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LITERATURE REVIEW

Yield in wheat can be broken down into fouwr components,
tiller number, spikelet number, +loret number, and grain weight.
These components combine and compensate for esach other during
the life ocyocle of wheat to provide for a high or low vield.

The life cvole of wheat is divided into the vegetative and
the reproductive stages of growth. The Fformation of double
ridges (DR marks the shift from vegetative arowth to
reproductive growth. During vegetative growth the leaft ridge is
dominant and leaf primordia are initiated. During reproductive
growth the spikelet ridge its dominant and spikelet primordia are
imitiated. Spikelets continue to be initiated acropetally until
the terminal spikelet (T8 is initiated {(Bonnett, 1%9&4&).

The rate and duration of spikelet initiation determine the
fimal spikelet number. Duration is the length of time, in davs,
from DR formation to T8 formation. Rate ie computed as the
final spikelet number divided by the duration and is expressed
in spikelets/day. At the point of T8 formation MEM L nUm
potential epikelet number ie fixed. Whingwiri and Stern (1982)
suggested that potential floret number is &lso fived at this
point. They proposed that floretse initiated after TS formation
fail to form grain. Thev hypothesized that the vascular svstem
between the rachis and the floret developed as the floret was
initiated. After THS AJormation the vascular development was
inhibited and further florets failed to form grain. Up to 72%
of the florets initiated did not contribute to vield. I+

potential floret number and spikelet number are both determined



during the duration of spikelet initiation, then this period is
especially critical to vield potentisl.

Eoth rate ang daration of spikelet initiation are sensitive
to environmental conditions, therefore, spikelet number is
sensitive to the environment also.  Temperature, soil fertility,
photoperiod, liaght intensity, and water availability are all
gnviromnmaental conditions influesncing spikelet initiation and
spiielet number in wheat.

Temperatuwre not only affects the rates and durations of
developmental stages but also their relative octcocurrences.
Friend et &l. (1963) and Halse and Weir (1974} noted that
flaral initiation, or DR formation, was delayed by low
temperatures and hastened by high tempesratures. Friend et al.
proposed  two theories to explain this effect: 1.) Incressed
temperatures cause an increased rate of production of flowering
Cinducing substances, ar 2.} Increased temperatures cause an
increase in the sensitivity of the meristematic cells to a given
level of flowering inducing substances. Friend (1%43) also
showed that increased temperature from 10 te J0C increased the
rate of apex mlongaticon and resulted in earlier anthesis in
THMarguis® wheat.

Wall anmd Cartweright (1974) working with 14 spring wheats of
differing origin concluded there are three effects of
temperature: 1.) Temperatuwre affects the rate of extension
arowtihn, 2.0 Warm temperatures decresse leat and spikelet number,
‘and Z.) Menalirstion at cooler temperatures decreases the number
of vegetative nodes and the number of spikelets. Although they

concluded that the cooler temparature treatment increased the



rumb er of spikelet primordia, Mall " and Cartwright (1974}
cautioned that eftects of varving temperature on spikelet numbesr
are confounded with worelated effects on the rate of extension
growhh.

The inverse relationship between rate and duration of
spikelet formation as aftfected by temperature was demonstrated
by Fahmarn and Wilson (1978). Increased temperatures up to
23/1460C day/night temperature resulted in a increased rate and a
decreased duration of spikelet initiation. A further increase
in temperature cavsed & variable response. Spikelet number was
decreased at the high temperaturé treatment. There was enough
variation in genotypilc response amoung the six cultivars tested,
howsver, to conclude that rate and duration are seperate factors
determining spikelet number.

Halse and Weir (1974} also noted variation ampung the five
cultivars they erxamined in response to temperature effect on
spikelet number. Their initial study (1970) showed littie
temperature effect but the temperature ranges evaluated were not
wide enough. After a second test, their overall conclusion was
the same. Duration was inversely related to temperatwe and
rate was positively related to temperature. Friend (1%9&5)
chserved wvarying temperature effects under different light
intensities. With high light intensities, 25 to 300 was optimum
£ o a high tate of spikelet initiation. At low light
intensities 19 to Z0C was optimum for a high rate of spikelet
initiation,. Durastion was  lengthened by low tzmperatures
rasulting in an increassed spikelet number, Friend suggested

that under the low temperaturs treastment there waz more advanced



gpibke development, or more floret differentistion. before T
formation. There aiso must have been s longer  apex  with @ more
ridges st the time of DR formation. Friend concluded that the
low temperatuwre trestment retarded the rate of morphological
development of the =spike more than the rate of growth of the
whole plant and prolonged the duwration of sgspike development
resulting in large spikes at anthesis. No final vield data were
callected to determine if the increase in spike size resulted in
an increased grain yvield.

Rawson L1970 and Warrington et al. (IF77)  observed
similar effects of temperature on the rate and duration of
spikelet initiation. Eoth noted higher rates at the high
temperature treatments and increased dwations at the low
tempar-ature treatments, and pointed out the importance of the
vegetative stage of growth to spikelet number. The longer the
length of time Ffrom seeding to DR formation and from DR
formation . to TS formation, the more spikelets/spike. Rawson
stated that an increase in spikelet number, and therefore
spilelets/spike, can only be obtained through an extension of
the growing period.

