e+heph0n. A slmllar lag ln response

+0 e+heph0n applied +0 burley +0bacc0 was 0b+alned by Kasperbauer (43),

who repor+ed no dlfference ln s+em helgh+s of e+hephon +rea+ed and

c0n+r0l plan+s +w0 days af+er +rea+men+, whereas dlfferences were

observed a+ subsequen+ +lmes.

Af+er subsequen+ +ransfer of seedllngs +0 +he greenhouse, s+em

elonga+lon of seedllngs ln +es+ one were no+ d1fferen+ among +rea+men+s

durlng +he flrs+ week (pos++ransplan+ days 7 +0 14) (Table 17). Durlng

+he second week, s+em elonga+lon for seedllngs washed a+ 240 mlnu+es

af+er +rea+men+ was less +han for c0n+r0I seedllngs and seedllngs washed

a+ 30 mlnu+es. ln +es+ +wo, s+em elonga+lon durlng +he flrs+ elgh+ days

af+er +ransfer TTGH +he grow+h chamber +0 +he greenhouse dld no+ follow a

loglcal pa++ern. S+em elonga+lon for no+ washed seedllngs and +hose

washed a+ 60 mlnu+es was less +han +ha+ for seedllngs washed a+ 15 and

120 mlnu+es (Table 17). Thls +rea+men+ grouplng for seedllng s+em

elonga+lon ls no+ readlly explalned. Durlng +he subsequen+ seven days

(p0s++rea+men+ days 20 +0 27), s+em elonga+lon for seedllngs washed a+

240 mlnu+es and +hose no+ washed was slgnlflcan+ly less +han +ha+ for

con+r0I seedllngs and +rea+ed seedllngs washed a+ 15 and 30 mlnu+es af+er

+rea+men+. Fur+herm0re, s+em elonga+lon for no+ washed seedl lngs durlng

+hls perlod was slgnlfloan+ly less +han +ha+ for seedllngs washed a+ 240

mlnu+es. In general durlng +hese perlods, dlfferences ln s+em elonga+lon

among seedllngs recelvlng +he dlfferen+ +rea+men+s followed a less
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loglcal pa++ern +han +he paramefers assoclafed wl+h flowerlng (Tables 16

and 17). S+em el0nga+lon may respond +0 e+hephon less dlrecfly +han does

flowerlng.

Efhephon Locallza+lon

Appl1ca+l0n of e+hephon +0 locallzed sl+es on fIue—cured +obacco

seedllngs was s+udled +0 defermlne +he sl+e or sl+es on +he pIan+ +0

whlch e+hephon mus+ be applled ln order +0 delay lnduc+lon. The

s+a+ls+lcaI pr0babllI+y of a greafer F value for +he effec+ of e+hephon

amoun+ on flowerlng parame+ers ranged from 0.42 +0 0.98, lndlcaflng +ha+

+he changes ln +he amoun+ of e+hephon applled dld no+ cause slgnlflcanf

varla+lons ln seedllng response wl+hln a glven +rea+men+.

ln +es+ one, days +0 flower and Ieaf nodes per plan+ af flowerlng

were no+ slgnlflcanfly dlfferen+ for c0n+r0ls and seedllngs +0 whlch

e+hephon was applled +0 +he yellow Ieaf or +he f0ur+h leaf (whlchwasvery

small) above +he yellow Ieaf (Table 18). Senesced and lmmafure

leaves expor+ ll++le If any ph0+0syn+ha+e (45,76,51) and, assumlng

‘
e+hephon +ransp0r+ ln +he phloem ln a source +0 slnk relaflonshlp (76),

fhese leaves may have exp0r+ed lnslgnlflcanf amounfs of e+hephon +0 +he

shoo+ apex. Planfs +rea+ed af leaf +wo flowered la+er and had more leaf

nodes +han plan+s +rea+ed a+ leaf one, bu+ were no+ s1gnlflcan+ly greafer

+han +h0se for plan+s +rea+ed a+ Ieaf +hree. Leaf +hree received less

e+hephon +han Ieaf one, bu+ +he dlfference was no+ crlflcal or perhaps

Ieaf +hree exporfed more e+hephon +0 +he shoo+ apex +han dld Ieaf one.

Leaf +wo was generally +he larges+ leaf on each seedllng and +herefore
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recelved more e+hephon (Table 18). Appllca+lon of e+hephon +0 all four

leaves dld no+ slgnlflcan+ly lncrease days +0 flower or number of Ieaf

nodes when compared +0 seedllngs +0 whlch e+hephon was applled only +0

Ieaf one, +wo, or +hree. Appllca+lon +0 all four leaves plus +he bud ‘

resul+ed ln +he grea+es+ numbers of days +0 flower and Ieaf nodes per

plan+ a+ flowerlng. Numbers of days +0 flower and Ieaf nodes for plan+s

recelvlng +hls +rea+men+ were slgnlflcan+ly hlgher +han +hose for all

0+her +rea+men+s excep+ appllca+lons +0 all +he leaves and +0 Ieaf +wo.

Seedllngs +0 whlch +hese +hree +reahnen+s were applled recelved grea+er

amoun+s of e+hephon +han seedllngs recelvlng +he 0+her +rea+men+s,

excludlng +he ro0+s +rea+men+. Days +0 flower and Ieaf nodes were no+

slgnlflcan+ly dlfferen+ among plan+s +0 whlch +he e+hephon was applled +0

+he bud a+ concen+ra+lons of 960 and 2880 mg L'], al+hough plan+s whlch

recelved +he hlgher concen+ra+l0n flowered approxlma+ely flve days la+er ‘

and had approxlma+ely four more leaf nodes. Days and nodes for seedllngs

+rea+ed ln +he bud wl+h an average of 0.09 mg e+hephon were no+

slgnlflcan+ly less +han +hose of seedllngs +0 whlch an average of 1.19 mg

e+hephon was applled +0 all +he leaves. Thls lndlca+es +ha+ no+ only +he

amoun+, bu+ also +he locallza+l0n of e+hephon appllca+lon ls lmp0r+an+.

