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Abstract:

The developmental morphology of five winter wheat genotypes was studied in controlled environments
and field conditions. The objective was to determine the relationship of external leaf development and
the apical meristem. It was found that: (a) winter wheat was vegetative from germination to appearance
of the fifth leaf, (b) the transitional stage was short-lived, occurring during the expansion of the fifth
leaf, (c) the reproductive stage began with the appearance of the sixth leaf, (d) genotypes
developmental growth was similar in the vegetative and transitional stages and varied in the
reproductive stage, (e) all field-grown genotypes entered the winter at the same stage of growth, (f)
visual observation was a good measure to determine the plant developmental stages, (g) plants similar
in development stage to field-grown material could be produced in the controlled environment
chamber.

The relationships of various morphological factors of six diverse winter wheat genotypes, planted at
five depths, to the mature plant height and the field spring survival was studied in controlled
environments with and without light. It was concluded that: (a) the genotypes differed in coleoptile
length, emergence rate index, seedling height, crown node depth, secondary root length and number,
number of tillers and foliar dry weight, (b) Froid, Yogo and Crest had long coleoptiles, high E.R.I.s and
tall seedlings, but MT 6928, Cheyenne and Itana had short coleoptiles, low E.R.L.s and short seedlings,
(c) Froid and Yogo developed the shallowest crown nodes followed by Cheyenne, MT 6928, Itana and
Crest in light, in dark Cheyenne and Itana switched their positions, (d) in the dark, the crowns tended to
form farther away from the seed, (e) in the lighted environments, Froid and Yogo were generally in the
top rank regarding secondary root length, number of secondary roots and tillers and seedling dry
weight, (f) the ranking of the genotypes for crown node depth and secondary root length measured
under field situation was similar to that obtained for the lighted growth chamber.

The planting depths varied significantly for all the characteristics.

The shallow plantings showed the highest E.R.I., the tallest seedlings, the shallowest crowns, the
longest secondary roots, the most secondary roots and tillers and the highest seedling dry weights. The
depth X genotype interactions varied significantly for the last five characteristics in the foregoing
sentence in the light and for the E.R.I. in the dark.

The results further showed that (a) all the characteristics except E.R.I. and subcrown internode length
in dark, significantly correlated with one another, (b) the mature plant height had positive correlation
with seedling height and subcrown internode length in dark and with no other factor both in dark and
light, (c) the nonsignificant association of the mature plant height with the coleoptile length indicated a
possibility of developing short plants with long coleoptiles, (d) the field spring survival had no
significant association with the coleoptile length, E.R.I., and the seedling height (in dark) and was
positively associated with. the. secondary root length, and number (in light), (¢) the correlation of foliar
dry weight and E.R.I with spring survival was positive and significant when Crest was excluded, (f) in
both dark and light. the crown node deoth was negativelv associated with the field soring survival.



The association of crown node depth, secondary root length and E.R.I. with field spring survival
suggested screening for these characteristics in winter wheat breeding programs.
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ABSTRACT

The developmental moxrphology of. five winter wheat genotypes
- was studied in controlled envireénments andsfie;dﬁconditions. The
objective was. to determine the relationship.of external leaf devel-
opment. and’ the' apical meristem.. It was~féund'that: (a) winter
wheat was vegetative from germination to appearance of. the fifth
leaf, (b) the transitional stage was short-lived, occurring during
the expansion of the fifth leaf, (¢) the reproductive stage began
with the.appearxance of the sixth leaf, (d). genotypes.developmental
growth was-similar. in the. vegetative. and transitional stages and
varied. in. the reproductive stage, (e) all field=grown.genotypes: en-
tered the winter at the same stage of growth, (f) visual.observation
was a good measure to determine the plant developmental. stages, (g)
plants.similaq in development stage to field-grownh material could
be produced in the controlled envirenment: chamber. :

. The relationships of. various merxphological factors of six
diverse winter wheat. genotypes, .planted at five: depths,. to the na-
“ ture plant height and the field spring survival was studied in con-
trelled environments with and without: light." It was..cencluded thats:
(a) the genotypes differed in coleoptile length,.emergence rate in-
dex, seedling height, crown ngde‘dgpth, seceridary root. length and
number, number of tillers and foliar dry weight, (b) Froid, Yogo
and CQrest had leng coleeptiles, high E.R.I.s andrtall seedlings, but
MT. 6928, Cheyenne and.Itana had short coleoptiles, low. E.R.I.s and
short seedlings,..(c)..Freid. and Yogo developed the.shalleowest: crown
nodes followed by.Cheyenne, MT. 6928,. Itana and Crest in light, in
dark Cheyenne and Itana switched their positions, (d) in the dark,
the crowns tended. to form farther away frem the seed, (e).in the-
lighted envirenments, Froid and Yogo.were generally in' the!tep rank
regarding secondary root length, number of secondary roots and til-
lers and seedling dry weight, (£) the ranking of the- genotypes for
crown node depth and secondary root-length measured under field
situation was similar to that obtained for the lighted.grewth chamber.

; The planting depths: varied.significantly. for all. the charac-
teristics. The shallew plantings showed the. highest E.R.I., the
tallest seedllngs, the shallowest crowns, the longest secondary »
roots, the most secondary roots and tillers and the highest seedling

. dry weights. The depth X genotype interactions: varied significantly

for the last five characteristics in the foregoing sentence in the
light and for the E.R.I. in the dark. :
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‘The results further. showed .that. (a) all the characterlstlcs

except E:R.I. and subcrown internode length in dark., s:.gn:.fn.cantly .

correlated with one another, (b) the mature. plant: height. had posi~
tive correlation with seedling height ‘and- subcrewn internode length
in dark and with no other factor both in dark.and" light, (c) the _
non51gn1f1cant association of the mature plant height with the.cole-
optile length. indicated a p0551b111ty of “developing short plants
‘w1th long coleoptiles, (d) the field spring survival had.ne. signifi-
cant. agsociation with. the celeoptile length, E.R.I., and the seed-

ling height: (in dark) and was positively associated with. the secon=- -

‘dary roéot length. and number. (in light), (e) the correlation of
foliar dry weight and E.R.I. with spring survival was positive and
significant when Crest. was excluded, (£):in both dark and light,
the crown node depth- was negatlvely assoc;ated w1th the field
spring survival. o

The association.of crown n@de,depthywsecéndary root length
and E.R.I. with field spring survival suggested screening for these
characteristics in winter_wheat.bxeeding‘programsa
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INTRODUCTION

Winterhkilling is. an importahﬁ‘prOblem 1imiting'wiﬁter wheat
production in nerthérn_latitudes 6f—the United.states. Although
muchjhas bgen‘published‘aboqt winterkill.and notable p;ogress.in
v_b;eeding Winterhaxdy varieties has been:made, the exact causes of
. igﬁury‘to plants and the.mechanisms fér.the differenfiéi surviva;'
of genotypes remain to be d.etermin_ed.. - .. |
‘Wiﬁtex wheat presently isuécréepedvfor;wiptéxhardiness pri-
fmafily'unaer,fieldlconditions_.zWintexkill;ng.of;wheat'plants in . a ,‘ e J
field énvironﬁents’is.unpredicfablenwith_complete~killing or survi-
vél freﬁuent;y occurring, - |
Most‘attemptsito;developMadéQuateLLaboratgry methoés of
testing for winterhérdiness,‘tq supplement,ér replace £he field
tests, are related to'physiological factors.wﬁich.influenée‘cdla
hardéning of the plants. éﬁch fesearCh has encountered difficulties
in.finding‘a suitable assay fdf:determinipgu;he level of‘cqld hardi—"
ness.. Confradidto;y“vigws exist iﬁ-the-literature.about_the.impor—'
éance'pf the accumulation of_Vatiousléynthates‘to the cold harden-

ing of the plants.

The succéss of winter wheét is.initiélly'dependent on the
'establishment'of'good'apd vigorous fall'standsy-‘Further-élaboration

of‘the efﬁect<of‘mprphological factors .influencing fall stand
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:establishmentiseems~justifiedm The need ig also felt for information

..régarding.the relatiohship between the fall stand'eétéblishment fac-

tors and field'spring-survivalh ‘Sudhﬁinformatibn~5houldvéontribute
to‘thé‘selectiqn andgdiffé;entiation:qf‘é genotype on.thé”basiSmof 
winterhardiness.

In brief, the purpbse .of thesetstudies was to.attempt,. under

controlled conditioﬁs, to identify.growth: or mopphologidal chéxacter-

istics related to winterhardiness of winter wheata_
l‘in.cdnsidering.various;aspectswdf;ﬁinﬁerhardiness'and re-
search,appradches.ﬁhaﬁmmighﬁ'yieidfinfbrmation;usefui;to'wintér'
wheat.réséaréhésq.ifubecame apéérgntlthaﬁ.iittlelinfp?métibn“waé
avéilable”concerning deveiopmental“morpholoqu
The:objgctivés.of¢the.fi?st:stud§ repér#ea Werez
1. Té‘examine‘the;develppmental growﬁhuétagés in:di#ersé
wiﬁter Qheét geﬁdtypés"toJdetermine the:;elationship efféxternal-
:, leafrdeveloémentfaﬁdwthe;apical-ﬁeristemQ .
:2..'To determine“if,controlledﬁenvironmentuchambers\produce
plants similar:in‘develbpmental:stagés.fo.those;field?érowpﬁ
The objectives of the second study.discussed wére:
_ii?- Toﬁexamine‘coleoptiieqlengtﬁs.ofmwinter wheatvgenotypesu

in- controlled environments and to reélate the results with other

’
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morphéibgiqal ché?écters“suahfés"éeédling heigﬂt, sﬁbcrownﬂi#terﬁodé
léngth and eﬁeiéehcé. o |
2. Tévstudy.tﬁeuassociation qutheseécharacterisﬁicslwith

field spring survival.

:Thé aim'of.themthirdﬁsﬁudy.was.to<determinevthe relatiqnship

of the crown ndde-location“wiﬁh other seedling characteristics and

field spging'survival.of.diversg;winter.whéétugenotypes.
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REVIEW OF LITERATURE

‘General

Wéﬁteﬁhardiness of winter wheat‘istconSidered to be the re-
sult.of fali‘stand establishment, toleranéé‘éf cdid wihter‘tempéra--
tures and fhe‘ability to resume.spring-grbwﬁh'aﬁ‘the proper time.

'Andrews.(l9603 rgpbrteduthat'cold hardéﬁing'of winter wheat
is inf;uenced'by'temperatureq duration othérdening,.light;'moisture
and stage of development of.plantsp He indicaﬁea.that optihum con-
‘aitioné for hafaeﬂing varyMwith,speéies“apd Wiﬁh,genotypes Within a
species. P - ’

The cold't@lerance;of mpéﬁipiants ié enhanced'by_the enviroﬁr
‘mental.facfors thét depress groﬁth‘sucﬁmaé;low temperature}.insuffi—
cient meisturey‘shdrt.ph@toperiods:in‘the‘plantS‘that accumulate |
sta#ch and low nitrogen levels (AldEn and_Herﬁann; l~9-7~l).°

Voblikova. (1963) . found.that both the.iﬁéensity and the spec-
trum‘of.light.under which winter wheat isfgfoWn.inflﬁgnce frost
hardiness. .High intengitiesﬁofsliqht.indg;édwmorefhéfdiness.ﬁhan
low intensities“iﬁ wiﬁter;wheat,at.low téﬁpérature (Andfews, 1960).,
Truneva‘(l965)-feqhd that”po cold.xesisﬁancemdéyelopéa:rega?dless of
‘light intensities.and'phéﬁéperiod:ﬁhenfﬁhé:éemperature was above
'IOC,' He‘c§nGluded that#at a.iow hardehingntempgfatﬁre-and~high.

light intensity high frost resistance of Wiﬁter wheat‘plants could
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be developed bothron short and on continuous.dgys; His results also
indicated that photoperiod.coﬁld.influence the,deveiépment of'céld

‘resistance,- Frost resistance was achieved on an.eight-houf day dux-

ing one week of. hardening.. Kneen .and Blish. (1941} alsdwfeported re-

duced.cold hardening at decreased.light intehSities;in winternwheatb

The average survival of éix.winter wheat .varieties af;er'iow;
tempergture hardening fér 43‘days-and éhen freezing;for 24 hours at
-15C was 84, 64 aﬁd 11 pgrcenﬁ, reSpéctively,>for_“full light",
"intefmediate light" and "low ,ligh1_;“°
Aécording toisuneson énd.Peltier (1938) méximum hardening of

winter wheat'during November results from a. radiation-tempéerature

balance reacting with day-length.and.drought.influence te give maxi-

mum accgmgiation of.brganic reserve.

| ‘Hafdiness.was found .to be associated.witﬁulow‘respiratofy
activity which appéars to be related te maintenance. of higher sugar
reserves (Bula and Smlth, 1954; Levitt,.1956;.Zech. and Pauli, -19260;
Barta and Hodges, 1970) . COther reportsv however?-lndlcate a less
significant role fer éimple sugars in the. cold-hardening mechanfsmo
Kolosha‘(1965):fai1ed‘tézestablish a"felation.betwegn'tﬁg‘reducing
sugars and frost fesisﬁaﬁce in.winﬁer'wheatg,nsimilar‘resﬁltstere
'vsupported by thoge of Kaplya (1964) A deére&se;in:sﬁgar content

durlng hardenlng was reported in. w1nter wheat by Newton (1922)
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Mel'nikowva (l964)‘observedtthat'an increaseuin~eoluble sugars in the
presence of 1ncreased proteln nltrogen dia not lmprove the cold re—
51stance”of winter wheat. He suggested that the ratlo of soluble
sugars to ptotein nitrogen should-behconsidered:in‘determining the
contributren.of.sﬁgaxs;to-the;development.of cold hatdiness;
. Many early workers .attempted to relate“ehanges in‘various

forms of-nitrogen such as .soluble. nitrogen, protein nitrogen, amino

nitrogen,. non-protein.nitrogen and tetal nitrogenftomfrost hardiness.

Because ofythefcrude methods employed-inmtheSe studies, results were
often 1ncon51stent and most lnvestlgatlons were.. of 11tt1e value

(Lev1tt 1956)

Paull and Mltchell (1960) found that soluble proteln nltrogen

and soluble non—proteln nitrogen were higher, water content was
lower, and free~am1ne.aclds and anldeshWere hlgher=tnnhardened‘plants
than in nnhandened,wheatupiants.onwa fresh ﬁeight basis. Zech and
Pauli (;962} tepefted an increase.in the-COnCentrationfof water sol-
uble protein.duninghhardening. Vasil’yev,”Lehedeva, and Rafikova
(1964) observed:that‘anuincrease-in water“eolublenérotein content in
winter wheat durlng hardenlng was accompanled by a decrease tn salt-‘
alcohol~and alkall-soluble protelns, upon coollng to -10C 1n 24
hours. Zech~and‘Paul; (l960)-found that water. soluble protein ni-

trogen and total sugars in leaves ahd crown.of.winter wheat were
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associated with. cold. resistance. Howevery.T@men[and‘MitCHell (1968):

failed teo shgw,anyurelationship«between;waﬁer.solﬁblehpfo;ein.and
cold hardinesSa -

Dexter (1934).feported"anminverse.eorrelation.between.hardi-
ness ahd soluble‘salts.in wintefnwheafw In general,‘hardiness was
associated wifh a high percentage. of dry matter and with.low.concenj
tration of soluble salts. . Dexter, Totﬁinéhem'aﬁd Graber (1932).pre—
posed tﬁé measurement of'electrical conductivity;to;find the degree
. of cold. hardiness.. This technlque was: modlfled by Stuart £19239) and
lWiinerf(1959)r The measurement of res1stance was. suggested by
Flllnger and Cardwell (l94l) and. nlnhydrln determlnatmon method was
proposed by Moore and. Stein (1954)o Cordukes, Wllneruand‘Rothwe;l '
{1966) comparedqthe.qonductance,"reslstanqe;anddninhydninmmethods.of
measurin§~celd injgryson‘thenseme turfgress'piant and found. that
these methods had no‘agreement-with”one another; ‘They and Simino-
vitch, Therrien,-Gfellernand‘Rheaume {1964) - criticized. the Dexter
method of eqnductivityemeasurement“andhCGnsidered'it unreliable.

‘The:e<ha5'been.censiderabiefietefestiin.testiﬁg for cold
‘ resisﬁan;“Varietieseinuthegeeleeétile.@r;sprqutiné_seed stage..
“Grahi (1956).descri5ed‘e ﬁethed efﬂtestinguferwcéld_fesistance in
the coleeptile stage. Seeds were.germinatedhag,sooﬁ'temperetﬁre-

until the coleoptiles were 5 mm long, hardened for.3 days at OC

‘.
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.
with l6-hr.day length,. then frozen at -5,7C. Af;exnﬁhawing'for one
day at 0C, .these were tranéplanted.to,the greenhouséy-where.cold fef
. .sistance.was assessed bysreérowth.aftex 14 days. Dantﬁmé (1958)
. could not-pbtain\consistent;results;by using'the@méthod described
by Grah;a Investigations conceﬁned-withmwinterhérdineSS-have shown
that it isfdifficult.to’findfa.éuitable«assayffor?det;rmiqing fhe-
ie#el of.coia'resistahcel(Hodgesf évecﬂand Barta, lgﬁ@).x:
| In winter ocat droSsésj.Finker (l9665.found ﬁ?ansgre;sive'

segregation for:increased;hardiﬁgss@n,If.was.eXpressed‘both‘as
greater resistance to. leaf kill resuiting fromﬁfall-fréezés and
higher pexcént of w;nter survival., Similar resﬁits_were reported
by Sunesen and Marshalll(IQGj),in wild oat‘studies§  Wilner (1965)
. stpdying‘prégeny Qf,reciprocal,crOSSés bétween‘hardyland:tender |
appleavafietiés obsérvedfthat‘céidufesistance waS“mofeiinfluenced
by the maéernal‘tﬁan.thé:paﬁernél parent. He. suggested that factors
‘for‘cold resistance‘maf be cytoplagmic in origin.

To. determine the Winterhardiness in winter whéat,.Vasillyev
{1961) uséd a spring survival scale which he7defined‘as the differ-
~ence in the number of plants;on a. test plot from theltimevof'enter—

ing winter to the time.of leaving winter.
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Develepméntal Morphology

Egrly'studies\on\the‘development of wheat plant wgre of a
general desdriptive-naturer with more eﬁphasis‘on.development'of the
kernel than of the whole:éeedling,

Jeﬂsen‘(l918)acited a.ﬁumber.ofaPUblications.dealinghwith-.
the mofphévdeveIOPmental history.ofwwheat.graip,m_He deséfibed-and '
illustratedutheLagvelopment‘offtheuspike.andfflower and showed that
primordia of the spikes are present 21 days. after seeding when
leaves above ground measure:10 te 15 cm in length.