Nutrient supply, especially N supply, also affects vield
component development. Deticiency of N may result in decreased
grain vyields 1in wheat due to a2 decrease in tiller number and
number of grains ssts/spike. Whingwiri and Femp (1980 used +four
M treatments of ON, Zkg N, 10kg N, and Z0kg N and showed that
increasing N resulted in an  increase in tiller number, dry
matter, grain yvield, and plant ecize. Spikelet number alsao

increased with incressing N due to an incresase in the rate of



spikelet primordiam production. The most  marked increase was
between Okg N to 10kg N.  With high N treatment duration of
spikelet primordia production decreased but this etfect was less
than the rate effect. They concluded that N supply affected
grain vield/ear most by intluencing the ability of +lorets to
set grain rather than by actually varying the spikelet number.
The best grain vield did mnot occur at the madimum N treatment.
rather at the 10kg M treatment. Futual shading of shoots or
perhaps poorer N nutrition of the tillers due to N application
technigue were possible explanations.

Single (1954) conducted & similar study wsing hydroponics
to  demonstrate the effect of N supply on vield component
development. N levels weres 9, 2, 8, and & ppm N; Single also
observed an increase 1in spikelet number and fertility with
increasing M supply. He noted that increasing the N supply
pricr to flag leaf appearance resulted in an increase in the
proportion of fertile florets. He concluded +that any serious
nutrient detficiency just prior to spike initiation would result
in a reduced spikelet number. An ample nutrient supply at  this
stage would result in formation of extra nodes on the rachis and
arm increase in potential spikelets.

Langer and Liew (1973) conducted a study to detemine at
which stage is N supply most critical to spikelet number and
grain production. Thev concluded that spikelet number increased
only  when high N was applied at the DR stage. Highest grain
oroduction oocoured when high N was supplied between TS and  head
smergencs,

Holmes (1977) worked with two very different phenotvpes snd



noted differences in  inflorescence development resulting from
ditferent N and F  treatments. Using *PFitic® and “"Marguis’,
Molmes generalized that trestments which increased the rate of
aper development also decreassed leat, spikelet., and grain
rmumbers, and decreased the duwration of primordium produection.
An increased rate occured under low nutrient conditions.

Rahman and Wilson (1977b) noted an effect of F  supply on
splkelet development. F supplied at sowing increased spikelet
nunter /ear, rate of spikelet initiation, and apex length of all
saven cultivars tested. F supply had no effect on duration of
the vegetative, spikelet, or elongation stages or on leaf
rumber . They related the effect of P on the rate of spikelet
initiation to the effect of P on cell division and c¢ytokinin
activity. P is known to increase the rate of cell division and
the increased rate of spikelet initiation may reflect this. &
may also affect cytokinin activity and its function in spikelet
development.

Davliength amd light dintensity are two other factors
affecting spikelet number in wheat. An inverse relationship was
demonstrated between rate and duration of spikelet initiation.
Rahman and Wilspn (1977a) svaluated eight wheats for factors
related to photoperiod that affect sgpikelet number. RS
photoneripd decrsased from 24hr to  8hr., rate of spikelet
inittiation decreased and duration increased. Rahman and Wilson
alec observed that by changing the photoperiod at floral
initiation, gyl kelet  number could be zaltered. A lncreased
spikelet number was associated with an increased duration of

vegaetative and spikelet initiation phases, so that with a low



photoperiod spikelet numbar was high. They concluded +that +the
main factors determining spikelet number were the rate and
duration of the spikelet initiation stage.

A high spikelet number as a result of decreased daylength
is waell documented (Malse and Weir, 1970; Rawson, 19713 Holmes,
1972y and Wall and Cartwright, 1974). Amoung the seven diverse
wheats evaluated by Rawsen (1971) it was determined that up to
30 gpikelets/spike cpuld be produced wunder low photoperiod
conditions. Halse and Weir {1979} noted theat floral initiation
occured earlier and development was accelerated under long day
conditions. Wall and Cartwright ((1974) noted that delayed
heading accmmpanied the high spikelet number under short day
conditions.

The response to photoperiod varied between the cultivars
tested in all cases. Holmes (1973 noted a greater response in
rate of development in the standard height cultivar “"Marguis?®
compared to the response to photoperiod in the semidwarf
*RPitic”.

Both the duration of light and its intensity effect spike
development. Friend {1963) cbhserved that with increased light
intensity from 200 to 2500 ft-c¢ floral initiation occured
garlier. High light intensities increased leaf number and
spibelet number in "Marguis’ wheat. This was probably due Lo an
increazed rate of development under high light intensity
conditions.

Fahman et &1. CIRYT7) obhserved spilkelet production vwnder a
figh light iniensity and under a low light intensity and noted

that uhnder a low intensity duration of vegetstive, spikelet, and



gar siongation phases were lenghthened. Spikelet number, leaft
mmb et g aznd rate of spikelet inittiation decreased under the low
light intensity treatmsnt.

The: effect on yvield of poor water availability depends on
the stage of development when the stress is applied. Fischer
(1973 ovbserved that stress from lack of water at all stages of
growth reduced vield by reducing the photosvnthetic ares
relative to the area existing at the +time the stress was
applied. Langer and Ampong (1970) stressed plants for water at
the DR stage and noted a decrease in spikelet number. Spikelest
number was only affected by drought conditions at the DR stage.
Similariy, Day and Intalap (1970) applied water stress to spring
wheat at jointing, flowering, and the dough stage. The jointing
stage, which roughly corresponds to T8, appeared to be a
ocritical stage in regard to water stress. They noted zeveral
results of water stress at jointing: early flowering. shorter
plants, incressed lodging, lower grain vield, lower grain
volumn-weight, fewer tillers, and fewer seeds/head.