Thls 0bserva+lon ls suppor+ed fur+her by comparlson of e+hephon
I

appllca+lons +0 leaf four and +0 +he bud. Slgnlflcan+ lncreases ln days

+0 flower and leaf nodes were 0b+alned by appllca+lon of 0.03 mg e+hephon

+0 +he bud bu+ no+ by appllca+lon of 0.02 +0 0.08 mg +0 Ieaf four. Leaf

four was loca+ed very near +he bud, bu+ belng an lmma+ure Ieaf, probably

dld no+ expor+ e+hephon +0 +he shoo+ apex, where floral lnl+la+lon
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occurs. Appllca+lon of 10 mg of e+hephon +0 +he ro0+s vla +he p0++lng

medla resul+ed ln slgnlflcan+ lncreases ln days +0 flower and leaf nodes

compared +0 c0n+r0ls and +0 seedllngs +rea+ed a+ leaf four (Table 18).

Thls sugges+s +ha+ e+hephon +aken up by +he ro0+s [or perhaps an e+hylene

precursor (35)] was subsequen+ly +ransl0ca+ed +0 +he shoo+ apex.

Resul+s of +es+ +w0 were slmllar +0 +hose of +es+ one, wl+h +he

followlng excep+l0ns. Appllca+lon of e+hephon +0 +he yellow leaf

resulfed ln days +0 flower and leaf nodes whlch were slgnlflcan+ly hlgher

+han +hose of con+rol seedllngs (Table 18). The yellow leaves ln +es+

fwo were sllgh+ly less yellow +han +hose ln +es+ one, and perhaps were

s+lll capable of exp0r+lng ma+erlals +0 acr0pe+al plan+ par+s. Also,

seedllngs +0 whlch e+hephon was applled +0 all four leaves flowered +he

la+es+ and wl+h +he m0s+ leaf nodes. Fur+herm0re, days +0 flower for

seedllngs recelvlng +hls +rea+men+ were s+a+ls+lcally grea+er +han +hose

of seedllngs +0 whlch e+hephon was applled +0 all four leaves plus +he

bud. Days +0 flower and leaf nodes for seedllngs recelvlng e+hephon vla

+he r00+s were no+ slgnlflcan+ly less +han +hose of seedllngs +0 whlch

e+hephon was applled +0 all +he leaves plus +he bud or +0 leaf +wo.

lncreased numbers of days +0 flower and leaf nodes per pIan+ ln +es+ +w0

were a++rlbu+ed +0 +he ex+ended dayleng+h wl+h supplemen+al lmps ln +he

greenhouse. In bo+h +es+s of +hls and +he 0+her greenhouse experlmen+s,

days +0 flower and leaf nodes were posl+lvely and hlghly c0rreIa+ed,

havlng c0rrela+1on coefflclen+s averaglng appr0xlma+ely 0.97 (da+a no+

presen+ed). Thls c0rrela+lon ls no+ surprlslng slnce a delay ln floral

lnl+la+l0n permlfs lnl+la+lon of addl+lonal leaves. S+em helgh+s a+
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flowerlng, measured only ln TesT Two, closely paralleled The grouplng of

TreaTmenT means for days To flower and number of leaf nodes aT flowerlng

(Table 18).

These resulTs lndlcaTe ThaT boTh The amounT and The locaIlzaTlon are

lmporTanT ln The appllcaTlon of eThephon To flue-cured Tobacco seedllngs

for lnfluence on flowerlng. AlThough These resulTs cannoT be used as

evldence for a speclflc mechanlsm of eThylene acTlon ln The delay of

floral lnducTlon of Tobacco seedllngs, a basls for general speculaTlon ls

provlded. Assumlng ThaT a flowerlng sTlmuIus or slgnal ls synTheslzed ln

The leaves and TransporTed To The shooT apex (9,45), aT leasT Two

posslblllTles exlsT for The eThylene-lnduced delay of floral lnducTlon.

One, The slgnal ls noT senT, elTher by lnhlblTlon of synThesls or by

lnhlblTlon of TransporT. EThylene has been reporTed To resTrlcT

TransporT of auxln (13,14,80). Second, eThylene prevenTs The processlng

of The slgnal by The shooT apex, l.e., The apex ls rendered Temporarlly

unresponslve To The floral slgnal. AppllcaTlon of eThephon To Tobacco

leaves clearly delayed floral lnducTlon. WheTher Thls was The resulT of

TransporT, presumably of eThephon (76,81), To The shooT apex wlTh

subsequenT reducTlon of apex responslveness To The floral slgnal, or of

lnhlblTlon ln The leaves of The synThesls and/or TransporT of The floral

slgnal cannoT be deTermlned frcm Thls sTudy. However, appllcaTlon of

small quanTlTles of eThephon To The bud reglon delayed floral lnducTlon,

suggesTlng ThaT The eThylene may have caused The shooT apex To become

Temporarlly unresponslve To The floral slgnal. Thls assumes ThaT The

eThephon was noT TransporTed baslpeTally froh The bud ln slgnlflcanT
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quan+l+les. The posslblll+y cann0+ be excluded +ha+ baslpe+ally

+ranspor+ed e+hephon lnhlbl+ed +he syn+hesls and/or +ransp0r+ of +he

flowerlng s+lmulus. However, slnce e+hephon applled +0 leaf four dld no+

affec+ flowerlng, baslpe+al +ranspor+ of e+hephon would necessarlly

ex+end below leaf four ln order +0 lnfluence flowerlng.

lf e+hylene lnhlbl+ed responslveness of +he shoo+ apex +0 +he floral

slgnal, e+hephon applled +0 +he leaves or roo+s of seedllngs could be

+ranspor+ed +0 +he shoo+ apex and subsequen+ degrada+lon of e+hephon +0

e+hylene could cause +he lnhlbl+l0n of responslveness +0 +he slgnal. A

flowerlng slgnal would requlre processlng a+ +he shoo+ apex, whlch would

requlre syn+hesls of new enzymes. E+hylene has been repor+ed +0 lnhlbl+

DNA syn+hesls by reduclng +he ac+1vl+y of DNA polymerase (16). Syn+hesls

of new enzymes would requlre DNA +empla+es (28). A shoo+ apex +0 base

gradlen+ was rep0r+ed ln +he capacl+y of s+em segmen+s of a clgar +obacco

cul+lvar +0 produce flower prlmordla in xiina, and +he segmen+s +ha+

formed 100% flower buds con+alned 10 +lmes more DNA +han +he segmen+s

+ha+ formed a lower percen+age of flower buds (74).

Weekly changes ln s+em elonga+lon were also measured. S+em

elonga+lon for con+rols and seedllngs +rea+ed a+ leaf four were +he

hlghes+ and were no+ slgnlflcan+ly dlfferen+ (Table 19). Also, s+em
‘

elonga+lon of seedllngs +rea+ed a+ leaf +wo, all +he leaves, and all

leaves plus +he bud was no+ slgnlflcan+ly dlfferen+ and was general ly

less +han s+em elonga+lon of seedllngs whlch recelved 0+her +rea+men+s.

