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INTRODUCTION 

Nearly 70% of the wheat (89), 7% of the oats (89), and 1% 
of the barley (29) grown in the Unit"ed States is sown in the 

fall. The winter wheats are more "desirable than the spring 

wheats: they are earlier maturing and consequently escape hail, 

hot winds, diseases, etc.; they give larger yields U11der favor­

able conditions; are more drought resistant; and permit a more 

efficient distribution of labor (64). Warburton (83) recommends . 

growing winter oats in the Southern states wherever possible. 

Winter oats yield more than spring oats; mature earlier; allow 

a better distribution of labor; furnish a pasture and cover crop 

as well as prevent washing; and they may be grown on soils of 

less fertility (83). According to Derr (II), winter barley in 

the Southern states yields more; matures earlier, and thus es­

capes drought, and hot winds; provides a cover and pasture crop; 

and permits a more economic distribution of labor than spring 

barley. 

Temperature is the chief limiting factor in the yield and 

quality of cereals. The maps on page 2 show the relation of 

the distribution of spring and fall sown grains to temperature. 

The isotherms of 100, 200 , and 300 connect all paints of equal 

mean temperature for January and February. Figure I shows how 

markedly the regions of ~ring and fall sown grain follow the 

temperature curves. The· shaded area on Figure II shows the area 

in which Warburton (83) has stated that winter oats could be 

grOVJll with profit were it no t for the occasional winter of 
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severe cold. Thi~ area lies in close relation between the 

isothermal lines of 20° and 30°. Note that this region extends 

into the State of Missouri. South of the isotherm of 30° win­

ter oats are safely grown. According to Derr (12) barley is 

confined to the area south of the Ohio and Platte rivers and 

west of the Rocky mOUlltains. It would appear that winter bar­

ley cannot be profitably growil north of the isotherm of 200 • It 

is possible, and it will become more possible with our increas­

ing knowledge of winterkilling and the methods of protecting 

winter grains from injury, to extend and increase the produc­

tion of vdnter cereals in this country. 

The farmer is demanding that attention be paid to the 

problem of winterkilling. As a result of the severe winter 

of 1916-17 the l-.Iissouri Erl)erimentStation received many 

letters in the early spring of 1917 requesting the n~~es of 

~arieties resistant to winter injury and the methods for pro­

tecting them. 

It is the object of this thesis to outline the present 

status of the problem of \nnterkilling in cereals and to re­

port certain preliminary experiments, indicative of future de­

velopment, which were conducted by the writer in the winter of 

1916-1917 at the Missouri Experiment Station. 
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REVIEW OF THE LITERATURE ON VIiNTERKILLIUG. 

The causes of vanterkilling as determined by various 

investigators may be classified as follows: (1) heaving; 

(2) physiologioal drought; (3) smothering; and (4) freez­

ing of the plant tissues. 

HEAVING • 

. Heaving is one of the most oommon sources of injury. 

It generally occurs in the late winter or early spring when 

the soil is well supplied with moisture from the winter 

snows. The expansion and contraction ·caused by alternate 

freezing and thawing of the soil moisture causes the plants 

to be lifted out of the soil. The plants with their deep 

roots torn and broken, suffer from drought and ultimately 

die or at least are badly injured. 

Land that is poorly drained is subject to greater 

danger from heaving than is a well drained soil. Good 

drainage as a protection against heaving was advised as 

early as 1847 by a farm correspondent in the Genesse Farm­

er. (26) He advised, as a safeguard against winter injury, 

the planting of wheat only on well drained soil. Carleton 

(9) has noted that winter grains are more easily \rlnter­

killed on low, wet lW1ds because under such conditions heav­

ing is more apt to occur. 

The plants should be firmly rooted in the soil to with­

stand heaving. In this respect the date of planting influ­

ences the 3.mount of heaving which the plant is able to resist 
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since the root development is dependent largely upon the 

stage of grov/th. Koglovski (33) noted that the vigorous 

growth and degree of stooling that a plant acquires in the 

fall is proportional to the amoUllt of winter injury. In 

the Genesse Farmer (26) for 1847 a correspondent advised 

planting fall wheat early and deep to protect the plants 

from heaving. It 'lfaS fOUlld by Buhlert (7) that the more 

hardy sorts were less developed than those with less re­

sistance. The total dry matter of the parts above ground 

averaged 0.0164 grams per plant; that of the hardy sorts 

a.veraged 0.0150 grams. The same fact was found to be true 

in comparing the dry weight of the roots. He also found 

the less hardy sorts to have a greater total root length 

than the hardy varieties. This is shown in the following 

table. 

Degree Drl Vieip;hts Root 
of Above Length 

Variety Resista.nce ground Roots Ratio rrrrn • 

Wheat 
J?reussen more 0.0150 0.0192 1:128 873 

Eckendorf less 0.0164 0.0216 1:32 927 

Rye 
Zeeland 0.0221 0.0177 1:0.8 873 

Johannis 0.0176 0.0134 1:0.76 628 

Derr (12) has stated that the late seeding of barley is 

liable to result in winterkillil1g. Carleton (9) has ob-

served that a winter hardy variety procluces a large mLTl:ber 

of strong roots, but grows little above ground before win-
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ter. He also states that winter grain should be seeded 

early .enough to form a strong root system before winter. 

It is an accepted fact that s?wing with a grain drill 

is superior to sowing broadcast. Among the pOints in its 

favor the fact that drilling causes a less amount of win­

terkilling has been noted by several investigators. 

In 1889 Latta (35) stated in a comparison of drilled 

and broadcast·ed plo ts: liThe broadcasted plots have invari­

ably been damaged mQst in winter. The superiority of the 

drill after four years of testing is plainly manifested." 

Hays (31) in a two years test found that drilled plots 

yielded 9.05 bushels per acre compared to 6.25 bushels on 

the broadcasted plots. He further noted that the drilled 

wheats were more deeply and strongly rooted and withstood 

heaving better than those plants on the broadcasted plots. 

Falke (17) foun~ that seeding with a press drill caused 

wheat, rye, and barley to be more resistant to winterkill­

ing than when otherwise sown. Warburton (83) stated that 

oats when broadcasted are more apt to winterkill than when 

drilled. He obtained a yield of 24.3 bushels per acre on 

plots which were sown broadcast and 26.7 bushels yield upon 

plots which were drilled. Barley was fOUlld by Derr (11,12) 

to root deeper and to withstand cold better when drilled than 

when sown broadcast. Similar results are reported by Living­

ston (37). McClelland (44) has advised shall~w drilling of 

oats in preference to broadcasting. Carleton (9) also com-
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mended the practise of drilling winter grains. Schmitz 

{67} reported that drilled wheat will stend the winter better 

than broadcasted wheat. 

The practice of seedirjg winte.r grains in open furrov/S to 

protect the plants from hea;vir:g is recommended by different 

authori ties. The action of the frost and v/inter rains causes 

the soil to crUL1ble and wash dmvn from the ridges, thus fill­

ing around the plants that have been partly lifted from the 

soil. This method has been recommended as a protection from 

heaving by Redding (58); ~"larburton (83); Remy (59); Duggar 

(14, 15); McClelland (44); Ricks (60); Salmon (65); and 

Schinitz (67). The method of sowing in the open farrov~ will 

be taken up in detail later in this thesis. 

Rolling winter grains in the early spring or immediately 

after heaving gives excellent results. By this me~ms the 

plants are pressed back into the soil and the surface and 

sub-soils are reunited. Montgomery (46) at the nebraska 

Station in a four year test, obtained an average yield of 

43.3 bushels per acre on drilled plots that were rolled and 

only 38.2 bushels per acre on drilled plots that were not 

rOlled. He stated: "Early spring rollir:g of winter grains, 

pressing the earth as it does about the plant roots that have 

been partly heaved out by the frost, produces 8000. results." 

Vlarburton has advised rolling winter oats immediately after 

heavi~g. Derr (12) wrote: nWhere the crop (barley) has 

suffered from heavir.g, excellent results follow from the 

judicious use of a light roller in order to bring the exposed 
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plants into closer contact with the soil. If Duggar (14) aloo­

has recommended rolling as a method of decreasing the nruDber 

of plants injured by heaving. 

Heaving is a common type of winterkilling. It will be 

found beneficial to plant the crop moderately deep with a 

grain drill and roll the field with a light roller in the 

early spring to press the plants back in the soil. The 

practise of planting the crop in open furrows will also be 

found to be helpful where heaving occurs. Hell drained soils 

are not apt to heave and any practise that will aid in the 

formation of a sturdy root system maybe advised. 

PHYSIOLOGICAL DROUGHT 

Winterkilling due to physiological drought, or in other 

words, to the freezing of the soil moisture so as to cause 

the plant to suffer from lack of mOisture, is rarely found. 

Pfeffer (55) believed that in certain instances the 

plants may be killed because the soil becomes so d.eeply 

frozen that no moisture is available to the plants. Schimper 

(70) stated that a frozen soil is quite dry to all plants. 

Sacks and lItlller-Thurgau (10) observed wilting was due to the 

inability of the roots to take up moisture which had evapor­

ated from the leaves. Molisch (10) claimed that plants ex­

posed continually to a temperature too low for nOl~l meta­

bolism, but above the freezing point, will die. Under these 

conditions the plants turn yellow or dark colored spots appear · 

Upon the leaves. 
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SMOTEERING 

The smothering of plants due to the formation of an ice 

sheet over a field is a rare but possible cause of winter in­

jury. After a heavy snow which melts and does not drain off, 

a sudden lowering of temperature may form an ice sheet over 

the field and the plants are smothered. ?nis type of winter­

killing was mentioned by Wright (88). 

FREEZING OF THE PLAUT TISSUE. 

The most destructive as well as the most common type of 

winterkilling is the freezing of the plant tissues, which is 

directly due to low temperature. Although this is an impor- · 

tant phenomenon, suprisi~gly little is krlO\Tn of the underly­

ing causes of this mode of injury. COlltradic tory, c 0l1fu::dng, 

statements are prevalent even today and the correct solution 

remains yet open to debate. 

Death Due to the Mechanical Action of the Ice. 

