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INT RO D UCT ION 

Yield is primaril y re lated to assimi lation of 

photochemica ll y harvested C02 and nutrient uptake during 

the life cyc le of crop p lants. Initia l directions to 

improve C02 assimi lation focused on the assumption that 

yie ld was limited b y  net photosynthesis (in this context 

defined simp l y  as the photochemical reduction of C02). 

Recent reports, showing measurements of C02 uptake 

among various crop p lants, indicate that high yie lding 

cu ltivars are not a lwa ys associated with high C02 uptake. 

In wheat, the C02 assimi lation rate of high yielding modern 

cultivars is lower than their wi ld progenitors (1 3). Duncan 

and Hesketh conc luded that improvements in maize were not 

associated with an increase in photos ynthesis (7). Dantuma 

reported that variation in C02 uptake among winter wheats 

was not re lated to grain yie ld (6). Evans suggested that 

the C02 fixation potentia l of modern cu ltivars is more than 

adequate to support the p lant ' s productive capacit y ( 12). 

In wheat, high C02 assimi lation has been measured at ear 

emergence ( 17). Evans and others have suggested that the 

presence of an active sink (i.e . inf lorescence) is one 

important contro lling factor in mobi lizing the photos yn

thetic capacit y of these modern crop p lants ( 1, 12, 17). 

Hence, a ba lance between maximum COz fixation and high 

demand fo r photosynthate wou ld be an ideal situation for 

higher crop yie ld. Under fie ld conditions in ear l y  spring, 



C Oz fixation in C 3 plants is imp roved b y  low tempe ratures 

( 12). Early development o f  the in flo rescence during this 

time would be advantageous since available photosynthate 

would not be limiting. Danturna and others have suggested 

that high g rain yield in winte r wheat is related to earl y 

in florescence development (6, 14, 15, 2 1). 
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The time o f  floral initiation also affects the yield 

potential of the plant by its in fluence on the spikelet 

number. Lucas ( 19), Thorne (27), and Williams et al. (29) 

have shown that photoperiod conditions prior to the ini

tiation of the in florescence qf fects spikelet number. 

Williams et al. (29) and Mohapatra et al. (20) showed that 

the longer the daylength conditions at flo ral initiation , 

the smalle r the spikelet numbe r. Rawson concluded that 

daylight be yond the duration requi red for inflorescence 

development reduced the spikelet number , grain number, and 

yield per ear (2 3). Cultivars with late floral initiation 

develop at longer da ylengths in the sp ring compared to those 

with ea rl y development. S pikelet production has also been 

shown to be sensitive to tempe ratu re (19)� Consequently , 

spikelet number may be reduced the reby limiting yield. 

Despite the obvious advantages o f  unde rstanding factors 

influencing ea rliness , Evans indicated that knowledge of the 

p recise photoperiod conditions fo r early floral initiation 

in winter wheat is limited (1 3). 

South Dakota is at the northern limit of winter wheat 



cultivation in the United States. However, it has been 

estimated that onl y 15% o f  the total winter wheat acreage 
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has been planted to hard y winter wheat cultivars in this 

state. Records at this station indicate that grain yields of  

winter hard y cultivars can be 20 to 40% lower than less 

hard y cultivars in the absence of severe freeze stress. Low 

grain yields of  hard y types is one reason for low pre ference 

o f  these phenotypes b y  growers. 

Hard y cultivars usuall y head late compared to less

hard y ones. With late initiation of the in florescence, it 

is important that these cultivars exhibit rapid grain devel

opment and maturit y to avoid the high temperatures and low 

moisture conditions o f  mid-summer ( 12, 15). Thus, the grain 

filling period is shortened. Late initiation has an 

in fluence on spikelet number, as previousl y discussed, and 

could be another detriment to high yield among hard y types. 

George has pointed 01Jt that precocious floral 

initiation, be fore the onset of winter, occurs among the 

high yielding so ft white winter wheat cultivars grown in the 

Paci fic Northwest ( 1 4). He suggests that such cultivars have 

a greater susceptibilit y to freeze loss. The ontogen y of 

the shoot apex of winter wheat during seasonal change, par

ticularl y those cultivars with earl y-heading traits , has not 

been well documented in South Dakota. It is important that 

heading date data be augmented b y  studies o f  floral apex 

development ( 1 4), to accuratel y re flect the growth habit of  
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this c r op as it relates to freeze susce ptibility during 

earl y sp ring. Hence, a challenge fo r the ag r onomist is an 

understanding of ea rliness in rep r oductive devel o pment and 

its in fluence on grain yield. 

Precise envir onmental conditions which c ontr ol 

m o r ph ogenetic events in fl owe ring w ould be valuable infor

mati on for future impr ovements of wheat. It w ould facil

itate investigati ons establishing the relati onshi p between 

m o rph ogenesis and concu r rent bi ochemical changes that take 

place. A p revi ous investigati on b y  Evans , on the bioche

mist r y  o f  fl owe ring in a l ong-da y plant, L olium sp. , sh owed 

p r otein synthesis as a primar y  p r ocess in the plant ' s tran

siti on fr om vegetative to rep r oductive gr owth (9). H owever , 

the meth ods used in Evans ' stud y sh owed onl y the requirement 

for pr otein synthesis du ring fl o ral ev ocati on. The final 

phase in this research was a stud y of the changes that occur 

in the p r otein complement of  the sh o ot apex of winte r wheat 

c oncu r rent with m o r ph ol ogical change. 