Peféivali(192i) reported thatfin‘thearesting wheét'embryo,»
théuterﬁinal ?rimérf:bud—is visible with its‘a#iécénd‘two.of thrée:
rudimentafy 1eé&§s° 'Siﬁilax vigﬁs‘weré‘repofted-by Bonnétt (1966)&

| ‘Kieésélbachjénd Sp;agge((1926) réported-th§t in. winter. wheat .
-différentiéti@n~0f~the4spikeswasﬁnotmevident in.the.fall‘Season'and
the plént-rémained-essentially‘dormant‘duxing.Decgmber,‘January and
February- due to. low temperatures.. The importanceJofttemperature.and
photoperid@ ih de£érmining time in each..growth.phase.of.wheat plants
was.. stressed by McKinney and Sandé (1533)m-‘Purvis {1234) . found thaé
'tﬁe initiation of the;reproductive;phase»pf winter éereals is-pre-
sumably the resu;t of the plants' response to either=lew-tempéfature-
during early grthh stages or to;photoperibdic-variations, The in-

teraction of temperature and daylength during germination determine
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both thenminimalunumberfof'1eaves féxmed:before:differentiétioh of
flower primordia beginsuand theuféte"gfpngWth'of‘meristeméticxtis—
sue. Purvi;.suggested.that‘in'aséigning‘asplant to its photoperi—
odic categoiy, the timé of'forﬁétion éfcfléwerzgrimofdia éhould bhe.
considered rathefithén thg timefof‘emenéeﬁﬁevof;ﬁhe inflérescenceoi

A gréat‘acceleration in the.deVelopment-of‘spikes due‘fo
long photeperiod was reported;by-Ahrens and. Loomis. (1963). On
long days at 24C, noﬁrvernalized plants’headed in 140 to 170 .days
compared with 100 days ﬁOrnwell—vernalfzed=plants.‘ With 1ll=hour
days, heading dates did not differ. The non-vernalizedupiaﬁts
grown with ll—hour;days~headed'in 200-.dayso

.Aitkenx(1961)lfouhd the time. to. flower initiétion in4Aus-
tralian oats depended greatly on the varietal response to photoperiod
and temperature."Aitken (1966)'also étudied themdiffereﬁce.bétween
spring and winter flowering characters‘in*wheat,.rye,‘barley and
oats in seyeral fieiﬁ-environﬁentS'with~me§n temperatures ranging.
from 10-22C and mean phoﬁopefiod‘fﬁomllocl/é—l6 hrso‘ Hé £oun&*that
spring cereal varieﬁies-all‘flowered at a-low iééf ngmberr showing
insensitiyity,to‘temperatureiénd‘photoperiod;u‘Howevér,;flowerlinie
tiation was at a higher leaf number in the winter cereal varieties:
and within winter types it was at a higher léaf number at a higher

temperature. than at a lower temperature:
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McCall‘(i9345‘studied the créwn and upberiportionlof.wheat
plants and foﬁnd.a,definite‘positioﬁdl and &aééular relationship be~
tween nodal vascular plate, leaf, root. and axillary bud origin.’
Nilson, thnscn and Gardner (1957) reported that‘ﬁhe.culﬁ of the
wheat plant is generally composed.of six iﬁterno@é§f fiVerbf'which
exténd above the soil surface. Although.thevvarieties of wheat'
they examined differed widely in plant heiqht;.aliushowéd a common
internode pattern. Characteristically,-the.basal.internode of the
culm was. the shortest,.and.each-successively.hiqhgriinternode was
longer thaﬁ‘ﬁhé'one beloW ito‘ In t&ll growing'vérietiés the in-
crement of length.of;successively higher internodes was-greaﬁér than
in short statured‘types.

Cooper (1956), workiﬁgvoh develcpmenfal‘analysis in the

cereals, reported the rate of leaf appearance &n any shoot as line&r

and unaffected by initiation of.the spikelet bud.on that éhobt° The

elongation of the shoet apex was reported‘as=exPOnenfialz.being
gradual during vegetative growth but inéreasingrat-spikelet initi—
ation.

Bonnett (1936).described, with illustrations, the main stages
in the'development of the sheoot; the spiké‘apd the sbikelet‘of wheat.
He gave the seguence of initiation‘of the deveiopmenfal_phééés and

grouped them .into vegetative; transitional, and reproducti#e stages.
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In the vegetative sgage; leaf initials are produced. and tillers de~
velop actively. 'The inception. of the réproductive sﬁage is.indicated
by the appearance of double ridges on the.apex, the upper;member of
which develops into the spikelet initial. He reported ﬁha@ by the
time the wheat plant has twoe leaves, the'6th>l§af=primordium can be
seen. Later, Bonnet#hilé6l) studied.the‘oatéplant.and“groupéd its
life cycle into stagés similar to wheat. Recently Boﬂnett (1966)
more thoxgughiy.summgriZed~the information in this area for maize,
wheat, barley,lrfe and_éats? The stages of development and their.
initiation and the.éha§e~and:grqw5h‘of apigeS“were;generally;f0und
to be- similar ihiﬁhese Crops. |

‘Similar studies by Bérnard (1955) "on the‘histogenesis of
the.infloresceﬁce and‘flgwerﬁorigin of wheaf} indicated théf the
apical meristem:of the spikewana séikelet was similar to;that of
the vegetative axis. The histogenesis of.glumes, lemmas, palea,
iddicules and..carpels was.essentialiy‘thelsame'as that.of a foliége
leaf, whereéslthe'staménsrarise as cauline Structuteé like the
spikélet and flower .primordia...- The ovulejwas:derived.directif ffem
the apex-of the’ flower primerdia.- | |

In inbred;lines of corn, Leng (1951) found'ée¥tain patterns

of -development, which were inherited in»the‘Flg Within a line, the>‘




Ll

=13-
- number. of leaves externally visible gave a fairly good indicatidn of -

the rate of internal. development,

Aitken (1967) studied the 1eaf primordia formation in:winter.

wheat and found a éositive correla;idn‘between.leaf stage and‘tbtal
7 nodes. A comparison of.wheat'and ryezat leaf:stage‘seVenushbweé thaf
Ehe floWe; initiation at that stage éould:occur in ﬁ%ny ﬁore nodes
in- rye ﬁhan in wheat. In latei‘work op‘non—destructive ﬁeﬁhquzfor‘
estimétion of flower~initiatioﬁ in.cloﬁer éﬁd cereals, Aitkén,(l97l)
determined the number of immature ieaf nodes befﬁeeh;the top, open’
leaf of‘ﬁhé shoot at the. time of:flower iﬁitiation and the first re—
productive node to be ge-nétically'controlledc vHe indica£ed'tha£\five
_ immature vegetative- leaf nodesjmust develop in wheat after flower
initiation béfore.heading‘occufs, whether‘thé:plantvis early flower—
ing (leéf stage four at flower initiation) or late‘flowering (leéf
étage ten at flower‘initiation)@ |

Aiﬁoid {1969), working with coxn, found the'number_of leaves
on the main stalk to be a most useful phys;cal characteristic for
evaluating the .time.required between planting and tassel:initiation,'
between plénting-and.pollenxshed and between planting and silkinga

Most .of the work in this area has beeﬁ'concerned with elther

histological origin of tissues or external morpholegy, hewever,
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Taylor and Frey (1972) showed the-close'relationship between exter-

nal leaf mor?hology and apical merisﬁem_developmental.stage-fcr;
diversefoat‘genotypes.'

A

' .Coleoptile Léngth

;During‘the'past decade attention hasxbeénifocused on.the re-

lationship béfween.COleoptile length, éeedling emergence_agd‘gtaﬁd
establishment in wheat. The observationS'that.?oof seedliggvemer—
' genée éan.bewa majoxr- shortcoming of winter}wheatféstablishment‘led
to-;esearghrcencerning goleoptile length,and‘emergénce rate@
Li&eﬁs-(l958)néndASundérmah;(1564)5§iéwéd;the:coleéétiledas
a‘structure:of;dpgsiderable impoertance, directly correléted.té
winter wheat emergence. Acgording"tb'Mqéallum'and.Hehn f1962)‘plant
mortality in winter wheat can resuit from'the:failure to emexge:
above the soll surface. Coleopﬁiles=ofﬁslow.emerging variéties
génerally rgpture below the soil sufface (Craddéckmanthogei, 1955)m

.Chaudhzy and Allan (1963} reported that winter wheat sélec-

tions with 1ong,coleobtiles‘emerged‘faster and-generally-résulted in

a better stand, whereas those with shert coleoptiles. emerged more .
slowly and..produced .poor stands. Earlier, Allan et“alq'§l96l) and
Bohnenblust, Kolp and Richardson (1962) alsO‘reported‘high corre=

1ations:betwéen coledptile.lengﬁh and emergence percentagé° The
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selecticns with long coleoptiles emerged more readily than selectioﬁs
with short ones. LivérsA(1958)piin fiéldaand laboratory studies,
ascribed the supéfioriséedling Vigour of varietyiBlackhull over the
‘variety Westar.tc"coleoptiie lehgthp He reported that .varieties
with good. emergence had lonéér'coleoptiles;
Kaufmann‘(lé68) céncluaed that for.four,winter-wheat vari-

eties, seed size had no. effect on. the coleoptile.length. or emergence.

Contrary te this, Parodi, Paﬁterson and Nyquist (1970) showed a sig-

nificant influence of seed size upon coleoptile. elongation and seed- :

ling fxesh weight.

~ Tayler and Mc€all .{1936} reported'that"temperatures of. 24C
and 20C increased the length of coleoptile of 'Hard Eederaﬁiona‘aﬁd
-fTurkeyL wheaté aé comparéd”Withvtemperatures of 16C and 12C,
respectively. . | |

Emergénce«percentage.ané coleoétile.length:for-nine wintef-
wheat‘varietie§, grownTunderutwo ;empe$aturesmandrfour dgpths, were:
determined by Sunderman.(l964)m. He.found'ﬁhat'high.temperaturés
reéuced.COleoptile le#gth.and‘decrgaSed.themability of seedlings to
,amérge properl§9 Contfaryito'thisw Fa&ereau.et al. (1968)'réported
tha? coleopﬁile lengths.ére increased byuelevated.temperaturesq

Burleigh (1962) showed that' 60F was néar-optimuﬁ for maxi-

mum coleoptile elongatien in winter wheaks, whereas-a temperature of

Y AR N
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80F reducgd:cbleoptilewlengthlnqtablyw- His growth.chamber results

showed‘coleopti;é rédgction“was élosely assoéiated with-emefgénce'
ability.. Allan, Vogel and'Burleigh.(l962).repcrted.a.positive cérv-
relation-betweennemeréencé.ra£e¢index.and&coleoptile.1ength measured
in"wheét.grdwn”at SQE o;.9OF,' They also repértea'that the‘coleoé—
tile lengths of winteﬁ,wheaﬁ sélectibnSﬁgrpwﬁ at 9®E"Qere from 26 tq
l9lpercent.below‘the seleétions grown: at 60E@ | |
The importancéu&flgeeding depth on-the coleéptiie length_of

wheat was-determined by Percival (1921). He noted that coléoptile
‘length increased with planting depth. Similarly, Bohnénblust, Kblp
‘and.Richardson‘Gl962) found that coleoptiie length. seemed to be
.an importanf character. in détefﬁining perdeﬁt emergence.at a five~
3inch planting. depth. Sundefman (1964), in hiS'experiﬁeht'on nine.
winter wheat varieties‘plénted at two—ﬁlthrée~7 four- éndAfive~inch
depths, reperted that‘pngentfgﬁergenée‘ancholedptile 1¢ngﬁh &ere
positi&ely‘dqrrelatedw;.Thé\gorrelatiOngwas:highesﬁ'for varietiés
sown four incﬁes deep@ “A;significant*depth.x varietyninteractién-
‘was obtainéd'aﬁd'as,thehdePth‘Qsteeding“was'incrgased, coleoptile
lengths.incréaseaﬂw,Kaufmann“(l968) obtained significant differences
between variéties fof_qéléoptile“lengths.of wheat ana barley at 8C

and with oats. at 21C. With seeding depths:ef 2.5,.5.0;, and 7.5 cm,
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_there'wéré significanﬁ‘barley varietal differencesnfoeroth c§le0p_
tile length aﬁd,emergencem “Tesfs:iﬁdicateé‘that‘cclgoptile.lengﬁh
in barley varied with varieﬁy, éeeding.depthy'sizé‘of seed énd seil
type. S o ' ..‘ o o J.‘ . : ‘i %

Favereéu”etxalq (1968)”anderathef¢.Quélsetaand‘Vogt (1968Y

reported.é‘positive associatiop betwaeniéqlebptile‘lengthfandsculm
height fér bqth.- semidwarf and non-semidwarf ‘_sp_rin_g &vheat', .'
Chaudhry and Alianm(i963i,fouhd afsignificant.positi#é cor- - ;i
rglation-between.colgoptilé length and séedling“héight‘bfafour‘winﬂ. |
ter wheat crosées and a iow dégrée of assOciétioh-ef,these.chafac—A
teristics with plant height. _ﬁaﬁer,‘Chaudhry and Allan (1966)“
positively correlaﬁedwcoléoptiie.lehgth‘ahd.culm.iepgth of winter
wheat genotypes. A direct.and peositive relationship.churxed be-
tween subcrown internode length and coleo¢ptile length. Cdleoptile
length, emergence rate index, subcrown internode length and culm
length were all inter—related; with minor exceptions. |
Favefeau et al. (1968}, in comparing a group of‘spéiné
wheats of different plant heights, determined that the'tail genc-
types (1224128 ém) had. the longest coleoptiles (6194~61,5”mm), while
the semidwarfs (70-80 cmj .developed significantlf shorter colegb—'

" tiles (46.0-47.1 mm). Feather, Qualset and Vogt, (1968)'no;ed that
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coleoptileslpffshqrt‘strawed‘spring wheat varieties;were-only 50 to -
75 perbent as loﬁgmag those ofltaller varieties. Earlie;; Allan)
Vogel and Peterson (1962). showed-thgt thé=coleoptile growth rate of
the SemidWérf seiéctioﬁS'Qas in most cases mﬁchulower.than ﬁhat of
thé stanaarduhéight vaxieties@ B |
| Kolp-.et alf (1967); wqfkiné with six wiﬁﬁerVWheat genoty§es,

maintéined thatgastoil'compaction.ihcneaseafncoleoptiie‘length of
wheats was reduced and.total‘plant eﬁergencefahd‘théarate of emer~
gence also decreased. . Differences in“coleoptileé e¥is£eduamong the.
varieties. grown in compacted and non—compacfedléoile' The varieties
that produced. long. coleoptile without‘coméactiqn‘éroduced the long-
.est coieoptile.under compaétiona As soil pressqres:were-increésed,
coleopfile lenéth éhd emergence rate were reduced.

The.nature‘qf.the genetic‘mechanism:controlling coledptile
elongatibh.iémnot‘wellqunderétood, MostrrepOrts;(Allan et.alrw |
1961; Allan and Vogel, 1964; Chaudhry~andlAllan, 1963; Allan,

- Pritchett and égtﬁerson, 1968) indicated-the presende‘of a complex

mechanism, where both major and minor modifying genes.are invelved.

Emergence
A good rapid,seedlipg emergence .is one of the basic require-
ments for succgsSful stand estabiishment‘af“cereai“cropS'(Chaudhry

and Allan, 1963; Kolp.et.al., 1967).

Loty
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The studies. of. Allan, Vegel and Peterson.. (1962) showed a
pOsitive’qorrelatiqn of -emergence rate indewiith,coleoptile,lenéth
and mature plant height for plants grown.at 50 or 90F. Similar
results were reported. by Chaudhry and. Allan' (1963). Field obser-

, vations‘o§'12 winter wheét‘varietiés by Helmerick and Pfeifer (1954}
reVealed‘tﬁat the-&arieties differed in1ability“to:grow andﬂestabiish
stands,l‘TheAvariety“Yogotproduced;significantly,bettem‘fall emexr--
gence ;han=Cheyenne. SigpifiCant variétal~differenée&nin:emergéhce

rate were also reborted by: Allan, Vogel.andiPeterson (1262) . "_ ”.;

”The~rat§~oﬁ.émergence_of“2©Jwinter'whea£s7in:ﬁhe;greenhousé s 'j': @
waszdete?minea by Bohnenblust&.Kolpnananichardson'(1562)f Peréeﬁt—
aqé.emergénce‘ffom‘authree;inch planting depthudid;not‘differ sig-

. nificantly among vérietiesﬁ'.Aé‘the‘plan;iﬁg“depthﬁwas iqcreaéed,;
the‘difféfences'amqng‘vafieties became significantoz.Their'stu&iés
shewed a signifiéant}correlaﬁion-betweenvraté of.emergence and per-
-centage of émergeﬁce at three~, four- aﬁd five~inch ?lantiﬁg depthsw
Burleigh,. Allan and Vogel (1965), working. with 8 winter wheat vari-
eties of.divérse‘height found. the hiqhestuemergence:ratg for all
genotypes at the.two-inch piantingtdeéthq whereasntﬁe ﬁour*inch depth

produced the lowest emergence rate indexes.
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The effect of .soil compaction on-emergence was noticed by
Kolp et al. (1967) .who feund that the total plants emerged and the

rate of emergence decreased with -an increase in. soil compaction.

. Crown Node

Maftin (1927) reported that cfown.and meriétematic tissue
are the most hafdy parts of winter wheat:plant@ Vasil'Yev.(l96i)
'.uandrNelson and Qlein”(1966).described.the‘crownmasuanhiﬁportant key
region for winterhardiness and winter survival.