S+m elonga+lon was generally no+ dlfferen+ among seedllngs +rea+ed ln

+he bud a+ +he +wo concen+ra+lons of e+hephon. These da+a, grouped by
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+rea+men+, followed a slmllar pa++ern as +he da+a for flowerlng

parame+ers (Tables 18 and 19).

E+hephon Grow+h Effec+

ln +hese +es+s, e+hephon was applled +0 flue-cured +0bacco seedllngs

‘ exposed for +hree weeks +0 con+rolled florally nonlnduc+lve or lnduc+lve

envlr0nmen+s. Days +0 flower and number of leaf nodes per plan+ a+

flowerlng were affec+ed by +he fl0ral—resp0nse envlronmen+ and e+hephon

(Appendlx Table 10). An envlronmen+ X e+hephon ln+erac+lon was

slgnlflcan+ ln +es+ +w0 of +he experlmen+.

In +es+ one, e+hephon applled +0 seedllngs exposed +0 lnduc+lve and

+0 nonlnduc+lve envlronmenfs slgnlflcan+ly lncreased +he number of leaf

nodes per pIan+ (Table 20). Numbers of leaf nodes of con+rol seedllngs

ln +he nonlnduc+lve envlronmen+ were grea+er +han +hose of con+rols ln

+he lnduc+lve envlronmen+. However, +he e+hephon-lnduced lncrease ln

number of nodes was of slmllar magnl+ude ln each envlronmen+. The

e+hephon-lnduced Increases ln days +0 flower were no+ s+a+ls+lcally

slgnlflcan+, bu+ average days +0 flower for plan+s ln +he florally

lnduc+lve envlronmen+ were slgnlflcan+ly less +han +hose for plan+s ln

+he nonlnduc+lve envlronmen+.

ln +es+ +wo, days +0 flower and leaf nodes were slgnlflcan+ly

grea+er for con+rol plan+s exposed +0 a florally nonlnduc+lve compared +0

lnduc+lve envlronmen+ (Table 20). However, days +0 flower and leaf nodes

of e+hephon +rea+ed pIan+s exposed +0 a florally lnduc+lve envlronmen+

were no+ slgnlflcan+ly dlfferen+ fron +hose of +rea+ed plan+s exposed +0

a nonlnduc+lve envlronmen+. E+hephon no+ only nega+ed +he effec+ of
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Table 20. Influence of ethephon applied to flue-cured tobacco seedlings
during 3—week exposure to controlled florally noninductive and
inductive environments. ·

Test 1 Test 2
Florally Days Nodes Days Nodes Stem ht.
inductive to per to per at

environment Ethephon flower plant flower plant flowering

cm

No No 27.8 25.6 59.2 32.4 145.1

No Yes 31.2 30.4 66.7 34.5 141.5

Yes No 11.0 15.0 14.6 12.8 42.9

Yes Yes 17.4 20.0 72.0 35.0 131.6

LSDO·O5 7.1 4.4 9.4 2.0 62.2

CV (%) 23.5 ·14.0 12.9 5.0 39.1
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floral 1nduc+l0n, bu+ ac+ually lncreased days +0 flower and nodes of

+rea+ed plan+s exposed +0 an lnduc+lve env1ronmen+ compared +0 un+rea+ed

plan+s no+ exposed +0 a florally lnduc+lve env1r0men+. S+em helgh+s a+

flowerlng were no+ slgnlflcan+Iy dlfferen+ for con+r0l and +rea+ed plan+s

exposed +0 a nonlnduc+lve envlronmen+ and for +rea+ed plan+s exposed +0 a

florally lnduc+lve envlronmen+. However, s+em helgh+ a+ flowerlng for

un+rea+ed plan+s exposed +0 an lnduc+lve env1r0nmen+ were slgnlf1can+ly

less +han +hose of plan+s recelvlng +he 0+her +hree +rea+men+s.

Efhephon dld no+ decrease days +0 flower or number of leaf nodes of

plan+s ln el+her envlronmenf (Table 20). Slmllar resuI+s were rep0r+ed

by Kasperbauer ln work wl+h burley +obacc0 (43). ln +es+ +wo of +hls

s+udy, days +0 flower and Ieaf nodes of +rea+ed plan+s were no+ d1fferen+

when exposed +0 el+her envlronmen+ and were slgnlflcan+Iy grea+er +han

days and nodes of con+r0l plan+s exposed +0 a nonlnduc+lve env1r0nmen+.

In con+ras+, days +0 flower and Ieaf nodes of +rea+ed plan+s exposed +0

+he florally lnduc+lve envlr0nmen+ ln +es+ one were slgnlflcan+ly less

+han +hose of +rea+ed plan+s exposed +0 a nonlnduc+lve envir0nmen+. ln

+h1s +es+, efhephon +rea+men+s were applled af+er 13 days exposure +0 +he

respec+1ve env1r0nmen+s, whlle +rea+men+s ln +es+ +wo were applled e1gh+

days af+er exposure +0 each envlr0nmen+. Floral 1nduc+l0n ln some of +he

plan+s exposed +0 +he florally lnduc+lve env1r0nmen+ ln +es+ one had

apparen+ly been comple+ed before appIlca+10n of +he e+heph0n +rea+men+s.

Therefore, +he e+heph0n—lnduced lncrease In leaf nodes was no grea+er for

plan+s exposed +0 +he lnduc+lve compared +0 nonlnduc+lve envlr0nmen+. In

+es+ +w0, +he e+hephon +rea+men+s were applled before +he comple+lon of
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floral lnducflon and Therefore The eThephon-lnduced lncrease ln number of

leaf nodes per planT was of greaTer magnlTude for planTs exposed To The

lnducTlve compared To nonlnducTlve envlronmenT. Thls explalns The

absence and presence of a slgnlflcanT envlronmenT x eThephon lnTeracTlon

ln TesTs one and Two, respecTlvely (Appendlx Table 10).

In general, The envlronmenT had a greaTer effecT on sTem elongaTlon

durlng The Three—week perlod Than dld efhephon (Appendlx Tables 11 and

12). AfTer subsequenT Transfer To The greenhouse, The efhephon TreaTmenT

generally had a greaTer effecT on sTe elongaTlon Than dld The

envlronmenT To whlch The planTs were prevlously exposed.