The genetic factors determining spikelet number and the
rate and duration of spikelegt initiation are not clearly
understood. It is AFfairly well established that rate and
duration of spikelet initiation are independant charactericstics
and are under seperate genetitc control. Chapman and MolNeal
(1710 studied the genetice of spikelet number in parental, F1,
Fi, and single back croasses in a spring whest cross, "Henry*® X
“Lemni 537, Theyv suggested that additive gene action had the
grestest effect on spilkelet number. Halloram (1974) worked with

"Chinese Spring® and “Hope® and their 21 chromosome substitution



lines and estimated that a minimum of six chromosomes determinsd
spikelet number. The four chromosomes 1E, 5D, 22D, and ID cauvsed
an increase in  spikelet number while 2B and &8B caused a
reduction in spikelet number compared to normal Chinese Spring.
Hallorarn suggested that genes that are specifically effective in
changing spikelet number could be incorporated by breeding. Hes
did not determine which factor was controlled, rate or duration
of spikelet initiation.

Fahman et al. compared an adapted cultivar to a land race
cultivar under two photoperiods. Urnider the 24hr photoperiod
treatment spikelet number appeared to be a guantitative trait
with high spikelet number being dominant and controlled by a
single gerne. Under the 12hr photoperiod treatment low spikelet
number wae dominant and appeared to be governsd by a single
gene. Rahman et al. suggested this gens likely governed
differences in photoperiodic sensitivity and masked the action
of any gene for spikelet number. They recommended that further
studies be conducted under conditions that minimize differences
in rate and duration of spikelet initiation between parents or
conduct  the test uwnder any environment but use parents having
similar developmental patterns.

This garly study showed some indication that rate was &

heritable trait and likely a dominant characteristic. This

indication led to another study uwusing only land races. Rahman
et al. (1978 conluded that spikelet number was under simple
gengtic caontrol with high spikelet number being dominant. They

suggested that the gene determining spikelet numbher does so0 by

determining the rate of spikelet initiation. Their +inal



concliusion  was  that differsnces in spikelst number not dus to
environmental sffects are due to a major gene with possible
modifiere and +that this gene likely controls the rate of

spilkelet initiation.

Although there is little plant breeders can do to  changs
the environment under which plant breeding is performed, it is
seful to vary environmental conditions to understand how  such
things az rate and duration of spikelet initiation are related
and what plants are capable of producing. FResearch has shown
that rate and duration of spikelet initiation are inversely
related and combine to initiate either few or many spikelets.
There is enough exception *to this relationship, however, to
tancludg that rate and duration are independant factors
determining spikelet number and could perhaps be manipulated by
plant breeders through wse of the major gene determing rate of

spikelet initiation
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INTRODUCTION

Spikelet number, floret number, tiller number, and grain
weitght are the four components that contribote to vield in

winter wheat (Triticum asstivum L.). Potential spikelet number

and potential floret number are two vield components that are
determined in a matter of a few weesks in the early spring in
Fansas (17). The duration and rate of spikelet initiation
tetermine the final spikelet number (10, Duration is the time
from double ridge (DR) formation to terminal spikelet LTE)
formation. HRate of spikelet initiation is computed as the final
spikelet number divided by its duration, and is expressed in
spikelets/day. If both potential Ffloret number and spikelet
nwmb e are determined during the duration of spikelet
initiation, then this pericd is especially critical to vield
potential.

FRate and duration of spikelet initiation are both sensitive
to environmental conditions. Controlled environment studies
have shown a general inverse relationship bestween rate and
duration of spikelest initiation (12, 13, 14). Temperature,
photoperiod, light intensity, soil moisture, and spil  fertility
are all environmental factors affecting spikelet initiation.
Fate and duration are inversely affected by temperature. Rahman

and Wilson (13) showed +that incressed temperatures increased

Fate but decressed the duration of spikelet initiation. The
reverse ocoured under low  temperature  trestments, rate was
reducsd and duration was increased. Whern they decresased

photoperiod from 24k toe She, duration of spikelet initiation

13



ltengthened bul fthe rate decreased (12). An increasse in spikelet
numbier was associated with the increased duration ceused by the
low photoperiod. Low light intemsities encouvraged a longer
duraztion of spikelet initiation and & decreased tsate and
spl kelet number (14). Langer and Ampong 9 imposed  water
stress to plants at the DR stage and observed a decrease in
final spibkelet number. Day and Intalap {4y noted that water
strees at the jJointing stage resulted in earlier flowering,
shorter plants, increased lodging, lower grain vield, fewar
tillers, and fewer seeds/head. Soil fertility, particularly
nitragen supply, affected the rate of spikelet initiation.
Whingwiri and Femp {(1&) observed that rate and spikelet number
increased with increasing nitrogen, but nitrogen treatment had
almost no effect on the duration of spikelet initiation.

Rate of floret initiation may influsnce the eventual number
of seeds/spikelet. Whingwiri and Stern {17) recently concluded
that florets initiated after T8 formation fail to Form grain
implying that T8 formation marked the determination of both
potential spikelet number and potential floret number.

In a comparitive study between "Norin 107 and NMNorin—10
derived short-statured wheats, Fisher (H)  noted marked
tdifferences in spikelet initiation and development. MHe observed
greater spilkelet initiation and more Jertile Florets in the
short wheats, In a similar study, Brooking and Eirby (1) did
not observe consistent differences in shoot  apexr morphogenesis
and credited the high vyield potential of the dwar$ tvpes to
assimilate partitioning during development.

In studies to understand the genstic mechanisms of spikelet

14



initiation Ralman and Wilsom (11) concluded that +the rate and
duration of spikelet initiation are independant characteristics
antd are under seperate genetic contrel. Chapman and MocMNeal {2
concluded that spikelet number was under guantitative genetic
control ang exhibited incomplete dominance. Hallaoran, (7
working with “Chinese Spring” and "Hope®, suggested that six
major genes and a number  of minor genegs influenced spikeslet
numbrer . More recently, Rahman et al. (1O concluded that a
maior gene with possible modifiers controlled the rate of
spikelet initiation.