The early Greek writers (10) with their limited bl0W­

ledge concerning cell structure believed that the death of 

the plant was due to the mashing and rupturing of the plant 

organs by the ice. In 1737 Du Hronel and Buffon (10) offered 

the theory, based upon a slight knowledge of plant structure, 

that death, after an exposure to a low temperature, was the 

result of cell wall injury due to the ' exl~nsion accompanying 

ice formation. Du Hamel and Senebier (55) thought tilat death 

W~.s due to the bursting and crushing of the cells by ice. 

The same theory has been sup})orted by Hal es, :Miller, Shomer t 
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Sennebier, Thonin, Sprengel, and Schubler. (86) 

These erroneous theories regarding the mechanical action 

of ice have since been conclusively disproven. One of the 

most severe "blows this theory has received is the fact that 

ice is rarely, if ever, formed within the cell, but instead 

it occupies the intercellular spaces. 

Goeppert (86) in 1830 showed that ice was more likely to 

form in the intercellular spaces than within the cell itself. 

Then in 1860 Sachs found that the ice rarely formed within 

the cells and he even went further to claim that if it did 

form within "the cell, the freezing of all the water within 

the cell would not be sufficient to rupture it. In this 

last claim he was supported by Nageli. (86) MHller-Thurgau 

and Molisch (10) with the aid of a microscope found that ice 

is very seldom formed within the cell but that the ice crys­

tals occur in the intercellular spaces. Sebastiano Cavallero 

(1), Goeppert (86), Prillieux '86), Kunisch (86), and Lugger 

(38), have all supported and offered proof to this fact. 

At this place it is perhaps fitting to speak of the 

manner in which the" ice forms in the plant. 

Formation of Ice in the Plant. 

Sachs (86) in 1868 observed the formation of ice within 

the plant tissu~s. This was also observed by Prillieux (55) 

who concluded that the large ice clumps which formed in the 

intercellular spaces force the cells apart. Prillieux and 

Mttller-Thurgau (86) both noted that these ice clumps are com-
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posed of two layers of prismatic crystals. The thickness of 

these layers depends upon the supply ~f moisture which they 

have to draw from. As these prisms grow the cells collapse. 

The grovnh of the ice crystals was thought to be due to the 

addi tion of water molecules to the end of the prism. Vleigand 

(86) has made en excellent report of his studies on the form­

ation of these ice crusts in Spirogyra and lJi tella. Sachs 

(86) reported that there is no relation between the formation 

of the palisaded ice prisms, which often incrust the surface 

of plants, and the structure of the cell wall or the na.ture 

of the cell sap. 

In most fleshy structures the ice masses which are lenti­

cular inform lie irregularly or parallel to the surface. In 

leaves, Wiegand found, that the ice crystals first line the 

spaces of the spongy parenchyma while in twigs the ice layer 

completely separates the inner and outer layers. The ice 

crystals are composed of pure water •. 

Thus from the facts which have been diRcovered concer-n­

ing the formation of ice in plants one would conclude that 

death is not due to mechanical injury. Mt1.1Ier-Thurgau and 

VOigtlander were able to cool tissue below the death point 

and if no ice formed the plants were not killed. ':I:nus they 

proved that ice forms-tion is necessary for death. 1.Iez (10) 

has found that if ice formation begins as · soon as the freez­

ing point is reached the injury 18 not so great as if super­

cooling is practiced. ifollovri j: r>~ the discoveries of inter­

cellular ice formation, by GBell}'ert, Sachs and others, anoth-
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er theory for the cause of death was offered. 

Death Due to the Rate of Thawing. 

Sachs (10) after imrnersing frozen plants in cold water 

to determine the effect of slow and rapid thawing, conclucted 

that death was caused by the rate of thavdng. Detmer (1) in 

1888 agreed with Sachs but he claimed further, that some r-arts 

of the plants die in consequence of freezing alone. This theor.v 

at once provoked the severe criticism of many investigators, 

notably !Iltliler-Thurgau and I\~olisch. 

Both Mtliler-Thurgau and 1101isch (10) after thawing a 

great number of plants at various rates were positive in their 

statement that the rate of thawing has little influence upon 

the death of plants. However, with the fruit of the apple 

and pear they found that the rate of thawing influenced the 

amount of injury. Vines (81) mentioned the fact in 1886 that 

if a plant is thawed slowly it will live, because the cell 

will have time to absorb the water again. Pfeffer (55) has 

concluded that since a non-resistant plant cannot be saved by 

the most careful thawing and , a resistant plant survives even 

after a most rapid thawing, death is caused by Imw temperature 

and not by the rate of thawing of the ice within the plant. 

Wright (88) found that if plants are thawed out slowly they 

are not so badly injured as if rapid thawing hact taken place. 

Abbe tl) in 1895 discussed the rate of thawing and its in­

fluence on death. He claimed that it is not the injury due 

to r~l,:l?iCt tha'wing but the accompanying evaporation that event-



13 

ually resu.lts in the death of the plants. Chandler (10) found 

that the rate of thawing has little or 110 influence upon the 

amount of injury. 

At the time MfUler-Thurgau and Molisch condenmed the 

theory of death ' as ' a result of rapid thawing they presented 

the theory that death is caused by the withdrawal of the 

moisture from the plant cells. 

Death Due to Desiccation. 

The ice crystals as found in the intercellular spaces are 

pure water that has been withdtawn from the cells. There is 

much argument as to the manner in which the water is withdrawn 

from the cells. Wiegand (88) has clearly reviewed this pOint. 

There are two theories offered to explain the manner in 

which the water );lasses from the cell into the intercellular 

spaces: (1) the expulsion, and (2) the attraction theory. 

The adherents of the expulsion theory claim that the 

cell gives up water at low temperatures before freezing 

commences. But, Keiner. Molisch, K1,lb.ne, and Greeley have 

only found. a few instances in which the cells exude their 

moisture at low temperatures and, too, the ice is not form­

ed until the intercellular spaces are several degrees below 

freezing. The third objection is found in the fact that this 

ice formation occurs in dead material where the protoplaS!.1ic 

vmll ceases to excrete water. 

For the attraction theory Wiegand (85) gave this hypo-
. 

thesis which is s~~arized as follows: The cell is surroillld-
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ed by a surface film of nearly pure water. In this film, as 

the terD.pel~ature lowers, crystals form. _ The cell wall is then 

lacking its wat9r of imbibition and consequently the vJater will 

move thru the cell wall until this force is equalized. This 

water is gathered from the inner wall layers and they will be 

supplied VIi th water by the protoplasm which in turn will re­

ceive its water from the cell sap. Thus a readjustment of 

equilibrium will occur throughout. Or, it may be that the 

crystal actually draws water towards itself by the adhesive 

character of the molecular structure of the crystals. 

Mff.ller-Thurgau and 1101isch (45) both held that death is 

due to the withdrawal of the water from the cells. Pfeffer 

(85) has modified this somewhat and concluded that the death 

of plants, unable to vii thstand desiccation, is directly due to 

the wi thd.rawal of '!later resulting from tlie formation of ice. 

Molisch (45) noted that follovdng the extraction of the 

cytoplasm during the freezing process-the protoplasm shrinks 

up into a shapeless mass with the water occupying the inter­

stices. As the plant thaws the intercellular water escapes 

from the plant by transpiration, very little going hack into 

the cell. The plant then wilts as a result of this rapid 

loss of moisture. It is here that the difference may be 

between immature plants and plants which are more mature. 

According to Abbe (1) in the case of young plants the exuda­

tion of the moisture thru the tender cell walls lies on the 

outside of the cuticle" while with older plants the exuQation 



15 

is merely into the intercellular spaces. So, in the case of 

the tender plants, the evaIJora tion is more rapid and the plant 

dies: the exudated water in the more mature plants has time to 

l~eturn wi thin the cell again. As the wate:c is rli thriraVfll from 

the cell and frozen, the cell sap becomes more concentrated and 

correspondingly greater becomes the force Vii th \"/hich the re-

maining molecules of water are held. The freezing force must 

overcome the force of imbibition or molecular capillarity. 

Weigand (85) has shown that the lal'gest amount of ice is 

formed near the freezing pOint and as the temperature falls 

more ice is forfued. He believed that death is due to desicca-

tiOll as a resL11t of .ice formation. Moll (I) has shown that the 

wilting of plants is due to the collapse of the cells whose 

exuded water has frozen in the intercellular spaces. Lugger 

(38) noted that the withclrawalof tIle water from the proto­

plasm of the cell by freezing causes death. Schimper (70) has 

supported this view. ~feffer (55) believed that death is not 

due to desiccation alone. Some plants are capable of withstand- , 

ing much lower temperatures than others that die before the 

formation of ice occurs. ~ictet (55) has shovm that if a 

plant can withstand desiccation it cannot be killed by cold. 

This view was practically disproved by De Candolle (55). 

l:iaksimo:v (41) upheld the view of Mtlller-Thurgau when he found 

that the formation of ice is necessary to cause injury to the 
, ' 

plasma membrane. Chandler (10) found that the amount of 1;vater 

loss necessary to caase death, varies in different plants and 

their tissues. 
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The temperature at which all the moisture is frozen in 

the cells is important in considering the influence of des­

iccation on death. In 1886 Mtiller-Thurgau (10) dete::'~T.!:d_ l1ed the 

percentage of the plant v/ater that is frozen at different 

temperatures. He found that at _4.50 63.8% of the -.-:ster was 

frozen in the apple: at _130 , 74.4%; and at -15.20 , 79.2% was 

frozen. Pfeffer (55) has stated that the water vvould be com­

pletely withdrawn at -300 0. He concluded that usually more 

than one-half of the water in a plant is frozen at from _30 

to -SoO; at -50° to -80°0 therefore no water in the cell would 

remain unfrozen. l.ltlller-Thu:r.gau (55) found the freezing points 

of herbaceous plants to be between -0.15° and _8° 0 and in 

succulent plants between _10 and _2° O. Plants have a lower 

freezing point than that of their cell sap. It is possible to 

lower the temperature below freezing before ice crystals are 

formed. :Mez (10) found that at _6° C all solutes will crystal­

ize out. He concludes that this refutes the theory of desi­

ccation as stated by hl.tlller-Thurgau an(l l1olisch, as the plant 

would not be able to survive this temperature. But Chandler 

(10) has pointed out the fact that Mtiller-Thurgau and. Voigt­

lander both supercooled plants below the killing temperature 

without injury to the plants so that Mez's claim is poorly 

grounded. Plahn (56) believed that the death point due to 

cold is generally placed too high. 