Salmon (l933),ﬂWorking witﬁ:winter wheat.ahdnrye;.noted that
crown discolorétion after exposure"to.severe,éold.Was asSociéted
with. plant survival. According to Youngﬁand;Felﬁner f1966),.tﬁe'sur—
vival of barley is:.highly dependent'ubon the.amount‘of:érown tissue
damaged. A cértain.amount“of"crown.development‘in'themfalljwas con-
sidered esseﬁtial by:SteWa;t.and-Whitfieldt(l965waor good . winter
survival of wihter.wheat’and for normél fésumption:bfﬂplant-grOWth
the following spring@..Oleiny Marchetti:and,Chamynf(l968)‘reported
that freeziﬁg damage tp'thefgrown:tiséué ofiﬁinter.barley.was‘criti_
cal because new roots arise .from this. tissue during the-springs
season,

Pauli (1962)'attributed-the:reductionmin:surﬁival and recov-

ery of winter wheat subjected. to successivéLfreezihquto the decrease
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in vasculaﬁ‘connéctiéns,in‘the §rowﬁ tissue. - Marshall (1965} shoﬁed
ﬁhaﬁ in‘fuliy"céla;hérdened'wintéf dété:the récovéry.from ffeeéing
was mere cldselyFQSsociated with the characteristics of the'érewn
.than thOSg‘ofjthe:leavésm The crown of a plant maintains living
‘cells throughout the. winter and producés new_shooﬁs when\temperatures

rise in the spring (Dobrenz, 1967).

.chgg;on.éf‘grOWn nede:
Taylor and. McCall (1936) showed .that the.location of the
crown iﬁ relatiothd-the‘soil.sunface-could;influenceJtillering and

cfown.root‘developmént in. both spring and winter wheat.

" Tavcar (1936).found that:winterhardy:varieties‘Qf_Wheat,,bar—

1eyrénd oats have;their crowns deepéf infthe;soil;“.similar results
were‘reported“by Webb.and Stephens,(l936),forﬁwinter wheat. They
compared the.¢rownMnode[depth;of“winte;'vafiéties sown on Octeber 28,
1931 in suboptimﬁm,moisture conditions in fhé=fie1d,=using.a grain
drills ‘They{obServedﬂa censiderable.variaﬁionvéf depth. of crown in
the plaﬁts of the same variety, such as;éSrmm to.90.mm; 25 to 76 and
18 to 78 mi. - | |

‘ﬁaylbr.and McCall (1936) compared;‘ﬁard Fédekatidn’; é‘spfing
ﬁheat and ‘Turkey',.a winﬁer whéat'vérietf, in-a:gféenhouée-trial us-

ing cerk mulch to reduce soil surface-evapo,'réti_o,ng They.obéerved

Ll
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that the crown was formed. soon after germination of seed and winter

hardy“varieties‘hachrowns deepér in the soil.

Factors affecting ;Qcation of the crown node

’Kassovitch (1894) and Kuleshov and Marchenko {1963) found'
tha£ plants'grOWn.inuihsufficienﬁ illumination and‘higher temperature
form crowns at shailowér depthé than those grown in full sunliéht and
lower temperature. Dickson (1923) and McKinngy,(1923) found that thé
depth. of. crown Qaried with environmehtalrfactors, depths of‘seeding,
aﬁoun; of light‘ahd;temﬁerature..’similafly) Taylor and McCail (1936)
éetermined that the depth of_the«crown.in'wheat is influenced by .
variety,‘enéirénmentuand depth of seeding. An increase in tempera-
ture,frdm 12C £o-24c caused the crown tq form-83%.nearer‘t£e‘soil

surface for:Turkey‘winter‘wheat'and 61% closer to the soil surface

for Hard‘Fedefation'spriqg'wheatﬂ‘ Webb and Stephens.(1936§ reported

the formation of:the.crowj in‘winter.Wheat-nearer théfsoil surface
'wﬁeﬁ the-temperature-Was higher and vice vevsa. ‘Fergﬁspn and Boat-—
wright (1968} concluded that both lighttandhﬁemperaﬁure influence
‘thé location:of the_ctawn nede in wintef ?heat, Asvlight-intgnsity
decreased or témperature]in;reéséd; the crown no@e formea farther |
from thé seed or nearer t§ the‘soil surfadéo‘ Node location was
.strgngly affected by variety X temperature X light interaction.

Their study revealed that for winterhardy and nonharay varieties
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the dépth 6f‘qrown varied with temperature. At 10C.nonhardy varie-
‘ ties had shallower crowns. than the hardy vafieties,,but at 20 and
'25C there éeemed to be no significant difference.- They‘further
showed that crown node‘locatién‘in‘the_winterrwheat‘Qarieties util-
ized were influenced by sﬁrface-straw,litterw‘ As the rate of sur—‘

face straw Was'increased} theHcrown»foxmed farther from the seed.

They attributed.this effect .to redaced“lighticgused;by,surfacefstran 

Tayloxr and‘McCa11 (l936$,-Webb‘and“stephénw(laséymand“Fergu—

. son and Boatwright.(;968) all-maintained?that.dgep seeded: wheat. forms

-crown nodés-deeper than.shéllowwseededrwheat}.but:ﬁotuih‘proéertion
to the.difference'in'seéding'depth., Y common opinionAamong ea;lier-
inveétigators‘(Robbins.(l931) and  Locke..and Clark: (1924) ') was that
fhe crown is forﬁed'at a‘rather~constantﬂdepth belowhthe_éoil‘surface
irrespectifeuof depth.seeded. According to qubins (L§3l),-the
crownS‘axe‘formed‘at.audepth of one inch .below..the soil surface,
whereas Locke. and: Clark (1924) contended'tﬁey;developnjust‘below‘the-
.soil éurface@ - | | " -

“ In selection prdgramS'under=¢qntrolledac0ndiﬁi§ns} Metcalf
et al. (19705 ;iewed the exacﬁ témﬁeré@urefand;péréént.moiSture of“'
the crowns as important factors-ih‘rankingLélants“fo;,winter.hardif-
ness.. 'stuéies-of barley by‘F§llet.and.Reibhﬁan.(l972) revealed: top
weight and root weight wére:positiveiy'correlated:wifh the crown

’weight.
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Sallans (1961) reported that depth'of crowﬁ.is:a hefita5le
cha;acter as-shown-by;the{lines frpm;a cross‘haVing deep Crowns'and
,shailow Crowns. McKenzie (i971) was of ﬁhe’view-ﬁhat the inheritaﬁce

of this charvacter: is simple and not complex.

v'w". ,SeéonééfyuRoété

A reduc#io#JOf‘sécondary rbot.develepmenhwiﬁiwhgéf.ééniresult
in ioﬁering‘the.Yields-(Webb.andustephens, 1936),‘1Thejs£udies=¢f
Filinger and CardWeiI (1941) indicated that wellfrooted plantéﬁare-
injured‘less by freeiing.temperature“thantplantsknot well~-rooted.
Janssen. (1929) sﬁatéd.that in:winter.wheét all,newwrooté‘in the
Spring devqlop‘from'the:crowﬁ-ef the. plant and not frpm.the:old
réots. Weaver (1926)ffoundh£hat"wheat.cern.node$ deVeloﬁ,when-til—‘
- lers appear. |
In.studYIng sqil water.anqwsoilstemperature.influenqe on. dry-

land winter wheat, Black (1970)‘ebserved,highhpositivemcorrelaﬁiens

of number of heads; number of tillers and grainuyieidsuwiﬁh number of.

secondary roofseu.The number of root primordia. was highly'éor;elated
(r = .72):with the number of:tiller buds for,all'freatmenfs@

_ Cohen and Tadmor (1969) reported that in ali grass species
the rate of root.elongationnincreased‘Z-tq.3'folﬁwéver“a 1l0-20C
temperéture;range; Over this range the rate increasedhfaster‘inztheA

upper soil Iayer,thén«in-the deeper layer:




STUDY I

DEVELOPMENTAL - MORPHOLOGY..OF:: THE APICAL. MERISTEM
~ OF WINTER WHEAT GENOTYPES IN. CONTROLLED

.AND. FIELD ENVIRONMENTS =
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I. Developmental Morphology of the Apical. Merlstem of Wlnter Wheat
Genotypes. in Controlled, and Field Env1ronments

‘This study examined developmental‘growth“stages and deter—

mined‘the felationship of external:leaf'morphology and‘therapical

‘meristem utlllzlng dlverse w1nter wheat genotypes in. controlled and

fleld envxronments. o S ‘ 3 o o . - | "'1=ff
MATERIALS AND METHODS.

Genotypes‘

Five diverse winter'wheat genotypes were.used to examine-the
apical mefistem-development ih.relationmto”external_1eaf:morphologi—
cal stages} '(a) Crest (CI 13880) has eariy'to medium‘maturityf med~
ium height, poox w;nterhardlness, is reSLStant to.stripe rust: and
dwarf bunt and.recommended for western Montana; (b}. Frold (C1 13872)
. has late.maturity,“excellent winterhardiness, is tall,.resistant‘to

stem rust and recommended fot.northeasternuMontana} {c}) MT‘6§28 has
eatly toumediUm‘maturity,.poor winterhardiness and is;a“semidwarf;‘

- {d) Winoka (CI 14000) is late maturing, tallj resistant to‘stem rust,
. has goed winterhardiness, and is recoﬁmeaded in.Montana's major win-
ter wheat growing areas;.(e) Nugaines (CI 13968) is:.a. late maturing,

semidwarf, soft white winter wheat with poor winterhardiness.
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Contrelled Environments

To méke-fhe data=from tﬁe’giéwfh chamber meaningful,’long-
time averages.of-field clihatological data were.usea.to“esﬁablish day
length and a_diurnalutempérature cur&e for the September.to:duly
wihter-wheat.growth period. .The maximum'éndlminimum daily~tempera—
tures, photoéeriqd;andncorfespoﬁdinghfieldfgrowing;éeasen-are shown '
in Table l. Light intenéity.in‘the grawth'chamber.waéwébouﬁilSGG-

foot candles.

General:Methods

The material‘foruthe study-was‘grownwin.five=in¢h:s£efilized'
clay pots:¢ontaiﬁing screéned silt‘lpam_SOii'mixed:SO percéﬁtTwith.
,pea£r‘ Six seeds‘of‘éach;genotype.f&r'the.fi?st.tWOHSamplihéjéﬁages(
and.three seeds per pot for the rémaining'stagesnwére“planted three
inches deep. '?he-pots were p1aced ih the. controlled environment
chambei.iﬁmediately_afte; seeding.

TheferweréafiveAgethYP§sf thirteenistages:qffplant~sampling
g ‘aﬁd;thnee repliCafidns_in;asrandomizéd blOCkrdesignwxwSpgciméné~pﬁeé-
served'in.FAA.(SaSS,,I964):were dissected;andgtheudevelopmeht:stage‘
. of the main shoot;apex:was recorded:. The same:sampling~procedure;was‘
foilOWed for. field grown'materiaIS'as‘for'thOSe.in.the-growthﬂcham-

bers=except‘thatysix.plantsnwere-examinedfratheruthanbthreeu‘ The
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Taple l.. Air temperatures .and photoperiods. appliéd during each week
: ' of wheat: growth- in the .growth chamber with. correspondlng
perlod in the fleld°
, - ‘517
Weeks Temperature (°F) = 3 ‘
in Corresponding . Photopetriod

,qhamber to field pericd ~ Maximum ,Minimum..: {(hrs)
First Sept. 18-0Oct. 3 67 44 13 .
2nd. Oct. i 4=0Oct. 17 61 31 12

3rd oct. 18-Nov. 3 57 3L 1L
' 4th Nov..  4-Nov. 17 47’ 27 10
‘5th Nov. 18=Nov.. 30 47 27" 10
-6th & 7th ' Dec-~Jan~Feb 2/' 36 28. . 10

8th & 9th Mar. 4-Bpr. 3 40 22 12
10th Apr.  4-Apr. 17 48 28 13
1lth Apr. 18-May - 3 48 28 14
12th May 4-May 17 61 39. 15
13th May 18-June 3 6L 39 15
14th ' June  4-June 17 66" 45 16
156th June 18-July 3 .66 45 . 16

1/

"= From long-time averages of local field climatological data. -

2/

~' Average. at ground. surface under snow cover.
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dissected or exposéd apex was transferred to-Faimerﬁs solution for

future study or photographing.. .

Sampling Stages

..Samplesuof'growth chamber'seedlings were taken at Various.

visual stagesuof.develepment;

The plants were carefully removed,

cleaned of SOll and 1mmed1ately kllled and preserved 1n FAA (Sass,'

1964)‘-°

The sampling stages designated from S00 to Sll were:

S00
SO .

Sl

82

S3
s4
85
g6
s7
s8.
. S9
Sl@
S11 -

-of first 1eaf5

Appéarance of .tip.

Full expansion of
Appearance of tip

Full expansion of

Appearance of tip

Full expansion of

Appearance of tip

Full expanSlcn of

1Colepptile emergence from the soil. - '
: Appearance of first leaf or. full . coleoptile lengthq
" Appearance- of tip

of second leaf .or full‘expan51on

of third leaf.
second leaf.

of fourth leaf.
third leaf. .
of f£ifth leaf.

fourth legf.

of sixth leaf.
fifth leaf.

Appearance of seventh leaf.

Full expansion of

sixth leaf.

Six planfs"per»genotype.were taken at the sS4, S6, S8 and

S10 stages from the field.groWn materials. After sampling, the

materiale were killed and presexved in‘the"same;ﬁanner.as those from -

the growth chamber. |
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Characteristics:studiea
: The characteristics studied and the bbservations mgde in this

experiment were: |

l. Leaf appearance and expansien.w'Tﬁeuappea;ange-of_a leaf
was marked. whén aftip.of"the ;eaf.first.showedﬁup.from:theffold of 
.the previoﬁs léaf@. Full expaﬁéioh of the:léaﬁ*ﬁas‘cgnsidered“to be
when,its.ligule'hgd.emerged from theﬁsheathiof:the,preceding.Ieaf or
whén the léaflcouldnbe visually dividedfintolleaf blade.and leaf
sheath. “

2, Totql.number of leaves-reﬁoved at dissection.

3. Leaf piimordia - During vege#ative stages‘all riages or
bumps én the éhoot apex were taken as 1eaf~primordié, Douﬁle‘pri-
mordial ridges, 'so. called "ddublg ring", were recorded as. spikelet

initials (Purvis, 1934;.Bonnett, 1935,.1936, 19667 Aitken, 1961).

4. Tilley primordia =~ Tiller.budsmand;primordiaﬁwere counted

before and“after.dissegtionhof'the apex.

5. The shapeiand-size of sheot apex and: the number and shape.

of ridges eon the apex of various genbtypes were noted.
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RESULTS AND DISCUSSION.

| Vegetative Stage
. The wvegetative stage is the early stage of growth where
leaves;.til;ers.and.adventitiogs.rooﬁs_are.iniﬁiated_and.degelep
'(Bonnett,‘l966)m | | | .

Emergence. of ¢oleoptile. and appearance
of first 1eaf

Seedlings were.removedland‘examined~eight'days-after‘seeding

for emergence of . the: coleopt;le stage -and nlne days after seedlng ox:

one day after emergence (Table 2) for appearance of. the flrst leaf
stage@ For. both stagesy_the-apica; meristem;was-very.small and
round,xpartly‘enclosed‘in the fold of. the third. leaf.-. Thevsize‘and
shape of ﬁhe apex were‘similarfin all fiVe genotypes. . | |

Appearance of second leaf or full
expansron of first leaf

This‘stage coincided with. 12 days‘after seeding or. four days
after eﬁergence (Table 2),-.Two leaves were removed for apex examinr
ation in all genotppes except Crest where tnreemleaves,were raken
off. Comparativelsize and folds of‘these'leaVes;Were similar to
that described aboneg bne tiller primordium'was also. visible in all

genotypes except Nugaines which had none.
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‘Table 2. Growth stage and. time of plant samplings of'fivé winter
‘ wheat genotypes grown in controlled environments}

Growth
stage
§ymbql L

..G;éwth stage

7

Days .
after
.. seeding ‘emergence

-Days
‘after

S00

.80 -
sl

s2
R

' s4
S5,
S6
'Jsj'
88
s9 .
$10

sli

Emergence of coleoptile.

Full c01eoptile'or\appearande

of 1lst leag

Appearance of -2nd .leaf -or full

‘expansion of lst leaf

Appearance of 3rd

Full expansion of
.Appearancé‘of 4th

-Fullpexpahsion‘df

Appearance of 5th

Full expansion. of

Appearancé‘of.éth-

Fuall expansion of

Appearance of 7th

Full exgaﬁsion of:

leaf

,2nd ieaf

1eaf

3rd leaf .

leaf

4th .leaf

'ieaf_

5th 1eaf

leaf.

6th leaf -

31
.32

. 68.
96

o5

102

8-

12

70

S91.

- 102

23

24
60

62
77
- 83
ee
”19;
94

94 -
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The shoot apex‘looked iike éAsmall, shiny, hemispheriéal‘but_
ton (Figﬁre.l).v Little variation in size among the‘génotybes was
noted. The éheot apex was. larger in.Freid and Mi 6928;than'in‘Qrest,
Nugaines and Winéﬁa,‘ Two.leaf'primordié'were.visibleﬂdﬁ thélapiées |
.of all gehotypes+ | |

Appearance of third leaf.or full
expansion of second leaf

This stage occurred 31_days a£ter seeding'or:23;days after
emergence (Tablezzf,. The -sixth lgafAErimordiumucouldube:seenzon the
shoot.épe#;' Two tohthree‘tilier primordia'were'alsékvisible.in all
genotypes. The-apex,-su?rounded ohe side by.the: £ifth leaf, was
long in.MT.6928,and,Crgs£,:shorter-andﬂbroader:in¢Froid;.ahdewgs-
smaller in‘Nugaines aqd-winoka? Two. to thﬁee.leafﬁprimordia were":
visible:fromwthéfunsurroundedrsidehofgﬁhe:apexw..Euilmexpénsion of
second leaf wasﬁnoticedwéne;aay”aftex'the:épﬁearancemofrﬁhird-leaf;"
No.important'differences,in leaf and_tiller numbei}and‘apex size |
were observed'amongafhe samples (Figﬁ;e‘2).- |

Appearance.ofzfgurth,Leaffor full
expansion of third leaf

The tip of:the:ﬁéuIthhleaf-appeared GQudayssafter‘emérgencef-
. whereas the:thirduleafnwas:fully:expande&;twomdays;after”the-appear—

ance of the fourth leaf (Table 2J.. Three-fu;iy_expandedgaﬁdhone‘just
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Figure 1. Stages of development of apical meristem in winter wheat (X70).
A. Shoot apex and leaf primordia at appearance of third leaf; B. Shoot
apex and leaf primordia at appearance of fourth leaf; C. Shoot apex and
leaf primordia at full expansion of third leaf; D. Shoot apex beginning
to elongate (beginning of transitional stage) at appearance of fifth
leaf; E. Elongated shoot apex (transitional stage) appearance of sixth
leaf; F. Elongated shoot apex with many primordial ridges (end of
transitional stage or just before spikelet initiation) at full expan-
sion of fifth leaf;
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Figure 1. (continued)

G. Shoot apex showing 'double rings' beginning of spikelet for-
mation at appearance of seventh leaf; H. Double rings advanced;
I. Lower part of double ring growing to form spikelets at full
expansion of sixth leaf; J. Spike with spikelets showing florets
initiation at appearance of eighth leaf.