An u rgent need exists to unde rstand fact o rs inv olved 

in fl o ral initiati on of winter wheat and the influence on 

g rain yield ( 1 3). The phen ol og y  of the ha rd red winte r wheat 

class was of  interest in this stud y ,  as it relates to the 

range of  phen otypes g r own in the Northe rn G reat Plains and 

the cli matic adversit y which exists. The ob j ectives of this 

resea rch were: 1) to compa re the pe ri ods of  fl o ral ini

tiati on of  field-gr own ha rd y and less-ha rd y phen ot ypes in 



5 

S outh Dak ota , 2) t o  determine the mini mum ph ot operi od 

requirements for fl oral initiati on of these cultivars, 3) to 

evaluate the e f fect of  gr owth temperature on fl oral 

prim ordia, and 4) t o  examine the changes in pr otein com

p ositi on of the devel oping apex b y  is oelectric focusing, as 

a bi ochemical indicat or of  the phasic devel o pment in winter 

w heat. 
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M A T E RI A L S  AN D  ME T H O DS 

Shoot Apex Survey in F ield Grown Plants. Each spr ing, 

during the years 1977 through 1980, winter wheat plants were 

collected from variet y tr ials at var ious locat ions in the 

state for apex anal ys is. The sites included On ida , Sturgis, 

Bear Butte, Qu inn, Mart in and Brookings. Usuall y, six 

plants per cult ivar were exam ined at weekl y  intervals 

starting on about April 15 for a three-week interval. At 

least three cultivars from the less-hard y group ( Scout 66, 

Centurk, Lancer) were selected together w ith three from the 

hard y group (Winoka, Roughrider , YT0- 117) for comparison. 

The primar y culm was used as the apex source, exc ised and 

exam ined accord ing to the procedure descr ibed for environ

ment chamber stud ies below. Ap proximatel y 1000 p lants were 

evaluated dur ing the surve y. 

Plant Growth. Two cult ivars of Trit icum aestivum, cv. 

" Winoka" and "Centurk" were chosen for the env ironment 

chamber stud y as representing late and earl y matur ing types 

of hard red w inter wheat , respect ivel y. Seed were ger

minated for 16 hours at 25 C in a mo ist paper towel. After 

germ inat ion, the young plants were transferred to 2 C for 

six weeks of vernalizat ion. Attent ion was given to the 

upright pos it ion of the pa per towel to insure a germinated 

embr yo w ith the root and shoot organs al igned in a stra ight 

axis. Th is procedure facil itated a more un iform emergence 



7 

of shoots from the soil after the seedlings were 

transplanted. Upon completion of the vernalization period, 

2 plants per cultivar were transplanted into six-inch cla y 

pots containing loam soil. The young plants were imme

diatel y watered and transferred into a controlled environ

ment chamber. The plants were grown 4 weeks at 25/ 15 C 

(day/night) temperatures with an average of 28, 000 lux 

intensit y during the 1 1. 5- or 8-hour light period (short da y). 

This period of growth, prior �o photoinduction, is referred 

to as plant entrainment. Fluorescent tubes represented 95% 

(26, 000 lux) of the total illum inat ion and the remaining 5% 

( 1  , 500 lux) was from incandescent bulbs. Measurement of 

illuminance was taken at a leaf height of 27 em. The soil 

was kept moist b y  appl icat ion of deionized water once a day. 

Supplemental nutrition was provided by a small quantit y of 

slow-release fertilizer two weeks after transplanting. 

Photoinduction and Apex Analysis. Preceed ing each major 

investigation for plants grown in controlled environments, 

pilot tests were conducted to explore entrainment, photo

induct ion and post-treatment cond itions for subsequent 

experiments. For example in Test 1, Table 1, pilot tests 

were conducted prior to each run with in Test 1. 

Growth conditions during the light induction period 

were identical with those used. to propagate the plants. 

Light treatments were based upon the requirements for 
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photoinduction. Da ylight longer that 12 hours (long da y) is 

necessar y for induction of flowering in winter wheat. The 

red-light segment of the visible spectrum (660 nm) is 

responsible for this photomorphogenic response ( 3). 

Radiation of plants with red light converts the red

absorbing form of ph ytochrome (Pr) to the far-red form 

( Pfr) · The Pfr form is necessar y for floral induction ( 4, 

1 0, 11 , 25) • 

In this research, red light was used to supplement 

the short-da y period (less than 12 hours) as a condition for 

photoinduction. Red light was supplied from a metal lantern 

b y  unidirectional transmission of light from a 75 watt flood 

bulb through a 10x10 em red filter ( Carolina Suppl y Filter, 

650 nm). The lanterns were fabricated with baffles to avoid 

light leakage and yet to allow air flow for dissipation of 

heat generated by the light source. After treatment the 

samples were returne d to the short-da y chamber. 

The morphological state of the shoot apex from the 

main culm was determined by microscopic examination. The 

whole plant was removed from the pot, trimmed to a 1 2 em 

segment of the primary culm and placed in ice to prevent the 

dessication of the apex until dissected. Appearance of the 

"double-ridge" stage was used to indicate reproductive devel

opment (2). The double-ridge stage occurs when the spike

let primordium and its subtending leaf primordium have devel

oped at opposite flanks of the elongated shoot apex. 



Isoelectr ic Focus ing of Apex Prote ins. Procedures for 

cast ing the gel slabs and isoelectr ic focus ing (IEF) of 

9 

extracts from macerated shoot ap ices were accord ing to a 

techn ical bullet in by the suppl iers of Seakem Agarose ( TM) 

(FMC Corp., Mar ine Collo ids D iv is ion, Rockland, ME, 0 4841). 

The subsequent f ixat ion and sta in ing procedure for iden

t ify ing the prote in bands was based on a personal com

mun icat ion ( Dr. M. Ferguson.) ... 

The 1% agarose solut ion was heated in bo il ing water 

unt il the m ixture appeared clear (approx imately 10 m inutes). 

The solut ion was cooled to 60 C pr ior to the add it ion of 1. 2 

ml of carr ier ampholytes, pH 3.5-9.5 Isogel ampholytes (TM), 

( FMC Corp., Mar ine Collo ids D iv is ion, Rockland, ME 0 4841). 

The agarose-ampholyte solut ion was p ipetted into a preheated 

mo ld. The warm solut ion was allowed to sol id ify for 

30 m inutes, form ing a 10x8 em slab-gel of 0. 8 mm th ickness. 

The slab was removed from the mold and sto red in the 

coldroom ( 1  C) for 16 hours pr ior to use. 