The objective of this study was to determine genotypic
differences in rate and duration of spikelet initiation in ten
winter wheat cultivars. The ten cultivars represented varving
phenotypes and vield potentials. We were interested in making
three comparisons regarding these cultivars. We compared rate
and dwation of spikelet initiation amoung: 1) bhenchmark
cultivars which represented significant steps towards higher
yvields and dominated kKansas acreage, 2) semidwarf and standard
height wheats, and J) semidwart cultivarse and hybrid wheats. In
each comparison we examined trends in spikelet initiation,
measured as either duration or rate, that may have accompanied

vield improvements of these distinct ideotvpes over time.
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MATERIALS AND METHODS

Tan cultivars of winter wheat tTable 1) varyving  in
phenotvpe were planted at & rate of 45kgsha. Two planting dates
with four replications sach were evaluated. The {first date was

planted 10 Oct. 1981 and the second date planted 28 Oct. 1281.

Ficts were Z.0m long and O0.3m wide, conmtaining three rows 17.5cm
apart. The plotse were located on the bMorth Agronomy Farm
Marthattan, Fansas on a Smolan =silt loam. 70 Ik nitrogen  and

201k phosphorous were applied preplant and incorporated.

Duration of spikelet initiation is the time, in days. from
couble ridge (DR) formation to terminal spikelet (TS) formation.
To determine the duration of spikelet initiation, two
plants/plot were sampled two to three times weekly beginning 23
Mar. 1982, The main culm of the plants was dissected under a
dissecting microscope to determine the stage of growth and
estimate the date of DR formation followed by T5 formation. The
estimates +rom the fouwr plots of each cultivar were averaged to
obtain the average duration for a given cultivar. Stagms of
arowth were estimated with the aid of the Eirby and Applevard
guide (8.

At harvest, ten plants were pulled at random from each plot
and total number of spikelets/spike were counted. Rate of
gpikelet initiation was computed as total spikelet number
divided by duration and was recorded as spikelets/dav. Flant
height, tiller number, daye to anthesis, actcumulated temperaturs
during spikelet initistion, and accumulsated temperature from 75

Tty anthesis were also recorded. Thermal unites were calcoulated
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by summing the positive mean daily temperatuwes, assuming 2 base
temperature of OO0, Mean daily temperatures were considersed as
the mean of the maximum and minimum daily temperature and added
for the periocd of Ltime between DR +ormation and TS formation and
between TH formation and anthesis. Gravimetric sogil moisture
saples were ftaken 2 Apr. 1982, 21 Apr. 1982, and 2 June 1982
at 13cm intervals to a depth mf 180cm. Percentage soil moisture
by welight was calculated. Air temperature was measwred &km from
the plots at the Weather Data Library, Cardwell Hall on the
Fansas State Universiiy campus. Conditions were nearly optimum
during spikelet initistion. Temperatures were cool and moisture
was available.

Samples not dissected daily were preserved in a &:311  v/v
seclution of ethancl, glacizal acetic acid, and chloroform (3).
Samples can be stored AHor approdiamately six months in the
retfrigerator. This method bleached the samples making them
unsuitable for photographing, however, stage of spikelet
initiation could still be determined.

The experimental design was a randomized, complete block.
Analvsis of variance, Fischer®s L.S.D. and Duncan’s multiple
range  tests were uwused to determine significant differences.
Fegression analysis was used to evaluate the correlations of

irterest.

A preliminary floret study was also initisted using
"Mewton® and  “Socout” to determine the shortfall of floret
production (170). Fall—-sown plants were transplanted from the

timld to the growth chamber on 29 Jan. 1982, The plants were

acclimated &t 15C and Lihr day length for three weeks., then

17



grown under a 177120 dev/night temperatuwre regime and a 1léhre
photoperiod. Three plants were sampled twice a week up to the
oot stage. Floret primordia were counted. At maturity, Ffinal

grain number/spikelet was determined so that percent shortfall

could be calculated.

WEhorttfall = [1 - dgrains formed/florets initiated)d » 1090
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RESULTS AND DISCUSSION

Genotypic differences were aobszerved for both rate and
duration of spikelet initiation. Differences in duration of
epikelet initiation were significant at both planting dates.
Differences in rate were significant in the first planting date
and the combined analysis (Table 2). The late sowing had a
decreasing effect on duration of spikelet initiation. Duration
decreased from an average of 18.2 days in planting date 1 to
16.8 davse in planting date 2. Duwrations of developmental stages
typically detrease with late sowing (13) . This may be
attributed to higher ftemperatures iIin the later spring and/or
daylength. Sepil moisture measurements indicated that the saoil
profile waz above S0X available soil moisture from planting to
anthesis, therefore, soi1l molsture was not a limiting ftactor for
either planting date.

Another way to consider duration of spikelet formation is
in terms of accumulated temperature. Gallagher (35) plotted the
life cyvcle of barley in terms of primordial number and thermal
units rather than time to remove any distorting influence of
variation in teoperature experienced in the +ield. In this way,
mean daily temperatures above an  appropriate base (QC  for
temperate cersals) are accumulated for & given period of growth.
Duration of spikelet initiation and accumulated thermal wnits
ware positively correlated with R-sguare values of 0094 and O.40
for planting dates 1| and 2 respectively (Table 3. Duwration in
dayvs and thermal units were both negatively correlated with rate

and positively correlated with date of flowering and spikelet
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aumber, The ranking of the cultivars for ascounmalated  thermal
wnits was fairly congistent with the ranking for duaration in
dave and was also consistent betwesen planting dates.