Figure 2. Vegetative stage in apices of two winter wheat genotypes
of different maturity. Shoot apex and leaf primordia at appearance
of third leaf (X70); A. in Winoka (late maturing); B. in Crest (early
maturing). Elongating tip of shoot apex with leaf primordia at
appearance of tip of fifth leaf; C. in Winoka and D. in Crest.
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appearing leaves:were removed. Besides these, two small needle

shaped leaves. were.also. taken off before.ﬁhe.apex.wasuexposed. Three

small primordial tillers were visible in_ail genotypés ekcept’Nu-
gaines, which showédwfourw.'Thenapical°merist¢mfwas:a.smallfroqnd tip
in Greét,.betterudeyelopediineFroid;,and“ﬁedium;siéedsin-other-géné—
types. ‘In-the samplesutgken at. full expansion“ofmthewthird leaf;, the
épices of Crest. and ﬁT 6928 were 1onger-and.more.advanced; the apéx
of Proid was. shorter and.bréader:and;the apices..of Winoka and Nu—-'

, gainespwefé~smaller.

.Th¢~fiéld.sampleéq.téken on&Ap¥i1127:matchedﬁwe;1 with those
takén April‘4;.thewcorresponding‘Eiméginmtheugxowth;chgﬁbep[mateiials
(Table .3). On.dissectiohrof.thg.samplesiwéenerally“five,leavesrwere
remo?ed,before-the.apex was. exposed, . The:aéex:wasufoﬁnd:énqlosed.in
the sixth leaf:whereashﬁhe pnimqrdia.of‘?th‘andiBthuleaves could be:
seen on the:unéovgred side .of the. apex. Thg.apiceslof Crest and
MT 6928Mhad‘elongated tips and were more developed -than thQse.éf the-
Froid, Nugaines ana Winoka. The.visible tillers-were.twohté thrée |
in Froid and Nugaines., but were. three in‘ail samplészofnéregt,

MT 6928 and .Winoka.
In both.gIOWthvchambérmanq.fie;d.materials the..apices genexr-
ally showed a trend.towaxds.elohgaﬁipn which indicated the entering

to. the tfansitional stage.
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Comparlson of. dates of morphological. development in the
fleld with, those in the growth chamber.
Growth chamber
‘ . ' Growth _- Correspondlng
Morphological development. Field date, chamber date. . fiéld date
Seeding . Sept, 25 © July 27  Sept. 18
Emergence = Aug.. 4 Oct-. 3
Appearance'of lst-leaf - . Aug. 5 | Oct. 4
Appearance of 2nd leaf - ~Aug. 8 .Oc¢t. 7
Appearance of 3rd leaf Feb. .19 - Aug. 27  Dec-Feb 28
Appearance of 4th leaf Aprq 2 Oct. 3 Apr. = 4
Appearance of 5th leaf Apr.. 14 Oct. 20~ Apr. 18
Appearance of 6th leaf . Apr . 304May 3. Oct. 31 May 4-10
Appearance of 7th leaf May 15-May 20 ' Nov, 6 Juhe- 2

"
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. Transitional Stage
The,transitionalustage occurs,bétween_theuvegeﬁative.aﬁd'the‘

reproductive stages. and is marked by elongation. of. the shoot. apex

(Bonnett, 1966}.

Appearance of fifth leaf

The.samp;ing forﬂthiszstaqémWas{dqne“77udayswafper~émgrgence
(TableIZ)m Seveh;to eight ieaves Were:reméved:tonexbose.thelﬁell
elongatea shoot apek.‘ Crest- and MT.6§28 sh9wed similar elongation,
.greater than Froid. The.leafupiimordia on the apices were more con-
spicuous and visible like ridges. or bumps. with alternate arrange-
ments. Such ridges.of primordia were betterrdeveloped;in'the.case of
Crest.anduMTw6928 §sucompafedsto.Eroidffwinoka"aﬁé'Nﬁgaiﬁes?t

In the field .samples elongation aﬁd ﬁapering.ofaﬁhe?apiges
. were similar to. those from the growth chamber...- The‘apex-of-MT-6928
was more dewveloped than,that:of‘Froid‘and.wasuiikemthat of Cresta
The Nugaipes apex was also large likeJéﬁeét;'but.those oﬁ,Exoid and
Winoka were smaller~(ﬁigure,2) iﬁ‘a;l éaées;.;hreento fivgaﬁiilers
could be seén beth.-in ad&anced‘or priﬁor@ial form.

In both growth chambef~ahd-fieia:studies;all“themgenotypes

manifested variation in length of shoot apices, but were in a similar

stage of transition. There was‘awclesé coincidenceme.Sampling dates
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in. the field .with that.corresponding to the“field‘simulated-condi—‘

tions in growth .chamber  studies (Table' 3)..

Full expansion of fourth leaf
_Thé:stageﬂwas samplgd'83.daYS,afEeg emerQence’(Table.Z);
Seven' leaves were removed to expose ﬁhe:shOOtfapex. Thé-llth leaf -

primordium was visible aﬁd;very.conspicuous‘under,the‘dissegting

scéEe; The-gehotypes had four tillexs except MT.6928 with six. The.

apices were in the transitional stage except for Crest 'and MT 6928,

Which'wereﬁmore advanced inilength apd_alsg]depicted “doubiewriﬁqsrm

The'txansition stage,ﬂgenerallyy was of muChvshorter.duraﬁibn in all

genotypes .-as .compared.to vegetative .stage (Table 4). This-is.in
agreement with Bonnett (1935). No sampling wés-made from the field

at .this .growth stage.... . .

Reproductive Stage
Thetbeginning 6f the reﬁroductive Stage'is'indicatéd by,the
appearance Qf double.ridge53 Dburing this-spage,éertaiﬁ internodes'
of the stém‘elgngate‘and tﬁe,spikeletipafts aifferentiate\and in-

crease ' in.size ; (Bonnett, ;966),-




Table 4.
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Y Visual and primordial.

RglatiOnship.of.visﬁal leaf.developmentstége and develop—
v-mental stage.of shoot apex for five Winﬁer wheat genotypes.
Approximate
. Visual date of . No: of 1/
leaf developmental Qceurrence i .
Genotype stage e in field _Leaves I‘Tiilers
' Veéetaﬁive stage ,
Crest Emergence to appear- ‘ Sep@_25rA§r, 12 8 3
ance of 5th leaf. : :
Froid " " 8 - 2
MT 6928 " " 8 3
Winoka " " 7 3
Nugaines " " . 8 3
_ Beginning.of‘traﬁsitional stage -
Crest  Appearance of 5th leaf Apr; 14 9 5
Froid " " .9 4
MT 6928 " " 8 4
. WinoKa " " "7 3
Nugaines " " 8 5.
"nginning.of.reproductiye stage ‘
Crest Full expansion of 4th leaf Apr:. 24 11 5°
Froid Appearance of 6th leaf  May 3 11 10
MT 6928 Full expansion of 4th leaf  Apr. 24 . 11 - 7
Winoka Appearance of 6th leaf May . 3 '10' 5
Nugaines Appearance of 6th leaf Apr.. 30 10. - 5
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Appearance. of sixth leaf or full
expansion .of fifth leaf

The sampling of plgntS'atAthe appearange'9f=the%sixth=leaf
;and,full expansion of'thé-fifth'leafﬁwas‘done 88mdays>and~91ﬁdayér
from_emergencefﬂrespectiVely. In.alljgenéﬁyfes eightmleéveé, fivé
fully expanded. and three still expanding, &e;efremoved to eprse the
apices. The apicés of.allugeﬁotypes'showéa‘pairéd:ridges called
?double ringsF,1which.indicated thatmallngenotypeSuhaduentere& the
>.repiéductive stagémas aiscuségdnby“Rur§is‘(i934)mevaﬁs.and'Gfovér:
(1940), Gott, Greéory and‘furvis-(1955)‘and B®nnett.(l966). Crest
“and MT-6928Mshowed-broader‘and more double. rings. than the.OtherS,f
The lower ridge.of.fhe double ring-represenﬁedna”leaf primordium
and:the'second or. upper: ridge of the;ninéAwas the-spikelet initial@:
$iiléréfﬁumbere&:ﬁi&eﬁiﬁpCrest)'Winokayaﬁd:Nugainesq-séven-ihv ) B " ‘ 2
MT 6928 -and ten in Froid, | |

The apices.of:the:samples-taken?at.ﬁull'expénsion of fifth
leaf had‘the doublearing‘welI advanced, sho@ingltheuupper;edge:df

the ring more developed than the lower one. The-small variation

‘-thaﬁ‘existed;due‘towthe‘ridge sizeéqrankea;Créét-at;théutop, followed |
by Nu§aines and MT 6928@‘.Froi& had the mediuﬁ‘sized;ringSV;whereés
Wiﬁoka showedethé:smallest‘rings of all (Fiéure 3) .
The field.samples,.taken:at.theﬁappééranceuofpthe tip of £
..sixthjleafw showed ldouble,rinés*‘on their apiées;“ Thé size- of the.. o ‘&
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Figure 3.
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rings was.aimosththe same.innall genétypes‘exCeéﬁ-WinOka-which.had
the”smallest"tidges and apex. At the;timé.ofmspikelet initiaﬁién,‘
the. leaf primordia present at the bése‘ofiapex:were;still deveio§ing
and expandingminto‘leaVés.

Appearance. of seventh.leaf or full
expansion of sixth leaf

Thé;sampiesfaﬁ~tﬁesé stagesywere taken494stovgé‘dajs %ftef'
emérgence (Table 2).. Ten large ana‘smallaleaves.wefe-removed:to ex~—
pose the apical meristémwof.thefmaingshoét; \Thewgenqtypes shéwed
. .variation for tilier;numbers‘and.;he shapé'and;Sizeuof'apiéal mg?ir
stem .of the-ﬁéin\shoétw.‘Thé‘apicés.éf CresttanduMT‘6928~depic£ed a o X
weli advancedfﬁeprpdﬁctive;éfage; ;n.;hese,genotypeS«the:initiétion -
of. florets coula‘bé éeenuwhileLin others the. 'double ringsf‘were
well advanced in‘deveiopménﬁqand énly the'spikeletﬁs initiéls were.
visible.. Even a£ this stage WinokaAhad the smallest apeﬁ and.indi—
ca£ed least developﬁent of{the‘upper:part.of'thew!doﬁble ring' or

. the spikelet. initiation.

In_thé.field méterialsuthe;apicésuat"ﬁhenappeérancgJéf ﬁhe
seventh leaf stagénshowed.an-advanded reproductive. stage. 'Floret
initiation ‘and difﬁerentiation.were=more.visible;inﬂCrest,‘follOWed-
by MT 6928 with respect totthegsizeuaﬁdlkhe developﬁent.of‘theAspikqu

Froid, Nugaines-andtwinoka-all“had.similar4apicesudepictingﬂspikelet
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differentiation. The‘initiation and development of'spikélet and flq—‘
ret were generally noticed first in the middle..of.the apex. Similar
observations were recorded.by Purvis (1934), Gott et al. (1955). and
Barnard,(l955),‘ | B : "‘ :  "’ b . ' - o

| The stem from crown. node to the apex wasuéhly.ab@ut‘3Q5~cm |
long at thié stagé, which'occurrgq/atvthé end. of Méy in the,field. L~
The apex length was only 2,5‘mm'5t thié stégew Aftér_thié:stage,

winter wheat internodées. elongate very rapidly.




e LIl

.SUMMARY.

: Developmental:morphology of fiveuwinter:wheat»genetfpes,
grown in controlled env1ronment and-field situations, was studied
by examining. the apical meristem at various leaf stages,

.The growth stages\oftthenf1ve genotypes:wereidivided?into
three‘maih stages} vegetetive;'transitionel'end)repreductive; Bach
of these stagesywaS'distinguished*from.the.otherjhywthe deveiopment,
size and.shape‘Qf:apical.meristem:(Figure'I). ihewvegetativevstage
extended frem\germination to the appearance of"the;tip;of the fifth :
leaf. At this point‘thevplants'entered intovthe‘transitiohal staget_
The . transmtlonal -stage. was short-lived and - contlnued only durlng the
expansion perlod of: the flfth leaf. Before full expan51cn of the
fifth leaf or-at appearance-of ‘the. srxth.leaf, the reproductlve stage
was initiatedP

From fall.to mid-spring (September 25 to-April 12), the win-

. ter - wheat plants:remained'inmthe‘vegetative‘stage in which the apical

'merlstem of the main shoot produced tlller and 1eaf prlmordlae‘ The

apex of the. main shoot remalned short and round at the tJ.p° The be-
ginning of the transrtlonal stage was marked by the exponentlal elon—
gation of apices.. ThiSuoecurred.for about'lO‘days during the-month
of April (Table 4).. Theén the"dedblerrings‘.were visible'en the
apexg whlch indicated the lnltlatlon of the reproductlve stage

{Bonnett, 1966) in the last week of Aprll in Crest and. Mt 6928, and
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the first week of.May for Froid; Winokazandiugdines~(Table'4)@.‘Dur—"

ing this stage. the grbwihg point differentiated into,spiﬁelets énd
then florets, and. the terminél.spikelet'Was differentiated at the
- apex tip. These developments continued from the fullqexpansién of
the fifth leaf-tg the appearance of‘spike:from the boot.

The initiaﬁion-and duration.bf the three stagés‘w§r§ éimilar‘
. for all‘genétypés excépt.Crest and MTw6§28mwhich.§nténed.the repro-
ductive stage-one week:earlier (Table 4). Crest and MT 6928, the
genotypes,péssessing early to medium.matqrityq differed from all
other later maturing genotypes with peSpect'to.size-of.apicesm Their
apices were longer thén“qthers and showed the :initiation and differ—
.entiafion.of the. reproductive stage eaﬁlier fhan 6thervgeh0typess
This may be -the réasOnufor,earlyumatufiﬁy iﬁutheseytwo genotygesf
Bonnett. (1966} advanced similar views. |

The studies revealed that the developments in.the shoot apex
were gradual and continuous and did not happen as a group (Figure 1).
The stage claséification‘suggested by ‘Bonnett {1935) apd‘uséd by‘
. ﬁvans and Grovérh(1940) seemed more ﬁndersﬁandableniﬁ.view of;Ehev_
changes in thé‘apéx, It was also,evidenced"thatiall.winter wheat
genotYPeS were. at the”same morphological. growth stage whén theyuen—

tered winter periodb'
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,Among'themfiveﬂgénotypesfthéreuwas éfgbod:relatiéﬁShip'be—-
tweenﬁthérgxternal_leaf moxrphology and"the.apical?meristem develop-
menta; staégq HoweverJ'there:was:gudifference:in”the‘size:of the
apices of the.main.shoet of the genotypes,:especially.in the répr0w
ductive-stége'(Eigure-3)o | | |
'The‘general patfern éf inflorescence’aeve;opment_was:similar
in all'génotyPes; but:diffefénces occurredpamongwgenotyﬁes-fof the
time the‘épikelet-initiates-and the. rate of subseguent development@
‘Thewrate,of.elOngatiénwof_the apicalfﬁeristem was:gradual
..during‘végetativefgrowtﬁibut-increaséd-durinéfspikelet iﬁitiﬁtiOn&
- Differences occufred.in the rate of'éiongétion_of épex,
‘The leaves appeareduinvagsimilar'gradual mannef.during the

‘vegetative stage.in all the genotypes.: There-secemed.to be no rela-

tionship between ﬁhe rapidity:of.leaf'primbrdia‘appearanée'andJearli—-

' ness or lateness of heading.: Léaf;primardiafwérevviSiblefas.alter-
nate ridges around, the. shoot apex.
The relationship of the . internal deVélopment stage to

external‘mérpholoéy'of the plant is helpful when.there are only a few

plants of a. particular genotypé-oxjwhen-rapid‘estimatibn of -develop-

ment sStage is. needed.. .The apical stage of the plant .can be known ;
without dissection .or destruction of the plant:by:.the use of leaf

'appearance scale. The" knowledge of.flower'initiation occurrihg-ath\‘
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leaf stage five~inzwinter'wheatlcan“partitionjthelﬁeribd from s6wing
to heading ﬁhus affording analysiswof_plantmresponse;tohenvironmental
factors.aS‘ihuwinterharainess studies.. ﬁiffefences.in the;rate‘bf-‘
differentiation‘ahd development may.suggest'xeasoné_fer Variation in
maturity.

) The use of controlled environmént chamberp fieid.glimafologi—
cal data.and<diverSeuwinte;:Qheat genotypes enabled:me'tgnnotvénly‘
‘duplicate field éon&itions;jbutumorefimportantiyrtov?iééﬁCe”plants
comparable to field. grown materials-in both exterhal=aﬁ§ épex

developmental stages..
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THE RELATIONSHIP. OF. COLEOPTILE LENGTH AND OTHER
MORPHOLOGICAL CHARACTERISTICS OF WINTER

WHEAT TO FIELD SPRING SURVIVAL
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II. The Relationship. of Coleoptile Length .and.other Morphological
Characteristics.of'Winter Wheat to. Field Spring Surviwval

This:study.examineddcoleqptiie.iengtha“ofuwinter wheat geno-

types under a darkened controlled. .environment and related this char-

- acter with otherhmorphelogical,factors“such.as:séedling height,
suberown. internode length .and emergence. rate.. The. association of
all these characters. with: the mature plant height and the field

spring survival was examined..
MATERTALS AND METHODS

Genotypes

Six diverse hard red winter wheat. genotypes-of. known field

spring survival were used in this studyo-'These.gepotypés'with their

‘general deScriptionﬂmplant.heightuand‘é@ring.survival;a&erlisted'in

Table 5.

'General,Meﬁhoas-

Seeds of si%;winter wheat.genotypeS'Were planted .in steril-
iged_4-inch clay‘pets;‘ﬁsing,greenhbﬁse.soil composgd-éf silt loam
-soiL‘and peat ihta.izl fatioé The - soil mois#ure«was kept at<6f neaf
field capacity. - Ten seeds in each.pot.were.planted~at équal dis—'
tance from .the centér and sides.ef.the pot and from seed to seed to

prevent the possible placement and potside-.effect. At planting, the

soil of each potrwasnremovéd to reach‘thehrequiredmdepth of seeding.-




Table 5. General description of six winter wheat genotypes studied.