When sTem elongaTlon was measured ln The growTh chambers for The

flrsT Three and 13 days afTer TreaTmenT ln TesTs one and Two,

respecTlvely, The eThephon-lnduced decreases ln elongaTlon were noT

slgnlflcanT, buT elongaTlon of seedllngs ln The lnducTlve envlronmenT was

slgnlflcanfly less Than ThaT of seedllngs ln The nonlnducTlve envlronmenT

(Tables 21 and 22). ln TesT one, wlTh seedllngs sTllI ln The growTh

chambers, sTem elongaTlon durlng The nexT flve days for TreaTed seedllngs

exposed To The lnducTlve envlromenT was slgnlflcanfly less Than ThaT of

conTrol seedllngs ln The same envlronmenT (Table 21). STem elongaTlon of

unTreaTed and TreaTed seedllngs ln The nonlnducTlve envlronmenT was noT

dlfferenf. Thls lndlcaTes ThaT afTer an lnlTlal lag ln seedllng response

To eThephon, The eThephon-lnduced reducTlon ln sTem elongaTlon was

greaTer ln seedllngs growing under condlTlons unfavorable for rapld

growTh.

AfTer Transfer of seedllngs frcn The growTh chambers To The
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Table 22. Influence, on stem elongation, of ethephon applied to
flue-cured tobacco seedlings during 3-week exposure to controlled
florally noninductive and inductive environments, Test 2. q

Florally Stem elongation
inductive In growth chambers In greenhouse

environment Ethephon 0-13* 13-17 17-24 24-26

mm/period

No No 13.8 7.2 22.6 10.0

No Yes 10.7 5.2 22.0 8.8

Yes No 3.1 5.8 25.6 14.4

Yes Yes . 1.8 1.8 10.4 3.0

LSD0 05 3.2 3.5 6.4 5.3

CV (%) 32.0 49.9 22.9 42.9

*posttreatment days in respective locations.
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greenhouse, elongaTlon durlng The flrsT week was noT slgnlflcanTly

dlfferenT mong TreaTmenTs (Table 21). Durlng The nexT week, sTem

elongaTlon of eThephon TreaTed seedllngs exposed To The florally

lnducTlve envlronmenT was slgnlflcanTly less Than ThaT of correspondlng

conTrol pIanTs. Seedllngs TreaTed wlTh eThephon ln Thls envlronmenT were

sTressed, flrsT from low TemperaTure and Then froh eThyIene, causlng The

recovery of vegeTaTlve growTh To be delayed. In TesT Two, dlfferences ln

sTem elongaTlon of conTrol and TreaTed seedllngs exposed To an lnducTlve

envlromenT was slgnlflcanT aT all Three measuremenT perlods durlng The

flrsT Two weeks afTer Transfer To The greenhouse (Table 22). Dlfferences

ln sTem elongaTl¤n of conTrol and TreaTed seedllngs exposed To The

nonlnducTlve envlronmenT were noT slgnlflcanT durlng Thls perlod.

EThylene—lnduced lnhlblTlon of sTem elongaTlon ln pea seedllngs has

been aTTrlbuTed To a changed orlenTaTlon ln The dlrecTlon of deposlTlon _

of newly formed cellulose mlcroblbrlls (14,25,67). Thls could also

explaln The lnhlblTlon of sTem elongaTlon of eThephon TreaTed Tobacco

seedllngs. ElongaTlon of cucumber hypocoTyl secTlons appears To depend

on The cooperaTlve acTlons of glbberellln and auxln (44), and slnce

eThyIene has been reporTed To lnferfere wlTh auxln TransporT (14,80),

hormone lmbalance may also accounT for The eThephon—1nduced·lnhlblTlon of

sTem elongaTlon ln Tobacco seedllngs.

Changes In ToTal planT leaf areas followlng eThephon appIlcaTlons

were noT sTaTlsTIcalIy slgnlflcanT for unTreaTed compared To TreaTed

planTs exposed To nonlnducTlve or lnducTlve envlronmenTs (daTa noT

presenfed). Thls suggesTs ThaT sTem elongaTlon may be more dlrecTly
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affecTed by eThylene Than are leaf lengTh and/or wldTh.

Kasperbauer (43) sTudled The flowerlng of burley Tobacco TreaTed

wlTh eThephon, and hypofheslzed ThaT delayed floral lnducTlon colnclded
U

wlTh suppressed growTh. ln Thls sTudy, dlfferences ln sTem eIongaTlon

and number of Ieaf nodes were slgnlflcanT for conTrol compared To TreaTed

planTs exposed To an lnducTlve envlronmenT (Tables 20, 21, and 22).

However, seedllng sTem elongaTlon was noT slgnlflcanTIy dlfferenT Tor

conTrol and TreaTed planTs exposed To a florally nonlnducTlve envlronmenT

(Tables 21 and 22), buT The dlfferences ln number of leaf nodes aT

flowerlng were slgnlflcanT for These same pIanTs (Table 20). Thls

suggesTs ThaT sTaTlsTlcaI dlfferences In sTem eIongaTlon responses of

Tobacco seedllngs To eThephon may noT necessarlly colnclde wlTh

sTaTlsTlca| dlfferences ln number of leaf nodes aT flowerlng. GrowTh

suppresslon apparenTly ls noT requlred for an eThephon-delayed floral

lnducTlon of Tobacco seedllngs.

EThyIene QuanTlflcaTIon

Flue·cured Tobacco seedllngs exposed To a conTrolled florally

lnducTlve envlronmenT were TreaTed wlTh eThephon, and eThylene levels
U

from alr samples of The headspace of sealed flasks conTalnlng dlssecTed

planT parTs were analyzed by gas chronaTography aT dlfferenT Tlmes afTer

TreaTmenT. Slnce samples fron unTreaTed seedllngs exposed To

nonlnducTlve or lnducTlve envlronmenTs conTalned undeTecTable levels of
U

eThylene, only The daTa from The TreaTed seedllngs ls presenTed.