To compensate for decressed darations of developmental
slages, resulting from delayved planting, rates typically
increase. In this study, rate increased from an average af G.%7
spikelets/day in planting date 1 to 1.0%9 spikelets/day in date
2. The resulit was an increase in final spikelet number from an
avarage of 17.49%9 gpikelets/spike in planting date 1 to 18,04
spikeletas/gpike in date Z. This increase in spikelet number did
not  necessarily increase vield, however, due to a decrease in
tiller number in the second planting date. Delayved planting
also delaved the onset of spikelet imnitiation by about ten davsa.
The average DR initiaion date was 30 March in planting date 1
arntd ¥ April in planting date Z.

Rate of spikelet initiation may also be considersd in terms
of thermal units by eupressing in spikelets/degree (Table 2.
This may be a more consistent measure because it Bxcludes some
of the variation due to temperature fluctuations. The ranking
of the cultivars was fairly consistent with the ranking for rate
in spikelets/davy. In the remainder of the discussion, rate and
duration will be discussed in terms of spikelets/day and davs
respectiveal v,

fAoocumulated  thermal wunits between TS and anthesis was not
correl ated with duration of epikelet initiation or accumul aterd
thermal units from DR to TE, nor was it correlated with spikelet
number  or  rate of spikelet initiation. It was, however,

posrtively correlated with date of flowering.

in
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Amoung  the thres comparisons an inverse relationship
betwean  rate and duretion of spikelet initiation was observed.
The first comparison was  amoung benchmark cutivars. The
cultivars TTurkey®, TRawnes", "Soouwtt,  and  ChNewton®  are
congidered benchmark cultivars because they were significant
steps towards higher vyields in Fansas and were well represented
in hectares planted. Turkey had the longest duration, the
sloweset rate of spikelet initiation of =&al1 the cultivars
examined, and the highest thermal unit reguirement for both T8
and anthesis (Table 2). The magnitude of decrease in the

. 8

i

duration of spikelet initation for benchmark cultivars was
days in planting date 1 and 4.3 days in planting date 2. The
reverse occured for rate of spikelet initiation. Pawnee, Scout,
and Mewton all had increased rates, when compared to Turkey,
with Newton having the greatest rete. The magnitude of increase
in rate of spikelet initiation was 0.17 spikelets/day in
planting date 1 and was not significant in planting date 2. The
observed trend when comparing Turkey, FPawnee, and Scout was a
shift towards a decrgased duration,_ an  increased rate of
spikelet initiation, and & lower tﬁermal requirement for
initiation of TS5. As wheat breeders have selected for superior
plant tvypes and higher vields they may have §imultaneuu51y
selected +for shorter durations and higher ratese of spikelet
initation. The release of Newton in 1977 reversed the selection
of shorter duration and lower thermal reguirements for TE,
however, the breeder was able to attain an increase in rate of
spikelet initiation. This may be attributed to the dwarfing

genes in  Mewton. The characteristic of a high rate and & lang
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duration should favor spike development, Accordingly, Newton
hiad & higher averagea final spikelet number of 19,23
spikelets/spilke compared to 1&4.8% spikelets/sspike formed on
Scout (Table 27.

The second comparison of interest was between semidwarft and

standard hreight cultivars. The cultivars used for this
comparison were semidwarfs "Vona®, MNewton, and “Hawk®™ and +the
standard height ocultivars “Larned’ and Scout. Comparisons

between semidwart and standard height cultivars demonstrated

diftferences in duwration but not in rate of spikelet initiation

{Table 2. The semidwarfs bad longer durations  than  the
standard height wheats. On the average, duration of spikelet
initiation was about 2.2 days longer in the s=emildwarfs.

Differences in rate of espikelet initiation between the
semidwarfs and the standard height types were not significant,
although &ll five of these cultivars were ranked high to medium
for rate amoung the ten cultivars tested. The semidwarfs
Canaisfently initiated more spikelets/spike than their taller
counterparts. The end result was an  increased final spikelet
number in  the semidwarfs. The magnitude of increase was an
average of 2.2 additional spikelets/spike on the semidwarfs.
Thie increase could bhe attributed +to the longer duration of
spikelet initation observed in the semidwarfe.

In a comparative study between short-statured wheats with
TRorin 107 in their ancestry and standard height wheats, Fisher
(6! alsc noted that more spikelets were initiated in  the short
wheats. He observed more fertile florets/spikelet in the short

whaeats due to a strong apical dominance within the individual
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spikelets., In &2 study making similar comparisons, Brooking and
Kirby (1) found no consistent difference in spikelet and floret
primordium initiation between standard height and short-statured
wheats. They did, however, note an increased fertile floret
number in the short whests. They credited this +to assimilate
partitioning during development that favored the formation of
fertile florets at anthe=sis.

The third comparison of interest was between semidwart pure
lines and hybrids. Three hybrids, “HW1O1GY, "Bounty 1007, and
DELIO4AT  were compared with Vona, Mewton, and Hawk. VYVona,
MNMewton, and Hawk had significantly longer durations than either
Bounty 100 - DH104A (Table 2). HWIOLIO was not significantly
different in duration than the pure lines. The average
difference in duration between the pure lines and the hybrids
was 2.1 days. DFIO4A had the shortest duration of Jspikelet
initiation but the fastest rate at 1.14 spikelets/day (Table 2).
Thie was the only cultivar that could be distinguished, in terms
of rate, from the others. Mewton and Hawhk initiated mdre
spikelete than the two hybrids DEIO4A and Bounty 1040, Since
both DK1O04A and Bounty 100 contain Triticum timopheevi L.
cvtoplasm their observed differences from HWiIOIOG o the three
pure lines may indicate that the cytoplasm could influence both
rate and duration of spikelet initiation.

