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THE PROBL]M 

Agricultural crops wh ich are ordinarily planted in the 

fall of the year will not produce seed a s a rule during the 

first season if planted in the spring of the year but will 

continue prostrate vegetative growth during the first season 

and produce seed during the next year. If the seed of these 

fall-sown crops is germinated and subjected to a period of 

cold treatment prior to planting they produce seed the first 

year instead of remaining in the vegetative stage. 

The so-called sub-tropical plants, or short-day plants 

such as corn, sorghum, millet and soybeans will h ave an 

accelerated vegetative period if germinated a nd kept in 

darkness for a short period a t relatively high tempera tures 

before planting. Most of the work in the past has b een with 

cold temperature pre-treatment prior to planting and the 

wann tempera ture pre-treatment has received very little 

attention. 

'l'he term vernalization is used to desi gnate the pre­

treatment of seed whi ch brings about an accelerated or 

shortened vegetative period of the plant. verne lization 

seems to be the accep t ed term in the United states; however, 

some authors use 1arov1zat1on or iarovize tsii, which McKinney 

and Sando (8} state means "Springization" in RUssian. Other 

terms used are yerovization, vernalization, and jarovization. 

All of these terms mean seed pre-treatment before planting 

which affects the vegetative growth of the plant, therefore 

the term vernalization was used in this work to avoid con-
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fusion in the use of terms. 

Most all of the outstanding work on vernalization has 

been done in Russia. Hudson (4) states that in special 

circumstances such as exist in large areas of the north of 

Russia, where winter sowing is not possible, this vernali­

zation treatment makes it possible to grow winter varieties 

by sowing them after trea tment in the spring, and so perm.its 

the growing of desirable varieties of cereals that have so 

far been quite ruled out for these areas. 

Thus, at Hibney in the Arctic Circle, many southern 

varieties of wheat and even winter and semi-winter varieties 

of barley that normally do not even come into ear there, 

have been brought to maturity by the application of vernali­

zation. In experiments on the whole world collection of 

wheat,vernalization accelerated ear development by 2 to 4 

days in the majority of varieties, but in 12 per cent of 

the varieties an acceleration of 5 to 10 days was obtained 

and more than 10 days in l? per cent of the varieties tested. 

Similarly with barley, after vernaliza tion all the 1505 

varieties came into ear, whereas without treatment only 665 

of these varieties eared and even these were very irregular, 

whereas the rest formed no ears at all. 

Again in the southern wheat growing areas of the 

u.s.s.R., such as the Ukrainian s teppes, certain desirable 

imported wheat varieties are excluded from cultiva tion be­

cause they either fail to ear altogether or else reach 

maturity too late and are damaged by drought. The earlier 



maturity induced by vernalization enables some of these 

varieties to mature before the drought sets in and so escape 

this damage entirely. In many areas where wheat growing is 

precarious, the slight acceleration in maturity induced even 

in the local wheats by vernalization insures a more certain 

yield, and vernalization is now practiced over thousands of 

acres of such country in the soviet Union, and its more ex­

tensive application is constantly being recommended. 

This work was undertaken for the purpose of determining 

the value or vernelization to Oklahoma agriculture. If the 

method is or value to farmers in other countries, there is 

reason to belieTe that it may prove to be of value to agri­

culture in this country. The practical application to the 

average farm is worth investigating. 
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Illustration 1. Turkey red wheat showing the effect 

of vernaliza ti on. 'l'he seed was germinated and subjected 

4 

to a period of cold treatment prior to planting March l?, 

193?. Note that Row No. 1, which received no treatment re­

mained in the vegetative stage and did not produce heeds . 

.How No. 1 will produce seed in the summer of 1938. Hows. 

No. 2, 3, 4, 5, and 6 came into head from 62 to 74 days 

after making their first appearance above ground, -depend­

ing on the length of the cold treatment. 



'N ORK OF PREVIOUS INVESTIGATORS 

Blackman {l} in discussing vernalization, states that 

Gassner in 1918 was the first to investigate vernalization 

in Germany. Gassner found that it is a well-known fact 

that winter varieties of wheat and rye, if sown in the 

spring , will not produce ears during that sea son or, if 

5 

ears are produced, no satisfactory crop can be harvested. 

Spring cereals, however, do not have this disability. Gass­

ner conceived the idea that delay in flowering or spring­

sown winter wheat might be due to the lack of exposure to 

chilling which the winter sowing insures. Accordingly, he 

exposed seedling plants of winter wheat for thirty days to 

a temp erature a little above freezing point, with the result 

that they flowered about the same time as the spring va rieties. 

McKinney and Sando (8 } also discussed methods of ver­

nalization as used by the Russians. Lysinko (6} worked out 

a very simple method of vernalizstion which may be used on 

the average farm. The grain is spread out in a layer from 

six to seven inches deep on the floor. water, a t the rate 

of about one-third of the weight of the seed, is sprinkled 

over the seed, the water being applied in thirds with inter­

vals of eight hours between the applications. The final 

moisture content of the seed should be 50 to 55 per cent. 