Therefore while the theory of death due to desiccation 

is the comrnonly accepted view, yet it wiil not bear out under 
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all conditions. Schaffnit (64) nearly outlined the complexity 

of the q 'ues tion correctly when he said·: "For th9se plants to 
• 

whose constitution and. existence water is an absolutely essen-

tial factor, the abstraction of water is the primary cause of 

d.eath while chemical and physical changes produced by low 

temperatures may be considered as secondary factors." Although 

illvestigators such as Chandler a.re willing to accept desicca­

tion as a primary factor in winterkilling, yet they are con­

stantly producing evidence pointing to other factors which 

might cause willJcerkilling; these theories may be termed physi­

cal and chemical. 

Other 'r'neories Regarding Low Temperatures and Death. 

Pfeffer (55) observed that the great variation in the 

degree of cold which produces injury or death in plants shows 

that the d.eath is due to distur~)ances in the protoplasm; these 

disturbances may vary greatly. 

It was observed in 1880 by Kunisch (81) that the lowering 

of the temperature is accompanied by chemical changes vrhich, 

he believed, are the true causes of death. Gorke (10, 3) 

found that the plants most easily killed by freezing have 

their proteids precipitated at a relative high teml)eratu::ce. 

Begonia which is killed at a high temperature had its pro­

teid's J.)recipi tated at _30 C and pine needles were subjected 

to a temperature of _400 C before their proteids Vlere pre-

ciJ.)itated. He claims that this precipitation of the pro­

teids results in the death c? the plants. Buhlert (6) found 
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that when the juices of plants were kept at from SO to _400 C 

chemical changes took place under the action of low temperature 

but the juices of different plants underwent different changes. 

The frozen juice caused a precipitate of albumen with traces of 

lime and phosphoric acid. He found that spring barley precip­

itated albumen at a temperature of _7° C, winter barley at _150 

C and pine needles at _40° C. Schaffnit (10) claimed that death 

is caused by the precipitation of proteins which is brought 

about by low temperature. Ramann (57) has found, however, that 

the protein and sulphur contents of the leaves remain uncnanged 

upon freezing. He further found that the amount of potassium 

and phosphoric acid was decreased; that the amount of calcium 

was increased; and that all these changes occ·ur between the 

stages of thawing and drying out. Pfeffer (55) disagreed with 

Pictet who observed that a possible cause for death might be 

a cession of chemical actions, claiming that it does not 

afford any explanation of death from cold. 

G~eppert (55) in 1830 believed that successive freezing 

and thawing causes death. Wright (87) in this com1ection 

found that the . second time the cell sap is frozen it freezes 

at a higher temperature than it did the first time. 

pfeffer (55) believed that death might take place after 

either long or short. exposures to low temperatures. This view 

was also held by Vines (70). Butters and Rosendahl (7) found 

that prolonged solid freezing will injure the plants more 

severely than ' freezing of shorter duration. Shreve (72) foUnd, 
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from testing succulent plants native to various altitudes in 

southern Arizona, that the length of eXl)osure to a freezing 

teml)era tUre determines their death, wi thou t regard to the 

minimwn temperature rea.ched. Chandler (10) believes that is 

partially due to continued exposure. Abbe . (1) stated that 

evaporation is the cause of death. Chandler (10) partly 

supports this view. He stated that when the conducting 

tissue is frozen so as to prevent the movement of water to 

that tissue injury will follow. 

Bay ,( 2). noted that when the soil temperature vias above 

zero and the air temperature was below zero the cold caused 

a contraction of the tissues allover the plant and conse­

quently the turgescence is very much diminished, as well as 

the permeability of the cell walls to water. Sachs, l~t1ller­

Thurgau, and De Vries (2) proved that this coefficient of 

contr8.ction is different in different tissues and in differ­

ent plants. 

Butters and Rosendahl (7) have noted that the mechan­

ical damage from loss of turgidity and brittleness of the 

plant is great. This form of injury is also mentioned by 

Chandler (10) who noted that frozen tissues are easily torn. 

Winkler (87) found that if a low temperature is ap­

proached gradually the evergreen can endure a much lower 

temperature than if there is a sudden fall in the tem2 cra-

ture. Pfeffer (10) claimed that the rate of freezine did 

not affect the amount of winterkilling. On the other hand, 

Vl1nkler tS7) found that \'1hen' winter twigs were cooled rapid-
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ly to -22°0 they were killed, but if kept for 3 days at -16°0, 

2 days at -18°0. 3 days at -20°0, 2 days at -22°0. 3 days at 

-25°C, and 12 hours at -32°C, they would not all be killed. 

It has been observed by Chandler (10) that the killing temper­

ature of rapi tily frozen buds is 4t°higher than that of the more 

slowly frozen buds. He also found that a rapid fall in the 

early part of the freezing period does more harm than a rapid 

fall later. Mez (3) claimed that the protoplasm is directly 

susceptible to cold and that each cell has a fatal minimum 

temperature. 

From the foregoing one would conclude that death, due to 

the freezing of the plant tissue, might be induced by some one 

or several causes. The formation of ice crystals appears to 

kill some protoplasm, while other protoplasts are more resist­

ant. In a few cases, the rate of thawing may exercise a spec­

ial influence. Death is not always due to the withdrawal of 

water from the -cell but a withdrawal of this cell moisture is 

apt to occasion certain.other ill effects which determine wheth­

er a plant shall, or shall not, survive. Death may result from 

long or short exposure and even this may be quickened by a 

rapid fall of temperature. It does not even seem possible at 

present to find one specific cause of death as a direct result 

of low temperature, but there is need of more detailed inform­

ation concerning the views which are now prevalent. 

EXTERNAL Al?PEARAliCE OF FROZEN PLA.NTS 

An excellent description of the appearance of a frozen 

plant is given by :Lugger (38) ·whtoh is summarized as follows: 
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The first thing noticed in a frozen plant is its lack of 

elasticity. When bent, a fold is produced which does not 

assume its former position when the' pressure is removed. When 

the temperature rises, the leaves. are wilted and the fonner 

bright translucent green has disappeared. The surface of the 

leaf is moist and the outer skin can readily be detached from 

the tissues beneath; soon the wilted leaves shrink. become 

dry, turn brown or black, and appear scalded. The evaporation 

from this deadened portion is mo:te rapid than from living 

tissue. 

PLANT RESISTANCE TO FREEZING. 

Pfeffer (85) believed that resistance to cold depends 

to a certain extent upon the present and previous external 

conditions of temperature. Haberlandt (55) noted that plants 

grovm in a temperature of 180 to 20°C were frozen more readily 

than plants grown at 8°C. G6eppert (55) also noted similar 

oases. Chandler (10) has stated that the previous erFosure 

is a factor in winter resistance • . Cabbage, lettuce and kale 

gro\m out of doors in late fall and early winter were more 

hardy than those plants which were grovm in the greenhouse. 

Schaffnit (10) found that the proteids of rye grown under 
·It 

low temperature conditions required a lower temperature to 

precipitate them than the proteids of plants grovm illlder 

greenhouse conditions. Alpelt, Rein (10) and Fisher (10) 

all have supported this view. 

An increase in the density of the cell . sap will cause 

the plant to become more resistant; It does this because 



of the ability of the sap solute to hold water w1frozen. 

Thus, if the sap density, which Chandler (10) has defined 

as the molecular concentration of the sap, is increased, the 

amount of water held to protect the protoplasm would be in­

creased. Pfeffer (55) believed that an increase in sap con­

centration would increase the resistance of the plant to 

freezing. Buhlert (6) found that the albm~en of resistant 

varieties was not as easily precipitated in the presence of 

potassium chloride, sodium chloride, zinc chloride, and zinc 

sulphate as the albumen of plants vrlth little resistance to 

freezing. Lidforss (10) found that in wintergreen plants 

the starch is changed into sugar during cold weather and that 

this starch is again deposited in the cell upon the return of 

warm weather. He believed this sugar is formed for protection 

against freezing. · By the introduction of 5 and 10% sugar 

solutions the resistance to freezing was increased. I,~akis­

mov (41, 42, 43) after freezing sections of plants that had 

been immersed in various solutions found marked protection 

exerted by both organic and inorganic compow1ds. Injury was 

retarded but not entirely prevented by the addition of glu­

cose or glycerine. He (42) found that the introduction of 

carbohydrates, alcohols, and acetones into the plant cell 

increased its resistance to cold - even in the case of 

tropical plants. This protective effect was not in direct 

proportion to the osmotic pressure and lOWering of the freez­

ing point, but was more rs.pid than the later change. The 

different substances val'ied irl- their influence on resistance. 



23 

The sugars proved the best; glycerine, alcohol, anc1 acetone 

being resistant in the order named. Upon the removal of this 

protective content the orisinal resistance is restored. He 

(43) found that the aidition of various inorganic salts and 

salts from organic acids affects the outer layer of the pro­

toplasm causing it to be resistant to freezing. He believed 

that this oate= layer o~ protoplasm is injured by freezing, 

since severe freezing causes a loss of the normal iIlll;0rmesbil­

ity of the cell followed by its death. Dueear (13) has men­

tioned the fect that l,lants well su:pplied with potash are not 

apt to be injured by freezing. Dusserre (16) grew grapes with 

and without applications of potassium salts. Those varieties 

receiving potassium were less injured by severe frosts than 

the plots to whioh no potassiuo had been applied. He be­

lieyesthe difference to be due to the difference in cell 

sap concentration. 

Ohweiler (53) has explained the fact that the tips and 

edges of leaves are more severely injured than the inner 

portions of the leaf. The starch is continually being 

changed into sugar giving the plant a medium with a lower 

freezing I,oint. The sugar is gradually remoyed from the 

leaves and since it \yould leave the tips of the leaves first 

the center of the leaf would be highly concentrated and tllere­

by more resistant. He found from the results of freezine; 

tests that: "Extreme differences in sap density. in general, 

are accompanied by a corresponding difference in their re­

sistance to freezing. Excel,tions--to this rule are probably 
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due to differences of cell structure althoueh other causes 

may enter in. In cases where the c ell structure is the sarr:e, 

the densities of the cell sap indicate their relative hardi-

ness. In I-ll8,nts of the same e;enus, or in val'ieties of the 

sarne species, differences in their sap . densi ty corres:pond to 

differences in their resistance to freezing." 