Two days afTer eThephon TreaTmenT ln TesT one, amounTs of eThylene
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evolved per gram of Tlssue fresh welghT durlng The 24 h dark lncubaflon

perwd In Sealed flasks ln 28°c Temperawre were srgnmcamly mgner

from The buds and sTems Than froh The rooTs, wlTh an lnTermedlaTe level

from The leaf dlscs (Table 23). RaTes of eThylene evolved TTGH The pIanT

parTs were noT slgnlflcanTly dlfferenT aT subsequenf measuremenTs, excepT

for The measuremenTs made on days 22 and 29 afTer TreaTmenT. Dlfferences

were obTalned aT These Tlmes because The eThylene evolved frcm The buds

and leaf dlscs had decreased To undeTecTable levels as a resulT of low

welghTs of These sample parTs and of The Tlme course decllne ln eThylene

evolved from all pIanT parTs. RaTes of eThylene released froh eThephon-

TreaTed Tobacco Tlssue were slmllar To raTes observed ln prevlous work

wlTh eThylene TreaTed Tobacco leaf dlscs (6). EThy|ene has also been

deTecTed froh leaf dlscs of Tobacco pIanTs noT TreaTed wlTh eThephon or

eThylene (5,6,7).

ln TesT Two, samples were Taken on days 11 and 18 afTer eThephon

TreaTmenT. Dlfferences ln raTe of eThylene evoluflon were noT

slgnlf1canT among planT parTs on elfher sampllng day (Table 24). The

raTes were hlgher Than Those froh The same planT parTs aT slmllar Tlmes

afTer TreaTmenT ln TesT one (Tables 23 and 24). The reason for The

hlgher raTes ln The second TesT ls noT apparenf. Seedllngs ln boTh TesTs

recelved approxlmaTely The same amounT of eThephon, and dlfferences ln

seedllng slze aT The Tlme of TreaTmenT were noT greaT. Treafmenfs were

applled 14 and seven days afTer Transfer To The 1nducTlon chamber ln

TesTs one and Two, respecTlvely.

The general lnformaflon frcm The Two TesTs ls conslsTenT. EThylene
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Table 24. Ethylene evolved from green tissues of different parts of
flue-cured tobacco seedlings at different times after treatment
with ethephon, Test 2.

Ethylene (nL g”lh”l) measured
on indicated gosttreatment day*

Plant parts 11 18

Buds 3.1 0.8

Stems 2.1 1.2

Leaf discs 1.2 0.4

Roots - 3.0 1.8

LSD0 05 NS NS

CV (%) 26.3 44.0

*Seedlings were in the growth chamber and greenhouse on days 11 and
18 respectively.
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was deTecTed from eThephon·TreaTed flue—cured Tobacco seedllngs buT noT

from unTreaTed seedllngs, and eThylene evolved froh TreaTed seedllngs was

sTlll deTecTabIe ln sfems and rooTs 18 and 29 days afTer TreaTmenT (Table

23). Slnce eThephon was applled only To above-ground parTs buT was also

deTecTed froh The rooTs, eThephon was apparenTly TransporTed To The

rooTs. The apparenT TransporT of eThephon fron The frulT To The rooTs of

TomaTo planTs has been reporTed (81).

The posslblllTy cannoT be excluded ThaT a compound oTher Than

eThephon was The TransporTed enTlTy (35). When radloacTlve eThephon was

applled To leaves of maTure flue-cured Tobacco planTs, radloacTivlTy was

noT deTecTed elsewhere ln The pIanT (23). However, appllcaTlon of

eThephon To a single leaf of squash planTs caused lncreased producTlon of

eThylene from oTher parTs of The planT (35).

Decomposlfion To eThylene of The eThephon applled To maTure Tobacco

planTs was reporTed To be apparenTly compleTed by approxlmaTely four days

afTer TreaTmenT (22). If This Time course of eThephon breakdown ls

appllcable for eThephon applled To Tobacco seedllngs, deTecTlon of ‘

eThylene many days beyond day four afTer TreaTmenT (Tables 23 and 24)

suggesfs ThaT eThylene from eThephon decomposlTion had lnduced The

blosynThesls of addlflonal eThylene. Efhylene-lnduced blosynThesls of

eThylene has been reporTed for oTher planTs (86), alThough noT for maTure

Tobacco planTs (63).

Efhylene deTecTed aT above·conTrol levels ln Tobacco seedllngs four

weeks afTer eThephon appllcaTlon (Table 23) helps explaln The prolonged

lnhlblTlon of sTem elongaflon (see Tables 21 and 22) and The ablIlTy of



93

efhephon fo delay floral lnducflon even when appl led lmmedlafely prlor fo

fhe beglnnlng of a fhree-week floral lnducflon perlod (Table 15). Thls
V

sfudy suggesfs fhaf efhylene conflnues fo exerf effecfs on fobacco planfs

for an exfended perlod of +1me affer appl lcaflon of efhephon.



SUMMARY

Tobacco growers mus+ plan+ cul+lvars yleldlng hlgh quaIl+y cured

leaf ln order +0 consls+en+ly marke+ a deslrable produc+. Flue-cured 'NC

82' +obacco, +he cuI+lvar used ln +hls s+udy, produces leaves whlch are

generally hlgh ln quaIl+y (39,40). However, 'NC 82' ls also suscep+lble

+0 prema+ure flowerlng (39,40). Prema+ure flowerlng resul+s In lncreased

labor and produc+lon cos+s, a nonunlform crop, and po+en+lal yleld

reduc+lons.

ResuI+s of +hls s+udy show +ha+ e+heph0n applled +0 flue-cured

+obacco 'NC 82' seedllngs prlor +0 +he comple+lon of floral lnduc+l0n

slgnlflcan+ly decreased prema+ure flowerlng and lncreased days +0 flower,

number of Ieaf nodes per plan+ a+ flowerlng, and yleld. Magnl+ude of +he

e+hephon—lnduced reduc+lon ln prema+ure flowerlng was lncreased a+ +wo of

seven on-farm +es+ Ioca+lons when +he pr0+ec+lve plan+ bed covers were

removed +wo weeks compared +0 one week before +ransplan+lng. This

ln+erac+l0n was observed for number of Ieaf nodes a+ one of seven

loca+l0ns. Hlghes+ levels of prema+ure flowerlng were rela+ed +0 l0wes+

average dally mlnlmum +empera+ures durlng +he pre+ransplan+ perlod ln on-

farm +es+s. In con+rolled envIronmen+s, floral lnduc+lon ln seedllngs

was 0b+alned from a +hree-week exposure +0 l5°C +empera+ure and 8 h

dayleng+h. Under fleld condl+lons, dayleng+h wlll no+ vary slgnlflcan+ly

durlng a +hree +0 four week pre+ransplan+ perlod. Ph0+0syn+he+lcally

ac+lve radla+lon can vary conslderably, and low llgh+ levels were

rep0r+ed +0 par+laIly subs+l+u+e for sh0r+ days ln floral lnduc+l0n of

burley +obacco seedllngs (40). Under mblen+ condlflons, reduced llgh+

. 94
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levels are of+en ass0cla+ed wl+h perlods of low +empera+ures.