The seed is a llowed to germina te at 50 to 60° F. for about 

24 hours and is shoveled over three or four times during 

the process. The germinated seed is held a t 32 to 34.2 

degrees F. tor 40 to 55 days and stirred many times during 
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the process of chilling. Th e low temperature of winter is 

used tor chilling the grain, and this is regula ted by opening 

and closing the windows of the building . The amount of germi­

nation is accelera ted or retarded by controlling the amount 

ot moisture added to the seed or by adding salt solutions, 

which retard germination. In spring wheats, especially 

durums, the moisture content is raised only to 45 to 50 per 

cent. The germinated seed is held at 33.8 to 41 degrees F. 

Lysinko also states that sexual reproduction is acceler­

ated in so-called short-day plants such as corn, millet, 

sudan grass , sorghum and soybeans, by germinating the seed 

slowly in uninterrupted darkness at moderately high tempera­

tures for suitable periods. The time of exposure at the 

suitable temperature is calculated from the first si gns of 

germination. Different varieties of the same species some­

times require different treatments for the best results. 

Lysinko emphasizes the importance of darkness. He considers 

that short-day plants do not require an altera tion of definite 

periods of light and darknes s but rather a certain total 

amount of light and a certain total amount of darkne s s, and 

he takes the view that the cause of the late maturing of the 

short-day plants in northern regions is not the long day but 

the short night . 



WAT ~R CONTE!'lT OF SEED, TEl'liPERATURE , AND TIME OF EXPOSURE 
IN DARKNESS 

NECESSARY TO STIMULATE EARLY SEXUAL REPRODUCTION 
IN CERTAIN PLANTS HAVING THE SPRING GHO 'V'ffi HABIT. 

% of water by Temp. of seed ( F. } Days of 
C:rop wt. in Seed during Expo sure E:Xpoaure 

Millet 30% 68 to 86 10 to 15 
Sudan Grass 26% 77 to 86 5 
Sorghum 26% 77 to 86 8 to 10 
Soybeans 75% 68 to 77 10 to 15 

Lojkin (5), one of the most outstanding workers in the 
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United States on vernaliza t ion states that both temperatures 

and light are important factors influencing the transition of 

plants from the vegetative to the reproductive stage. The 

heading of winter cereals depends upon the date of sowing, 

the climate, end the variety used. For each variety of 

winter cereal, there is a definite or critical dete of plant­

ing which depends upon climatic factors. If so~~ before this 

critical date, the plants of any winter variety will head 

during the first summer. If sown after this critical date, 

the plants continue prostrate vege tative growth during the 

summer and hea d during the next year. 

Lo j kin lists the following results from experiments 

on vernalization. 

1. Temperatures of one to three degrees c. were satis-

faotory in producing ya rovization of Turkey Red and Leaks 

Prolific Wheat. A tempera ture above three degrees C. pro-

duoed molding and excessive germination. 
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2. Yarovization did not proceed at freezing temperatures, 

although freezing during the process did not kill the seeds. 

3. seeds whiah germinated actively in refrigera tor 

trea tment produced plants of a higher degree of yarovization. 

4. Yarovization proceeded at any moisture content which 

was suitable for sustaining the seeds in an active stage of 

germination. For the varieties used, moistures of 50 to 70 

per cent maintained continuously were found adequate. An 

initial moisture of not less than 60 per cent was required 

if the moisture content of the seed was not further adjusted 

during the cold treatment. 

5. Drying the yarovized seeds and exposing them to warm 

tempe.ratures decreased or nullified the ya.rovization alrea dy 

produced. 

6. The dura tion of the low temperature treatments 

necessary to produce yarovization was found to be nine to 

ten weeks for Turkey Red , Leaks Prolific, and Blackhull 

Wheat, and about eight weeks for Ibid, Wisconsin Pedigree 

No. 2 and •renmarq. 'fhese varieties required a shorter treat­

ment if sown early and exposed to the natural low tempera­

tures of spring. 

? . Prolonged tempera ture trea tments did not nullify 

the yarovization properties. 

8. With a long day and warm temperature, yarovized 

seed sown in May heeded in 56 days while that sown in early 

spring headed in approximately eighty days. 

9. Turkey Red and Leaks Prolific Wheat not yarovized 

but grown continuously at a temperature of 16 to 22 degrees c. 



and a day length of 15 to 16 hours h ea ded in about 150 days 

after sowing. In the completely ya rovized plant, the total 

length of time from the beginning or th e cold treatment to 

t he en d of the veget a tive period was equal to 110 to 120 

days under most f avorabl e c onditions. 

10. Yarovizat i on trea t ment produced a decrea s e in the 

percentage of germina tion of wheat sown in the field. 

11 . Low temperature trea t ments did not s horten the 

vegetative period of the s pring cereals: Blue stem whea t 

and Clydesdale oa ts. 

Borden ( 6 ) ran yaroviza t i on experiments on the world 

collection of barl eys whichconaisted of 50 strains an d four 

botanica l specie s . Out of t he fift y strains of trea ted 

ba rleys, s even produced t ypical yaroviza ti on e f f ect, or 

"winter t yp e r e sponse" ( full heading in experiment and grass 

clusters i n check ). Ten showed a ccelera ti on of heading and 

ripening or "winter spring'' type response, and t wo b y slight 

accelerati on of heading or "spring winter " type response. 