A strict inverse relationship betwesn rate and duration of
spikelet initiation has been reported suggesting that spikelet
number is the heritable character with rate and duration being
thes Consequences. This inverse relationship has been

demonstrated by varying environmental conditions {12, 13, 14).
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tudhy rate and duration were inversely carrelated with

1

T o
Im bl

i

F-sguare wvealuss of 0,74 and O.6&8 $or planting dates 1 and 2
regertively (Table I). Howewver , results presented here alsoc
show enough deviation from this relationship to conclude it is
not invariabhle. The hybrid ves. pure line comparison shows =ome
af  the devistion {from the overall inverse relationship betwsen
rate and duration of spikelet initiation. The pure lines were
rarbked higher than the hybrids for duration of spibkelet
initigtion but were rnot consistently ranked lower for rate. as
the inverse relationship would imply. Father, in the combined
analysis, both Mewton and Hawk had rates comparable to  DRIO44,
the highest ranking line evaluated. So Newbton and Hawk had both
a long duration and a high rate, and were consistently ranked
high for final spikelet number. The combination of a long
dguration and a high rate favored spike development of Hawk and
Mewton.

Decavse there are four vield components in wheat, an
increased final spikelet nuhber does not necessarily msan an
increased vield. Whingwiri and Stern (17) have suggested,
howewver, that the duration of spikelet initiation is especially

critical becawse both of the vield components spikelet/spike and

potential floretssspike are Ffived during the duratiaon of
shikel et inttiation, Whingwiri and Stern studied +$loret

survival in wheat and concluded that florets initiated atter the

formation of TE f21i1 to form grain.  They postulatecd thkat  the

vastular syvstem between the floret and the rachis developeg as

the floret was initiated. Atter T& J4ormation the vascul ar

development was inihibited and further florets failed to form
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graiti. It was Dbsafved that Gh gach spikelet, the first two
tlorets were initiated before the TE and about 974 ot them
formed gQraimn. The fouwrth floret rarely Fformed grain and was
tvpically initiated after the TS. The third Ffloret was

intermediate. f{n the average they observed a shoartfall of 72%,

i.e. 2% of the florets initiated did not produce grain.
TResults from uillg floret study were consistent in
demonstrating the inefficiency of floret production. It was

clear that many more florets were initiated than would form
grain. AaAs many as 1l florets were initiated in spikelets of
Newtar. Hp to &8% of the florets initiated in Newton failed to
form grain {Table 4). In Scout the shortfall was 784, These
results  support those of Whingwiri and Stern. They stated that
if tiller number. spikelets/spike, and florets/spikelet are all
fived by T8 Aformation on  the main tiller then the scope for
increasing vield may be limited to increazing the rate of floret
initiation, which did not seem hopeful. They observed little
change in rate of floret initiation regardless of treatment or
rate of spikelet initiation. Their research, however, involved
only orne  cultivar. Because our tresults =howed genotypic
variation for both rate and duratiomn of spikelet initiation,
thern we would expect differences in rate of floret initiation
&ls0. Therefore, the scope for increasing vield through rate of
floret intiation may not be as narrow as Whingwiri and Stern
suggested. -rThe cultivars Newbton and Hawk are known to produce
up to five hernels/sspikelet under favorable conditicons, implying
a hioh rate of floret inttiation. These cultivars also had high

rates of spikelet initiation.
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Final spikelet number is a consequence of rate and dwation
of spikelet initiation. Rahmar and Wilson (11) increased rate
aof spikelet initiation by supplementing F to F deficient plants
without effecting duration. Rate and duration were shown to be
independant characteristices and assumed +to be under seperate
genetic contreol. Rahman et al. {12 later concluded that
gifferences in final spikelet number not dus to differences in
response to light and temperature were due to the action of =&
ma jor gene with possible modifiers. This gene likely controlled
the rate of spikelet initiation.

In summary., we concluded that genotypic differences for
both rate and duration of spikelet initiation were present in
the ten cultivars tested. With yvield improvements, benchmark
cultivare have progressed towards a shortsr duration and a
faster rate of spikelet initiation. Semidwart wheats had a
longesr duration than the standard height wheates and maintained a
high rate. Hybrids had a short duration and & fast rate of
spikelet initiation. Overall, rate and duration were inverselvy
correl ated.,

In the hopes of increasing potential grain sites, perhaps
treeders could use this wvariation in rate and duration of
spikelet inittiation to their advantage. I+ +the duration of
spikelet initiation is extended towards anthesie there may be a
problem with late flowering and high temperatures as duration
and flowering date were positively correlsted. If spikelst
initiation were to begin earlier there may be damage From cold
temperatures atter breaiting of winter dormancy in winter wheat,

and perhaps & decreased leaf number in spring wheat (3.
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Selection +or & high rate of gpikelet initiation and floret

initiation may result in an increased number of potential grain
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TABLES

FTable 1. Cultivars planted, Ltheir date of
release, average height, and flowering date.

e g o o e e bens (2R B T S e et i S1op Fig St i babet Sobet S e et st P $ents s e et e et e oY S e o o e oims et e e Fotpe e AR BMALE L8084

Date Height Date of

Cultivars Heleased =m FlowsringX
Blurlkey 18973 11%5a 182a
BFawnee 19473 1028 144¢c
FScout 1987 1020 144¢
Larned 1974 PEC 144¢
Viona 1974 &g t4ie
Hawk 1981 T7e 144c
EMewton 1977 Bid 1450
HHWLO1O eNp. 7ig 14le
#Hounty 100 1982 T 142d
#HDE 1045 EXT. TEF 14ie
L.B.D. 0,08 A 1

o ot LAAES G048 i k. e e o 400 P88 ok e S S S 3 g S bl s e s famre Soei Fob0 o bl e S e et S S e o S e s e S e Fabge S b Binbe

¥Dave atter 1 Jan.