De+ermlna+lon of +he preclse number of lnduc+lve cycles requlred for

floral lnduc+lon of 'NC 82' seedllngs was no+ an objec+Ive of +hls s+udy.

However, a general lndlca+lon of +he number of lnduc+lve cycles requlred

for floral lnduc+lon ls necessary ln order +0 know when +0 apply e+hephon

for c0n+rol of prema+ure flowerlng.

In c0n+rolled envlronnen+s, lnduc+lon was apparen+ly comple+ed a+ a

p0ln+ be+ween 14 and 21 lnduc+lve cycles. E+hephon applled af+er 0, 7,

or 14 lnduc+lve cycles slgnlflcan+ly decreased prema+ure flowerlng and

lncreased +he average numbers of days +0 flower and leaf nodes per plan+

a+ flowerlng and yleld. However, appllca+lon of e+hephon af+er 21

lnduc+lve cycles dld no+ slgnlflcan+ly decrease prema+ure flowerlng or

lncrease number of Ieaf nodes per plan+ or yleld. Under fleld

condl+lons, hlgher levels of prema+ure flowerlng (51 compared +0 1%) ln

con+rol plan+s +ransplan+ed seven compared +0 +hree days af+er

appllca+lon of e+hephon were a++rlbu+ed +0 lncreased floral lnduc+lon as

a resul+ of +he addl+l0nal four days exposure +0 +he amblen+ envlronmen+.

Tlmlng of +he e+hephon appllca+lon ls +heref0re crl+lcal when +he +lme of

comple+lon of floral lnduc+lon ls approached. The +lme a+ whlch

lnduc+lon ls comple+ed under amblen+ envlronmen+al condl+lons has no+

been preclsely charac+erlzed. In +he e+hephon/+ransplan+ da+e

experlmen+, +he co++0n covers had been removed from +he plan+ bed 14 and

18 days before +he 3- and 7-day +ransplan+s, respec+lvely, were

+ransplan+ed. Average dally mlnlmum +empera+ures durlng +he perlod fron

cover removal un+ll +ransplan+lng of +he 3-day +ransplan+s was 8.6°C.
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Average dally mlnlmum +empera+ure durlng +he subsequen+ +hree—day

ln+erval be+ween +ransplan+ da+es was 17.3°C.

Tlmlng of e+hephon appllca+l0n was also lnves+lga+ed on +he basls of

+0bacc0 seedllng s+age of devel0pmen+. Under a +hree—week c0n+r0lled

florally Induc+lve envlr0nmen+, numbers of days +0 flower and leaf nodes

per plan+ were lncreased slgnlflcan+ly by appllcaflon of e+hephon +0

seedllngs averaglng 1.5 cm s+em helgh+. Tlme of a++alnmen+ of +he 2.5 cm

+rea+men+ helgh+ ln +he florally Induc+lve envlronmen+ was dependen+ on

slze of +he seedllngs when +ransferred +0 +he c0n+r0lIed envlr0nmen+.

When +he 2.5 cm s+em helghf was reached before floral lndu0+lon had been

comple+ed, response +0 e+hephon applIca+l0n was slmllar +0 +ha+ for +he

1.5 cm plan+s. ln c0n+r0Iled envlr0nmen+ experlmen+s, +0+al seedllng

leaf area was charac+erlzed a+ +he +lme of +ransfer +0 floral lnduc+10n

chambers. Seedllngs averaglng 39 cmz +0+al leaf area when +ransferred +0

c0n+r0lled florally Induc+lve env1r0men+ for +hree weeks were florally

lnduced +0 a slmllar degree as seedllngs averaglng 74 cmz +o+al leaf

area.

ln +he e+hephon I0ca|lza+lon experlmen+, bo+h +he on—plan+ sl+e and

amoun+ of e+hephon appllca+lon lnfluenced flowerlng. E+heph0n applled +0

+he Iarges+ leaves slgnlflcan+ly lncreased numbers of days +0 flower and

leaf nodes per plan+. Appllca+lons of e+hephon +0 senesced and newly

emerged (n0n—bud) leaves generally dld n0+ lncrease +hese parame+ers for

flowerlng. Small am0un+s (0.03 +0 0.09 mg) of e+hephon applled +0 +he

bud also lncreased numbers of days +0 flower and leaf nodes per plan+ a+

flowerlng. Fur+herm0re, appllca+l0n of e+hephon +0 +he r0o+s also
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lncreased +hese flowerlng parame+ers. Transp0r+ of e+hephon ln a source

+0 slnk pa++ern In +he phloem Is pos+ula+ed from +hese resul+s. Slmllar

concluslons have been repor+ed from s+udles using 14C-e+hephon +0

lnves+lga+e e+hephon +ranspor+ (24, 51, 76). Delayed flowerlng as a

resul+ of e+hephon applled +0 +he bud sugges+s +ha+ e+hyIene, +he

physlologlcally ac+lve produc+ of e+hephon dec0mposl+lon, causes a

+emporary lnhlbl+Ion of responslveness of +he shoo+ apex +0 +he floral

s+lmulus [which ls presumably syn+heslzed in +he leaves and +ranspor+ed

+0 +he shoo+ apex (9, 10)]. A general mode of ac+lon for e+hylene-

lnduced delay of floral lnduc+l0n of +obacco seedllngs can be p0s+ula+ed.

A flowerlng slgnal would requlre processlng a+ +he shoo+ apex, which

would requlre syn+hesls of new enzymes. E+hyIene has been repor+ed +0

lnhlbl+ DNA syn+hesls by reduclng DNA polymerase ac+lvl+y (16).

Syn+hesIs of new enzymes would requlre DNA +empla+es (28). A shoo+ apex

+0 base gradlen+ was repor+ed for +he capacI+y of s+em segmen+s of a

cul+lvar of clgar +obacco +0 produce flower prlmordia in xiißo (74);

segmen+s +ha+ formed 100% flower buds c0n+alned 10 +lmes more DNA +han

segmen+s +ha+ formed a lower percen+age of flower buds.

In 0+her experImen+s, e+hephon—lnduced reduc+lons ln prema+ure

flowerlng were no+ lncreased by a second pre+ranspIan+ appllca+lon of

e+heph0n. Cured—leaf qualI+y was reduced by muI+IpIe appllca+l0ns, and

yleld was reduced when +he slngle pre+ransplan+ appl Ica+l0n was

supplemen+ed wl+h a second appIIca+lon of e+hephon 10 days af+er

+ransplan+lng. Fur+hermore, appIlca+Ion of e+hephon a+ ra+es of 81, 122,

OF 244 mL m'2 of plan+ bed dld no+ increase +he number of leaf nodes per
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plan+ beyond +he level 0b+alned from 44 mL
m—2

of plan+ bed.