Plant

Spring

height surviwval
__Genotype . Descrlptlon . (in) (%)
Froid {CI 13872} Tall, late maturlng, excellent 1/
o : winterhardiness 40. . 72 = .
- Yogo (CI 8033)" Tall, late maturing, excellent
' winterhardiness 39 64
-Cheyenne - (CI 8885) " Tall, late'maturlng, falr
winterhardiness 36 50.
MT 6928 Semidwarf, early maturing, poor
- winterhardiness 31 21
Itana . (CI 12933) Tall; mid. to late season. maturlty, :
' : poor.. w1nterhard1ness : 36 27 -
‘Crest (CI 13880} Medium height, eafly.maturing,
.poor winterhardiness 32 12

1/

= Field average eight station years except;MT-6928 with. twe -station years.

h"[s_
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The.séedsuweré-placed.in;the.potsmwith;theirzeﬁbryos;upward; The re-
ﬁovedzsoilgof eachhpotuwashreplacedmon.the:seeds:with;equal_pressure
of packipg,-.Thé"pots"were-piaced in theudarkenedrqrowth:chémber'im*,
mediately.after.seéding,»,Seedvlotsvwerehuniformly viable and. treated
With fungiéidee ‘Seeds.ef.equalﬁsiZeswere u%édmto.eliminate‘a'poési—A . w
ble biés due to differences in seed size.

Thé.teméerature:regimemapplied in thergfthhhchambe; repre~
:sented the. average: field. air teémperature at. the Bozeman Reséarch: °
Station.duiing:themgerminationuandﬁéeedlinghstages;of:winter whEét;v
- For this purpose;the.dayfand\night;averagéxtemperature-cufﬁeswwere ,
constructed. from the»hourly;mean:ﬁempératﬁréé:(mable;l, fage'zé)J

;@bseivationT Statisﬁical Designs
and: Analysis

Seedling. emexgence. counts were -begun:5 to 6. days after séed-
ing and were redorded.daily_until emergence. ceased: ... An. emeérgence
rate index was@qalcﬁlatedwfor theffirst;four'daysmof.émexéencé'by- ' ‘ “
multiplying therfirsffday's emergencé,ﬁy 4, second day’syby é} third
day's..by: 2, and fourth.day!sieﬁergence-by l.. The.total of these:
weighted valués:wasucalled-EmergencérRaﬁe-Index (EQR&I@)-of*a geno-

type.
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“TWQ weeks..after sowingnthe'seedlingsiwere:removed careful1y
from‘the4potS'and'their-coleqptilé*lengfhs;m;eediihg#height, apd'éqbf
crown:interﬁodé.lengthmwe&e recotded,

The4tﬁialmineluded“6 genotypes-andrs_plénting.depﬁﬁs (6n¢-
" inch incremeﬁﬁs)rénd waSLconduc;edfwith:4ﬁre91i¢ationsmin“a.randémized
block design; LALL the.blocké'WexénrerandomizedﬁéVerymthird:&a?-to
eliminaté-possible-pesitiénwefféqts;inside:the:githh"chémberg

Aferages determinéd for:rall potS‘(each:pot:was.a plot) were
used..for  -the analysis of'variance of:ail.thercﬁa:acteristics@ Corre-

lations. among all characteristics were. calculated.
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... .RESULTS AND. DISCUSSION

.;...Coleeptile Lenétﬂ.

‘ 'Thé six“winter:whéat gehotyPes.differea‘significantiy f6r thé
céleoptile.lehgthsﬂ(Table-6), ‘Crest;'YogO.éhanroiduhaa.the coleop—
tile lengths of 8#l% 8.1 and. 7.9 c¢cm, reépectiVely,:and;differgd.sié—.-
nificantly from Itana,“an6928.and‘Cheyenne;withm7;4q 7.0 and~6;6'cm,\
?réépectivelY'(Tablg 7). - The siéniﬁicant:Va;iétal.difference_ati |
Qarious seediﬁg dépths.wés in.agreemeht:with”the ﬁiﬁ&ingé:of{gaﬁfmann
(1968) .. | |

The coleoptile;lengthmofrtheawinteruwhéat_genotypes variédx
significantly with.the.planting depths (Table 6). Froid,‘YogoJand
Crest had the.longeétncoleOPtiles.at'éll depths:withnsignificantly

longer coleoptiles than Iténa, MT‘6928wand.Cheyénne at the'ﬁw07i

_three—,quur- and five-inch. planting depths- (Table 7)., At .all depths

the longest. colecptiles were:found,in.CfestmandLFroid;and.the short—
eét in MT 6928 and Cheyénne. Yogo, whichﬁshqwed‘significantiy sﬁorter
coleoptiles than. Freoid .and Crest at the:onefinch*depth) was siﬁilaf
toAﬁhese génotypes,at«deeéer piantings@f,The.thréeﬁinchﬁdepth seemed-
“to be'optimum.forxltana:beCaﬁse this was. the only‘depth;where-it‘was,
in the first rankuogvéoleoptiie-1engths;"pCrestxhad.theulengest cole-
optiles‘éf.all génotyPeé.atfthe-fOur- and five-inch depths:

- The. comparison between the.planting.depthssindicated.that the

- coleoptile lengths for: each.depth significantly: differed from the

I T




. Table 6. Mean .squares from analysis of variance for.various characteristics measured
.on six-winter wheat genotypes. planted at five-depths in a darkened
¢ontrolled.environment.

Mean squares for:

Subcrown

' Source of . Degrees. of Colecptile: Emergence -Seedlihg: internode
rvariatiqn freedom __length rate index  height length
Genotypes 5 - 7.837%% 31,791%* 180.416%% 34,868%*
Pepths 4 18.021%* 216.129%% . 24,577%% 51,322%%
. Genotype X depth: . 20. . . 10.255 . 5.862%% 4,126 = 2.423
Error . 87 . 0.297 1.471. . 4.086 -  1.609

ok ‘Significant at .0l level.

—SS‘_
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Table 7. Coleoptile.lengths (cm) of. six.winter wheat.genotypes.grown at five planting
depths. in a darkened.controlled environment. o
Coleopti;e.length»(cm):and rank,-respectively( for pla@ting,depths of:
Genotype One in. .Two in. Three,in? _Four in. ' Fivg,inid Average
Froid 7.3 a ¥1 7.3 ab.3 8.1-ab.3 8.3 ab.3. 8.5 ab 3 7.9 ab 3
w‘ Yogo . 6.4 bec 3 7.8 a. 1. 8.6 a 1 8.6 ab 2 9.0 a 2 8.1 ab 2 -
‘ Cheyenne 5.6 ¢ 5 5.8 c.6 6.9 ¢ 6 7.3 4 6 7.5 ¢ 6 6.6 e 6
1 | | | | | | . -
. MT 6928 - 5.6 ¢ . 6. 6.4 c ..5 7.4 bc 5. 7.5 cd 5 8.0 bc 5 7.0 4.5 G
* Ttana 6.1 b -4 7.00b .4 7.9 ab 4 8.0 bc 4 8.2 bc 4 7.4 ¢ 4.
Crest 6.8 ab 2 7.4.ab 2 ..8.3 ab.2 8.8 a 1 9.3-a 1 8.1 a 1
L e " i - - -
| ;j Values within each depth.followed. .by.the same. letter do not differ significantly
) at.-the .05 . level of“significanCe"according=to-Duncan'smMultiP16‘@ange,test@
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others except. for the-three—-ahd foureinch‘depths.(Table 8). This
may be due tebequal;adaptation’of.ali the genotypes.te.these”two:
depths, at which thehgenetypes;are generally.seededu fThe'resuits

showed.that.at,therdeepesthplanting:the:lqhgest.coleoptiles accurred.

Mean colepptile lengths of 6.3, 7.0, 7.9, 8.l and 8.4 cm were-ebserved‘

for the one, two, .three; four-. and flve~1nch depths, respectlvelye As

the. depth. of plantlng 1ncreased ~-the: coleoptlle lengths 1ncreased

. The greatest'1ncrease;rn.the:coleoptlle:length;at;the.fiveninch:depthﬂ‘

over. the one—inchawas.2®6mcm:for.Yogo, follqwed.by:Crest- MT~6928,

Itana, Cheyenne and. Froid with. 2 5 2.4, 2.1, l 1] and 1.2 cm, respec-

tlvely (Table 7).

Cheyenne had,the;shortest coleeptile.attthe.onerinch-depth .
and- did not.exhibit comparable increases. at theadeeper plantings.
MT 6928, on the other hand, di&.show.increaseS‘inuthe:coleoptile
.length at greater.deéthsw This is. further ev1denced by percentage
" increase in the coleoptile. length at the flve—lnch depth ever that
of one-inch planting depth; 42.6, 41.4, 36.2, 33,6, .31.1 and 16.6
percent for MT 6928 Yogo, Crest, Itana, Gheyenne.ana Froid, respec-—
tively. The coleoptlle tends to. growwlonger 1f the. seed is planted
deeper. in the so;1Q\ Similar flnd;ngs were reported early by |

Sunderman (1964}, .
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Table 8. Coleoptile lengths. (cm), emergence. rate.index, seedling
height: (cm) and subcrown.internode length of winter
wheat. genotypes. at. various planting depths in a
darkened . gontrolled environment. -

‘ SubgréWQ
. .Coleoptile Emergence . Seedling.. internode
) length. - rate index height @~ length
Planting depths. (cm) (E,R.I.) _ (ecm) {cm)

l-inch 6.3 d&5% 28,2 a 2 22.4'bc 4 3.6 4 5

T

2-inch 7.0 ¢ 4 29.6° a 1 23.3 ab 2 5.0 ¢ 4
3-inch. . 7.9 b .3  19.8 b 4. 24.3 ‘a1 '6,7-,ab',2
4-inch. . 8.1 b 2 20.6 b.3 22.7 boe 3 7.3 a. 1

5-inch 84 .a 1 7.0 ¢ 5 21,6 ¢ 5:6.2 b 3

5/ Values within-eaqh characteristic followed‘by the same letter do
not differ significantly at the .05 -level of significance accord-
ing to Duncan's Multiple Range test. ' '

g/ Rank.
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The wintér seedlings develdped iQnger"coleoptileSnand‘shal;

lower crown:nodesﬂunder.the strésswofideepuplanting;, Thié qouid be 
" related to greater.cell. length or ceil number, aé.hés been:suggésted
by Allan et ‘al,,“. .‘(19'6"2);‘.‘.. -Burleigh et.al.. (1965) . l:ooin-t'e'd“.ou‘t the" lack :
of light atugreater‘depths as afpossible;caﬁse_of excéssivé cé;éob- |
tile elongatiqﬁ, At .very shallow dépths.growth ofmcqleobtiles may
‘bevsuppressed by ligh;.

| 'The-relationshipmof;coleoptilé"length;withnmaturé‘pléht"
height. of.the wintér wheat“genotypes.wasvmeaéu?ed.-:Theucor;elétion
7coéfficient<includingnFroid,LYQéo, itana;and.MT36§28-was .95**
(Taﬁlé.9); An ‘exception to.this,aSSqéiationHWa54noticedmin,Cheyehné
whidh:is a tall;vérietynbﬁt.gavé_auéhortﬂcoléqpt;le,n.Onwthe=other}
Hhand,,a~medium.tail;gépotypé,,Crest,-ekhibited;ﬁheJlongécoleoétiie‘
Cheyénnepahd.Crést.seemed“tb"havendifférenﬁ.genetic:mechanism for
coleoptilehlengthAasmcompared”to~otherugenotypesmmmThe.significant
pésitive.correlationuqfumatdré plant. height with;theﬁcoleoptile':
length found in this sgady'cofroboraﬁed thosemofmAllan et al,.(i962);
Feather et al. (1968) and Favereau et al@'(1968),."This‘differs from
the findings: of Parodi et. al..(1970) .who. found.a nqnsignificapt cer—
relation éoéfficienthbetweenmcoléqptile.lehgthLand.mature plant:‘
heiéht@ The cohtradiction-can be-attribﬁted to.thérgénotypes useq

in the study, as.already pointed out.bylAllén;etwal@“}1958),




Table 9. Correlations. between mature plant height.and other characteristics of
winter .wheat genotypes.planted.at five depths in a-darkened
controlled environment. . :

Correlation coefficient (x) _

. Subcrown
.Coleoptile - Seedling internode
length . E.R.T.. height . length

. Mature plant height of: — S
' Cheyenne, Crest, Eroid, Itana, MT 6928, Yogo .35 . .37 .83% .83

Chéyenne,aEroid; Itana, MT 6928, Yogo . .
. . : (excluding. Crest) <73 . . 96%% - .98%* .78

Crest; Froid, Iténa,nMTm6928, Yoge.
: (excluding..Cheyenne). 50.. .40 .87% . 33

-0O=

'Froid, Itaﬂa,:MT 6928, . Yogo , , T
Co (excluding Crest: & Cheyenne). O5%% ©L.997%% S.99%* 90

*, k% Sigﬁificéntfat .05 and..Ol_1éveIs,.reépectiVely;-‘

™™TT
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A.cogrelationmcoefficient‘of:,93‘of coleoptile length with
field:springvsurvival“(TablemlO)-showedlthatnexcept.forucheyenne‘and\
Crest,.those genotypes. posse551ng good sprlng surv1val also had
longer,coleoptlleSQ‘ _The..lack. of.a. hlgher correlatlon was.. probably ‘
influenced. by the fact.- thatlmeans across.. all plantlng depths were.

used 'in: the calculat:Lono

i Emergenoe

dGenotypes;differed.significantly.fonﬁE.RWIQt(Table 6). .. Among

the.. six. genotypes, Crest. had the hlghest E.R. I -0£.29.7 which dif-~
| :

fered 51gn1flcantly from. MT»6928 and Cheyenne w;th ElR@I s of 3.0
and 16.7, respeotlvely_(Table,ll) . 'Froid. (25. 2) and .Yogo (24. 6)
.were second 1n~the rank followed by. Itana. (20+ 7) .Generally Crest,.
Froid and Yogo were outstanding..in rateuof:emergencewnrtana was inter-
‘mediateg andrCheyennenand:MT«6928 Werenlow.in;ﬁ;R,Ig

The multlplegrange;test;on-the;emergencemratewof:genotynes
planted one-inch-deep. showed.no..statistically. significant difter—
ence between.Etoid..Crest1 Yogow:Cheyennemand;ItanaMLTableull)
only Froid.:and Crest-had 51gn1f1cantly higher E. R I s. than MT 6928n

The E. R I.s of QCrest -and MT- 6928 ranked high and. low, respec-
tively,: at all depths of.plantlngo;'The-response;of MT?69281 a. semi-
dwarf, is‘in agreement with.Allan et alq“(l962)m—.Rankings‘of“emer—

gence rate. indexes. among' the: five.depths. of.plantings varied




Table 10. .Correlations between field. spring survival . and other characteristics of
winter wheat genotypes planted at.five depths in a darkened
contlolled envzronment

Correlation coefficient (r)

Subcreown
S ‘ Coleoptile Seedling internode

Field. spring surv1val ofi . . length _ E.R.T. length  length

. ..Cheyenne, Crest, Fr01d, Itana, MT 6928 Yogo . - .16 - S - <66 ;°B3#1

Cheyenne, Frola, Itana, MT 6928, Yego . A
.. fexcluding - Crest) - .58 - .79 e .84 . .74

-Crest, Fr01d, Itana, MT 6928, Yogo o : o o

: (excluding..Cheyenne} . .42 .21 © .75 9T *%

. Froid, Ttana, MT 6928 Yogo : - . o o .
. (excludlng Crest & Cheyenne) © .93 - ..88 - .89 .98*%

k¥ Significantat4‘<—,,05..and..@01.],evels'.,ﬁreS._pectively°

-Z9-

TT.




Table.1ll.. Emergence.rate.index‘(EwRdle'ef.six“winter.Wheat.genotypeSngrownnat five

. planting depths..in..a..darkened .controlled environment.

Emergence rate. index. (E.R.I.) .and. rank, respectively, for planting depths of:

Genetype.  ©Gne in.. Two in. Three in.. .. Four in. -:-.-Five in. _Average

Froid '35.3 ‘a1 31.8 ab. 3 23.5 a...3 26.0-b .3 9.5 .bc 3 25.2

Yogo = 27.3. ab. 3. 37.0. a - 1 24.8. a 1 31.3. ab 2 2.8 ¢ 5 24.6

_Cheyenne .27.0. ab ‘4 25.8 ¢ ..5. 14.0. b- 5- 8.3 od 5 8.5 bc .4 16.7
MT 6928 21.8 b. .6. 19.5. d...6 14.0 b. 6 7.3 4 6 .2.3 ¢ 6 13.0,

Ttana. . 26.0. ab. 5 28.8 dbc 4. 17.8. ab..4 15.5. c. 4. 15.3 ab 2 20.7

Crest. 31.8 a .2 35.0. a .2. 24.8. a. 2 35.3 a. 1 21.5 a .1 29.7

b

a

2

1/

-at .the. .05.1evel of significance. according.to.Duncan®s.Multiple. Range test. -

= Values. within eaCh.depthmfollowed;byatheusamenletter.do“not differmsignificantly

Him s
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considerablyzfor Yogp,.Froidwand Itana.- Yogo ranked in. the hlghest
group at the twor and three—lnch deep plant;ngs but dropped to second
and f_lft-h_,at. the. feur-;-...and.: five=inch. depths,. r,e's;pec,t:l.vely. Froid was
in th'e top. gréup- of E,R.I.s at. gne-- and t,,hree-i‘nch-- depths, ‘and o
'dreppedute-third{at;fourmmand;ﬁiverinchﬁdeepkplanringswgﬁiranarehpwed
a mediuﬁsEstin.in.enemto fournineh;dep;hsv-buﬁnrese*te~5ecenduat ‘
fine-inch;depthﬂ.”Burleigh,et al. (1962)"reportedrIﬁanamdembnstrated-
.a unlque abll;ty to. emerge. falrly well under deep plantlng° |

| The. winter wheat genotypes showed 51gn1f1cant dlfferences in @
.emergence.rate"at”adl depths, Whlchﬂlsmqontraxy;to;theeresqltevre:
..pprtedabmeohnenblustwetnalq:§l962)¢ Hewevery thergenotypes‘shewed'.
the maxinum variation inhtheir eﬁergence.ratenatnfonrrinch deep-
planting.. It ca'_ﬁ- be..‘.deduced--that‘f the laboratory emergence tes\té,-
sown.atna-depthmof four inehes,rehouid.bemverymeﬁfeqtiyemin.deterhin-
ing -diffe-renqes..-.in the: ability of varieties to emerge..e

‘Seedlingsmfrom one?inch-depth~beganmtofemerge.fi&e.days af—

ter planting, whereas;ﬁrom-twer} threes,"fourr.and“fiveEinch‘depths,
seedlings;appeared after 7i 8, 9 and l@.days‘after planbing,'respec—
tivelye The comparlson between the. depths, in. terms. of number of
days taken to ebtain.50%. emergence, showed. that. plantlng depths’ of
'onerr.twor, three-,. four- and f;ve-lnches took_615r'7q57 9.0, 11.5

and. 13.9 days, respecti?elyr. The. difference..among. these values was
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stat;stlcally slgnlflcant. Flfty percent emergence was. achleved 1n
8-9 days by Crest and Frold, ;n 9 days by Itana,. 10 days by Yogo and '
Cheyenne, and in 12 days. by MT 6928.