Chandler (10) grew seedlinGs of corn, eov/pe8.8, garden 

peas, . torr.atoes, squash, cabbage, and lettuce in sand. These 

were watered with a_ifferent strengths of potassium chloride, 

ancl anullonirua chloride, also with magnesium chloride, sodimn 

chloride and sod.hun ni tra te. The eheel:: pots were Via tered 

vti til distilled water. :Plants were also grovm in cultures in 

which the aBount of water applied was held to a minimum, 

thereby causing an increase in the sap ·density. One-half of 

the plants in each set were frozen and the rest vlere deter-

mined, by means of a Beckman al)paratus, for osmotic strBneth 

which was eX}?ressed in the number of degrees below oOe at 

which, vii th no supercooling, ice formation began in the cell 

sa~. In all the cases tried, if the density of the cell ~ap 

was i~creased there occured a corresponding lowerine of the 

freezing point. These same plants were pulled, washed and 

grown in another set of solutions containing sugar and other 

comllound.s. The reBul ts were the same as were secured in the 

first part of the test. Glycerine was found to be the most 

effective in producing cold resistance. AmmoniUln and zinc 

sulphate readily precil'itate proteids. Plants were placed 

J." -1 th~ "al+!=·~ a-'1d t'ne harCliness was found to be increased. 1 .;;se i::: 'J_ • 
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Thus Cha.ndler :proved that the results of Gorke (previously 

mentioned) ~10 states that the precipitation of proteids is 

fatal, are incorrect. 

Chandler (10) found that; shaded plants have a lower 

freezing point, as a result of greater sap density than 

plants eJq)osed to the light. Thus low temperatures at night 

would be more injurious than in the day time. He wro"te: "In 

plants not in a resting condition, a laree aDount of dissolv­

ed material either in the sap within the cell or in' a solu­

tion surrounding the cell, will pl'otect the cell from injury 

due to low temperature, to some extent at least." 

Russell (61) has found that plants after freezing, al­

though they Inay show a wilted condition, will not die for 

perh8ps several days. If the thickened secondary tissues 

are present among thin walled parenchytnous cells the former 

are slow in showing the effects of freezine. He believed 

that the death of a plant from freezing is rarely immediate; 

that it is delayed in proportion to the uninjured cells -

the destruction proceeding from cell to cell. 

Mtl.ller-Thurgau (55) believed that an excess or defici­

ency of water or of food material affects the degree of re­

sistance. Vines (81) stated that the larger the prorortion 

of v1ater in a cell the more liable it is to be injured. 

Gallov/~.y (20) also believes this to be true. Chancner (10) 

studied the effect of a wilted condition upon the freezing 

p01ilt. He froze plants in val'ious stages of turgidi ty ancl 

found some indic~.tions that -rapid \ViI ting reduces the injury 
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resulting from freezing. It would seem, however, that wilt­

ing would be a means of increasing the sap density which has 

been discussed previously i~ this thesis. 

Wollny (1) has stated that the plant has greater resist­

ance to frost in proportion to the size of the seed from which 

it is developed. He also found that the plants frem unriI,e 

seeds have less resisting power than plants from mature seeds. 

The degree of maturity of the plant seems to influence 

its resistance to frost. Sinz (73) shows that a high dry 

matter content, Which may be interpreted as maturity, is 

closely related to resistance. Chandler (10) feels that the 

greatest factor in influencine the resistance of plants to 

cold is maturity. He cited the work of Selby and Eustace 

in support of this belief. Chandler determined the influence 

of maturity on the death of plants by freezing sections of 

tissue which were taken at different points along the trunks 

of trees. The tissue near the lower part of the tree and 

near the juncture of growing limbs wes found to be the most 

hardy. Young plants are usually more tender either because 

the sap density is less or because they are not mature and 

prepared for the winter rest. However, Schindler (1) cleim­

ed that wheat is less resistant to frost as the len8th of the 

gro\tine period increases. G~eppert (10) also found Y01U1g 

leaves to be more hardy than older ones. Winkler (87) 

found the young foliage to be more resistant than that which 

was more ~~ture. Apelt, Rein, and Shumacher (10) all have 

given evidence to prove that young tissues are more resist-
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ent than old. 

Sinz (6) found that the varieties of wheat, which, clue 

to the firm texture of their tissues und to the action of the 

stomata, prevent rapid transpiration, are highly frost re-

sistant. 

Buhlert (6) observed that the most hardy varieties of 

winter vlheat hs,ve longer and more narl'OW leaves and have a 

more prostrate habit of growth than the less hardy varieties. 

He found no correlation between resistance and the thickness 

of leaf. Carleton (9) mentioned that the most hardy varieties 

have narrov, dark green leaves and are quite ~rostrate in their 

early grovlth. The wri ter (?8), however, after a careful study 

of over ?OO strains and varieties of wheat could find no correl­

ation between the width and length of the leaf and the amount 

of winter injury. 

The characteristics which enable one plant to be more re­

sistant to freezing than another are not very well ul1c1erstood. 

Pfeffer (85) was correct vlhen he \'Il'ote: "We do not know the 

nature of the peculiarities which determine the differBnt 

powers of resistance of individual plants, and of the saLle 

plant at different stages of development." A number of fact­

ors have been studied and an attenlpt has been r:1ade in many 

cases to correlate them with winterkilling. But the results 

obtained by different invGE',tigators varywi<.1.ely; anct the l'e­

suIts obtained with one species or variety may be in direct 

contradiction to those obtained with other sorts or under 
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different conditions. So far, the density of the cell sap 

seems to be the chief factor in determinine; a plant ,'s re­

sistance. 

OPElT FURROW CULTURE 

If the plants are not able to afford protection them­

selves by means of their physical or ,chemical composition, 

artificial protection may, and must be, resorted to. 

The greatest protection the winter grains have is snow. 

The snow blanket serves as a protection from the freezine 

winds and at the same time prevents the loss of heat by 

radiation. Mftller-Thurgau (55) suggested, as a means of 

protecting the plants from frost, covering the ground around 

t:he plant vli th earth or snow mulching. On the other hand 

ilright (SS) advised the avoiding of mulching or having any 

porous ma terial about the roots of v:Theat. Georgeson (24) 

at the Alaska station, rerJorted that unless the wheat is 

protected by at least 30 inches of snow it wintel~kills. 

Rutter (60) has written;"The Ontario farmer desires a win­

ter with plenty of snow and steady cold, for these are the 

factors leading to success in grain growing." A layer of 

snow (3ree.tly increases the temlierature. Bouyoucos (5) has 

sho'llIffi from a four year average that a soil at a depth of 

three inches covered with a layer of snow and vegetation is 

250F warmer' than a bare soil. 

The snow covering may be increased by employing vari­

ous methods. In 1847 a farm correspondent to the Genesse 

Farmer (25) wrote , of leavine a rough seed bed for wheat as 
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a protection from cold winds and to catch the snow. Another 

wrote and advised the rolling of snow,on a field so that it 

will not melt so rapidly. 

It is a matter of common observation in a field of wheat 

that the plants rooting in some dead furrow pass the winter 

unharrr:ed while the rest of the field may be badly damaged. 

iJo investigation ViaS made of this fact until 1889 when 3hel-

don (71) of the Kansas Station seeded grain in furrorrs. The 

furrows v'lere opened by three small c10uble shovels - minia-

tUl'e ·listin[ lJloWS - which vlere fastened to the frame of a 

Buc};:eye one-horse drill. The furrows were about 8 - 10 

inches deep 2.11(L 14 inches apart. Unfortlmately the vlinter 

of 1889 vms not severe enough to test this method thoroughly. 
\ 

The Hork was continued and the follo':ring year Georgeson (21) 

reported the following data: 

Listed plot •••••••••• 35.34 bushels per acre 

Drilled plot ••••••••• 29.83 

Gain by listing •••••• 5.51 

" 
" 

If If 

" " 
The wheat in the furrows was noted to be four days lcter in 

maturinp" thE,n the drilled wheat. In 1897 it was reported in 
u 

the Deutsche lanc1wirtschafliche J?resse (90) that grains Gorm 

on fields having a rough surface afford better protection than 

lands which had been smoothed dOV'Vl1. ltedding (58) of the 

Georgia Station reported that the best re~ults were obtained 

from seodi115 in open furrows, the roVis being 12 or 18 inches 

... e SO"{jl l-'ll fur~'Oi\'/s 2 to ~ l-nc'nAS ~11e \','inter 02. vS r/er \ l. L v_ 



30 

deep. T-,'IO acres of the plots were SOi'll1 wi til the furrows run-

ning east and west, these were badly winterkilled but those 

which ext ended 110rtll a:no_ south wel~e COInl;arativ'Jly UllLljurcd. 

In the open fUTrow plots every tenth row W::;tS leveled and of 

these "not one in ten survived ll , the other rows yielded 40 

bushels per acre. 

Contradictory resalts are reported by Stebut (77). He 

fOUDd" after :::1 l1UlTIOer of years of observation, that an abun-

<lunce of snow is follo 'Ned by sO:!le'.'I{!at lower ~delds thun the 

ave ras e of r'~le end wheat. He h~tS sho'i'm that the eight j~ear 

averaGe yield of vlheat on sheltered fields was less than two­

thirds as large as the six year average yield on open fields. 

The only fOillldations he has for such statements however are 

based upon yields, which may have been influenced by other 

factors. If based upon the ' percent of Vlinterkillil1g the re-

suIts could be considered. 