Thirteen s t r a ins did not respond t o t he treat ment used, 

remained in th e grass clu st er s t age both in experiments and 

checks, and were class ed as "stubborn winter types". Nine 

varieti es p roduced heads in both exp eriments and checks, 

or " spring t yp e response". The yarovization effect among 

barleys is mo r e diversified than in the oase of winter oats. 

Pu rvis (11) worked with rye to determine the influence 

of temperature on t he subse quent development of the plant in 

relation to the effect of length of day. 

Purvis came to the following conclusions concerning the 
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vernalization of rye. 

1. ~erroination at temperatures a little above freezing 

point substantially hastens th e flowering of plants sown in 

the spring. When, however, the plants are exposed to the 

short days of winter or to a day-length artificially short­

ened to ten hours, the hastening effect is not manifested . 

2. Investigation of early stages in flower formation 

show tha t after germina tion at 1 degree c., artificially 

shortened days retard flower differentiation. After germi­

nation at 18 degrees c., however, short days hasten it to a 

small extent , a l though in this case long days a re necessary 

to complete the process o f flowering. 

3. Exp eriments with spring rye (variety Petkus) show 

that temperature at germinntion hns no effect on the rate of 

flower production, which is even more rapid than that of the 

winter rye germinated ot 1 degree C. Short days inhibit 

flowering, and it may be said that summer rye, and winter 

rye germinated at 1 degree c. react in the same way to 

length of day as do typical long-day plants . 

4. Reduction of nitrogen supply has no effect on 

flowering under any day-length, but reduced vegetative growth. 

5. Reduction of potash supply had no effect on flo wer­

ing after germination a t l degree C. but appeared slightly 

to delay flower differentiation after germination at 18 de­

grees c. 
6. An estimation was made of the concentretion of 

sugars and of nitrogen in leaves of the different series of 

plants. There is, however, no evidence that such differences 
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as were obse rved bear n causal rela ti onship to flowering. 

7. In assigning a plant to its photoperiodic category, 

the time of formation of flower primordia should be con-

sidered r ather t han the t ime of emergence of the i nflor-

escence. 

8. In winter rye, the differentiation of flo~er 

primordia is sub Ject to an interaction bet veen day-length 

and the temperature during germina tion, which factors 

determine both the minimal number of leaves formed before 

differenti a tion of flower primordia begins, and the rate of 

growth of the meristematio tissue. 

9. In spring rye, there is no 11 temperature after-

effect" but short days retard the differenti a tion of flower 

primordia. When this differentiation ha s begun, further 

development is always hastened by long days. Therefore, if 

ear emergence is the criteron of flowering, rye is in all 

oases a long-day plant, but when differentiation of flower 

primordia is considered, it can be said tha t wint er rye, 

after germination at h igh temperatures, is a "short-day'' 

plant. 

Gfeller, Derick and Frazer( 3 ) germinated Turkey and 
/ 

Early Blaokhull 'Rh eat and held them et 35 degrees F. for 

60, 30, 15, 7 days. ,Tust prior to planting each lot we.s 

divided into three parts. One part wa s frozen at 28 de-

grees v. for three hours. The second lot was frozen at -40 

degrees F. for an hour, and the third part was planted with­

out further treatment. .All seed which had been held at 

35 degrees F . for periods of 60 and 30 days, irrespective 
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of any additional treatment prior to planting , hee ded at 

approx ima tely the same time as spring wh ea t. The wheat in 

the oth er plo t s gave no evi dence of hea ding long after the 

h eaded whee t had ma tured. The lots which were severely 

frozen prior to planting gave a poor stand and h eeded l ater. 

For eleven yee rs Turkey Wheat was seeded in the spr ing . one 

plenting wes made at the first of March, th e second planting 

being made about th e last of March. The March 1 pl anting 

yielded on an aver age eight bushels per acre while the 

planting which was made about the l a st of March h a s b een a 

complete f ailure. 

A group experiment was carried out at va rious stations 

in the winter wheat belt by McKinney , Sando, Swanson , Hubbard, 

Smith, Sune son a nd Sutherland (9) fo r th e pur pose of working 

out a practical f a rm verna lization procedure an d to deter­

mine the value of the cold treatmen t fo r wint er an d spring 

wheat. They found tha t storing the germina ted wheat out of 

doors under straw or in open sheds wa s very unsa tisfactory 

a s t he temperature eith er went too hi gh and caused molding 

or over-germination, or it went too low and i njured the seed. 

The seed which was chilled in the refrigerator at 32. 8 de­

gr ees c. for 65 days gave th e earliest heading . Next in order 

ws.s the series chilled for 50 days, followed b y t ha t chilled 

for 35 days. These workers conclude that from a technical 

standpoint f urther exp·eriments are neces sary to determine 

the commercial value of vernaliza t i on in th e United s tates. 

From information now available, the method does no t indicate 

very great possi bilities in commerci al whea t production. 