Shoot apex samples were kept in the frozen state 

unt il analyzed. Pr ior to I E F, the ap ices were thoroughly 

macerated in a solut ion of 1% glyc ine. The volume of 1% 

glyc ine added was adjusted for a un iform appl icat ion of 

samples on the gel. Us ing a 4x 3 mm p iece of Whatman no. 

chromatog raphy paper, approx imately 4�1 of the 1% glyc ine

t issue slurry was absorbed and placed on the gel at the 

cathode end. 
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Isoelectric focusing was pe rformed employing a Model 

1 415 electrophoresis cell and a Model 1 420 powe r supply 

( Bio-Rad instruments, Richmond, CA 9480 4). The voltages 

were applied in the following sequence : 100 V 0.5 hr, 200 V 

1 hr, 300 V 0.5 hr, 500 V 0.5 hr. After the 200 V interval 

2�1 of the 1% glycine was pipetted on each sample blotter. 

Immediately afte r IEF, the gel slab was rinsed with 

glass-distilled water and immersed in a fixing solution of 

5% trichloroacetic acid, 1% 5 ' sulfosalicylic acid, and 10% 

methanol fo r 10 minutes. The gel was rinsed with glass

distilled water and oven dried prior to staining . The dried 

gel was placed in a staining solution of 0. 1% Coomasie 

brilliant blue R-250 in 25% etl1anol for 20 minutes at room 

tempe rature. Destaining was accomplished in a 25% ethanol 

solution. 
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RE S UL T S  AND D I S C U S S ION 

Survey o f  Field Grown Plants. A prel iminary survey of 

floral in itiat ion in hard red w inter wheat was undertaken on 

f ield grown plants in the spr ing of 1976. At weekly 

intervals, three plants per cult ivar were harvested from the 

w inter wheat nursery in Brook ings. The shoot apex of the 

main culm was evaluated for floral apex development. An 

early (cv. Sage) and a late--head ing (Y T0-1 1 7, exper imental 

l ine) type were used in th is study. At the first sampl ing 

dat·e, May 5, both cult ivars had in it iated floral apices. 

Sage was further advanced in sp ike development, indicat ing 

an earl ier t ime in floral apex in it iat ion compared to 

Y T0-117. 

The survey of floral apex in it iat ion for the suc

ceed ing four years was extended to several s ites in the 

state. Several winte r wheat cultivars, includ ing three 

hardy types, were chosen for the study. 

The data ind icated that shoot ap ices d id not show 

in it ial stages o f  floral development be fore mid-Apr il. 

In some years, no floral ap ices were found on the Apr il 15 

sampl ing date. In other instances, only a few cult ivars had 

floral ap ices by th is date, indicat ing that induct ion occu rs 

only dur ing the spr ing per iod· in South Dakota. Th is. is in 

contrast to George's data on soft winter wheat grown in a 

m ilder w inter cl imate (1 4), where some cult ivars conta ined 
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floral primord ia be fore the onset of w inte r, wh ile others 

initiated floral primord ia between late January and early 

March. 

Daylength Extens ion in Controlled Environments. Two hard 

red w inter wheat cult ivars were chosen fo r controlled 

environment studies of flo ral apex in itiat ion. Both are 

commerc ially grown in South Dakota; " Centurk"·has a lower 

level of w inter hard iness c
.
ompared to "W inoka" and has an 

earlier heading date by about s ix days. Pilot tests were 

conducted to dete rm ine the m in imal duration of red l ight 

needed beyond an 11.5-hour photoper iod to cause floral 

initiat ion. The results showed that for the cult ivar 

Centurk, 4.5 hours of red l ight (650 nm) extension per day , 

when applied on four consecut ive days afte r 6 weeks of 

vernal izat ion, resulted in double-r idge apices with in 7 

days. No double-r idge ap ices were observed for the cult i

var Winoka follow ing th is light treatment. A s im ilar pilot 

test was conducted w ith the object ive of determin ing the 

m in imum post-treatment response time for double-r idge 

format ion. Seven days fol low ing the end of treatment, the 

pr imary culm o f  6 out of 8 Centur k plants were in the 

double-r idge stage. In contrast, no floral pr imord ia were 

observed in the primary culm of Winoka plants. 

This study was repeated with a second group of plants 

grown under identical cond it ions, w ith ap ices exc ised on days 
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7, 8, and 9 after treatment. E ighteen plants of each cult ivar 

were used at each of the three post-treatment intervals. 

From th is group of 1 08 d issected plants, no double-r idge 

apices were found. 

The procedure, us ing 4. 5 hours of red l ight to extend 

the daylength, was used in three tests. Ten plants per 

cult ivar were kept at the entra inment cond it ions dur ing the 

course of each exper iment and-were cons idered as controls. 

The ir shoot apices were character ized together with the 

treated plants and showed no double-r idge format ion. 

In Test 1 (Table 1 )  the entra inment and induction 

per iods for the three groups of 1 4  to 1 8  plants were the 

same, but each group was sampled at d if ferent post-treatment 

response per iods. No double-r idge ap ices were observed for 

each group at the d if ferent post-treatment response t ime. 

In Test 2 (Table 1) four or f ive weeks of entra inment were 

used in conjunct ion w ith either four or s ix induct ion 

cycles,, aga in involv ing 1 4  to 1 8  plants per var iable. The 

use of older plants was prompted by Evans' data wh ich 

suggest that plant age influences the ab il ity of the plants 

to respond to the photo induct ion treatment (9) . However, a 

comb inat ion of ol er plants, treatment durat ions of four and 

s ix days w ith red l ight , and a longer post-treatment 

response time of three weeks were all without effect'. 

Exper iments by Mc Kinney and Sando (22) and 

Hurd- Karrer (16) showed that entra inment of w inter wheat at 
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photoper iods near 1 2 hours, dur ing the in it ial phases of 

growth, inter feres w ith early in it iat ion of the floral apex. 

A p ilot test w ith 4 plants per cult ivar grown under a 

shorter day-length of 8 hours, pr ior to the 4 long days w ith 

red l ight, agreed w ith the ir results. However, in a sub

sequent exper iment under the same cond it ions and treatment 

p rocedure, but w ith a larger number of samples (14 to 18 

plants per cult ivar), no shoot ap ices were found in the 

double-r idge stage (Test 3 in Table 1). 