. The variation;in.emergencetdueetowdeéﬁhs;of:plenting Qas high~
ly significant.(Table.6).a The: hlghest emergence .rate. lndexes were
29,6 and 28,2 fcr the. two= and one-lnch plantlng depths, .respectively
(Table 8, Page ‘58) . - The three- and.. four 1nch depths -had. E.R, 1. .S - of.

-+ 19.8 and 20; 6, wh;le ‘the. flve-lnch depth had -a. low E.,R.I. of lO 0.
‘These results indicate that. the deeper the"wxnter wheat 1s-p;anted,
the longer .it- takes to. achteve total emergence,

The hlghly SLgnlf;cant genotype X. depth lnteractlon lndlcated
thatﬁthe.genctypesmrespondedwdlfferentlallymtQ:the;depthe.cf.plant-
ing for EeRqu:(Figtref4canduTable,ll};;.Ftcid«shcweduhighest-EsR;i,
at one~-inch- and. dropped to third‘et.thesfcur-.and.fiverinch’depthsr.
Itana was fifthjatﬁthenonewinchnand:seccnd.at.the-fiVerinch'depth.
Yogo Wasmthird.at.the.onerinch,tfiret in.renk;at_themtwo—aandtthneev
vinchudepthSV seconduatLtheﬁfourrinch,andififth;atmthecfivefinchs-
planting‘depth. o

The‘cofreleticn between E.R;I;.andlmeture.plant height for
ail genotypes,.excluding.Qrestf.wasuhighly significantf(r'= ;96)
Table 9).. Crest,“d.mediumntall vaiiety, showed.the. highest ovexa;l

emexrgence rate..JTheﬁpositive.correlation"betweenuthe.eme:gence.rate‘
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Figure 4. Emergence rate index (E.R.I.) of six winter wheat genotypes
planted at five depths.




Ll e

Ll

_6‘7'_

index..and -mature. plant. height..as. reported: by.Allan.et .al. (1962)'and

- Chaudhry.and.Allan (1963) was confirmed in;my;study;“LThe;assoeiation

of better and faster..emergence: with taller.genotypesfwas‘further~evi-
denced-when‘onlquroid,.Yogo, Itana and‘MT:6928 ﬁeremconsidered.in

. the correlation. .(r.=...997, Table.Q Page 60) - .CreSt-and Cheyenne
showed.a“different responsea, Cheyenne is. a. tall varlety, but gave
.emergence. rate next lowest to. MT 6928 Crest has. a: medlum helght,
but gave themhlghestiemergence rate:index;."The;different'respense‘
of Cheyenne and Crest, compared to. other. genotypes, may be attrl—
.buted to.different. genetlc systems controlllng helght.and emergence

factors;

Seedllng Helght

Seedllng helghts, measured after:. 12 days of growth in- com—‘
plete darkness, d;ffexed"51gn1f1cantly.among_the.genotypes (Table 6).
Averaged: over.all depths, Froid, Yogo, Crest,. Itana, Cheyenne and
MT 6928 had the seedllng heights. of 27 l 24 6 23 3, 22.8, 21.4 and
18 2 cm, respectlvely (Table 12)

The.seedlingnheight.within“eachsdepth“varied;significantly
among the genotypes (Table.lZ),‘ Froid was amongxtheétaliest and |
MT 6928 the: sho;rt;est at all "'depi;l'is.o . Ranking-~ for. I‘tana seedling.
length.varied ftomssecond to. £ifth at'various-planting.depths. Séedr

lings of Cheyenne. were longer than MT 6928: at..all depths.-




Seedllng helght (cm) of- s;x.WLnter wheat genotypes planted at five depths

‘Table 12..
: 1n a darkened controlled env1ronment
s.eedlin'g,height. (cm) andﬂrar;k, .respectively, at plantings depths of:
Genotype .One,in,,i T™wo in. - 7 Three;inl. Feu; :i,n_° Five in. Average.
Froid  27.4 a¥1 27.3 a 26.9  ab. .2 27.4 a 26.3 a 27.1 a
Yogo - '24.0 b. d2'.24w4 b 27.5 a -1 24.0 b.- 22.9 'ab 24*6-~b
Cheyenne 21.2 ¢ 5 23.2 b 4 23.4. ¢ 5 20.5 cd 5. 18.6. be 21.4 4
“MT 6928. . 17.1 .d .6 .19017.c. 20.2 4 .6 18.6 a 15.8 c¢ 18.2 e
Itana 22,5 . bec. .3 22.5 .b»' 23.5 ¢ 4 22.1 bc 23.4 . a 22.8 ¢
Crest 22.3 be 4 23.3 b 3. 24.6. bc.3 23.8 b - .2'208 a 23.3 . be
i/, Values within each depth fellowed by .the 'same letter do not differ 51gn1f1cantly ,

at the .05 level of significance: according.to. Duncan s Multiple Range test.’

.‘.89_

T 7T
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The varlatlon in the seedllng height. due to the depths of
seeding was hlghly significant. (Table 6)-. Gene;allyTWthe.seedling
heights inereased.with-every.sucéessive depth.of planting up-to
the threewihch.depth which éavewtheumaximummaﬁerege height of 24.3 cm
‘(Table‘8,hPage‘58)4.-Fﬁrther:blahting-depths;of;iourn“ahd.five-inehes
‘decreased‘seedlinéfheights.-‘

The:relationship"of.eeedlihg.heightﬂwith;the.mature~§lant.

h height_of'the-genotypes”wae.studiedeh;TheucorteIatiohﬂwasvsignificeht

{r = .83) for all.genotyPes,nbut:washhighlyusignificant.(r~= .98) -

when . Crest was excluded {Tahle. 9) -Cresti.theﬁgh.aimedium'tall;vari—"

ety, emerged early, ‘had’ loeng. coleoptlles, .and- tall. seedllngso ‘The
response of Crest, as:prevlously,xndlcatedvrmaytbe;attrlbuteddto’the
. fact that. the characteristibs:efiemergenceq;coleoptile-Iendth;-and'
eedllng helght being.under. the control of. dlfferent genetlc mecha—
nisms.. The significant posltlve correlatlon between seedllng helght
and mature plant height. found. in. my: study- verifies: the. results of
Chaudhry and’hllan.(l963).- The:correlationwbetweeaneedling‘height

. and. spring surviwval. was not significant:in;my'studyv(Table 10).

Subcrown. Internode Length
The. subcrown internode length was measured: on the: seedlings
grown in complete darkness“(same:as.coleoptilewlength:studies)., The.

data should be censideredrwith—this'inmmindgn.The:analysis-Qﬁ
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Varlance (Table 6) showed hlghly 51gn1flcant dlfference ameng the
genotypes and Pplanting. depths for subcrown internode.: -length. Tﬁe'
three— and fbur-lnchnplantlng'depths.gave the~longest_subcrowniiﬁ=‘
ternodes (Table 89.‘ | |
Froid, Yogo, Itana, ‘MT- 6928 Cheyenne and Crest showed sub-

crown 1nternode Jengths. of 7.7, 6.9, 5.8, 5. 3y 4 8 and 4. -2 CIy
respectively (Table 13),

_ At all.depths Froid was firstsahd:Yoée;wasfgenerally second
. for. subcrown. internode 1ength,nexcept:for.thejthree—iﬁeh,planting
.depth.wherthheir-positionsnwere“switchedg(Tahlé:13), 'érestr,inmall
cases, . was . at therottom.w1th the shortest :LnternodeP Itana an&‘-
MT 6928 .showed medium internode lengths at. one=. to. four-inch-’ depths
with Itana.ijping.to;seconduatxthemfive—inchLdepth+7.The'pesition of
Cheyenne consistentlyupregeded.Crestt Themmuitipie:renge‘testnshewed
the. maximum diversity. in genotypes for;ﬁhis;Characterisﬁicret ﬁehrf
inch.deepuélanting,;?As withhother.characferistiCsT:Itaha.demonstrafed
a unigue change.in.iﬁsﬁfenk and:respohsestoLthe:fourrinch:seeainé, |

| Since a longfsubcrown;internode‘means1s.shallvechwn.node,
it.Can;be.said,thatwforubeth-thewaverage:and individﬁalAplantiﬂg ~
depths,‘Eroidsand ¥ogo:had:Ehemshailowest:crownanedesw.'iheudeepest-
crown. nodes..were fbund;in Crest,.Cheyenne,-MT 6928:and Ttana.

The shallower seedings.showe& thettehdeney'of.longfsubcﬁewn

internode=genotypes,;emg;;Ereidhand.YogoT.to@fermAtheir crowhs .




Table..13 . Subcrown:.internode..length. (cm)..of.six winter-wheat genotypes .planted at
L. five depths in.a .da,r]l{ened_..controlled e_nvirqmnent,'

. ‘Subcrown. intea:node.. len’g.th: (»cm':)r.::and rank;;,i:_'re_spectivevly‘;;-‘at planting, depth's of:

Genotype =~ One.in. ..  Twe.in.. .. !_I'hree..in,.r...ﬂ.. Four in. . - -_Five in. rAver_age,

s Froid- 7 .4.9 a‘.—Ji/ 1...7.1. a...1...7.7..ab" . 2.. 10.7..a .1 8:3.a 1 7.7 a 1

Yogo . 4.1 b 2 5.8 b 2..8.8 .a 1 9.2.b 2 6.5 ab 3 6.9 b 2
: Che?enne~_¢ 32 be...5. 4.2 .¢c. .5 ..’.67,,er.cd‘ 5 _ 53 de- 5 . 5.4 abc 4 4.8 ‘cd 5
l. MT~6§28: 3@3.:bc; 4 . 4.8 bCf.3ﬂ.;645 _bc..3 , .5,7n.cd 4 5;0, ab 5 5.3 ¢ 4
It;.na . 3.6-be 3 .42 o4 ....'6..,,5' e 4 7.3.c.3 7.3 ab 2 5.8 c 3

Crest- - 2.7 ¢. 6 .4.0 c. .6 4.9-d. .6 ..4.7 e 6 4.7 bc 6 4.2 4 6

i/ Values within each-depth followed.by.the.same letter do not differr significantly at

. the .05 level of significance according .to Duncan's Multiple Range test.-

=TL-
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farther away from the seed.. In the case of. the one-, two- and .three-
inch depths,rthe:crownanedeyformed:aboVe the soil surface for Froid.
and Yogo, This is: attributed te;laek Qf:light=during‘éerminetion,
emergence.and‘growth, andaleads.tq.therconclusion»thatnin,darknees
crown nodes tend: to..form farther away fgom.theyseed‘-‘Light;probab;y
. has an.important.ro;emin‘the-suppressionwofmcrewnnformation near‘ﬁhe
soil supface. This agrees.with the £indings. o_f?Kee.soWitech. (1894),
Kuleshov and Marchenko .(1963) andeergusonéand-Boeﬁwnight (1968).

Subcrown 1nternode length was. associated. w1th .mature -plant
height and field. sprlng stand surv1val with. correlatlons of- 83 and
- .83, xespectiyely (Tab;es 9. .and 19, Pages 60 and 62),E.The:positive.»
correlation ef.subcrownainternodeuanduspning snrvival.suégeets-fhat-
" . winter wheat genotypes. with' long suhcrown internodes,. or. shallow
crown. depths, have higher. field spring surwvival.values. . Froid, Yogo,
Itana, MT. 6928 and. .Cresf.. clearly manlfest thlS correlatlon.-l

Cheyenne was an exceptlen,_because although it has good
field‘spr;ng.survlvalq it did not exh;b;t.shailow crowns,. Th;s is-
not surprising-since;field:spning.suhvivql,isﬂtheﬂresulb'Qf many;
acting. and intexaqting”morphoedevelepmental, physiolaqiqalwand‘envi—--
ronmental factors. Additionally, Cheyenne may .possess genetic‘meche-“
nisms“which:nesultuinmaidifferenfialzinteractionief.these‘faqtors,"

A wintexr wheat genotype may have poor fall stand: establishment, but
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may‘withétandulow téﬁperaturesvbetﬁernor.méywﬁavé?é stronngp;iﬁgjre-
covery potentiai aﬁd:vice“versa,'

Theserresults'shOW'that-thevtail.winten;wheatugenotypesgﬂe?g‘
Froid;and.iong.which»haveugbod:springssﬁrvival,ahavé,long.coleop;£lé5p
'éarly and'better-emergenééw‘énd;shallow:créwnﬂnOAeé;: The-semidwarf“t
genotype;aMTﬂ6928,fhad~poarFspring,sqrvival1ushdrtholeoPtilesirﬁoor .
.andaaelaYedvemexgehce-and,deep.crewn@nodes;: Such;cbnsistency in.char-
actériStiCS'Was.not:n¢ticed incCheygnné,and,Crest.ﬁ‘Cheyennéwua:t@l;f
,ﬁinte;.Wheat.witﬁngdd sp#inq.éprﬁiﬁal,.héd.shbrt:éoleoptilés} éo§£ fk'
emengénce, and deep crown nodes:. Crestf.hpwever,'is.shbrtér and.hés'
poor spring survivaivfloﬁg coleoptiles,and"expellgnt@emérgencer but
hadnthe.déépestECrownfnodeé»ofp;ll«qthef"Qenotypgsw;~éoormspringﬂggr-f
.vival.ﬁay bendue.tovdéep:crown‘nodesfandnanlackwoi;céldwtolerahcé;f‘

WithrCheyenne; which.possesses"péor-fallnstand.establishmenf'
charécteristic51 the. good springrsgrvivgl-mayube+duémto its faﬁouf?
able-physiologiéalwﬁesponse duning;wintgnwarna-propérlyutimed aﬁd .

vigoroué spring.redovery“capabilityﬁJ

. Agsociation. of. | Ché-naci:gristi‘vcs '
Hithy'signifidanﬁiPQSitivéucokxelationsuwere-fOundLbetween.
.coleoptile lgngth:and.seediingfheightffcolebptiie:léngthiahd sﬁb?:
.crown internodé»leﬁgthw'emergenca.ratevindexwanduseedlingpheightr‘and

seedling height and.subcrown internode length.(Table..14). These
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Table 1l4. qurelation54(r)'between-various.éharacteriStics of six
winter wheat genotypes planted.-.at five depths in a
- ..dark; controlled envirenment.

Coleoptile -Emergenqe3 Seediing Subcrown
__length  (E.R.I.) . height internode

Coleoptile length : 1.000

Emergence. : . =,096 . 1;00@_' . ’ ‘ S  ‘ :ﬂ
(E.R.E.Y ‘ ' : . , S ‘ :

Seedling height : 0.341%* .504%% 1.000

Subcrown internode lemgth — 0.487%¥ . -,076. .542%% 1,000

** gignificant at .01l level.
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correlations, although@confounded“by.the‘effects.oﬁndepths of plant-
ing and of genotypes;.showedfﬁhat.theﬂgenotypeerith:long-coleoptilee
produce.crownqnedes‘nea;‘theusoil,surfaceﬁandfheVe;tailer seedlings;
early:emerginqﬁgenotypesupreduee.tellqseedlinge.and tall seedling.
genotypeS‘ha&e,shallowmcrown\nodes.; The'eoﬁrelationsmbetween cole~.
optile-lengthwaedwemengencezrate.index,.andwemergence.rategindex-and
subcrownﬂinternede.were nensignificantm

In order .to eliminetezahy peseibie'variaeienwdueuto different
depths of planting, the correlations-withinnindividual depths were
calculated (TablevlS)a.“The correlation.between”coleopti;exlength and
seedllng helght was.. 51gn1flcant at all depths,..Sigﬁificantmcorreiaa
tions were obtained between E.R. I..and seedllng.helght, except at the
flve—lnch.depth,‘andmbetween-seedllng,he;ght.andmsubcrown-lnternode
length at.all depths.