13 

There are available too many standard varieties well a dapted 

that there seems to be no need for vernalization of spring 

wheat. Where excessive rainfall or drought ha s prevented 

planting, it might be useful in the winter wheat belt, but 

for use as a catch crop from winter killing or blowing out 

it would not be practical as the lo s s is usually not deter­

mined until it is too l a te to vernalize the seed. For the 

rapid increase of progenies and selections in winter wheat, 

chilling methods can be used to advantage. 

Martin (7) states tha t no direct evidence regarding the 

practical value of low temperature yarovization of winter 

wheat in the United states is available. In 62 field experi-

ments in seven states, winter wheat coming up in the spring 

after ha ving been "naturally iarovized" by late fall or 

winter see~~ng yielded on an average of 1.5 bushels per 

acre less than spring wheat and 8.4 bushels less than ea rly 

f all sown winter wheat. Iarovized sorghum seed (trea ted at 

high tempera tures as recommended for crops of this type) 

failed to produce earlier ma turity or better growth than 

untreated seed of the same 41 va ri et i es in exp eriments con­

ducted in 1933 . The germination of the seed in most of the 

varieties wa s either greatly reduced or entirely destroyed 

by the treatment. Other spring grains showed little or no 

eff ect of iarovization except in reduced germination. 

No satisfactory method of iarovization under farm con-

dit1ons has yet been devised. The obvious difficulties of 

temperature control, such as excessive sprouting , moldy seed, 

low germina tion, and drying the seed, or seedling moist, 
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partly germinated seed, are ample evidence that iarovization 

is not of immediate value to the practical farmer. 

Murneek (10) states that in studying litere ture dealing 

with photoperiodism and vernalization, one frequently en­

counters confusion in respect to the use of the appropriate 

terminology. Ne turally, this may be due to misinterpretation 

of experimental work and misunderstanding of results obtained. 

With the object of clarifying to some extent the exist­

ing situation, the following list of definitions is presented: 

Photoperiod. Length of daily exposure to light. (Garner 

and Allard) 

Photoperiodism. Response of plants to photoperiod 

(Garner and Allard). 

Long-day plants. Species, varieties and strains in 

which the flowering period is accelerated by a relative long 

daily exposure to light, usually more than 12 to 14 hours . 

(Garner end Allard). 

Short-da y plants. The opposite. 

Photoperiodic ~uction. The carry-over effect of a 

photoperiod conducive to sexual reproduction to one opposite 

to it and vice versa. Also the transfer of photoperiodic 

stimulation to a non-treated part of the same plant. 

(Lubimenko and soeglova) 

Photoperiodic after-effect. The same as photoperiodic 

induction. (Maximov). Plents may exhibit also "temperature'' 

and possibly other "after-effects". 

Thermoperiodic adaptation. The adaptation of plants, 

in their native or artificial habitat, to periodic changes in 



tempera ture (LubimenkoJ. 

Photoperiodic inhibition. Inhi b ition r e t arda tion of 

growth, prima rily of main axis, by certain photoperiods 

tMurneek ). 
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Jaroviza tion. A preliminary trea t ment of seeds twith 

cold, hea t, darkne s s , light, etc . ) to i nduce early reproduc­

tion in crop plant s (Lysenko). 

vernalization . English e quivalent o f th e word j e ro­

vizetion (Whyte a nd Hudson). 

Physiological predetermination. ~ffect from treatment 

of condition of s eed which influences the future development 

of the plant {Kidd end west). 

Phesic development. A theory that in their development 

plants pass through definite succe s s ive stages or phases 

lLysinkoJ. 
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MAT11:RI AL AND METHOD 

The seeds employed in this s tudy were grown on the 

Oklahoma Agricultural and Mechanica l college Agronomy .ft'arm, 

Stillwater, Oklahoma during 1936. 

The crop seeds used were a s fol l ows: 

Turkey wheat (Triticum vulgare) 

Fulcaster whea t (Triticum vulgare) 

Durum wheat (Triticum vulgare) 

Red HUst Proof Oats {Avena byzantine) 

Hairy Vetch tVicia vi l losa} 

Austri an winter Peas (Pisum a rvens eJ 

Corn (Zea mays) (variety, Yellow vvashita Dent) 

Pearl Kafir {Sorghum vul ga reJ 

~rso, red ( s orghum vulgare) 

Al f alfa (Medicago sativa) 

Sweet clover lMelilotus alba) 

Rye, common (Secale cerealeJ 

Barley, Michigan winter (Hordeum vulgare) 

Redtop (Agrostis a lba) 

Timothy (Phloem pretense) 

Orchard grass (Dactylis glomerata ) 

Bluegrass(~ bulbvosaJ 

Crimson clover (Trifolium incarnatum} 

Red clover (Trifolium pretens e) 

Brome gras s tBromus inermis} 

The seed trea t ment consisted of: 

1. Check - no treat ment. 
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2. Long vernalization - 65 days. High temperature, 3 to 

7 degrees c. 

3. Short vernalization - 32 days. Low temperature, -2 to 

2 degrees C. 