E ffect o f  L ight Qual ity. Table 1 shows that comb inat ions of 

d i f ferent entra inment cond it ions, together w ith var ied 

number o f  long days under red l ight, d id not in it iate floral 

development. Next, cons iderat ion was g iven to the qual ity 

o f  l ight used dur ing the long-day photoper iod. An increase 

in red l ight ( 6 50 nm) p r ior to sunset is known to occur and 

Sal isbury has suggested that the floral response may be 

in fluenced by th is sh ift in the spectrum qual ity (2 4). 

The e f fects o f  var ied amounts of red l ight at the end 

o f  an 8-hour photoper iod were des igned to s imulate 

increas ing increments of red light dur ing sunset. In each 

exper iment, ten plants per cult ivar were entra ined at an 

e ight-hour photoper iod for four weeks pr ior to the fou r  long 

days. The post-treatment res·ponse per iod was two weeks, at 

wh ich t ime the shoot ap ices were exam ined. 
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Table 2 shows results where light quality was varied 

during the 3. 5 hours after the eight-hour day. In Treatment 

1, the photoperiod was extended to 11. 5 hours with a light 

combination of fluorescent, incandescent, and red light. It 

was anticipated that this treatment would result in the 

highest level of Pfr at the end of the 11 . 5-hour 

photoperiod, due to the high proportion of red light during 

the 3. 5-hour daylength extension. Only the fluorescent and 

incandescent lamps were used for Treatment 2, resulting in a 

lower level of tissue Pfr than p rovided in Treatment 1 . In 

Treatment 3, only incandescent lamps were used and due to 

the highe r proportion of  far-red from the light source, it 

was expected that Pfr levels would be lower than either 

Treatment 1 or 2. Treatment 4 consisted of a period of no 

light afte r the 8-hour day and therefore it was expected 

that this treatment would have the lowest level of tissue 

Pfr at the end of the 3. 5-hour da rk period. The influence 

o f  the assumed variable levels o f  Pfr, created by the di f

ferent combinations of light sources provided by the four 

treatments, was evaluated by supplementing 4. 5 hours of red 

light to all treatments after the 11. 5-hour period. 

F rom the four experimental conditions shown in Table 

2, Treatment 2 elicited the highest number o f  floral apices 

in Centur k. This procedure is the same treatment used in a 

previous experiment (Test 3, Table 1) but which showed no 

floral apices. This dif ference in the response of the 
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plants, presumably grown and treated under the same 

conditions, prompted us to repeat the experiment. In six 

experiments, with 240 plants under identica l  conditions 

(data not shown), not one apex was observed to be in doub le 

ridge for either cultivar. Results o f  these tests 

demonstrated no influence of entrainment condition or light 

quality on flora l development. Possible exp lanations for 

the failure to repeat the results, using 2 40 plants, wil l be 

discussed later. 

Ligh t Interruption o f  the Dark Interva l. In contrast to the 

procedure of extending daylength as a means o f  promoting the 

vegetative reproductive transition, interruption o f  the dark 

period with light has a lso been e f fective. Evans showed 

that periods o f  red-light il lumination caused optimum 

flowering, when a certain dark period elapsed following the 

short daylength ( 1 0, 11). Experiments by Lane et a l. showed 

that light sources which trans formed large amounts of phy

tochrome to the P fr form, were inhibitory to flowering in 

five long-day plants, when given during the four hours imme

diate ly following the entrainment period or even as brie f 

light additions at that time (18). Evans conc luded from his 

extensive work with Lolium sp., a long-day plant, that the 

action spectrum for flowering· depends on the entrainment 

cond itions (9, 1 1 ). For photoperiods of  near critical length 

(i.e. 11.5 hours) short periods of light in the middle o f  
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the night are necessary. A shorter photoperiod during 

entrainment (i.e. eight-hour days) requires a longer red

light period, also in the middle of the night. Lane1S model 

of phytochrome action is in accord with Evans1 action 

spectrum for floral inductio n (18). This conclusion was also 

reached by Vi nce (28). 

This model suggests that the amounts of Pfr needed 

for optimal floral initiation -varies during the course of 

each long day. The sequence of light conditions imposed on 

the plants of the previous experiments (Tables 1 , 2) did not 

provide for this possibility. Perhaps, success of the fixed 

duration of red-light treatment used depends on a favorable 

level of Pfr in the tissue for an optimal flowering 

response, a situation which may not have existed as a result 

of the entrainment conditions and/or subsequent treatment 

(Table 1 a nd 2). 

The next series of experiments, with 12 p lants per 

cultivar, involved an 8-hour photoperiod (0800 to 1600 hr) 

in a 24-hour day during the 4 weeks of entrainment. At the 

fifth week of growth, the samples were given four hours of 

red light on four consecutive days. To determine the most 

effective period �or the red light irradiation, the 

remaining sixteen hours of darkness were divided into four 

different time frames. Treatments with dark periods· prior 

to red light would provide for a lowering of Pfr levels. 

Such treatments may indicate at which time the low 
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Pfr process is completed and when the higher Pfr level is 

favorable, according to Lane' s model of phytochrome action 

and Evans' action spectrum for floral initiation. Each set 

of plants received only one period of red-light at the 

designated time frame of the dark interval on four con

secutive nights. Figure 1 shows the time of red-light irra

diation and the observed results. 

The 1600- to 2000-hr and the 2400- to 0400-hr 

12 Centurk apices, respectively, in the double-ridge stage 

two weeks from the last dark interval with red light. The 

other two treatment periods with red light (0400- to 0800-

and 2000- to 2400-hr, Figure 1) were not as effective in 

promoting Centurk to flower. Only 7 of 12 Centurk samples 

had floral apices from 0400- to 0800-hr red light period and 

with the 2000- to 2400-hr red light period, 8 of 12 Centurk 

samples had floral apices. Winoka had vegetative apices 

after all red-light treatments; however when given a longer 

response time of three weeks, two floral apices were ini

taited from ten samples for the 2400- to 0400-hr period of 

red light. 