Vlarburton f83) advised the sowing o~ winter oats in 

open furrows. If it is not possible to sow in open furrows 

then he recommeno_ed sowing with a grain drill, making the 

surface as rou.gh as possible. He further advised rUlUling 

the furrows at right angles to the prevailing wi-;'1a.s. He re­

ported results from the Alabama Station which gave a small 

ad.vantage in yield to the oats sown in open furrows. Thiry 

(80) foun!} that seedlings survived better when sovm in fur:r-

o\va ':;hic11 are p:L'otected from the nortll winds. Du.ggar ancl 

Cautnen (15) fOUlIQ that '.'linter oats killed 20;0 in broadcast-

sd plots and only 5/~ W~lel1 s ovm in open furrows. Remy and 
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Kreplin, (59), Duggar (14), McClelland (44), and CaTleton 

(9), all h:;:.ve repol'ted favorably reg.arding the I)Tactice of 

seeding winter grains in furrows. 

Salmon (G5) of the Ka11sas Station has reported some ex­

tensi ve wOl'k Vii th seeding winter grain in open fur:rows. This 

test vvas carried on for three years, 1913-16; the first two 

years the seed was sovm with a Ii ster drill 8,l1d tIle last year 

by means of a shoe clrill wi th a disc furrow opener attachment. 

He rel)Orts the following data: 

Spring Survival in Percent 

Kind of -~1914 19lf; 1916 Average 
Grain Fur. Sur. Fur. Sur. Fur. Sur. Fur. Su.r. 

Winter wheat 96.0 95.3 100.0 100.0 100.0 100.0 98.7 98.4 

Winter ba.rley 96.0 92.5 57.6 30.0 87.0 0 80.2 40.8 

Winter oats 86.5 7.5 44.9 33.3 3.0 0 44.8 13.6 

Yield in Bushels per Acre 

Kind of 1914 1910 1916 Average 
Grain Fur ~ur Pur Sur Fur Sur Fur Sur 

row face row face rO\'V face row face 

Vlinter \'iIleat 37.8 37.9 17.4 18.7 27.6 28.3 

Win Jce1' barley 35.0 38.1 10.3 9.2 22.7 23.7 

Winter oats 26.5 12.3 19.2 18.1 22.9 15.2 

This shows that the seeding of the grain in flITrOWS increased 

the winter survival o. 3;·~ for Villeat; 39.4% for barley; and 

31.21~ for oats. The yields do not show any increase from 

Seeding in tho fu.rrow. Every vlinter except 1915-16, during 
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the cold periods the gro1.Uld was covel~ed with snow. The re-

suIts found at the Ka:c. sas, Hays Substation, are decirledly in 

favor of seeding in furrows. Similar results were obtained 

ill the cereal nursery at Le,nhattan. Salr:!on considered the 

protection afforded by snow to be the 'most import~l1t factQr 

in winterkilling. 

According to data by Salmon (65) the chief protection 

that is secured from the open furrow is the low temrerature 

of the soil surrou.l1cUng the plant roots. This relation is 

illustrated in the following table, taken from Salmon (G5). 

Location 
of 

Thermometer 

Surface 

2 inches 

4 inches 

6 inches 

Rela ti.on of Furrows to Temperature. 

Mean 
Dec.3 

to 
1'Iar.24 

-0.06 

0.20 

0.31 

0.59 

1914-16 
Min. Temp.: 
Fsr days :Low-
o C or :est 

below : temp. ; 
In degrees 

-1.92 -6.8 

-1.69 -4.9 

-1.22 -4.9 

-0.84 -3.7 

1916-16 
1;:ean Hin. TemI'.: 

Dec.3 For days :Low-
to OOC or :est 

hia.r.24 below : tenH"). 
Centigrade 

. 

-2.86 -3.67 -16.08 

-1.86 -2.56 -10.56 

-1.31 -1.95 - 7.44 

-0.93 -1.57 - 6.77 

This table shows that there was an average difference of 

1.280 C between the average minimum temperatures for the surface 

and the six inch furrow for two years. There is also a differ­

ence of 6.19 degrees between the lowest te~}?eratures, for the 

two years, . 0 f the su:rf~c e and 6 inch furrow. 
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Ricks (60) in a comparison of cultural methods, tested the 

influence of broad .. castine, drilling and open furrows upon 

winterkilling. He reported the following: 

Lethed. of St~md Approximate Yield in 
Planting ~. Secured. 1J er cent winterkilled Bu. per Acre 

Broadcasting good 25 19.0 

Drilling good 2 31.0 

Open furro\"! good 2 29.0 

~'his shows that tl1e oats which were drilled wel'e 20% leSS 'iJin-

terkilled and Eave a yiel~ of 12 bushels more than the otl1er 

plo ts. Similar results were obtainocl the sec:ond year. Ricks 
• 

conclud.ed that no trouble was eXl-1erienced from winterkilliI:g 

if the eats were rlanted with a grain drill. 

The depth of furrow determines the distance between rows. 

Sal@on (65) believed that the yield would not he diminished 

3r e8 tly if the rows are from 12 to 16 LiChes apart. Warburton 

([:3) recommended that they be placed 16 inc:hes arart. The in-

cre9.se in vlinter2ul·vi val in the furl·or.:s will wake up for the 

increased distance between the rovlS. Cereals wi th thc:ir 8.oil-

i ty to stool me.y be cpacect wio.ely apart without; danger of de­

creasing the yield which would be obtained uncler orcU.nar;:l 

drilling. Joster (18), Georgeson (23), Hays (36), I'.[ontgo:nery 

(46), L:orrow (48), Sanborn (67), Soule (74,75) all have f01U1d 

that increasine the di stance betv/een the rows has sliGht in­

fluence upon the yield. 
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The seedillg of winter grains in open furrows has it.s dis-

advantages, however. If land is poorly drained the plants are 

liable to be injured by water s tanding in the furrows. :leeds 

have a better opportunity to Brow, but they may be easily kill-

ed by harrovdng. There is also more chance· for erosion if the 

land is inclined to be rolling. The princjpal objection as 

found by Sal~on (65) is tha J
.; no drill is on the market E'.t 

liresent v,!hicJ1 vlill give sa ti sTacti on. A. SI)ecially designed 

drill is being used by the Kansas Station at the present time, 

which, the writer is advised, is giving entire satisfaction. 

Other methods for protection from winter injury a.re also 

used. Waldron (82) noted that ple.nting fall wheat in the 

stu.bble causes a less amount of vlinterkilling. Salmon (64) 

has stated ths.t in gorth Dakota the farmers practice seeding 

i11 the wheat stubble or between the rows of corn in order to 

catch the winter snows. Latta (34) mulched wheat for two years 

but no conclusive results were obtained. 

VARIETIES RESISTANT TO WIHTERKILLIHG 

It is well knoV'Tl,l that certain varieties of wheat, barley, 

and oats are more resistant to winter injury than others. Of 

the three species mentioned vlheat is the most hardy, barley 

next, and oats the least resistant of the three. The data 

presented by Salmon (65) shows this qu.ite plainly_ 

Latta (35) in 1889 after conducting a test of 33 varieties 

of \'Jheat reported a variation in yield from 6.3 to 24.3 bushels 

per acre which he believed was an incUcation of their i:elati va 

hardiness to winterkilline- Jf these varieties he found 
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Egyptian, Michigan Amber, and Velvet Chaff to be the most re-

8istant. Georgeson (21) at the Kansas Station reported the 

following varieties as resistant to vdnterkilling: Badger, 

Currell, Golden Drop, 1'1' Cregan, IHgg~r, Tasmanian 3.ect, and 

Zimmerman. Four years later he (27) named TU1~ke;}T and Currell 

as the most resistant. iloore and Delwiche (47) of the Wis-

consin Station found that Beloglina, Kharkov, and l?adii were 

the most resistant at the Ashland Substation, and Lnta and 

Beloglina at the Iron River Substation. Ten Eyck (79) at tlle 

lCansaE Station reported in 1905 that the durUJl1 varieties vvere 

nearly all winter killed whereas the other varieties survived 

better than usual. Georgeson (24) at the Alasl:a Station report­

ed that Kha!'l:ov was the most hardy variety tested. Salmon (64) 

reported th~.t at the Belleforche EX1)eriment Parm no wheat has 

been found to be superior to Kharkov or Turkey. He states 

that the ability of these varieties to recover is great, and 

because of their great stooling. habit, a unifor.m thin stand in 

the spring will yield well by harvest time. Spragg (76) gives 

the per cent of winter resistance for fifteen varieties the 

best of which are: Craig's Pavorite, Harris, Berkley, and 

Bearded Rock in the order named. 

~/arburton (83) stated that '~"linter Turf is the most hardy 

variety of oats. 

Derr (12) nemed Tennessee winter barley as the most re-

sistant in the east-central and southern part of the United 

States while Vlest of the Rocl:y mountains he recommends \jl11i te 

Winter and Utah barley. 
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FLArT HEEDIHG IE RELATION TO ';VIIrTEHKILLIHG. 

The northern limi t of the winter grains is being pushed 

stea.dil~T nOl~thwa.rd. The IJractice of continuous selection of 

hardy plants within resistant, acclimated varieties is secur-

ing excellent results. 

It,is possible to secure resistant strains by selection. 

Buffum (8) obtained from the U. S. D. A. tvvo quarts of Black 

'ilinter Er~'1mer. which he planted. The fil'st year only 72 

plants s urvi ved. These plants were again grovll1 e.ncl vii thin 

three years he secured a ve.riety resistant to winter injury. 

According to Derr (12) the U. S. D. A. has succeeded in 

changing 16 spring varieties of barley into winter forms by 

the selection of the hal'cUest lllants. On the other hand 

5:anson (28) believes that plants cannot be brought to endure 

any great degree of cold; that hardiness cannot be bred by 

selection a.lone. but that it must be gained ei ther by hybri(1.-

izine- or mutation. Carleton (9) advises to select for cold 

resistance. 

lTilsson-Ehle (57) has stated tliat: "The winter resistant 

character is transmitted similarly to other characters, that 

~rossing results in the seGregation of gradations of this 

character, whether the parents a:ce of widely cUfferent or of 

medi1..ufl vlini;er resistant varieties, a:i1Cl that it seer::s to be the 

result of a variety of combinations of Iaany Mendelian f[>,ctors. 1t 

He crossed t·,70 Dedium resistant varieties and obtained a pro­

gony that exceedecl both parents in d3sree of resistance. son'le 

. being entirely destroyed and others being entirely uninjured • 
• 

Hybridization expol·irr.ents to secure resistant vL1.11 1eties are 
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I)ei:lg conducted at the Dickinson, liortl1 Dakota substation (82) 

und the 1.1ichige.n Station (76). 
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SillJMARY. 