The asseciation betweenicoleoptileuIengthwandhEmRmI; was hohe
'significaht ovef‘all:depths;ibutmwasfsignificane;at;eachﬁindividuai-'
deptﬁ.of planting (Table.1l5). fhe‘cor?el;tionhcalculated eﬁervall‘
.data was confounded.by: depth” effects.

| | The corielation offeoleoptileuandusuberownhinternodenlengths}:
:whlch was. hlghly significant. when overall means: were used, was ‘re-~:
duced .to the level.of nonsignificance..when:each. depth was 1nd1v1du—
ally examined (TablerlS),. This resulted from annexaggeration of

correlations when ovexelludataswas used. .The E.R.I.. and.subcrown.
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Table 15. Correlations. (r) ameng. various cha#acte;isticsnmEasured.on
' six winter-wheat genotypes planted-at.five depths in a
darkened controlled envirenment .- "

7 , . . Correlation
7 ’ _ » mChaxactergstics T I pgefficient;
Coleoptile;length,vswmemergenceurateaindeXFAverage. . 0.096.
...t .. l-inch depth L 0.464*

" 2-inch depth - . 0.4eg%
3-inch depth ‘ . "Q.654*%%
~4=inch depth o eoso. . D.604%x*
. 5-inch depth. . 0.382% -

Coleopti-;l.e:length“vs° seedling height-Average . .. . ... '0534i*ﬁ

l-inch depth . . . 0.691%%
. ZFinch depth ' ;”‘..“ 0,486*
3-inch depth- = . ... . = 0.540%%
 4~inch depth ‘ Sl @.512%
‘ 5-inch depth S . .0.380*
Colecptile:léngth.vs; subcrown~internodem1ength~Averageg ~ABTH*
' . ‘l-idch depth | o 0.354
'2-inch depth ﬁ‘ .. 0.295
3-inch depth : 0,256
4-inch depth - L 0.061 -
5-inch depth 0.060
Emergence rate index vs. seedling height-Average- : - .504%F
o l-inch depth ~ = . .6B9%%
. 2-inch depth ' L5T0%
3-inch depth o ‘ " .590%%
4-inch depth T30%%
5-inch depth : , .193" .
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Table 15 (continued)

. . Correlation
Characteristics: .. . L coefficient

Emergence rate index vs. subcrown internode. Length-Average -.076 -

1-inch depth = :  .440%
. 2-inch depth CoL .283
'3-inch depth ,175
4-inch depth : © 2247
5-inch depth , L .296
Seedling height.vs. subcrown internode,1ength—Average,.. . ﬂ‘=542#*‘
| 1-inch depth ' .G Ll4dx
2-inch depth = . .580%%
3-inch depth | L628kk
4-inch depth .- ,653%%*

5-inch depth ‘ . 780%*

*, ** gignificant at .05 and .01 levels, réspectively.
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internode wére not.significéntlyncorrelated‘either@forﬂoverall pf.inr-

dividual depthxmeanswexceptfat-one-inchmdeﬁth;‘

Allan.et al. 61962)Lreportedmthaticoleoﬁtilehlengﬁﬁs‘of win—‘
ter wheatuvarietiesuWéreupositively‘cprrelatedfwith‘their emefgencer
rate index. My.studyhalso'indicated‘tﬁat‘coleoptile-Iengthf‘recofde&
atnalllplanting;dépthsvzsighificanflyucorrelated.withmthe.emefgence ‘
rate index.. The. highest correlation was«ogtainéd.with:aata £rom the
four-inch .depth.. . This isriﬂnagreementuwith.Sﬁndermanu41964),,LLvers
{1958) ; Allan et aln:(l961)randuChaudhry'anduAl;an'(1963)E

: A.pbsitivewcorreiationubetweenucoleQPtilénlehgth,ahd seed~
ling.heiéht reported by  Chaudhry. and .Allan (1963)hﬁas;veriﬁied~by.
this study. The relationship.between cole@ptile_length.and‘éubc:own

_internode length .found by Chaudhry and: Allan. (1966) was. corroborated
in my. study where overall.means were«used,mbgt»netwfor.iﬁdividual
pianting,depthéw;wHoweverfuthefsubcréwnhinternsde,lengthfwas‘corre- f
laﬁed‘with seedling.-height in both cases. -

The éorrelatioﬂsﬁbetWeeHLmature planﬁ height..and. .other char-
acters'gtudiedmare given iﬁ Table 9 (Page 60).. A éignificant posi=-
tive'corfelatien.between;plant‘heiéht:and.ééed&ingn;eng;h,-and bef“
t&een élant'hgight and'Sgbcrown.internode.Was:oﬁtainedr when:aliﬂgix:
winter;whgat genotypes.wére included; ‘Plantfheightiwaswnot siqnifi_

. cantly correlated .with coleoptile length and E.R.I, The.correlation

between plant height and E.R.I. was Highly.Significant*When Crest

LLLA
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was - excluded from the calculations.: The association.of. plant height

- with coleoptile-ienéth,.E.Ron, and_seédling length‘werehhighly sig-
nificapt, when both‘Crest.andiChefgnne.were.exclﬁdédi' I.previously
- noted that.Crest and Cheyenne. did: net behave:a5uother:genotypes=with

‘ ‘ e - , ,
respect.to~the:charécteristics-uhdesztudygm The:apparént'departure 
of. Cheyenne. and Crest from. what seems to be«afgenéral‘pattefn;for
other genotypes is.indicative-of.the“preSencefQf*different.genetié
factors controlling the éxpressionypfxsome‘charactgristics,

The‘fact;thatwplént-heiéht"didlnot.signifiééﬁtly;éorrélate
with.coleoptile‘iengths,of‘all.genotYpes indicate~that.shorter plants
with 1ongér coleoptiles- can- be producédw. Crest,..considered to be of
short.staturé“butnhaving a yong-colepptiley-is;an.exampleé-

The associatipn-of'spfing:survival with;oﬁﬁericharacters in
all- genotypes was not éignificaﬁt ekcept With,subcr6Wn.internode

length (Table 10, Page 62). - AltheughAthis;positiveﬁcorrelation

shows that lenger subcrown: internodes,.or. shallow crowns, are associ- .

ated with better‘spring:sﬁrvivalf a COnclusiVe.statemept:cannot.be o
maae:since.this:experimentnwas‘conducted.in»darknesswandzcrown.hode
establishment .is affected by'light~(KassowitscﬁrnlSQéﬁ'Eerguson.&
Béatwrightf 1968%;“ Another"studyhih‘lighthisnreQuifed“to-make‘a |
definite decisioen regarding the trend .of. crown nodeiéffectf.pointéd'

out by. these .observations.

dl
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" SUMMARY,

The rela;ionéhip‘of coleoptile 1ength¢.emergence-rate.indéx‘
(E.R.I.) séedling‘height=and‘subcrownwinternode length with field
spring survival and‘maturelplantjhéightuef six"diversé{winter wheat
genotypes was studied in a dark.controlledmehvironﬁenﬁ-éhamber,‘
‘Avefage Bozeman, Montana field temperatures. for the mid—September
to Novembermgrowthfperiod“were‘appliede.'The six ﬁinter.whéat geno--
types Cheyenne, Crest, Froid, Itéﬁa; MT 6928wand;¥ogo“we?e_planfed
at one-, two-, thrée-, four- and Eiveeinchndepths and.the fonegoiné‘
characteristics measured. and evaluated.

A significant.genotype'differencemwaswfouna.for planting
depthsy in general, and: for each:individual.deptﬁﬁﬁhen coléoptile=
length, emergence;réte-indexfuseedlingyheight.and~5ubcrown;interﬁode
length were examined. |

When~averaged.across;depths;‘longecoleeptiles;,high EQk.I,é
and tall‘éeedlings were measured in-Froid;wYogo.and;CreSL; Shqrt..”
: coleoptilespflbw E.R.I.s and shorﬁ-geedlings werégfound ih MT 5928;
Cheyenne and Itana. Longwsuﬁcrown internodes.weré.foﬁnd:in‘Ffoid;

- and Yogo, while the. short subcfown=intgrnedesmoccur;ed_in Itana,
MT 6928, Cheyenne: and Crest.. - ‘ S - | ‘

Inwgeﬁeral,wwhenmihdividuéi plantinquepthsﬁweﬁe examiﬁedy |

the longest coleoptile lengths, highest E.R.I.s and seedling heights
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were found in-Eroid, Yogo andmCrest.with‘lowerﬁvalues for MT 6928
and Cheyenne. ‘

'Coleoptilé rengths fcr'egch\dépth.differedfsignifiCanﬁly;'.
The deepest.planting.(five~inch).haa‘the‘longest coléoptiles. The
percentage increase iﬁ the cqleOptiieslength atrﬁive-inch.depth over
that of one-inch planting. depth was 42.6%,.41.4%, 36.2%, 33.6%, 3Ll.1%
'éndul6w6% for MT. 6928, Yogo,. Crest; Itana¢‘Cheyénnemaﬁd'Froid,-res-
pectively.

Tﬁil génotypes such astroid} Yogo and Itana.generally had
the longest coleoptiles Wﬁile-tﬁe,semidwarf» MTa6928L1hadmthe short~
est coleoptiles. |

The. correlations..of’ coleoptile length, emergenceqrate.ihdex
(E.R.I.), seedlinénheight'and‘subcrOWn:internode with the mature-
plant height werewsignificant when Cheyenne and Crestuwere‘excluded"
in the case of coleoptile~length and. only..Crest ‘excluded for E.R.I.
‘Thefapparenﬁ dgparture:ofﬁcheyenne.and Crest'ffom;what~seemed~t6‘be-
a gengral-pat;ern for'o;her:genotypes was indicative.of.the presence
of different.genetiéffactors.controiling,themsame;characters in«these‘
génotypes-° |

Tﬁe.vériétionwin E@RWIW'auemto-éenotype*2=depthfinteracﬁion
was highly signifiéant@ The‘maximum”variationueﬁ:genotypes in emer-
gence rate occufred at. the four-inch planting;depfh,.which.alsq gen-~

erally gave the.longestmsubcrawn'intErnodewa.Undexmdeép,plantings, '
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Itana‘demonstrgtedha-uniéue=ébility te‘emergémfairly'Qellyand~£0u
change. to amhigher.rankufof‘seédlinguhéight-andmsubcrown interh@dé
length. |

Seedling heightaincreasedcwith»anninéréase+inhplanting‘dééth_
up. to three inches,. and: then decreased. for foﬁr- and:five—inch
depths. ”

An examinationLof'the average.lengthmofJSubcrown internodel'
resulted in a.:descending ranking of EroidTUYogé,hItana,fMT“6928, Chey~
enne=an§.Crest;. Wﬁenugrown,in-theudark:Eroi&‘and.Yogouexhibited'tﬁe.
shallowest‘crqwh nodesywﬁiie;Cresﬁy~Cheyennewam;6928‘and Itananhad
‘deepericrOWn:ﬁodes,A'The“shallower the seeding, the greater ﬁhe ten-
dency of-long_subcrownhinternqde.genotypesy-sucﬁuaswEroid and Yogo,
to form their crowns farthgr away from the seed. In.the case of the
one-, two- and three-inch depths., the crown“noaés.formédﬂapévé‘the=
soil:surfaceW particularly in.tﬁeﬂcaéeuof.Eroid‘and:Yogog lInfthé , :‘ {
absence of-light,»theucrqwn.no&e.ten&svto.ﬁoxm:farther_away.from-the
seed.,

Genérally,.tall genotypes ., sﬁchuanFrqid and. Yogo,. had ex=

cellent spring .survival, long.coleoptiles, early and better emergence,

and developed. shallow crown nodes. Whereas, MT.6928, a shorter geno-
type, had poor spring .survival, shbrt coleoptiles;mpoor and delayed

emergence and.deep- ¢rown nodes. Itana, a meaium,tall.genotype with
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 poor ;pringmsurvival)-exﬁibited”medium‘long:céle§ptileuand-E;RuI;,'
but had deep érown-ndaeSa“
Thexe werewhighly.;ignificantxpesitive,correlations between
coleoptile length and seedling.height, coleogtilé:length'and subcrowﬁ
-internodeﬁiengthy'émergence=fateﬁindex.and:seedling height, and be-
tween‘seedlihgwﬂeigﬁéLand;subcrown3internode*length@ |
A highly significant correlation was:notednbetwééﬁ.coleoptile
length and emergence rate index. at the three- and four-inch planting
depths;. The.nonsignifican£'correlation of-pléntvheight'and‘coleop—
tiie length‘;ﬁdicatedmthe possibility;of dévelopingwshortnplants,wiﬁh«
long celeéégiles; o ‘ | |
.uTheuéositive«éssociatibﬁ~o£ spﬁing suxyiyalﬁwithusubchaninv

. ternode.length indicated. that shallow,crowﬁ‘winter wHeat.genotypeéT

measured in the dark, exhibit better spring surviﬁal@“uln this:regafd,.

a conclusive statement was premature since.the.crown node establish-
ment could have been affected by the.absence of light.. A future

study. of - this .characteristic in the light was suggested..
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STUDY ITI

THE . R‘ELAT.I@N‘SHIP;. OF. CROWN. NODE LOCATION; SECONDARY.

ROOT LENGTH AND .FOLIAR DRY'WEIGHT" TO' FIELD

SPRING. SURVIVAL IN W-INTER’-_ WHEAT




ITT. The Relationship of:the. Crown: Node Location,. Secondary Root
Length and Foliar..Dry.Weight te .Field. Spring Survival. in-
Winter Wheat. ' -
This study.wasnconductedwﬁq.determine:théurelationship-of]
crown node3locatienyvnumbermandu1engthuof;secondary=roQts;wemergenée-

rate index,. seeédling height;, number,ofrtillérs‘ahd.seedling dry

- weight to..the known. .lewvel of.fieldhspring'surmivalninuwinter.wheat.-'
. MATERIALS AND METHODS

.General.Metths.

The -same six winter whéatfgenotypes:ashdiséussed.in Matefialé
and Methods .of-.Study .II .on. page 50 were .used; Firoid, Yogo, Cheyenne,
MT:6928W‘itanamand"Crest.(Tablé 5, Page 51) - Seeds3wereap1ant§§ in
féur*inéh-pots,-oneafatwovw thfeefy.fourr‘aﬁdifiVe—incheébdeépgs‘Geh—
eral methods. for thismexperiment‘wereuthe.samé.aSmeruStudy IT.

Diurnal temperatures an&:day.lengths.applied in the growth
chamber-during»the:germinatiénHan&mseedlingﬁstagesJofwwinter wheat -
represenﬁed‘longetiﬁe avefages at'the‘Boéeman};Méntana,Fiela‘Résearch‘
Station (Table 1, Page 28).

ébservations;wStatistical.Desigﬁs
-.and Analysis

The=emérgence;ratewindéx‘(E;Rwl;y‘was-baiculatéd‘from'the;

. daily- seedling emenéence'counts-ef:the first—four‘days;.‘For‘the
method used'to.calculate’EmRoiqy.refér to~MATERiALS and METHODS Qf_v

‘Study II.

L1
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The seedlingsnwerescarefully:removedtfrom.thejpots QO'aays:
aftef seeding.. The  crown node-depth; seedling ‘height (from the soil
" surface to the tip)., number'and~lengthsof-eecondaryfnoots-and*the;
.numbe:.éf;visible‘tillersnwere~recorded; ‘Thewdxy'weightsiof'thee
oven—drieduseedlingsmweﬁe;taken@

The trlal included six genotypes and flve plantlng depths
and was. cenducted with four - repllcatlens in: a. randomlzed complete -
block_design,”.The~pots'with1n=each.block.we:e‘rerandomiZed every-

. third:day,teueliminate poesible-posifien”efﬁeetnihsideithe gfeﬁth:
chamber:. |

Averages were .determined fer.allepeter,eaehlpot‘wae.aiplof,
and. these values were'useQ*fonfthe~analysiSuof'variance for each‘
.characteristic.. Te;determine.theeaseociatiens, all‘possible~corre—
latlons ameng the characterlstlcs -and among the. plantlng depths;‘

us1ng variates. in..one depth, were calculated
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RESULTS . AND DISCUSSION

Emergerice
The emergence.rate index (E.R.I.) differed significantly
among‘pianting'depths:and.genotypeS‘(Tablem16),‘ Creétush0wedfthe'

highest¢averagexemérgeﬂce~ratéuihdexmof leméonerfall depths

(Table 17). Next in order were Yogo, Freid, Itana, MT. 6928 and Chey~

enne with-15.0;..14:8, 11.8,.11.4. and .11.2 EoRTI@sT-fespectivelyxﬁ

The. highest E.R-I5 of'2®b2}was caltulated fen-pnerinch‘planti--

ing. depth, followed byntheithreéryjtwps?.£pqra"ag&hfive:in¢h~planting

depths with 15.3, .14.8, 10.8 and 6.2, respectively (Table 18). These.

results indicated that the'shailowestaplanting.gavehthe\highest-rate
of emerqence@‘fwiﬁh aniincrease in: the planting depth,. the rate of

emergehcé:decreased4sigﬁifigantly,

Ne signifiqant:differencesswere.noted“améngathefgenotypes.for-

emergence rate-aﬁathe‘onefuand‘ﬁivé-inch'depths:(TableLl?}s At two-,

three- and four~inch. depths, .Crest, Froid.and Yogo had the higher.

rate of emergence,.WhéreaS“Itana,-MTJ6928Land<Cheyénnemhad'the lOwép~

E@Rbioso

Emergence began. five days -after plantingwfarnfhe,one-inch'
depth, six, eight,xnineuand?eleven{daysuafte;»forgthe;twq!; three=,.
foueran&:fiveninch-plantingwdepﬁhs%frgspéctiVelyei‘Théugenotype xs

depth. intexaction foxr E°R¢I@-was-nQnéignificant'which indicates a

similar-genotype,respohéeLfor.planting depths.

"




Table 16.-

controlled environment. -

Mean squares: from analysis .of Gariance.fbr*varibushcharacteristics.measﬁred
on six winter wheat genotypes: planted at.five depths in a lighted

..Source .of .

.Mean sqguares- for:

: Crown: . . Secondary Number of.Number:,Seedlihg
- : Seedling node- - root :. secondary of = dry- .
Degrees E.R.I. _height _depth.. . -depth.. . roots tillers . weight

Depths
Genotypes

. .Depths X

4  665.47%% 972,79%*% 3920.51%*% 41801.50%% 20.43%% 24,90%* 1, 8g%%

5. 104.60%* 105.69%* .706.30%*% 4869.20%*  2,38%%* 3.69%% 0.,12%*

genotypes .20 . 36.99  10.02. .. 71.53%*%  1130.42%* . 0.63%* 0.45%  0.03%*

Error -

87 24.28- . 8.37 26.25. - . .151.63 0.30 - 0.24 0.01

Lk . significant‘at‘005,and °O1.levels, respectively.
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Table:l7s>.Emergence“ﬁate:index.(ECR@I;)Leﬁlsix,wintermwheat genotypes planted at
five depths: in a-lighted.controlled.environment. -

Eﬁer@ence.ratg.index.(EwaImxnand,rapk,mrespectively,jfor-plantingg;depths:

Genotype - _One in.. . Twe in.. ‘Three in. . Four in. ~ Five.in.. . .Average -

Froid  23.0 a~1 18.0' a .1 17.3 a. 2 .11.5 .abc 3 .4.3 a 5 14.8 ab- 3

Yego. 19.0. a .4 15.8 ab..3. 21.0. a.. 1. .14.3. ab 2 4.8 a 4 lsabf ab 2
Cheyenne“.21§5;.a" 3 15.3..ab- 4 .13.5. b.. 4. 3.8 ¢ 6 »2.0r.a 6: 1152’ c 6
MT 6928 17.5. a . 6 iOwo_ bo.6 12.8. b ..6.10.0 bqf 4-“6;8' a 3 1l.4 ¢ 5
Itana u..léaB ah. 5. 12.3 ab 5 .13f3;.bu-,5;. 6@5 be: 5  8.5 a 2 1lm8"5§'f4'

Crest: 21.8 a . 2 17.8 a ..2 14.3 ab 3 18.5°a I 10.8:a 1 16.6. a 1

1/ Values within4eachﬂaepthyfoilewedwby.the;samealetter.do-no£:&iffer;sighificaﬁtiy
at.the -05 level of significahce according:to:Duncan‘svMuitiple Range test.
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Table 18. Average emergence.rate index. (E.R.I.),.seedling height. (cm)., crown nede
. depth (mm)., secondary. root. length. (mm plant). and.number,. tiller num-
ber and. foliar dry. weight. - (g).of. winter wlieat genotypes. at- various
planting depths. in: a. lidhted :centrolled environment. -

Crown  Secondary
: » - " Seedling node- root Secondary Foeliar
Planting . height - depth  length- root Tiller dry weight
~ _depths '~ E.R.I. (cm)’ (mm) . (mm) number:  number (g/seedling).

l-inch = 20.2 a 1/ 31.8 a 17.1. ¢ 106.0 a 2.8 a 3.1 a - 0.76 =a

2-inch .14.8 b. 201 b 16.8 c 51,6"45: 1.7 b 2. b. 0,56 b
3-inch. . 15.3 b. . 2664 e 182 o 30.5" ¢ 1.4 b 1.8. cr . 0.39 ¢
: l4-inch . 16.8 ¢ . 21:9 d 29.9 b 10.8..& 0.9 .¢ 0.9 & | 0.17 a
' 5-ingi 6.2 4. _15.6:. e 46.4. a | 0.8. e 0.3. a ‘ 0.5..¢. 0.08 e
4 Valuesrw1th1n each.characteristic  followed . ﬁy the same.letter do. not dlffer

significantly.-at.the. .05_1level. of- SLgnlflcance accordlng teo- Buncan's-
Multlple Range test

‘.—0'6—
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The correlation between the emergence. rate. index. and £ield
spring survival was.nonsignificant. .However,.the.value.rose to sig- ‘ |

nificant level {(r = .82) when Crest was excluded: (Table 19).- .Crest,

withmlow.field<spring.surﬁivaly.pnoducedmhighest'EmRme
'Theﬁcorrelation.coefﬁicient;between:emergeﬁ¢euratexindéx-and
mature plant height was o05<andfnonsig.nificant.when;.al.l..genot'ypes
~were included.. It rese to 064:when;CrestLWHSnexciudéd@__Cre§£‘be;
haved,differently.than:cthérsmand.altheugh”ithisna:médium_ta11;Varif
ety, it showé&.thé.highestmEonI,_mThé.positivémcerfeiétién.between
the - B.R.I. andmﬁaturemplant-heightncofroborated;my~findingéfréported
inptheupréviouS'section¢and,thosexreportedvby.Allan.etnalap(l962),'

and . Chaudhry and.Allan (1963).