4. Hetarded germination - 65 days. -2 to 2 degrees c. 
5. Advanced germination - 65 days. -2 to 2 degrees c. 
5. Medium germination - 65 days. -2 to 2 degrees c. 

TEMPERATURE CHART SHOWING FLUCTUATION IN TEMPERATURE HEADINGS 
tROM JANUARY l '1'0 MARCH 15 , 1937 ( CEt,.,TTIGRADE ): 

UEper ComEartment Lower comEartment 

Jan. 1, 1937 1 degree c. Jan. 15, 1937 6 degrees c. 

Jan. 8, 1937 2 degrees c. Jan. 22, 1937 6 degrees c. 

Jan. 15, 1937 1 degree c. Jan . 29, 1937 6 degrees re 
\J . 

Jan. 22, 1937 1 degree c. Feb. 5, 1937 3 degrees c. 

Jan. 29, 1937 1 degree c. Feb. 12, 1937 4 degrees c. 

Feb. 5, 193? -2 degrees c. Feb. 19, 1937 3 degrees c. 

teb. 12, 1937 -1 degree G. Feb. 26, 1937 3 degrees c. 

Feb. 19, 1937 -2 degrees c. Mar. 5, 1937 3 degrees c. 

J:feb. 26, 1937 -2 degrees C. Mar. 12, 1937 3 degrees c. 

Mar. 5, 1937 -2 degrees c. 

Mar. 12, 1937 -2 degrees c. 

On Februe ry 5, the seed was closely examined an d found 

to be molding. some colonies of bacteria had also developed. 

uertain lots of the seed had continued to germinate, especially 

was this true of timothy seed which failed to germinate until 

it was placed in the refrigera tor. Illustration 2 shows the 

stage of germination of the timothy seed at the time of 
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planting. In order to retard germination and s top molding and 

bacterial growth, the tempera ture of the refrigera tor was 

lowered. A small quantity of semesan was a dded to each lot 

of seed which was molding or had bacterial colonies. 

All the seed was germina ted in petri dishes at room tem­

perature before being placed in the refrigerator. The seed 

which were to have a r etarded germination were placed in the 

refrigerator just as soon as the seed showed si gns of sprout­

ing. The medium germinated seed was ollowed to germinate 12 

hours longer than the retarded germinated seed. The advanced 

germinated seed were allowed to germinate 24 hours longer than 

the first lot before being placed in the refrigerator. 

Tap water was used to germinate the seed and no record 

of the amount used was kept. However, the seeds were kept 

moist while germinating. The same was true after the seed 

was placed in the refrigerator as this experiment was conduct­

ed under very ordinary conditions, and no expensive equipment 

was used. Eaoh lot of seed was examined once every week and 

if found deficient in moisture, water was added. 

Timothy and redtop grass seed failed to germinate but 

were placed in the refri gerator along with the rest of the 

seed and given the same temperature treatment. 

Plantings were made in the field (0) of the Oklahoma 

Agrioulturel end Mechanical College Agronomy Farm on March 

l?, 1937. These experiments were all planted in ten-foot 

rows, and the rows one foot apart. The soil is a sandy loam 

whioh does not crust except after heavy rains. 
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Illustration 2. Normal and germinated orcha rd and 

timothy grass seed a t the time of planting . A. Normal 

orchard grass seed. B. Germinated orchard gr a ss seed 

showing the different st ages of germination. c. Norma l 

timothy seed. n. Germinated timothy seed. The timothy 

seed did not germinate until a fter being placed in the 

refrigerator. 
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Illustration 3. Normal Fulcaster Wheat seed which 

was used for the check plot. B. Germinated Fulcaster 

Wheat seed showing the various stages of germination at 

the time of planting. The Fuloaster Wheat seed on the 

left in figure B was only slightly swollen at the tlme of 

planting, while the seed on the right shows an advanced 

stage of germination. 

20 
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Illustration 4. A. Normal rye seed which was used 

for the check plot. B. Germinated rye seed showing the 

various stages of germination at the time of planting. 

C. Normal corn seed. n. Germinated corn seed. Note the 

diseased condition and retarded germination of the corn 

seed, which no doubt accounts for the complete failure of 

the treated corn seed to come up after planting. 

21 
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6 5 4 3 2 l 

Illustration 5. Vernalized winter rye showing true 

response to vernalization. Row 1 or check remained in the 

vegeta tive stage and did not produce heads. Rows 2, 3, 

4, 5, and 8 responded to verneliza tion but the severe cold 

treatment required to vernalize the s eed lowered the 

germination. 
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Illustration 6. Vernalized Michigan Winter Barley. 

Note the complete failure of Row No. 1 (cheek) to produce 

heads and the injury to the germination of the vernalized 

rows. 

23 



DATA SECURED 

'11 ABLE 1. CHART SHOWING DATE Oli"' FIRST APPEARANC~~ ABOVEGROUND, AVERAGE HEI'.1HI' OF PLANTS 
ON MAY 27 AND JULY l, BLOOMING DATE AND AVERA'J.E NUMBER O"F CULMS PER PLANT JULY 1. 