Addifional experlmen+s, conduc+ed in +he greenhouse and grow+h

chamber, lndlca+ed +ha+ a 2.5 cm raln, whlch washed e+hephon from +0bacco

seedllngs, wi+hln one +0 +w0 hours af+er e+hephon appllcaflon decreased

+he e+hephon-lnduced lncreases ln numbers of days +0 flower and Ieaf

nodes per plan+. Raln wl+hln 30 +0 60 mlnu+es af+er e+hephon appllcaflon

c0mpIe+ely preven+ed efhephon from lnfluenclng flowerlng.

lnfluence of e+hephon on s+em elongaflon of +0bacc0 was also

examlned. E+heph0n applled +0 plan+ bed seedllngs af +he ra+e of 244 mL

m'2 of plan+ bed +emporarily suppressed s+em elonga+ion. S+em el0nga+l0n

of plan+ bed seedllngs +rea+ed a+ rafes of 44, 81, or 122 mL m'2 was no+

slgnlflcan+ly less +han +ha+ of confrols. However, for seedllngs grown

ln +he greenhouse, e+hephon applled a+ ra+es of 122 and 244 mL m°2

reduced s+em elongafion. Succulenf, greenhouse—grown +0bacco seedllngs

may absorb e+hephon more readlly +han do plan+ bed seedllngs. Reduc+l0ns

ln s+em el0nga+l0n were grea+er for seedllngs grown ln confrolled

envlronmenfs of 15°C +empera+ure and 8 h dayleng+h +han in 25°C and 13.5

h dayleng+hs. The e+hephon-lnduced suppresslon of s+em elonga+lon was

compounded by an environmenf whlch dld n0+ promofe rapld grow+h.

Appllcaflon of approxlmafely 0.5 +0 1.5 mg e+hephon +0 +he larges+ leaf, ·

all four leaves, and all four leaves plus +he bud suppressed s+em

el0nga+l0n +0 a grea+er ex+en+ +han 0.03 +0 0.09 mg e+hephon appl led +0

+he bud or 0.08 mg applied +0 +he small Ieaf neares+ +he bud. Thls

apparenfly sugges+s +ha+ amoun+ of e+hephon applied lnfluences s+em

el0nga+i0n of +obacc0. Addlfional experlmenfs, ln which dlfferen+
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an0un+s of e+hephon are applled +0 +he plan+ par+s ln a fac+0rlal

arrangmen+, are needed ln order +0 reach concluslons on +he lnfluence of

0n—plan+ appllca+l0n sl+e on s+m elonga+Ion. ln all experlmenfs,

suppresslon of s+em elonga+l0n was +emp0rary. AI+h0ugh dlfferences ln

s+em el0nga+lon remalned slgnlflcan+ up +0 +hree and four weeks affer

+rea+men+ (ln +he e+hephon volume and gr0w+h effecf experlmen+s), s+em

helgh+s a+ flowerlng were no+ dlfferen+ among +rea+ed plan+s. Delayed

floral lnduc+l0n of burley +obacco seedllngs by e+hephon has been

p0s+ula+ed by Kasperbauer (43) +0 colnclde wl+h e+heph0n—lnduced

suppresslon of grow+h. In +he e+hephon grow+h effec+ s+udy, dlfferences

ln bo+h s+em elongaflon and number of leaf nodes a+ flowerlng for con+rol

compared +0 e+hephon-+rea+ed pIan+s were slgnlflcan+ for pIan+s exposed

+0 a c0n+r0lIed florally lnduc+lve envlr0nmen+. In con+ras+, dlfferences

ln seedllng s+em elonga+l0n of con+rol and e+hephon-+rea+ed plan+s were

no+ slgnlflcan+ for seedllngs exposed +0 a nonlnduc+lve envlr0nmen+.

However, dlfferences In number of leaf nodes a+ flowerlng were

slgn|flcan+ for fhese plan+s. S+a+ls+lcaI dlfferences ln s+em eI0nga+lon

of +obacco seedllngs +rea+ed wl+h e+hephon do no+ necessarlly colnclde

wl+h s+a+ls+lcal dlfferences ln number of Ieaf nodes a+ flowerlng.

Growfh suppresslon apparen+ly ls no+ requlred for an e+hephon-lnduced

delay of floral lnduc+l0n of +obacco seedllngs.

In a rela+ed experImen+, flue-cured +obacco seedl lngs were +rea+ed

wl+h e+hephon durlng a +hree—week exposure +0 a con+r0lled florally

lnduc+Ive envIr0men+, and e+hyIene levels froh alr samples of +he

headspace of sealed flasks c0n+alnlng dlssec+ed seedllng par+s were
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analyzed by gas chromaTography aT dlfferenT days afTer TreaTmenT. Levels

of eThyIene from confrol seedllngs were undeTecTab|e. However, eThylene

from eThephon TreaTed pIanTs remalned deTecTabIe, alThough ln decreaslng

quanTlT1es over Tlme, aT 18 and 29 days afTer TreaTmenT In The Two TesTs

_ of Thls experlmenT. Thls 1nd1caTes ThaT eThyIene conTlnued To acT w|Thln

The planT for an exTended perlod of Time. Thls supporTs resuITs fran

oTher experlmenfs In Thls sTudy ln whlch eThephon applled afTer O, 7, or

14 days exposure To a conTrolled florally 1nducTlve envlronmenT was

equally effecTlve ln reduclng premaTure flowerlng and Increaslng numbers

of days To flower and leaf nodes aT flowerlng, and yleld. DeTecTlon of

efhylene for an exTended perlod of Tlme ln eThephon-TreaTed planTs also

supporTs The suppresslon of sTem eIongaTIon observed Three To four weeks

afTer TreaTmenT.
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Appendix Table 3. Analysis of variance for five agronomic character-
istics of flue—cured tobacco grown at seven on—farm test locations,
1983.