.éeedliﬁg Heiéhtv ::" -  -',l o : :TK?
" Auhighly'significant:variation-Wasﬂfoundwamong;the:genOtYpes, |
for the seedling-height. (Table 16). CrestT_Yogo.and Froid~héd‘tﬂe
tallestwseedlings.witﬁ 27@1p.26m9.and.26y5ucm¢‘respectively,(Eabié;2@)w
_ Cheyenne, Itana and MT 6928 followed with 24:8, 22.2 and 22.1 cm,.
;éspectively; . - ) -
| ..TheLseedling$£eight“oﬁ genotypes.within4ea§hfof;the'five
planting:depth,varieazsignificantly.(Table420)@".Generally'Crest¢

Froid and. Yogo. had. the' longest. seedlings. and. Itana. and. MT 6928 the

shertest at all.depths. The. least variation inmthe‘seedling héight-




Table;lSWuiCorrelationsu(n).of+vaxieuéscharacteristics:ofrwinter wheat-genofypes
withmfieldmspring;suxv;yalwin;a_ligﬁtgdfgontrclled environment.s

Field,springasﬁfviVa1n4

[ Field vs. i - - . Genotypes
~ Characteristics- in .. . growth. . ' ' excluding

- growth chamber. .. . . -. . - chamber . VA_lli.-genotype's S Crest -
'Eméfgenceuratemindéx-(E@R,I,) ' , _ 211 7' . .82%
Seedling height : . - ’ _ . . .44 . .98%%
Crown node depth . U ~90% .

Cernﬁnode,depth;(3—inch)' ] L LO3%% _

Crown.nodefdepth_lfield) 2/ i i ) _ . L = 9Tk

Crown: .node depth ' L. ‘ I -, 93k

Crown: node.depth. (3-inch)” . . . ' i;:m‘.i . OB

,'sécondar:y‘. root -length - 2 90%
-.‘Sedondgry.root'lengﬁh Tfigid}7£f o = - .99%*. ,
Secondary: root- length -'.:_. . L .67 T L96%%
Number of roots: o B L .9l** : ’ '
Numbex bf'tillerS» : . T J74 -
Foliar dry weight - -T . L oTL - 7. T

_z6_

l/f 3.Field spring-survi&al givenﬁin:Table 5¢-Pagé-51,
- 2/ © From. field data. '

*, *k SignifiCant‘ét;QQS;gnd-@Ol=levéng,respecﬁﬁveiyu




. at.the: .05.1level. of. 51gn1flcance accordlng to Duncan's. Multlple Range test.

- Table - 20.. Seedllng helght {cm). of six winter. wheat. genotypes planted at five
depths in a 11ghted controlled env1ronment -
See@irng;height;(cm);and.rankpwrespectively(Tferﬂplanting depths of:
Genetype One in.-. . Two. in.. . Three in. Four in. Five in.-. Average
Froid 32.8 aX'3 20,7 ab. 3 26.1 abc 3.25.4 a 1 18.6 a 26.5 &b
Yogo. 33.4. a ..2...29.8 ab. 29.7 ab' 2 24.9. a 2 16.8 ab - 26.9 a
Cheyenne . 31.9. ab. 4. 29.0 .ab..4 25:4 abc 4- 21.6 a 4. 16.3 ab 4 24.8 b
MT.6928. . 28.8 be .6..26.9. b...6 23.1 ¢ 6 2I.3.a 5 10.7 b 22.1 ¢
Ttana. . 29.6:b. 5 .27.0 b .5 23.8. ¢ 5 15.8 b. 6 14.7 ab 5 22.2 c
Crest-.. 34.1 a .1..32.2.a. 1 30,1.a 1 22.4 a 3 16.6 ab 3 27.1 a
v Values>w1thin each.depth followed. by the same letter do not differ 51gnlflcant1y

)

-
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among:the.genotypeé.wasvobservednat“fourzinchudeep.plénﬁinqa; The.
genotype X depthpof.piantihghihtepactionmwashﬁonsignificéﬁtw Itana,
which ranked.léw:aﬁ;aner to four~inch depthé,,showed.a;uniéue.res—
pense1=1:,f97.<£leep.._p‘].‘ani:-j'.ng.:....It.rA:ase..‘i:(a.ithe,-'...tgap..:..:cafn.k.._a-.t,..:E‘ixz’e,--J”.nche's‘élep1.:'h-,°
| The-variationnin;theuseedling:heightyduewtb depths;9£ p1aht+'
ing.Was;highlyasignificantmxmablep16);nmThewseedlingwheights;.ranging
from 31;8uto.15@6wcm:forwthemoner:andpfiverinch“depths1“decreased
.with.each.increaseuinwplanting~depth’(Tableuls("Pagep9Q)wg.This frend
.ﬁeld,for»all genetypés (ﬁableczeym |
The»correlation.betweén.thenseedlingzheightyandwfield-spriﬁg
: survivai.wés.nonsignificantw”.However,.theuvaluemrosemt¢whighly‘sig-.'
_nificant le&el.ﬁr‘a Q985“whenhCrést was%exclﬁdéan(Tab1e¢19), ‘Crest,‘:
withrlow:field.spring;supvivalyﬂproducedmtallvseedlings‘and"behavéd‘

differently thanmother.geﬁotypes@

. .Crown. Node Depth.

The analysis. of variance for crown.nede. depth. showed highly .

significant.differences.among~the.genotypesfmdepthsﬂof:planting, and - -

the.depth.X:genotype.interaction,(Table'l6,‘Bage 88)..
‘The.crown.node-depthsﬁof the  six winter:wheat.genotypes for

five planting. depths. are..given.in. Table.2l.. .Froid.and.Yogo had the

.shallewesf.crownnﬁode.depthswof.l6v3haﬁd:Zlmévmm;whileLcteSt-hadnthe :




. Table 21. Crown node depth of .six wxnter wheat genotypes. planted at five

depths.ln.a llghted controlled env1ronment°--

Crowﬁ‘ngde depth.(mm).and;rankm;respectiveIYywfgr-planting.depths of:.

. Genotype One. :m° - 'Two in. - _Three in. . Four.in. Five. ln° Averagé
Froid 14.9. b. l/ i2.3 b. 6.. 7.8 4 6 19.3 .¢ .6. 27.5 ¢ -.6 16.3.4 6
Yogo 154 b 5 13.4 b .5 15.5 c 5 21.0 ¢ 5 41.6 bec 5 21l.4.c 5

. Cheyenne 19.5 a 1 18.8 a 3 '16.5 c 4 31.6 b 4. 46.0 ab 4°°26.5 b 4

MT 6928  17.0 “ab 4 ‘16.2..&b 4 21.9 b 2.32.7 b. 3 48.8 ab 3 27.3 b 3

- ~G6~

Itana . 17,9 ab’ 2 18.9. a .2 21.9 b . 3. 34.4. b .2 54.7. ab .2 29.6 b 2
Crest. 17.7 ab 3 21.0 a .1.25.8 a.l -40.4 a 1 59.6. a 1 32.9.-a 1
Values within. -each depth folloWed;bﬁ_thewsamealettermdo:notmdiffer.significantly

v

at the .05 level of significance according to.Duncan's.Multiple Range test.
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déepest atu32,9,mmw.‘Chéyenney.MTq6928uandpltana;had«crown:depths:of ;

26.5, 27.3 and‘29m6~mmy.respectiveiyw
Cémﬁarihgwén“thémaepfhsf@fﬁplantihg;;the~deépestuéfownvde&éif
opment.,.. 46. 4 mm§.was.obserVed+foﬁ.fiverinchwdéep~plantingt(Tabléflsj.
..The.nextwinwrankmwere.fOurrj:tHree,-onér and--two—inch depths with
avgrage crown.nodemdepths;of 5939, 18@2ﬁn17£lmandw16;8mmm7 réspec~.
tively.. | | |
o Théuincreaée;in”the;depthvofuchWn,node.with;increased plant-

ing. depths. was. not: in. the same proportion. With. an. increase of one~ -

inchhfrom‘secondntonthirdwinch{plantingmdepth,h£he@cxownun¢de formed

eonly l.4 mm deep, which.was nonsignificant@>-Thexin¢rease;fer'the ,
four€=over~thésthreerinChhplantingmwas;ll@ﬂﬂmm;andmfor.the'fivé—z
over. the .four~inch.planting was. 16.5 mm..

The responéenofsgenotypes varieduwithmpiahtiné depths as

shown. by highly..s_ignificanbdepthix.genotype.intéré.ctién..(Table‘1_6)‘e

Cheyenne had the shallowest crown node.at.the: .one-inch..and .changed

to. fourth. in rank at .the threer; four- and fiirer.inchpdepths° Crest

fother depths. . MT 6928 changed from fOurth_rank{atkthewoner and‘twé-"

" inch to. second at:..the. three-inch: and.third at:theﬁfour-~and.fiveéinch

depths (Figure.5).

The variation;for.crown‘node.dépth.amonggtheﬁgenotypes within

. each depth. was fdundusignificant~for.allwplanting;depthSu(Téble,21)¢> '
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Figure 5. Crown node depth of six winter wheat genotypes planted at five
depths.
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Crest formed‘the deepest. crowns; at. two-, three%, fourvwandufiverinch
plantings.. Froidland:Yogo:deVelope&:shallowccroWns;at:ail depths.
Itané and MT 6928 showed'no~signifiéantsaifféréncéxfromscreS£rin
crown node depth”at.oneif two- , . four~ aﬁd'fiverinch.depthsf-vchgyv
énnef which showed.the:dégpest crown at‘one-.an&'two%inchesf‘nanked
iﬂ the middle at increased depths. The. maximum diversity among gen-
otypes. for. this:characteristic waswebservediat‘threerinéhfpléﬂtinéa
The“data inenmianabie;ziushowe&wthatmcrewn.nederdepthsﬁ
either decreased or: remained at: the. same levei»formEroi&4mfége and
. Cheyenne for thezonezwutwoé;andtthneevinchudepthsaand‘thénuinéreased
at further depthék'-Crestj Itana;and.Mm 692§:exhibited.deeper crowns:
with increasing depths.
Crown-node;gepths of:$he1si§1wiﬁﬁer;wheat:genotypeéygplanted.

abeut three inches.-deep, wereualso:measuréd und’er'f'i,eld"'conciitio_ns°
The.average_crown¢depthsgof:10:seediinqs.eachnfromasix:rgplicatiohs-
were. 47.5, 48;91-52¢4716é;9r 65@4.and;65@4fmmlfrqm;themsoil;éqrfaées
for.Froi&f YogovﬂCheyenneq.MTf6928¢.Itana andaCrest+Urespectivelyp-
In the field,.as..in the«growthpchamﬁerqnFféi&raﬁdf$6go showeéﬂ§ha1iéW
.érownsT Cheyennerwasumedium:ananT_GQZSWMIténafandLCrést;fd;med deeper
crowns. . The. correlation between the'Crown-node"depﬁhSLmeésﬁre&bin '

. the field and those.Qf“the%gnowﬁh«chambéﬁ'(averaqe)uwas:signiiiéant.

(. = ¢9Oq.TabIenlSTuPége.92)@ Ituwas'highiy“sigmiﬁiuant;whenzthe 
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values-af»three*inchsdepthuin;themgnowth«chambexﬁWasaeémpared‘with 
these in. the. field (r‘=:393)v- | -

.The«correlations.oﬁuaverage.field.springﬁsufvivai‘with'the-
averagehcrownxnede:depths_in;theafieldmandmthe,growth«chamberuWere
negative.and:significént=(Table.19)°. Similarbsigniﬁicaﬁtua530ci+
ations betweeh,thefcrbwn“node:depthmin.both~situatiqnsuana;the-fieldé
spring.survivalnwasufbundehen thefsurvivalbvalueswef;oﬁly;the year:
l9-7lvwé‘re-used° The:significantnnegatiﬁeucorrelations~showed.that'

highuspring.suxvivaiﬁwas associated.withttheyshallowacrbwnunoée-de-

. velopment.. In. other.words: therfinaings;in@icatedwthaﬁmas‘field

spring survival increased, the crown tended te form nearer the soil

. surface. .Eroid,;withnthenhighest:averagenfieldmspringwsurvival ef

72‘peﬁcent¢ushowed the. shallewest. axown node. depth. of. 16.3 mm in the -

growth.chambero..Crestw.howeverw.with;ﬁhegl@west\survivalhof?i2rper—

~cent, developed. ¢rowns. 32.9. mm. from the. sedl surface..

As indicated;inzm&;previous:stuayarepertedginUSectioﬁ,fIP
thgse.winter.Whéat.genetypes;which‘possesspgreater.fisidispring‘éurr.
vival dé#eloped‘shalléw c;own.nodesqandpviéeuversa; Myafih&ings
are not. in agreement.withvthe,cencluéiénshef;anlonvénd%MCCalls(1936)
and‘Webb.and:Stephens.(193631whohreportédmthéﬁfwinterhardy varietiési_

f0rmedLﬁheit~crowns.deepervas compared. to. nonhardy. varieties.. Taylor

: and'McCallucomparedwonly.one:winter"wheat‘varieﬁthithmone spring .-
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Wheat‘varieéywandmusedncork muichw\"Webb:and¢stephenswdrilled the
seeds in.a.field.having,variedxand.subneptimumwmoistufew.fFactors,
such as light, temperature, soil and soil moisturewrahd.depth.of

seeding probably. influenced: the. location..of. crown.nodés. in their

. studies.

Secondary Root Length .

The analysis. of variance. in Table 16.. (Page 88). indicated -
highly.significantﬁdiffereneespamongxthemdepths.ef.planting, genoa’
typesuanthheaAepthsxmgenetype;intenactionwfotasecendaﬁyﬁroot Iength@
. .Yogo!and~Eroid,hadaehezlongest.seqonéaryﬁroet‘Withse®§6uand
53.8 mm,frespectivelYZ(Teble<QZ)N.‘CheyenneLand.Crest‘was mediem -
with. 43.3 and.35°8AmmwawhileuMT06928-and Itana and .the..least secon-
dary root lengths. with. 23.4 and 22..8..mm,. respectlvelya

The: one-lnchAplantlng depth resulted in. the highest total
secondary-rOOt“lengthwof.106@0'mm,£Table‘18W Pege,go)@" Furthenx;n; |
creased plantingxdepth‘eonsistently,reduced=reotjleﬁgthsa

The higher total. length of secondery;roots;Whichudeveieped
ﬂat.theeshallower plantingmdepths;are«ingagxeementwwith;theufindiﬁgs'
oﬁ.CohenJandﬁTadmerA(1969)5.?These-resultsfmayybewettriﬁuee&-te
higher‘temperaéure prevailihq‘around”theiregionuofacrewﬁ‘nede’at
shallow planting depths.. The~increaseqin:reotsformationnwith-an ele~
. vated temperature has. been. reported. by Burnsz(1972)rand.Cohen ané‘

Tadmor (1969) .

T | e




Table 22.. Secondary root. length.(mm/plant) -of six winter. wheat<genotypes planted
at flve depths 1n a llghted controlled env1ronment -

i

, Secondary root.lengthn(mm)_andﬁrankv.Epspectively;»gt.plantinq.depthS'of:l

Genotype _ One in. Two in. __ Threet;g@- Four.in. Five in. . Average .
Froia  131.9. b ¥ 2 58,1 ab.2.44.6 2.2 33.3. a 1 1.4 a .2 53.8 a 2
Yogo 159.6 a 1. 62.6 a 1 52.2 a 1 25.8. b 2 3.0 a 1 60.6 a 1

Cheyenne 130.8. b 3 57.4 ab..3 28.5.b.3 0.0.c 6 0.0 a 6 43.3 b 3

MT 6928 . 57.8 d. . 5 36.0..b...6. 20.7. b 5 2.7 . ¢ 3 0.0 a 4 23.4 c 5

Itana.. . 56.4 .d. 6. 40,0..ab..5 . 14.6.. b .6 2.3..c 4 0.5 a 3 22.8 c 6.
Crest 99.5 ¢ 4 55,7 .ab.4 23.1.b. 4 0.8 . ¢ 5 0.0 a 5 358 b 4
4 Values‘withinweech.deprhofollowedrbyhthe.same.letter.do.not.differmsigﬁifiCantly

at the @OS:level‘of significanceiaccordiﬁgetouDuncaan»Multiple Range test.
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