Grop na.te of First Average Average Blooming Average 
Appearenoe Height Height nate Nwnber of 
Aboveground May 27. July 1. Culms 

Alfalfa 1 March 30 8 19 

2 

3 April 2 8 10 July 1 

4 

5 

6 

Red Clover 1 March 30 5 21 ;rune 20 

2 

3 April 5 5 21 June 14 

4 

5 

6 N 
~ 



TABLE l. (CONTINUED) 

Date or First Average Average Blooming Average 
crop Appearance Height Height ne. te Number of 

Aboveground May 27 July 1 Culms 

-
Crimson Clover l Merch 30 4 ff 4" 

2 April 2 4 4 

3 April 6 4 4 

4 April 2 4 4 

5 

e 
(<:l<. Poa bulbvosai 1 April 2 2 4 

2 April 8 2 4 

3 April 5 2 4 

4 April 15 2 4 

5 April 8 2 4 

6 April 8 2 4 

N 
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TABLE 1. (CONTINUED) 

Date or First Average Average Blooming Average 
Crop Appearance Height Height Date Number of 

Aboveground M.ay 2? July 1 culms 

Rye 1 April 2 5 5 5 

2 Apri l 2 20 26 May 27 6 

3 April 2 20 26 May 27 7 

4 April 2 20 26 May 27 5 

5 April 2 20 26 May 27 7 

6 April 2 20 26 May 27 8 

Barley 1 April 2 5 5 May 27 4 

2 April 2 10 20 May 27 10 

3 April 2 14 20 May 27 11 

4 

5 April 2 15 20 May 27 12 

6 

~ 
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rABLE 1 • t CONTINUED) 

Date of First Average Average Blooming Average 
Crop Appea rance Height Height nate Number of 

Aboveground May 27 July 1 Culms 

Fulcaster Wheat 1 April 2 5 6 5 

2 April 2 8 20 May 2'7 6 

3 April 2 8 20 May 14 5 

4 April 2 8 20 May 6 5 

5 April 2 8 20 May 14 6 

6 April 2 8 20 Me.y 14 7 

Turkey Wheat 1 April 2 5 8 4 

2 April 2 5 6 4 

3 April 2 8 24 June 6 10 

4 April 2 8 24 June 14 7 

5 April 2 8 24 June 2 8 

8 April 2 8 24 June 7 9 
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TABLE 1. (CONTINUED) 

Date of First Average Average Blooming Average 
: rop Appear an ce Height He i ght nate Number of 

Aboveground May 27 July l Culms 

Timothy 1 April 5 4 22 June 14 

2 April 5 4 22 JUne 14 

3 April 5 4 22 June 14 

4 April 8 4 22 June 14 

5 April 8 4 22 June 14 

6 April 8 4 22 June 14 

Brome 1 April 5 5 8 

2 April 5 5 8 

3 April 5 5 8 

4 April 5 5 8 

5 April 5 5 8 

6 April 5 5 8 
85 



'l'ABLE 1. ( CONTINUED) 

De te of lfirst Average Average Blooming Average 
Crop Appearanc e Height Height Da te Number of 

Aboveground May 27 July l Culms 

Orchard 1 April 5 6 7 

2 April 5 6 7 

3 April 5 6 7 

4 April 5 6 7 

5 April 5 6 7 

6 April 6 5 7 

Sweet Clover 1 April 5 10 30 

2 

3 April 6 10 30 

4 

5 

6 
t\, 
tO 



TABLE 1. \CONTINUED) 

Date of First Average Avera ge Blooming Av erage 
Crop Appeurance Height Height Date Numb er of' 

Aboveground f;l ay 27 July 1 culms 

Pea s 1 April 5 14 18 May 27 

2 April 5 14 18 May 27 

3 April 5 14 18 May 27 

4 :,pril 5 10 18 May 27 

5 April 5 16 18 May 27 

5 April 5 18 18 May 27 

Oats 1 April 5 14 20 May 27 20 

2 

3 April 12 12 18 May 27 18 

4 April 12 12 18 May 27 18 

5 

6 
(iJ 
0 



TABLE 1. (CONTINUED) 

Date of First Average Aver age Blooming Average 
Crop Appear anc e Height Height Dete Number of 

Aboveground May 27 July l Culms 

Vetch 1 April 6 8 22 June 6 

2 April 6 8 22 June 14 

3 April 8 8 22 June 14 

4 April 6 8 22 June 14 

5 April 6 8 22 June 2 

6 April 6 8 22 June 2 

Durum Wheat 1 April 12 4 8 July l 7 

2 April 11 4 8 July 1 ? 

3 April 12 4 8 July l 7 

4 

5 April 12 4 8 July 1 ? 

6 
c.,;i 
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TABLE 1. {C ONTINUED ) 

Date of First Average Av erage Blooming Average 
Crop Appea r ance Height Height Da te Nwnber of 

Abovegr ound May 27 .July 1 culms 

Corn l April 15 30 90 June 20 

2 

3 

4 

5 

6 

Ka fir 1 April 17 18 45 July 1 

2 April 17 18 45 July 1 

3 

4 April 17 18 45 July 1 

5 April 17 18 45 ,Tuly l 

5 

tN 
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Crop 

Darso 1 

2 

3 

4 

5 

6 

.. . . ..... . . . .. 
•:' .... ... . . . . . . .. .. . . ... .. .. . .. . . . .. 
. 