From the foregoing review a few points may be briefly 

summarized. 

Winterki11il1g re~Ll.l ts from a combhmtion of Olle or more 

of the following: (1) heaving, (2) physiological drought, 

( 3) smo theril1g, and (4) :t'reezing of the plant tissue. 

Heaving is a cor.~on source of injury. In this mode of 

injul~y the plant is lifted out of the soil by means of its 

contraction and expansion which is due to a1 teroo te freezing 

and t:aawing. The results of In8.ny ex-,fleriments show that to 

~scape this injury the plants should be of a deep rooted 

variety; they should be planted early and with a grain drill 

or in open furrows in preference to broadcasting; and they 

should be rolled in the early spring so as to press the plants 

firmly into the soil. 

Physiological drought or the freezing of the soil moist-

ure so us to cau~e the plant to suffer from a lack of \vater is 

a form of winterkilline; which is of -rare occurrence. There 

are no means to overcome or to remedy this kind of injury. 

The most destructive type of winterkilling is that r/hich 

results from the freezing of the plant tissue. The manner in 

which death occurs from this mode of injury is not clearly . 
understood. It was thought by early investigators that death 

was due to the smashing of the cells as a result of ice form­

ation. But it is now known that ice in the intercellular 

spaces and does not rupture ' or crush the cells. Other inve&t-
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igators believe thD.t rapid thawing causes Vlinterkilling I)ut at 

the present time the most comrr.only acceJ?ted theory is that 

death is due to desiccation or the withdrawal of Vlater from the 

I,lant cells. There al~e several othel~ views regarlling this 

point, one es:pecially which should ·be mentioned, is that lo':,r 

temperature causes a precipitation of the cell proteids, which 

is fatal. Other theories explaining the cause of death clue to 

the freezing of the plant tissues are; successive freezing and 

thawing, COl1"tinued eX20sure, loss of turgicli ty, a11el tearing of 

tho brittle tissues, ande. rapid rate of freezing. All these 

t~eories are sup~orted by certain men and disputed by others •. 

~he ref~istance to freezing is another point which is mucl1 
• 

contest-ecl. ~he theory v/hich is generally accepted is that the 

resistance to 'fl'eezing increases as the density of the cell 

sap increas.es. Other factors which are mentioned in connection 

wi th rcsista:i:1ce are: amount of moisture present in the cell, 

condition of previous eXl)osure, maturity of the plant, size of 

seed froT.:! It/hich the p18.nt develops, rate of transpiration, and 

the len2'th thicb1.ess and breadth of the leaf blades. It is o , 

~uite likely that the resistance of a plant to freezing is not 

due to anyone condi tion OT characteris tic but to a cOf.:J.bina tion 

of several of these. 

It has been found that see(ling winter grains in open 

furrows causes the pla,11tS to escape winter injury and to sur-

vive in better condition than if planted in level rows. 

A m:uj~ber of experiment sta.tions have r~:f.orted resistant 

varieties of I'/inter cereals, but until the winter of 1<;)16-17 
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such datu was not available at the ~issouri Agricultural 

periment Station. 

One of the most irrF)ortant ancl e-'r-o-lrClP"inp" Y'oints in th~s J;: J.1-: l ~o Q ~ • 

stuiy is offered from the standpoint of plant breeding. The 

progress marle in selectil1@; uHll breeding for winter hardiness 

anl.l the vlell ki101Vl1 northwar,i trend of OU1~ leading field crops 

gives pl~omise of Great ar:i,vancement. 
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EXPERnmNTAL 

The winterkilling experiments, about to be discussed. 

were conducted on the Missouri Agricultural Experiment 

Station field. The soil is a well drained loam of the 

Shelby series and is ·of ordinary fertility. Study of the 

problem was begun late in the fall of 1916 so that it was 

not possible to conduct the test as it would have been out­

lined other,vise. 

With the view of makinG only a preliminary study of 

this problem. several practical phases of winterkilling 

were considered. This work was outlined to include a 

study of: 

(1) The resistru1ce of varieties and strains of wheat, bar­

ley and oats to wi:;'1.terkilling; 

(2) The effect of late and early plowing upon the extent 

of winter injury; 

(3) The influence of the depth of seeding upon winterkilling; 

(4) The influence of seeding winter grains in open furrows 

upon the degree of winterkilling. 
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CLI~~TIC CONDITIONS. 

It is well to consider the climatic conditions eXisting 

during the winter of 1916-17, so that a better understanding 

may be had of the difficulties encowltered in this first 

years work. 

The winter of 1916-17 was unusually dry and there was 

comparatively little snowfall when contrasted with the 

average.winter for this locality. This fact is shown in 

table I, 'Nhich gives for comparison the monthly average 

precipitation for the past 27 years, 1890-1917, and the 

monthly rainfall for the single year, 1916-17. (84) 

Table I 

A Comparison of the Rainfall of the Winter of 1916-17 

with the Rainfall of an Average Winter. 

Monthly Rainfall Average monthly 
Month for winter of rainfall for yrs. 

1916-17 1890-1917 inc. 
Inches Inches 

September • • • • • • 4.36 • • • • • • • • • • 4.43 

October • • • • • • • 2.33 • • • • • • • • • • 1.66 

November • • • • • • • 2.17 • • • • • • • • • • 2.21 

December • • • • • • • 1.74 • • • • • • • • • • 1.66 

January • • • • • • • 2.13 • • • • • • • • • • 1.05 

February • • • • • • • 2.15 • • • • • • • • • • 0.25 

March • • • • • • • • • • 2.92 • • • • • • • • • • 1.93 

Total • • • • • • • • • • 17.79 13.08 



43 

It may be seen from this table that the rainfall for 

the months of September and November exceeded the average 

rainfall of the last 27 years. The rainfall for January 

and March was less than one-half normal and in the month 

of February the normal rainfall is nine times greater than 

the amount recorde~ for 1917. The total rainfall for these 

seven months shows that the winter of 1916-17 had less rain­

fall by 4.71 inches than would have been received in a 

normal year. 

Such an abnormal moisture condition would tend to in­

fluence the temperature of the soil. Fetit (1) has con­

cluded that the soil in the winter is cooler in proportion 

to the degree of dryness of the soil. According to Bouyoucos 

(4), the temperature of, a moist soil will rise more slowly 

than the temperature of a dry soil. ~atten (54) also found 

that when the soil moisture content is increased over a 

certain point the temperature of that soil will'rise more 

slowly. This fact is further mentioned by Lyon and Fippen 

(39). But the converse of this fact should also be true, 

so that it is safe to assume that the temperature of a 

moist soil would be slow to fall just as it is slow in ris­

ing. Thus we may assume that the soil temperature - the 

temperature endured' by the plant roots - was lower and more 

severe in the winter of 1916-17 than it would have been in 

a normal year. 

The severity of the winter would ha~e be~n greatly 

lessened if .there had been more snowfall. Disregarding the 
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increase in moisture content of the soil which would follow 

increased snowfall, thus tending to prohibit low temperatures, 

the action of the snow as a protective covering and as a 

means of retaining heat lost through radiation, was lacking. 

We have previously cited the work of Bouyoucos (5) and others 

who have shov~~ that snow is an important factor in protecting 

winter grains from winter rigor. In table II is given the 

average snowfall by months for a period of 27 years and the 

monthly snowfall for the winter of 1916-17. 

Table II 

Comparative Snowfall of 1~16-17. (84) 

Snowfall for Average Snowfall 
Month 1916-17 for 27 years -

1890-1917. 
Inches Inches 

October · ...... Trace • • • • • • • • • 0.1 

November • •••••• 11race • • • • • • • • • 0.7 

December · . . . . . . 1.9 · . . . . . . . . 4.3 

January • • • • • • • 2.3 • • • • • • • • • 5.3 

February • •••••• 0.3 • • • • • • • • • 7.3 

March · . . . . . . 2.5 • • • • • • • • • 4.3 

Total • • • • • • • 7.0 · . . . . . . . . 25.0 

This table shows that only seven inches of snow fell 

during the winter of 1916-17 'Nhereas the average snowfall 

is 25 inches - a difference of 18 inches! 

During the month of February in which the temperature 
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o fell as low as -11 F only 0.3 inches of snow fell; in an 

average year the snowfall would have been 7.3 inches. This 

data shows that the plants were not so well protected by snow 

as they would have been in an average winter. 

A comparison of the monthly temperatures for the winter 

of 1916-17 wi th the avera.:;e of 27 years is shown in tabl e III. 

This table gives the average maximum and minimum monthly 

temperatures, as well as the average monthly temperature, for 

the years 1890 to 1916 inclusive and these are compared to 

similar data for the single year 1916-17. 

Table III. 

Comparative Temperatures for 1916-17. (84) 

Month 
Monthll Average TemEeratures 

1916-1917 1890-1916 
:lvlax. Min. Ave. Max. .hlin. Ave. 

In Degrees Fahrenheit 

November • • 56.8 35.9 46.4 55.2 33.4 44.3 

December • • 38.5 21.2 30.4 42.0 24.0 33.0 

January • • 41.4 20.5 30.9 39.9 20.6 30.3 

February • • 39.4 17.2 28.3 40.1 20.6 30.4 

:March ..... 54.8 34.0 44.4 53.1 32.0 42.6 

Table III illustrates the fact that there was only a 

slight difference between the minimum temlieratures for the 

winter of 1916-17 and an average winter in this section. In 

the months of December and February the averaS-e monthly tem-

pera ture for 1916-17 was lOYfer but in January and 1,::B.rch higher 

than normal. An examination of the range between the maximum 
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and minimum temperatures shows that the winter of 1916-17 

was an average year in that respect. 

Thus we may conclud.e that thewiliter of 1916-17 had 

nornml temf erature conditions but was extremely abnormal if 

one cOllsid.er~ the amount of precipitation and snowfall. The 

plants, then, were subjected to more severe soil and air tem­

peratures than they would have received had the winter been a 

normal one. ~nis severity is due to the fact that the soil 

was much drier and that there was less snowfall than would be 

fOID1d in an average winter. 