The 2400- to 0400-hour treatment was used in a sub-

sequent ex periment with an extra set of plants receiving 

eight cycles of red-light instead of the four cycles as 

shown in Figure 1. The significance of the dif ferences be

tween the red-light periods in Figure 1 may not be clear for 
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Centurk, however, the 2 400- to 0 400-hour treatment was the 

only interval which initiated floral apices in Winoka. In 

addition, Evans' action spectrum in floral induction suggests 

that optimum periods for red-light illumination occurs in 

the middle of the night (9, 1 1). The 2 400- to 0 400-hour 

period meets this requirement. All plants were sampled 

three weeks from the last dark interval interrupted with red 

l ight. The results, shown in ·-Table 3, indicate that all 

Centurk samples had floral apices when treated with red 

l ight at the 2 400- to 0 400-hr after four or eight con

secutive treatment intervals. After eight cycles with red 

l ight, some of the apices of Centurk were beyond the double

r idge stage of development, compared to those which received 

only four cycles of red light. Four night treatments with 

red light, resulted in only three of the twelve Winoka 

samples being transformed to floral development. However, 

w ith e ight cycles of red l ight, six Winoka samples showed 

double-ridge development. 

The results in Table 3 and F igure (2 400 to 0 400 

hr) indicate the possible light sequence for variable 

Pfr amounts required in floral initiation in w inter wheat. 

An e ight-hour period of darkness followed by four hours of 

red l ight appears to have fulf illed the sequential requ ire

ment for a low amount of Pfr followed by a high amount of 

P fr. Th is light treatment in itiated floral development in 

1 00/� of the Centurk apices, and appeared to meet the opt imum 
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requirement of induction. In the case for Winoka, such 

light treatment given for four cycles did not completely 

stimulate the floral initiation mechanism, as shown by only 

1 6% of samples at double-ridge. When light treatment was 

applied for eight cycles, 50% of the samples were induced to 

flower, suggesting a more complete stimulation of the ini

tiation mechanism. Compared to results in Table 2, the 

observed response in Table 3 was the first light treatment 

attempted which initiated floral apices in Winoka. 

A treatment procedure with four hours darkness 

followed by four hours red light (2000 to 2400 hr) caused 

only one half of Centurk samples to be initiated (Figure 1). 

Four hours darkness followed by four hours red light may not 

satisfy the low/high sequential requirement of Pfr to ini

tiate floral development. 

Evans has presented evidence showing red-light treat

ment after four hours darkness to be only slightly effective 

for floral initiation in a long-day plant (11). The rever

sion of Pfr to Pr is believed to occur at a much slower rate 

than the conversion of Pr to Pfr (2 5, 28). One can hypothesize 

that the influence of four and eight hours of darkness prior 

to the red-light irradiation becomes significant, based on 

the extent to which the low Pfr levels are attained during 

such dark periods. When a low level of Pfr. is reached, it 

seems necessary that the four-hours red light follows imme

diately for ef fective floral induction. 
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The light condition shown in Table 2 [Treatments 1 

and 2] and Figure 1 (1600 to 2000 hr) presumably did not 

allow for a complete lowering of Pfr amounts, and yet floral 

apices were initiated. Other light treatments in Figure 1 

represent a range of conditions "�Yvhich initiated floral api

ces for Centurk. Data provided by Martinic (21) on the 

floral initiation of various winter wheat cultivars by dif

ferent photoperiods, led him to conclude that cultivars 

which are of the early heading types do not have a very 

precise long-day requirement for floral initiation. Centurk 

seems to be of the same type. 

In contrast to Centurk, Winoka exhibited floral apex 

development only at certain photoperiod conditions (Table 

3). Furthermore, the treatment in Table 3 may be suboptimal 

to initiate floral apices, as shown by the small number of 

shoot apices in Winoka at the double-ridge stage. This 

observation and the persistent negative response of Winoka 

from the other conditions imposed (Table 2) suggest a 

more stringent biological control of floral initiation than 

for Centurk. 

The requirements for the vegetative/reproductive 

transition in winter wheat appears complex. This conclusion 

is substantiated by the wide seasonal variation in floral 

induction in field grown plants shown by others (14, ·1s, 21) 

and results of my growth chamber study. Undoubtedly, when 

selection for yield is the predominant consideration, pheno-



22 

t ypes which tend toward earliness are favored. However, 

when freeze stress is a factor, such as after the spring 

equinox, selection may favor populations that are quiescent 

until such time that the probabilit y  of stress is low. 

Effect of Temperature. Inconsistenc y in demonstrating 

floral induction in Centurk plants grown and treated at a 

25/15 C temperature regime was initiall y attributed to the 

possibilit y  of devernalization. It was seldom possible to 

show an y floral initiation with Winoka. Japanese workers 

(5) showed that loss of the vernalized state is possible 

around 28 C. Since temperatures used in all previous 

experiments of this stud y approached this range, it was 

possible that devernalization could have occurred. In par

ticular it was thought that Winoka was most seriousl y 

affected, explaining the failure of this cultivar to respond 

to the treatments provided. Yet, when light experiments 

were repeated at a 20/10 C, results from treatments which 

previousl y showed floral initiation in Centurk could not be 

repeated. This is shown in Test 2, Table 4, where four 

hours of red light was given at 2400 to 0 400 hr. However, 

when a portion of these treated plants were transferred to 

the greenhouse, 1 OOio of Centurk plants and 50% of the Winoka 

plants were in the double-ridge stage three weeks after the 

transfer. From this result, it was concluded that dif

ficulty in consistentl y demonstrating flo ral development in 



both cultivars could not be explained by the loss of the 

vernalized state. 

2 3 

The interaction between temperature and photoperiod 

may not be excluded as an explanation for the results in 

Test 2, Table 4. The reversion of Pfr to Pr is influenced 

by low temperatures (2 5, 28). Temperature effects on pho

toinduction were not further evaluated due to limited faci

lities for conducting light-temperature studies in the time 

available. 

Plant Density and Floral Response. The experimental proto

col perhaps deserve further consideration in an attempt to 

explain the variable ef fects of photoinduction conditions. 