. . . ... , .... 
: . ... 

TABLE l. { CONTINUED ) 

Date of First Average Average 
.Appearance Height He ight 
Above gr ound May 27 July l 

April 17 18 50 

April 17 18 50 

April 17 18 50 

April 17 18 50 

April 17 18 50 

April 17 18 50 

Blooming Average 
Date Number of 

Culms 

June 25 

June 25 

June 25 

J'une 25 

J'une 25 

June 25 
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DISCUSSION 

In Table lit will be noted that many of the seed did 

not germinate. Especially is this true of the small legume 

seed and grasses~ These particular seed could not withstand 

the long temperature treatment of 65 days at temperatures 

around O degrees c. However, these seed did withstand the 

32-day cold period and in almost every instance gave very 

good results. 'fhe low germination of the seed obtained rrom 

the 65-day cold treatment may have been due to several factors. 

It is very evident at the time of planting that some of the 

seed were severely damaged by disease. This shows up plainly 

in the picture of the corn seed which was taken just before 

planting. No doubt the molds which developed on the moist 

seed during the vernalization process effected the percentage 

or germination. The consistency of low germination for those 

seeds which failed to germinate after vernalization for 65 

days at low temperatures is very conclusive evidence that 

certain crop seeds cannot withstand the severe treatment which 

is necessary to vernalize the seed. The alfalfa and clover 

seed at the time or planting was very soft and spongy. This 

was true in every case except the check and the 32-day vern­

alization treatment. In almost every in stance these soft 

seed failed to germinate, showing that long vernalization 

causes the seed to absorb _ !ioo _much m9._i sture, which 1 s lethal 

to the embryo of the seed. 

Alfalfa gave scme response to vernalization, but the re­

sults show that the cold treatment had a retarding effect on 
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the plants rather than an acceleration of growth. The check 

gave good blooming by July 1, due to very favorable growing 

conditions, while the 32-day cold treatment which was the 

only vernalized seed Jith genninated gave a delayed growth 

and the plants failed to oome into flower. 

There was no response to vernal1zation of red clover. 

The check and the 32-day treatment came into blossom about 

the same dat e and were the same height at the close of the 

experiment July 1. The remainder of the seed f a iled to 

germinate. 

Crimson clover seed seemed more ha r dy thnn same of the 

other clover seed as all except two of the plantings germi­

nated; however, there was no visible response to verneliza­

tion. Growt h of plants was the same for ell experiments. 

Poe bulbosa, which is a ha rdy winter blue ~iass produc­

ing bulblets instead of seed, gave very good· germination and 

was able to withstand the long vernalization trea t ment a t 

low temperatures. However, the pe rcentage of germination 

was not as high in the treated seed as the check. There wa s 

no response or acceleration of growt h due to vernalization. 

Rye gave a very good response as shown by the photograph 

in Illustration No. 5. The check ,experiment did not come 

into flower but remained in the vegetative stage . The 

seed which was vernalized all came into flower fifty-six 

days after the seedlings made their first appearance a bove 

ground. The germination of the vernalized seed wa s not as 

good as the unvernalized cheek plot. There was no difference 

in vernal1zat1on response of the 32-day cold treatment and 



the 65-day treatment, which gives conclusive evidence that 

32 days of cold treatment a t temperatures slightly above 

freezing point is sufficient to completely vernalize rye. 
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The response of barley to vernalization was not es 

complete as with rye or whea t, as a few heads appeared on 

the vernalized oheck plot after the photograph in Illustra­

tion 6 was taken. 1'his photograph also shows the effect ot 

the cold treatment on germina tion of the seed. The gennina­

tion of the seed was fair and all cold treatments which did 

not kill the seed were sufficient to verna lize .the seed. 

Fulcaster Wheat did not react a s a true spring planted 

variety, but gave a winter response the same a s fall-sown 

varieti es. 'i'he check plot remained in the vegetative 

stage and did not produce heads. ·rhe vernalized plots gave 

good response to all cold treatments. No satisfactory ex­

planation accounting for this behavior can be given a t this 

time. The germinati on of the vernalized seed was not a s 

good as the check plot. However, a satisfactory stand was 

obtained. 

The most su caessful results obtained was with ·rurkey 

wheat, which was very outstanding. The check plot remained 

in the vegetative stage and no heads were produced. 'l1he 

vernalized plots came into head 62 to 57 days after the first 

appearance of the seedlings above ground. '!'he 32-day cold 

treatment came into head 74 days after coming up, which is 

evidence that t r1e short vernalization period of 32 days was 

not satisfactory tor the best vernalization results. The 

germination of all Turkey wheat plots was very satisfactory. 
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There was no appreciable difference iil the germina tion 

of vernalized and uINernalized Timothy seed. There was no 

r e sponse to vernaliza tion as all plots made the same growth 

and flowered a t the same time. 

Brome grass did not respond to vernalization and did 

not produce flowers. '.fhe seed with stood the low temperature 

trea t ment and gave good germina tion. 