It was not possible to make any temperature readings in 

the field previous to December 7th. Table IV shows the air 

temperatures from the first of Hovember until the time readings 

were made in the field from thermometers located on the plots. 

These readings, secured from the local Weather Bureau, (84) 

while not the SUl'11e as would be eX"j)erienced by the plants in 

the field show the approximate conditions. 
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Table IV. 

Air Temperatures from November first to December seventh. ( 84) 

:Air TemEeratures 
Date :Max. Min. Ave. 

Degrees Fahrenheit 
Nov. 

1 75 38 56.5 
2 69 38 53.5 
3 74 49 61.5 
4 77 55 66.0 

5 80 55 67.5 
6 78 59 68.5 
7 77 63 70.0 
8 67 42 54.5 

9 58 37 47.5 
10 61 40 50 •. 5 
11 53 35 44.0 
12 39 32 35.5 

13 32 15 23.5 
14 29 11 20.0 
15 32 14 23.0 
16 54 25 39.5 

17 49 27 38.0 
18 57 22 39.5 
19 70 40 55.0 
20 66 40 53.0 

21 43 36 39.5 
22 49 38 43.5 
23 46 35 40.5 
24 37 25 31.0 

25 47 23 35.0 
26 50 35 46.5 
27 59 46 52.5 
28 59 39 49.0 

29 54 33 43.5 
30 55 29 42.0 

Dec. 1 56 32 44.0 
2 63 35 49.0 

3 65 47 56.0 
4 62 52 57.0 
5 56 35 45.0 
6 60 38 49.0 
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After an inspection of this table it will be seen that 

the pla:nts suffered a severe freeze on november 12th, the 

cold weather continuing for several days; during this early 
. 0 

colo. l)erioc. the ter,'lliel'atu:ce fell 2.8 10Vl as 11. F. T:1.s pla:nts 

on some plots were barely through the ground at this time and 

so their growth was sharply checked. This early cold spell 

kept the plants from making a vigorous fall growth, which, 

according to Chandler llO) would undoubtedly cause the death 

rate to be higher. 

The severity of the winter was such that all the experi­

mental work outlined could not be carried out. It ha.d been 

planned to continue the previous years work of the writer (78) 

and with two years data attempt to find a correlation between 

the degree of winterkilling and the length and v/idth of lee'.f 

and habit of growth of winter cereals. The plants were frost­

ed to the ground before the necessary data could have been 

taken. 

The degree of cold to which the plants were subjected 

was secured by recording the air and soil temperatures on 

all plots from December 7th until all danger of frost was 

past, l1arch 19th. The thermometers used in securing this 

data were twelve inch minimum .registering spirit thermometers, 

#5490, manufactured by the Taylor Instrun1ent Company. In 

addition to these Fahrenheit thermometers, two Centigrade 

thermometers which registered as low as -20°C were used. 

An effort was ~ade to record the temperatures which the 

plant itself endured. According to Sachs (63), soil ther-
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mometers may correctly indicate the temperature of the plant 

roots. Pfeffer (55) and Duggar (13) both believe that the 

plant temperature is the same as that of the surrounding med­

iWil. So the approximate temperature of the roots was found 

by obtaining the tem?erature of the soil at a depth of three 

inches. The approximate temperature of the leaves was ob-

tained by placing the thermometer bulb 2{~ inches above the 

surf~ce of the eround. Thus the degree of cold which-the 

plsnt leaves and roots experienced was determined and, al-

though this is only approximate anc1 there is a large chance 

for error, yet the registered temperatures are comparative. 

The maximum and minimum temperatures on all plots were 

read daily. It was assumed that the maximum temperature 

would occur at 2:30 in the a.fternoon and that the minimum 

temperature occurred at 7:00 in the morning; therefore the 

readings were made at these hours. No attempt was made to 

use the thermometer's minimun1 recorder for that would nec-

essitate removing the bulb from its position in the soil. 

It was considered best to never disturb the position of the 

thermometer bulb but to allow the soil to pack and settle 

about it· for in this way more exact soil temperatures would , -

be obta.ined. 

It was not possible to secure a sufficient number of 

thermometers to duplicate the temperature readings and con­

sequently only one thermometer was located on a plot. All 

the thermometers were compared before they were placed in the 

soil and they were found to register alike. Since the early 
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and late plowing test was located upon two different plots of 

ground the air temperatuTe wac read on both plots so that the 

soil temperatures on the tV/O plots could be more easily com­

pared; for if there ViaS a difference in the air temperature 

of 50 between the plots a corresponding variation would be 

expected in the soil tempeTatures. 

In table V is placed all the tem::?el~a ture readings, as 

well as the daily precipitation and snowfall, made in this 

experiment. The colunms refer to the following data: 

(1) Date and hour of readi~, 

(2) Air temDerature of the late plowing plot, 

(3) Soil teL1?erature of the late plowing plot, 

(4) Air temperature of the early plowing plot, 

(5) Soil temperature of the early plowing plot, 

( 6) Air tem:'Je l'atul'e of the furrowed plots, 

( 7) Soil temperature of the surface planted plots, 

( 8) Soil temperature of the three inch furrowed plot, 

( 9 ) Soil tempe~'ature of the six inch furrowed plot, 

(10) Soil temperature of the ridged plot, 

(11 ) Total daily rainfall in inches ( 84) , 

(12) Total daily snov/fall ill inches ( 84) • 
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Table V. 

Daily Temperatures on Exp9riment~1 Plota. 

.. - .-• Air aDd §oiI- Ter_l;:e::C8,tul~es of I lots • Daily 0 - 0 

0 : Late 0 Eu.rly . . 
• Preci-0 0 . · • . . lo\Ve~l • pi tation · . · Date :- SnoW : ~ain 

r-ncnss 

Dec .. win. 55 54 60 55 54 54 56 
7 max. 57 56 56 56 56 56 57 1.13 

S- !tin. 34 35 30 36 35 38 34 
max. 34 34 30 34 34 36 32 0.01 T 

9 min. 28 30 18 30 30 32 28 
max. -- 34 38 46 36 36 34 34 

10 min. 30 30 26 30 30 32 28 
max. 32 32 32 32 32 32 32 0.04 

11 min. 32 32 32 32 32 32 32 
max. 30 'e'- 32 24 '%, 32 32 30 0.11 1.3 v'" 

12 min. 23 28 4 28 30 32 22 
max. 30 30 24 30 30 32 29 0.01 1.0 

13 min. 18 22 2 20 22 28 14 
max. 28 30 21 30 30 30 26 T 1.3 

14 min. 21 24 14 24 28 30 21 
max. 23 27 14 26 26 30 22 0.03 1.0 

15 min. 17 23 3 21 24 30 16 
max. 23 29 25 30 30 30 30 29 28 T T 

16 min. 27 22 27 23 20 24 28 30 21 
max. 48 36 48 36 52 36 31 31 30 T 

17 min. 45 27 24 30 24 29 28 30 27 
max. 37 31 37 32 37 31 30 30 32 0.01 T 

18 min. 30 21 14 24 12 23 24 28 20 
max. 36 31 28 32 30 31 31 31 30 T 

19 min. 28 28 28 30 30 28 28 30 28 
max. 43 33 41 33 43 32 32 30 32 T 

20 min. 25 16 10 18 1 19 18 20 16 
max. 14 21 16 24 5 21 22 24 20 T T 
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---· Air and Soil ~8r::}) er8,tures of Plots • Da.i1y · · .. 
Late----· ~ -- EarIy-"--:' .. . • Preci-· . · • : ~lowed EloWgd ~ Furrowed Plots .' pitation · · flat e: :X!r:So!l: AIr: Soil: !!r :Sur.: 5" • S" ·l1!al'Te·' HarD.: SnoW'. 

In degrees Fahrenheit 
• • g. ' 

Iric!tss . 
21 min. 5 11 5 14 4 12 14 18 10 

max. 10 17 12 20 12 . 18 18 20 16 T 

22 min. 0 7 0 12 1 8 9 14 6 
max. 26 27 26 28 27 25 26 26 26 T 

23 min. 17 20 17 21 18 2C 30 20 20 
max. 35 31 34 3'2 52 51 30 30 30 T 

24 min. 37 32 57 32 39 52 51 50 32 
max. 42' 56 41 56 45 56 34 51 34 T 

25 !tin. 23 24 23 26 24 25 26 26 24 
max. 42 33 42 34 42 34 32 30 34 T 

26 min., 42 36 43 36 43 36 34 32 36 
max. 48 42 48 42 50 42 38 36 42 0,-01 ... 

27 min. 21 30 23 30 22 30 30 30 30 
max. 41 32 41 35 42 33 32 31 52 

28 min. 19 24 18 26 18 24 26 30 24 
max. 34 32 32 52 33 31 31 30 32 

29 min. 14 20 16 22 16 20 20 24 29 
max. 45 33 38 54 38 32 32 30 32 

30 min. 16 19 16 22 14 18 20 24 20 
max. 45 36' 45 36 46 54 32 30 34 

31 mi:l. 25 24 25 24 26 24 24 24 24 
max. 36 32 36 33 36 32 30 30 52 0.01 

Jan. min. 32 32 32 32 32 32 32 32 32 
1 ma.z. 55 42 48 42 54 42 38 34 42 T 

2 min. 32 32 32 32 32 32 32 32 32 
max. 45 39 45 37 46 38 34 32 38 

3 min. 32 32 32 32 31 32 30 30 32 
max. 59 46 50 45 55 44 42 37 45 

4 min. 36 32 36 52 55 32 30 30 32 
max. 45 41 43 40 44 40 38 36 40 0.32 
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~:_~ __ ~.:;.;A;;;;.ir;;;;....:"a:-.::na.::<a...;;.....;. '7;.s..0liJ; . .1elSi2.~ia~~~~s of :tlots : Da.ily··-
: Late :' i'1a.r y : •• : ' Prec1-. . : plowed. plowed: Furrowed Plot s : pi tation 
:Air'fBoil :Air :8011: Air: Sur.: :3" ::o~rage:-Raln ":Snow Dute:' 