Typically, pilot tests were conducted with a small number of 

plants as a means to ascertain the treatment parameters 

resulting in floral induction. Once treatment parameters 

were established, an adequate number of plants were started 

to provide large plant populations per treatment, as well as 

for the planned sequence of related experiments. In these 

instances, the controlled environment chamber used for plant 

entrainment and the post-treatment response period fre

quently was filled to capacity. In most cases, it was 

during such experimental periods that dif ficulty was 

experienced in repeating the floral initiation results 

(Tables 1 , 2 and 4), previously obtained in pilot tests. 

One reason for changing from the 2 5/ 1 5 C to 20/ 1 0  C 
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tempe rature regime was that air flow may have been 

restricted by high plant densities, causing a slight eleva

tion of temperatu re into a critical range, which reversed 

the effects of vernalization. This possibility was elimi

nated at the lower g rowth tempe ratu re. Yet, consistent 

results could not be shown (Table 4). Anothe r possibility 

was that under high plant populations a limiting facto r may 

have been created. For example, a chambe r full of plants 

may have needed more C02 than could be supplied by the air 

volume in the chamber, causing the C02 to drop below 300 

ppm. Air tu rnove r occur red at least once per day because of 

opening the doors du ring plant watering and observation. 

Competition fo r this limiting facto r could affect the 

flo ral initiation p rocess of the plants. This led me to 

estimate the daily available C02 in the chambe r in com

parison to the daily C02 requi rements of mature plants when 

the chamber was filled to capacity. The calculated ambient 

C02 concentration in one chamber volume of air was 0.098 

moles. The calculated CH O p roduct per day of 288 plants at 

7 weeks g rowth was 0. 27 moles C02. The calculation showed 

that the estimated C02 requi rement of 288 plants was almost 

three-fold greater:· than the C02 available in one chambe r 

volume of ai r. Although the �hambers we re light proof, ai r 

leaks still were present which would provide a certain 

deg ree of air exchange in the chambe r. The refo re the supply 

of C02 available to the plants was expected to be highe r 
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than calculated. However, it was possible that C02 levels 

occasionall y may have dropped below 300 ppm. 

Starting schedules for plants used in photoinduction 

experiments and their effects on flowering response were 

reviewed. M y  aim was to determine whether there was a rela

tionship between plants propagated at maximum chamber capa

cit y and their response to the long-day treatments. Figure 

2a and 2b shows the planting schedule and the resulting plant 

densities in the entrainment chamber for three groups of 

Winoka and Centurk plants used to obtain the data in Table 4. 

In Test 1, Figure 2a, the samples were grown at high 

plant population three weeks prior to the long-da y  

treatment. Results of this test showed 30% of Centurk api

ces in vegetative growth two weeks from treatment (Figure 

2b). Test 2, Figure 2, underwent all four weeks of growth 

in a chamber full of plants prior to treatment. All shoot 

apices showed vegetative development at two weeks following 

treatment (Figure 2b). Growth conditions requiring maximum 

chamber space for plants of Test 3 (Figure 2a) was only for 

two weeks after transplanting. After treatment with long 

da ys, 15% of the shoot apices were vegetative (Figure 2b). 

B y  contrast, Winoka showed all vegetative apices in these 

three tests, except for 2 of 20 plants in Test 1. 

A consistent pattern was found between a high number 

of plants maintained in the entrainment chamber and the 

failure to show floral initiation, both for earlier studies 
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conducted at 2 5/1 5 C and those performed at 20/10 C. 

If floral induction is sensitive to slightly lower 

levels than 300 ppm, COz limitation could be a possibility. 

In contrast to this possibility, an environment chamber may 

also be prone to the accumulation of volatile substances 

evolved by plants. In situations where a large number of 

plants are grown in the chamber, accumulation of such 

substances may approach a level which af fects the floral 

induction mechanism. For example, wheat plants have been 

shown to evolve ethylene (26). Under high plant populations 

in the chamber, ethylene may accumulate to levels which 

influence the floral induction mechanism. Additional 

research is needed to investigate this possibility, since 

the literature has not reported effects of ethylene on 

floral induction. 

Isoelectric Focusing of Floral Apices. Protein synthesis 

has been shown as a requirement in the transition from the 

vegetative to a double-ridge apex in Lolium sp., (9). 

Isoelectric focusing of extracts from macerated vegetative 

apices from Centurk and Winoka revealed no significant dif

ferences in the positions of protein bands in gel slabs. 

Centurk had 11 protein bands and Winoka had 10. Comparison 

of the iso-electric points of· proteins and number of protein 

bands from a vegetative and double-ridge apices of Centurk 

also showed no differences. Considering the small size of 
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the vegetative apex (avg 0. 5 mm) and double-ridge apex (avg 

0. 9 rnm), the staining method used may not be sensitive 

enough to detect the small sample dif ferences in protein 

composition consisting of 10 or fewer apices. The tran

sition of a vegetative apex to a double-ridge one involves 

specific " target cells"; extremely minute areas within the 

shoot apex. Changes in the protein composition in these few 

cells ma y not be detected by the methods used. 

When using apices beyond the double-ridge stage, some 

changes in protein composition were recorded as shown in 

Figure 3. A protein band at pH 4.5 appeared for a floral 

apex at stage F (spikelet in elongation phase) which was not 

observed at stage D (double-ridge stage). This protein 

band was also found at later stages of floral development. 

From stage F to stage G (generation of floret parts on the 

spikelet) two distinct changes were observed; 1) A protein 

band at pH 6. 6 from stage F apices was not found at stage G. 

2) A protein band at pH 4. 3 appeared in stage G and is not 

present for stage F. Apices at stage G to H showed one dif

ference in their protein bands. A protein band at pH 5. 1 

appeared onl y in stage H. 

A floral apex at stage F showed an additional protein 

band (pH 4.5). Appearance of. this protein, at this advanced 

stage of floral development, was the only difference 

observed between vegetative and floral apices. The develop

ment of the floral apex from stage D to F may be a signifi-
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cant change. George has shown apices at stage F in develop

ment are most susceptible to freeze injury (14). 