Days Leaves
to per Premature Quality

Variance flower plant flowering Yield index

% kg ha-1
Source df Mean squares

Hawthorne location

Rep 2 0.3 0.1 18.8 139 687 4.1
Exposure 1 0.3 1.3 55.2 52 0.8
Ethephon 1 23.1+ 6.2** 998.6* 1 344 2.1
Exp x Eth 1 0.2 2.9* 8.9 111 554 0.8
Error 6 0.7 0.3 116.7 25 855 3.9

May location

Rep 2 2.6 0.1 76.6 64 178 43.6
Exposure 1 8.8* 0.1 212.4* 27 648 60.8
Ethephon 1 18.7** 31.1+ 457.1** 215 472 6.8
Exp x Eth 1 8.9* 2.1 208.3* 33 920 6.8
Error 6 1.5 1.0 35.1 258 761 13.3

Crews location

Rep 2 0.9 2.5 19.6 132 708 8.1
Exposure 1 3.8 3.2 77.3 127 21.3
Ethephon 1 0.1 1.5 12.4 104 347 1.3
Exp x Eth 1 0.1 7.0 4.2 12 352 16.3
Error 6 1.3 5.2 22.1 34 021 5.1

Scarce location

Rep 2 33.5* 0.6 0.7 93 182 17.6
Exposure 1 4.4 0.2 25.6** 1 323 2.1
Ethephon 1 38:3* 1.6 28.6** 161 14.2 .
Exp x Eth 1 1.7 1.1 24.1 481 4.1
Error 6 4.1 0.5 1.4 34 827 18.6

*, **, + Significant at the 0.05, 0.01, and 0.001 probability levels,
respectively.
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Appendix Table 4. Analysis of variance for five agronomic character-
istics of flue—cured tobacco grown at seven_on-farm test locations,
1984.

Days Leaves
to per Premature Quality

Variance flower plant flowering Yield index

% kg mil 1
Source df Mean squares

Hawthorne location

Rep 2 4.9 2.0 36.2 1 057 26.1
Exposure 1 7.2 0.2 328.7 3 924 18.8
Ethephon 1 29.1** 18.5** 1140.8** 203 581** 0.1
Exp x Eth 1 4.0 1.3 137.4 13 804 2.1
Error 6 2.1 0.9 70.6 9 890 18.6

May location

Rep 2 1.9 2.6* 0.8 206 479 8.1
Exposure 1 0.1 0.4 1.3 98 827 0.3
Ethephon 1 5.6* 0.3 1.3 252 590 5.3
Exp x Eth 1 0.9 0.1 0.9 954 27.0
Error 6 1.0 0.3 1.1 125 140 13.3

‘ Guthrie location
Rep 2 0.2 2.1 9.2 1 161 14.1
Exposure 1 0.1 0.1 1.4 61 0.1
Ethephon 1 1.4 0.1 23.2 25 117 14.1
Exp x Eth 1 0.1 0.8 2.2 61 2.1
Error 6 2.2 0.2 7.8 20 394 3.8

*„ ** Significant at the 0.05 and 0.01 probability levels,
respectively.
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Appendix Table 5. Dates when indicated management tasks were performed
at on—farm test locations, 1983-84.

Seeding Cover removal Transplant
Location date datesl date

Hawthorne
‘83

1 March 1 & 8 May 18 May

° May '83 10 March 16 & 23 May 30 May

Crews '83 4 March 4 & 11 May 26 May

Scarce ‘83 23 March 19 & 25 May 1 June

Hawthorne '84 8 March 2 & 9 May 15 May

May '84 18 February 23 & 30 April 5 May

Guthrie '84 23 March 8 & 15 May 23 Mayz

lEthephon applied on second cover removal date.

2Actual dates were May 22 and 25; May 23 is the average. ·
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Appendix Table 6. Analysis of variance for weekly rates of stem
elongation of posttransplant flue—cured tobacco NC 82 plants trans-
planted 3 and 7 days after treatment with ethephon at 5 rates.

Posttransglant geriod of stem elongation
Variance week 1 week 2 week 3 week 4 week 5

Source df Mean squares

Reps 2 0.66 11.96** 51.38+ 88.60** 92.93

Transplant day 1 10.19** 0.87 3.49 16.64 6.86

Ethephon rate 4 1.89 3.62 16.16** 40.26* 19.32

TD X ER 4 0.38 0.80 2.74 18.75 21.09

Error 18 0.96 1.32 3.52 13.69 31.50

*, **, + Significant at the 0.05, 0.01, and 0.001 probability levels
respectively.
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Appendix Table
8.‘

Mean daily minimum temperatures recorded at the
Virginia Tech Southern Piedmont Center in 1984 during certain
weeks in relation to on-station field tests.*

week Temperature

°C

7-13 May 12.2

14-20 May 9.9

21-27 May 17.8

28 May - 3 June 13.6

4-10 June 19.4

11-17 June 20.3

18-24 June 20.2

*ä;aQt bed covers removed 7 May; transplant dates were 21 and
ay.



116

Appendix Table 9. Average daily minimum temperatures immediately
following three weeks exposure of tobacco seedlings to a controlled
florally inductive environment in growth chamber ethephon timing
experiment.

Pretrans lant Posttransplant environment
Experiment no. In lath house Z1 week} week 1 week 2 week 3 week 4

OC OC

1 13.7 13.6 10.5 12.5 17.6

2 16.2 13.6 21.4 20.8 17.9
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Appendix Table 10. Analysis of variance for effects of ethephon
applied to flue-cured tobacco seedlings during exposure to
controlled florally noninductive and inductive environments.

Test 1 Test 2
Days to Nodes per Days to Nodes per

variance flower plant flower plant
Source df Mean squares

Reps 4 18.8 15.1 115.6 6.3

Environment (Env) 1 1170.5+ 551.3+ 2655.5+ 585.8+

Ethephon (Eth) 1 120.1* 120.1** 5088.1+ 732.1+

Env x Eth 1 11.3 0.1 2385.7+ 375.2+

Error 12 26.5 10.2 46.4 2.0

*, **, + Significant at the 0.05, 0.01, and 0.0001 probability levels,
respectively.
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Appendix Table 12. Analysis of variance for weekly stem elongation of
flue—cured tobacco seedlings treated with ethephon during exposure
to controlled florally noninductive and inductive environments,
Test 2.

Posttreatment days
‘

In growth chambers In greenhouse
Variance 0-13 13-17 17-24 24-26

Source df Mean squares

Reps 4 0.1 0.7 0.6 14.2

Environment (Env) 1 2.8+ 1.8* 1.9 0.6

Ethephon (Eth) 1 _ 0.2* 2.8* 6.4** 49.6**

Env X Eth 1 0.1 0.3 5.4** 23.5**

Error 12 0.1 0.4 0.4 3.8

*„ **, + Significant at the 0.05, 0.01, and 0.001 probability levels,
respectively.