The behavior of Orchard grass was almost identica l to 

Brome gras s as it did not respond to vernalization or produce 

flower s . 

Sweet clover seed could not endure the long verna liza­

tion treatment and the seed was killed. The check plot end 

the 32-day cold treatment made good growth but did not res­

pond to vernalization. 

Austrian winter peas did not respond to vernalization 

but gave good germination. The seed was able to endure the 

severe cold treatment and made u normal growth, but there 

was no acceleration o f flowering. 

Winter oats behaved as a spring-sown crop and produced 

nonnal grain with no aooele~ation of growth due to vernali­

zation. The germinated vernalized seed was all injured by 

the cold treatment. The oheok plot germinated very satis­

factorily, while the stand of the verna lized pl ots was very 

poor and irregular, even the 32-day oold trea t ment injured 

the seed. 

Hairy vetch endured the cold treatment, and every plot 

gave satisfactory germination. ·there was no response to 

vernalizat ion as all plots made about the same growth and 



flowered at the same time. 

Durum wheat germina ted very poorly and only a few 

scattered heads appea red even on the check plot. However, 

the germina tion wa s higher on check plots than the verne­

lized plots. 

Corn was the most sensitive of any of the seed t o the 

vern11 lization treatment. A good stand on the check plot was 

obta ined. No plan t s appeared in the vernalized plots. The 

trea ted corn seed wa s very discolored an d damaged b y disea se 

at the time of planting. 

Kafir did not respond to the verna lization trea tment. 

The cold treatment injured the seed and gave poor germina­

tion of all treated plots. 

Red da rso is not a s sensitive to vernalization treat­

ment as some other crops, as good stands in all plo t s were 

obtained. ·rhere was no response to vernaliza t ion in any 

noticeable degr ee. 

At the close of the experiment th e number of culms per 

plant was counted and averaged for \Vinter .Rye, Michi g a n 

Winter Barley, !4'U lcaster Wh eat, ·turkey Whea t, Hed RUst proof 

Ca.ts and rurum Wheat. '1'he result of this count i s shown in 

Column 6 of t'able 1. It will be no t ed that in every case 

where there was a definite respons e to vernal1za t1on the 

average number of culms per plant was high er then for the 

check plot for that partic t.l1. a r crop. 'l'he verna li zed plot 

which did not respond to ver nalization gave an a verage count 

very similar to the check plot f'or the same crop. 

'l'he seed from the plot s producing ma t ure hea ds wa s not 
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harvested so as to determine the yield per aere. Harvesting 

was not carried out at the close of the experiment as planned 

at planting time due to the faot tha t poor, irregular stands 

made it impracticable, and sa tisfactory results c~ld not be 

obtained. 
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SUMMARY 

Turkey wheat, Michigan winter barley and Winter rye 

seed,germinated and held at temperatures slightly above 

freezing for periods of 65 days and planted in the spring 

of the yeer came into head about the same time as untreated 

seed planted in the fall of the year. untreated seed or 
the same varieties failed to head and remained in the 

vegetative stage. 

Durum wheat will not germinate at the same moisture 

content as other varieties of wheat. Excessive moisture 

causes the seed to become very soft which apparently in­

jures the germination of the seed. 

It is not necessary in vernalizing seed to have them 

in a sprouted condition (visible sprouts) at the time they 

are placed in the refrigerator. Slightly swollen seed 

which showed no visible sprouts at the time of planting 

gave as good a response to vernalization as the seed in an 

advanced stage of germination. 

Drying the seed after vernal1zat1on and prior to 

planting did not nullify the vernalization treatment as the 

seed remained in dry, loose soil several days before suffi­

cient moisture was received to bring the seedlings above 

ground. 

Spring-sown crops did not respond to the vernalization 

treatments. The treated seed in most cases made the same 

growth and flowered at the same time as the untreated seed. 

In no instance was the germination or the treRted seed 
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equal to the untreated seed. Vernalization definitely injures 

the germina tion of seed. This was true even for the 32-day 

cold treatment. 

The practical application of vernalization of field 

crops under Oklahoma conditions is very doubtful until fur­

ther exp:} rimental work has been carried on. In eases where 

fall-sown crops cannot be planted due to insufficient rain­

fall 1 t is al together possible to vernali ze the seed and 

produce a normal yield. In most instances the failure of 

fall-sown crops is not determined until it is too late to 

vernalize the seed. 

In plant breeding work where the rapid increase of 

progenies is desired the vernalization principle can be made 

use of to an advantage. 

The forcing of vegetable and truck crops in the south 

hes received much attention in the pa st . .Any method which 

will accelerate or shorten the vegetative period of these 

crops would be valuable to operators of greenhouses and 

truck f arms. There is no rea son why vernal1zat1on cannot be 

applied to vegetable c rops. 

The value of vernalization to the average farm will be 

limited until some satisfactory method of seed pre-treatment 

is worked out. The average rarm is not equipped to vernaliZe 

seed, and too much difficulty is encountered with the seed 

mol ding and in controlling the moisture content of the seed 

during trea t ment. 
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