Proteins in the higher pH range seem to be of less 

importance with the progression of floral development, since 

they were not as abundant at later stages of floral 

ontogeny. By contrast, proteins in the lower pH range seem 

to be necessary for floral development, as more bands in 

that range were recorded for more developed apices. 
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S UMMARY 

A survey o f  floral initiation in hard red winter 

wheat cultivars g ro wn in South Dakota was undertaken. The 

data showed that these cultivars initiated floral primordia 

as early as mid-Ap ril, a pe riod at which freezing tem

peratures are common in South Dakota. As pointed out by 

George (1 4), early flo ral initiation increases the plant's 

susceptibility to f reeze damage. Distinctions in flower 

development were not consist ent1y obse rved between late and 

early cultivars in field grown plants. However, since 

free.zing conditions did prevail during the yea rs when no 

disti nction between apices of early and late cultiva rs were 

observed, it is possible that plants with ea rly development 

may have been damaged by low tempe ratu re prio r to sampling 

time. 

Floral initiation of two cultivars of winter wheat 

was also studied unde r cont rolled envi ronmental conditions. 

It was obse rved that Centu rk is less sensitive to long-day 

conditions fo r flo ral initiation as compared to Winoka. 

This appears consistent with the ea rly heading traits of 

less-hardy cultiva rs. In the case fo r Winoka, only limited 

photope riod treatments we re e f fective fo r ind uction of 

reproductive g rowth. Mo re often a negative response was 

obse rved suggesting a mo re st ringent biological cont rol of 

floral initiation in Winoka, hence, a probable cause fo r the 

late floral development among hardy types . 
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Variation in the floral initiation of plants presu

mably grown and tre.a ted under the same conditions �vere 

encountered. Possible causes for the variation in response 

were discussed. 

Changes in tne ,(.�c luble proteins from the vegetative 

stage to floral apex c.h�\.relopment were examined by 

isoelectric focusing.. The results showed no dif ference in 

the protein com plem-n -f vegetative apices from .Centurk and 

Winoka. Also, no diffe:r:ence was found comparing vegetative 

and double-ridge developmental stages of Centurk. 

Isoelectric focusing of more developed floral apices showed 

some changes in protein compos ition compared to double-ridge 

apices. Later stages of floral development showed protein 

bands at the lower pH a d a disa p pearance of protein bands 

in the higher pH range. 
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Ta ble 1 .  Expe r imen tal pro to c o l  used to C\•a l ua te the min imum req u i r e
men t s  fo r fl o ral ind uc t io n  of ha rd. red win t e r  wh e a t  cul tivar s 
Centurk and Winoka u i ng dayl eng th ex tens i o n . 

E n t ra inme n ta �-!_E_�c t i.o_!l Cyc l e s  b P o s t- indu c t ionc Re s pons e d 
Pho tope r iod Dur a t io n  

( Hr s )  ( Wks ) ( Da ys ) ( We eks ) 

T e s t  1 a : 

1 1 . 5  4 4 1 

1 1 . 5  4 4 2 

1 1 . 5  4 4 3 

Te s t  2a : 

1 1 . 5  4 6 3 

1 1 . 5  5 4 3 

1 1 . 5  5 6 3 

Te s t  3a :  

8 4 t� 2 

8 4 8 2 

aA 24-hr light cyc l e  and 2 5 / 1 5  C ( day/ nig ht ) tem pera t ur e s . Te s t  1 
i nd i c a t e s  rela ted ex pe r imen t s  wi t h  cons t an t  en trainment and induc t ion 
p e r io d s  wi th var iab l e  po s t - induc t ion re s po ns e . Te s t  2 c on t a i n s  
expe r imen t s  wi t h  con s t a n t  en t r a inment dayl eng t h  and po s t- induc t io n  
r e s po n s e  wi t h  var iable en t ra i nmen t · dur a t i o n  and ind uc t ion pe r iod . 
Te s t  3 expe r imen t s  sho w con s t a n t  en tr a inm en t  cond i t i o n s  and 
po s t - ind uc t i o n  re s po ns e  wi t h  va r i ab l e  ind uc t io n  pe r i od s . 

bnayl eng th wa s he ld conR t an t  at 1 1 . 5  hr s ( whi te l i g h t ) and wa s 
extend ed 4 . 5  hr s wi t h  red l i g ht ( 6 5 0  nm) . 

CAf t e r treatmen t , plan t s  we r e  re t urned - to en t r a inmen t cond i t io n s . 

d comb ined floral r e s po ns e  of Cen t ur k and Winoka . 
Four t e en to eight een pl an t s  we r e  ev alua t ed fo r fl oral apex dev e l op-
ment a t  each t r e a tmen t ( - ind i c a t e s  no flo ral ap i c e s ) .  
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Tab l e  2 .  The flo ral re s po n s e  of Cen turk and Wi noka as inf l ue n c ed by 
varia t i o n  in lig h t  qua. l i. ty wh e n  ex t end ing the 8 -hou r  en t a inmen t  
pho t o pe r iod pr io r t o  red- l ight trea tmen t . 

Trea tmen t 3 . 5  hr s ·  
b e f o r e  red- l i gh t

�
a 

1 .  f l uo re s c en t , 
incand e s c en t  and 
r ed- l ig ht 

2 .  fluo r e s c en t  and 
inc and e scen t 

3 .  inc and e s c e n t  

4 .  no light 

... --..,. . ..-� 

-----�-

Number o f  f l o ra l  api c e sb 

Centurk Winoka 

3 0 

8 0 

5 0 

0 0 

8 S e e  Ma t e r ial s and Me t ho d s  fo r % o f  to tal il lum in a t i o n  prov i d ed by 
e ach light sourc e . Coo l  wh i te fl uo re sc en t  light has a pr ed om inan t 
l ig ht band at 600 nrn .  In c ad e sc en t  l i g h t  prov id e s  s pe c t ral energ y 
a t  long er wav e leng t h s  be t we e n  6 00 nm and 7 00 nm . Tr e a tment in t e rval 
wa s 4 hours each of fo ur c o n se cu t iv e 24-ho ur in t e rval s .  

bThe pr imary culm of twe lve pl an t s  wa s  sam pled fo r each cul t ivar pe r 
t r ea tmen t . 