#Coneidered benchmark tvpes representing
significant steps towards higher yields
and dominating Kansas acreage.

#Hybrid wheats.

Table 2. Duration, rate, average final spikelet
numbaer and accumul ated thermal units (C) from DR
to T8 and from TS to anthesis for planting dates
1 and 2 and the combined analysis.

R A B A e e AR RS 10l S04 S o g ey P Shn S e e g e P e B . S S Sy SPOTS P e i’ SO SR b e S50 M VS e P B $441e S roia i St e s St B

Cultivars Date 1 Date 2 Combined
Turkey 21.5a 18. 8a 20.1a
Fawnee 20.3ab ig.5a 19. 4ak
Vona 19. 5be 17.8ab 18.4bc
Mewton 19, 0bc 17, 5ab 18.3bc
Hawl: 18. 8be 17.5ak id. ibc
HWl1l010 18. 8bc 14, 3abc 17.6cd
Scout 17.8cd 14. %5 14. 1de
Bourty 100 1&. 3de 15.0c 15. be
L.arned 15, 3e &, Sabeo lg. Qe
DELO4A 18, %e S.58be 1%. 4e
LeSeDe 0005 2.0 2. 1.5

P = 1 N AR 10408 BT P S R 000 1ol St e e TRRER L4880 R V4t Sonre e Smgs e e b e srmte SO v U B PP T SRS Bt S AR b e ek B VA S ombon S e Sop ey o . e e e ot
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BATE SPIMELETE/DAY

Larned
Bounty 100
Hawi:

0, 0%94alk
L8 7bo
O, 08Ebcd

0. 073de
0.087abo
0.078bcd

Cultivar Date 1 Date 2 Combined
DR O48 1.14a Lo 1 1.1%3a
Larned 1.05ahb - 1. i25ab
Newton 2, 99he 1o 13 1.0&ab
Hawl: D99 1.10 1. 0d4ab
Bounty 100 . 98bc 1,07 1.03ab
MO0 0. 98be 1.13 1. 05ah
Vearta 0.93bod 1.08 1. 00
Scout . 93bed 1.1% 1. 0%ab
Fawnee . Ylcd 1,08 0. 980bco
Tt by 0. 32d D.97 G, 89
L.85.D. 0,058 0.12 3= . 11

RATE SFIKELETS/DEGREE

Cultivar Date 1 Date 2 Combined

DE1ID4A O, 105a O. 0924 0.0%97a

0. 84bc
0. 0870
0.081bc

Seout 0, 083bcd 0. 079 cd . 8 ihe
HWLO L0 0. 082bcd 0.08%ab . 0860
MNewton 0. 082bed .07 scde 0. 07%bc
Vana Q. 079 cd 0. 087 ako 0. 0830he
Fawnees 0,07 60d 0. 07 5cde O.078cd
Turbkey 0.071d 0. D&HTe 0. O&Ed

L.S.0 .05 0,015 0,011 e 010

T e 044 Vi 1P $P07e o T oA S Sk i MATY ST S MO b s i . <P S LA $RAL S S o e S MO ik o et i P Bt Fratd e Sy e g S P Tt T e T P St M W P
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Cultivar Date 1 Date 2 Combinsd
Mewt o 18. 65a 19,.80a 19.2%a
Hawk: 19, d44ab 18.88bc 16. &7bc
Fawnes 18.23abe 19.50ah 18.88ahb
HW 110 18. 0%Sabed 18. 2% ig. 1d4ca
Veorna 17.88bcd 18.53c 18. 20cd
Turkey 17.86%5cd 18, 08ed 17.8BSde
DELOA4H 17.472d 17.20de 17. 2des
Scout 1&, B¥e 17.18e 16,854
l.arned 16.08e 1&.95e 16.531gh
Hounmty 100 15.98e 14,00 15%.99hN
L.5.D 0,080 0,73 0.8% . 54
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ACCUMULATED THERMAL UNITS DR

Cultivear Date |
Turkey 248, 8a
Fawnees 242, 4
Mewton 227 . Fab
Vona 227 . 4ab
Haw b 222.4ab
HWiOLO 220. 1lab
Scout 20% ., 5be
Bounty 100 18&. 2cd
Larned 177.7d
DELD4A 170.5d
P, 0l

ACCUMULATED THERMAL

Cultivar Date 1
Turkey &b, 3a
Scout S90.8ab
learned 590, 4ab
DEL1O4A 58&. 8ab
Bounty 100 H579.%0
Mewton 571.6b
Fawnes H&3.4bco
Hawk 549 . 6bcd
HM1O10 527 . 6cd
Vona 514, 6d
paD,. 0l

S Bkl <4 S vt G s S M4 v Fiote e Shobn S oS SRR St B Mt M e O S S S S SN SSbeh S e St St SO M Sty Sk Soabe tn i fam AL $5444 £ Mo e et e b begPd $Aiin S Sehee . et e st
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2&0. 1ab
258. Hab
214, 8det
244, Zho
207 .6efqg
217 .%cde
184. &g
2E5.8bed
187.7Fg

591.9be
57.7.9¢C
&10.%h
575 2¢
S5&0. b
579.7bc
I59. 4¢
965, 3c

T TS

Combined

263 2a
281 . Fab
2450 2ab

213.8cd
21%.8cd
185, 4
206.7d
179.1e

e Jongn WA $9808 40 Bpren e mvend Sy . st 444 SS4AE e Wb v PSS e s B B Mo 40420 b ot

H85.%a
5%1.7hc
591.2bc
S82.4hcd
5953. 4b
73 4bod
5462, Qe
S64. bde
543, Se
039.%9e



Table 3. R-sgquares valuss for
correlations between flowering
date (Fi, duration (DY), rate
{F), spikelet numbesr (&F), and
accumil ated thermal wunits (TLH
for plamting dates 1 and 2.
F~SEHIARE

FeDU +0. 2FER +. 1A%K
¥R ~(1, 22K -0, 10%
DUxR -, TEKE —, 65K
SFEER RS ME
SFEDU RIS § +0. 185X
TURDU +0. 4% K +0 . GOXE
TUXSF Fi. 2L +i . 244K
TUxR -3, TR2K% -, 28%%
TUF +0. 22K +. Sk Kk
2P 0. 05
ERPL0, 01

Table 4. Grains formed, florets initiated

and % shaortfall values for Mewton and Scout.

i sl e i a4 A ki S b B BAL $5040 it St e S Al L i it it o e e oS S b i b e ey poped S i S s e v popen el $

GRATNS FLORETS %

FORMED INITIATED 8SHORTFALL
“Newton 2,782 8.55a  &7.84
Scout 1.64b 7.553b 78.22
L.8.D Q.05 .74 1.00

v o e et e o Sear e e S S SOV SO M e T . YA PO SOu1 $om S . (P S/ SV e S i Bt 300 S i e s e B S04 <o e e bt
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AFPENDIX

Dates of initiation of DR and T8 for planting
dates 1 and 2.

Date 1 Date 2
Cultivar DR TS DR TS
DE L0446 EARO=-4714 4/&=q 721
Hawl: 3314719 G494 27
Bounty 100 RATO-4718 47656472
Vona ST/30-4/18 N . TR
Newtan IAE0—-4/18 4/11-4/28
Fawnee Z/29-4/18 4/9-4/27
Turkesy /314722 4124771
MWL OO0 SI29-4/17 bq/b6=-4 23
Larned E/D1-4/15 G-/ 2
Scaut F/29-4/14 4/12-4/26
Mean BARO-4/17 Q4/F—-4/25

Moisture at 15cm increments to 180cm at
three dates during the 1982 greowing season.

gm/gm
Depfilay e ot s e s s e st
{cm) 2 April 21 April 2 June
15 2. 93 8.4% 15.54
a0 14.85 15. 36 146,32
4% o7 I 15. 49 T.99
&0 14.17 17.27 17.835
75 17.52 18,20 14,78
SO 146.79 17.16 15.17
105 16,095 14.7%34 15. 31
120 17.58 17,63 15.23
1E5 16.21 15. 588 15.22
150 15. 35 14,07 14.45
145 14.03 153.74 12,95
180 15,10 15.26 15, 04
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Mastimum and minimum temperatures (O for the growing season
19 Oct. 1981 through 10 July 1982,

s 514 Bd B i b e e maass v oo e bk e e et bl A LBARS LSy ikl S b st e ik 4 4 ks s it i e o . e P e e et S S St e S Akt ML S bt B S ke S P L bkt B S

Oct MNowv ec
day ma min mas min mar min
1 15. 00 2,44 4,44 0,00
e T 7.2 8. 89 L. &7
3 18.5& Tl BB 10,538 =147
< 12.22 B.33 8.89 -1.11
5 15,598 .94 10,54 ~2.78
& 15,54 -2 22 16.11 1.47
7 19.44 . 0 17.78 SeSh
& 16,67 5. 00 10,58 —E.EE
@ .78 R, BE bia &7 -2, 22
1o 18.33 gt 15, 00 -Z%. 89 2,22 -2.78
11 18,23 7a.78 1&.11 ~-1.11 Z.8%9 .11
12 18.33 1%.89 20, 00 1.47 Z.89 1.&7
13 20.54 17.78 19.44 1.&7 4.44 0.568
14 20,58 1333 18,33 7.78 2.78 —1.&7
15 17.22 G .44 20,00 10,00 2.22 -2.22
16 Lh.&7 8.89 20,00 3.89 ) A 0| -8.33
17 20,00 12.22 25.83 7. 20 ~8.3F =-16.467
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Abstract

Yield potential is determined early in the life cvele of
winter wheat. Mumber of spikelets/spike and florets/spikelet
arg determined in a matter of a few weeks in the early spring.
Ta determine differences amoung cultivars for rate and duwration
of spikelet initiation, ten cultivars varving in phenotvoe were
planted at two planting dates with four replications each.
Flants were sampled and dissected two to three times weeklv in
the spring to estimate the duration and rate of the spikelet
initiatian stage. Duwration ie the length of time, in days, from
double ridge Fformation to terminal spikelest formation. At
harvest, total numbers of spikelets/spilke were counted. Rate of
spikelet initiation was computed as  total spikelet number
divided by duration. Comparisons of interest included
differences between benchmark cultivars., semidwarf vs. standard
height wheats, and semidwart pure lings vs. hvbrides. Overall
differences between cultivars far duration of spikelet
initiation were significant. Values ranged from 15.3 days For
the hvbeid "DELO44Y to 21.5 days for "Turkey'. HRate of spikelst
initiation was also significantly different between cultivars.
Rate ranged Ffrom 1.14 aspikelets/day in DEL04A to 0.82
splikelets/day in Turkey. The overall trend was towards a faster
rate as duwration decreased, To estimate the magnitude and
efficiency of floret production, florets initiated and average
grain mumber/spikelet were counted inm two of the cultivars.
Fercent shorifall was &8% in “"Newton® and 784 in  "Scout®, i.e.

&8% and T78%L of the {florets initiated in Newton and Scout



respectively did not contribute to final vield. These results
sluggest the possibility of improving wheat spike types and vield

through manipulation of the spikelet initiation stage.