3 5  
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Tabl e  3 .  The inf l ue nc e of  a red- l ight tr e a tmen t dur ing the dark pe r iod 
on the fl o ral re s po nse of Cen t ur k  and Winoka . 

Days of Number of plan t s  wi th 
r e d- l ight t rea -:men t a  flo ral api c e sb 

C e n t ur k  Winoka 
--·--

4 1 2  3 

8 1 2  6 

aRe d light wa s prov id ed be tween 2 4 00 and 0 4 00 h r s  each 2 4-hour pe r iod . 

bthe pr imary culm of twe l v e plan t s  wa s  sam p l e d  two weeks a f t e r  
i nd uc t io n  t r e a tmen t .  Pl an t s  we r e  en t r a ined a t  8 -hour lig ht and 
1 6-ho ur dark cyc l e s  fo r 4 w e eks . S tar t ing on the fi f t h  we ek ,  8 hour s 
o f  darkn e s s  e l a p s ed each �4  hour s befo r e  the red-l ig h t  t r e a tmen t  w.a s  
i n i t ia t e d . 

3 6  



Tab l e  4 .  The ef f e c t of 20 / l OC ( day/ nig ht ) dur ing ent r a inmen t , pho to
induc t i o n  and po s t - t r: e a tmen t on the fl o ral res po ns e  of Cen t ur k  and 
Winoka . 

Entrainmen t  C ond i t i ons 8 I nduc t ion P e r i o d b Numbe r o f  F lo r a l  A p i c e s C 
Pho t o p e r iod/Dur a t i o t (24- hr in t e rva l s )  Cen turk Winoka 

( Hr s ) / ( Wks ) 

Te s t  1 8 /4 4 1 4 / 2 0  2 / 2 0  

Te s t  2 8 /4 4 0 / 2 0  0 / 2 0  

Te s t  3 8 /4 ' 4 1 7 / 2 0  0 / 2 0  

a rnduc t i o n  var ia t i o ns we r e a s  fo l l ows : Te s t  1 and 3 - The 8 -hour 
en tra inmen t pho t o pe r iod was ex tend ed to 1 1 . 5  hour s wi th Wh i t e  light 
f o l l owe d  by 4 . 5  hour s of red lig h t  al one . In Te s t  2 ,  t he 8 -hour 
en tra inmen t was fo l l owed by 8 ho u r s  of darkn e s s  and sub s eque n tl y 4 
hou r s  of red lig ht be tween 2 4 00 t o  0 4 00 h r . 

bAf t e r  trea tmen t pl an t s  wt2' ·c e  re turned to ent r a inment cond i t i o n s . 

crwe n t y  plan t s  pe r cul t iv ar we r e  sampl ed two we eks a f t e r  t r e a tmen t . 
The number sho wn fi r s t  ind i c a t e s  numbe r  of pl an t s  wi th fl o ral 
d ev el o pmen t . 

3 7  
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1 6 0 0 2 0 0 0 2 4 0 0  0 4 0 0  0 8 0 0  

D A R K  I N T E R V A L S R E C E I V I N G R E D  L I G H T  

F i g u re l .  Th e e f f e c t  o f  dark int erru p t ion , b y  f o u r  ho u r s  o f  r e d  
l i g h t  du rin g various p e ri o d s  o f  t h e  nig h t , on t h e  f lo ral res pon s e  
o f  Centurk an d Winoka . Th e en t r a inmen t ,  p o s t - t r ea tmen t ,  and 
flo ral indu c t i on in t e rv al are d e s c r i b e d  in Tab l e  3 .  Th e p rimary 
culm o f  12 p l an t s  p e r t r e a tmen t we re dis s e c t e d fo r f l o ral a p e x  
evalua t i on .  
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Figu r e  2 a .  The accumu l a t ive p l an t  d en s i ty in t h e  en t r a inmen t 
chamb e r  s ho win g t h e  r e l a t ions h i p  b e twe en p l an t ing , t r an s f e r to 
and r e t u rn  f ro m  the indu c t ion chamb e r , and harves t s ch ed ul e  o f  
t h r e e  s imu l t aneous t e s t s . Th e c al cu l a t e d  amb i en t  COz concen t r a
t ion in o n e  chamb e r  v o l ume o f  a i r  was 0 . 0 9 8  mo les . The 
cal cula t e d  CHO p ro du c t  per day o f  2 8 8 p l an t s  at 7 we e ks g rowt h  
was 0 . 2 7 mo l es C02 . Th ere f o r e , a p p r ox ima t e ly a 3 - f o l d  t u rno ve r  
o f  C02 p e r  d ay was n ec e s s a ry t o  s u pp o rt s uch a p o p u l a t i on a t  
20 / 10 C (D/N) an d 7 weeks g row th .  

F i gu re 2b . The p e r c e n t o f  v e g e t a t ive ap i ce s  f rom Centurk s amp l es 
o f  e a c h  t e s t s hown in F i gure 2 a ,  as an in d i c a t o r  o f  t h e  inh i b i t o ry 
e f f e c t  f o r  f lo ral in i t i a t io n  o f  p l an t s  a t  a high p l an t  p o p u l a t io n . 
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F i gu re 3 .  D i s t r ib u t i on o f  i s o e l e c t r i c al ly f o cu s ed p ro t e ins f r om 
f l o ral ap i c e s  a t  various s t ag e s  of d ev e l o pmen t . S t a g e  D ( 5  
ap i c e s ) deno t es a f lo r a l  apex a t  doub l e- ri d g e . S t a g e  F ( 5  ap i c e s )  
ind i ca t e s  t h e  e l o n g a t ion p ha s e o f  t h e  s p ike l e t s . S t a g e  G ( 4  
ap i c e s ) r e p r e s en t s a f l o ral ap ex w i t h  f lo re t i n i t i a t ion an d 
S t age H ( 3  ap i ce s )  is f o r  f l o ral ap i c es w i th a t e rminal s p ike l e t . 
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