!naegrees rahrailhelt " - lncnei---
Jan. min. 30 31 30 

5 max. 52 44 48 

6 min. 30 31 30 
~ax. 54 45 54 

7 min. 32 31 32 
max. 41 40 45 

8 min. 30 32 30 
max. 57 52 57 

9 min. 30 31 30 
ffiax. 54 48 48 

10 min. 36 33 34 
max. 32 34 32 

11 min. 7 18 8 
m~x. 32 32 30 

12 min. 25 26 25 
max. 36 32 34 

13 min. 10 16 12 
max. 21 28 23 

14 min. 5 11 5 
max. 39 33 39 

15 min. 18 24 18 
rrax. 25 27 22 

16 min. 5 16 5 
max. 25 27 23 

17 min. 19 25 19 
max. 28 29 28 

18 min. 21 26 21 
~ax. 34 31 37 

19 min. 5 19 7 
max. 44 34 41 

30 30 31 32 
46 51 44 44 

31 30 31 31 
42 54 44 42 

32 31 32 32 
41 42 40 40 

32 30 32 32 
52 59 50 50 

32 30 31 32 
54 55 48 46 

34 35 33 34 
34 52 33 34 

20 8 18 80 
32 32 32 30 

28 26 26 28 
32 35 32 32 

20 10 18 20 
30 26 28 30 

16 6 14 15 
34 39 33 32 

26 18 24 24 
26 23 27 28 

19 4 20 20 
29 24 27 28 

27 20 25 26 
30 29 29 29 

27 21 26 28 
33 38 3+ 31 

22 8 20 22 
34 42 34 32 

32 31 
40 43 

30 31 
42 45 

32 31 
39 40 

32 32 
46 50 

32 32 
44 48 

34 34 
35 33 

24 18 
30 31 

28 26 
30 32 

22 16 
30 24 

19 10 
32 32 

26 24 
28 26 

22 14 
28 26 

27 24 
30 28 

28 25 
31 32 

24 16 
30 34 

0.03 

T 

T 

0.1 1.1 

0.7 

0.07 1.2 

0.8 

0.3 
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· ---, Daily Q! :£lc:ts • · · • • .' Prec1-· · · • • pi tation · · Date :: 

Jan. min. 18 24 16 24 18 24 25 26 22 
20 max. 41 34 40 35 42 34 32 30 34 0.3 0.1 

21 min. 43 38 41 26 44 36 34 30 38 
max. 54 48 54 48 56 46 43 40 48 0.01 

22 min. e 18 9 20 9 19 22 24 16 
max. 28 30 23 31 29 30 30 30 28 

23 min. 9 14 5 17 10 14 16 20 12 
max. 43 34 4.1 36 42 34 32 31 34 

24 min. 16 22 16 24 18 22 23 25 2Z 
max. 39 34 39 34 42 34 3Z 31 34 

25 min. 21 20 23 22 21 21 21 22 21 
max. 48 37 47 39 49 36 34 33 38 

26 min. 16 19 16 21 17 20 20 21 18 
max. 43 34 43 37 42 34 32 31 34 

27 min. 18 22 19 24 18 23 23 24 22 
max. 50 40 50 41 56 38 35 32 39 

28 min. 32 29 32 29 34 28 28 28 29 
max. 65 44 66 44 66 50 45 40 45 0.21 

29 min. 41 38 41 36 41 36 34 32 37 
max. 72 62 71 61 73 59 56 53 62 0.01 

30 min. 28 30 28 32 28 31 31 30 31 
max. 57 50 56 52 65 49 47 44 50 

31 min. 41 35 39 36 41 34 33" 32 36 
max. 23 29 23 28 22 29 31 30 27 T 

Feb. min; -2 7 -2 8 -2 8 12 14 4 
1 max. 18 20 18 22 13 20 24 25 18 

2 min. -5 -1 -10 -3 0 0 -8 
max. 16 19 18 21 16 19 22 22 17 

3 min. 10 12 10 14 10 12 13 15 11 
max. 42 34 39 36 41 33 32 31 34 

4 min. 5 18 5 14 6 18 18 24 14 
max. 6 12 5 12 6 12 12 14 9 0.03 0.3 
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. ... . --
tAiX - Sll1.~r:;tliJ T~1ll~..ritgres Daily Qf l:J.ot~ · . · . La e : ar y : . . Preei-. · :: : plowed :- ~lowed. • Furrcv/ed Plot s : oitation . 

Date':" :I!r:S'oil :Xir :SOII :!Ir: 'gur. : 3" . 6"'- : RIdge :~atn:Snow . 
In degrees Fahrenheit Inches 

Feb. min. 7 .. 6 10 11 8 10 11 20 8 
5 max. 32 30 30 33 30 30 30 30 29 T 

6 min. 27 24 27 24 28 24 24 24 24 
Yllax. 50 41 48 43 52 39 35 30 42 -- --

7 min. 34 32 34 32 35 32 30 30 32 
rrax. 53 44 50 47 53 42 38 34 44 

8 min. 32 32 32 32 32 32 32 30 32 
max. 32 33 36 34 39 32 32 30 33 T 

9 min. 5 9 7 11 6 10 12 14 8 
max. 35 32 34 34 33 32 32 30 32 -- --

10 min. 23 24 23 24 24 24 24 24 24 
max. 37 34 39 38 44 34 33 3Z 35 

11 min. e 10 10 12 11 11 12 15 10 
max. 32 32 39 39 39 32 32 30 3S' 

12 r.nn. 10 10 10 12 9 12 13 16 10 
max. 37 34 36 36 36 35 32 30 34 -- --

13 min. 28 28 28 28 30 29 27 26 28 
max. 46 40 45 42 46 39 36 35 41 -- --

14 min. 19 23 19 23 21 23' 23 26 23 
ma.x. 41 34 39 39 40 35 34 32 35 -- --

15 min. 21 24 21 24 22 24 24 25 23 
max. 37 34 37 36 38 34 34 32 36 -- --

16 min. 25 24 25 25 26 24 25 26 26 
max. 61 51 57 56 61 50 46 42 54 

17 min. 45 37 45 39 ' 46 37 35 34 39 
max. 61 48 56 55 64 51 49 46 53 T 

18 min. 25 28 25 28 25 28 28 28 28 
max. 34 31 34 30 35 32 32 30 32 T 

19 min. 37 33 36 33 37 32 32 30 33 
max. 57 48 54 52 56 50 48 45 49 0.22 

20 min. 21 27 21 27 22 26 27 30 25 
max. 45 36 43 42 42 35 34 32 36 T 
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· --- ,...-- becq 4 &of 

flats Daily Al1:_~:q~l TemEera.tures of • · · • . Laie : iJ.r y : • Preci-· . · • : plowed: E1ewed: Furrowej P1ets · pi tation · · Date: :Xir:SoiI :Alr :80i1 :Alr :8ur.: 3" T1)1'--:mdge: RaIn:~no'ii . 
In aegreea Fahrenheit Inches 

Feb. min. 30 30 30 30 30 30 30 30 30 
21 !r~a.x. 56 43 56 52 61 46 46 44 50 

22 min. 27 29 27 29 28 28 29 30 28 
max. 54 42 55 50 56 45 46 45 52 

23 min. 39 38 39 38 40 38 37 36 39 
max. 50 41 47 48 52 43 42 40 43 T 

24 min. 28 29 28 30 30 28 28 30 28 
max. 46 41 45 46 44 42 41 38 42 

25 min. 39 33 37 34 38 33 32 32 34 
max. 56 45 58 48 58 48 47 46 50 

26 min. 41 38 41 39 42 38 38 36 40 
max. 55 50 55 53 58 52 52 50 53 

27 min. 25 28 25 28 24 28 28 30 27 
max, 35 32 32 33 34 32 32 30 32 

28 min. 22 26 22 24 24 24 26 28 24 
ltax, 52 42 51 49 54 44 44 41 44 

Mar. n:in. 23 28 23 27 24 27 28 30 27 
1 max. 39 36 39 38 40 38 36 36 36 

2 min. 28 30 28 30 28 30 30 30 30 
max. 38 34 38 36 38 34 33 32 34 0.06 T 

3 min. 27 31 28 32 28 31 32 32 31 
!tax. 32 31 32 32 32 31 33 33 31 0.06 2.0 

4 min. 12 18 12 17 11 18 24 30 17 
max. 26 30 26 30 30 28 32 32 27 0.01 

5 min. 12 14 13 16 12 18 20 28 14 
max. 37 36 36 37 37 36 34 31 35 

6 min. 36 33 32 34 34 32 32 ~2 35 
max. 61 58 60 58 61 54 50 46 54 

7 min. 39 37 40 38 40 36 36 36 37 
max. 50 46 47 46 50 45 44 42 44 

8 min. 34 32 33 34 ~6 32 32 32 32 
n~ax. 60 54 56 56 58 54 54 50 54 
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-:t' Air ap~ S~j.,J._~~mpen1lU:.~s Qf I:l.o:ts _ Daily . · . Preci-. · La a : :..ar y : . 
· 'Olowad lowed: Furrowed Plot s titation · Data: · S" .:~idBa: · JIa-n: Show 

Inches 

Mar. !tin. 35 31 34 31 34 31 31 31 31 
9 ma.x. 65 62 65 64 69 62 61 56 62 

10 min. 54 47 54 50 54 47 45 44 48 
ma.x. 69 60 68 61 69 60 59 58 60 

11 min. 48 48 47 46 47 47 48 48 47 
max. 67 58 87 63 67 59 59 58 59 

12 min. 41 41 41 42 42 41 41 41 41 
max. 42 4:J. 42 41 41 40 41 41 41 

13 min. 46 44 46 45 46 44 43 42 44 
r:ax. 50 49 50 49 50 49 49 48 49 

14 min. 33 33 34 34 34 33 34 34 33 
rr.ax. 50 50 50 50 50 50 52 52 48 

15 min. 32 32 32 32 32 32 32 32 32 
max. 57 51 57 54 56 52 52 50 52 

16 min. 50 46 50 46 48 46 46 46 46 
max. 56 54 57 54 58 54 54 54 53 

17 ffii n. 32 33 32 32 32 32 32 34 32 
max. 41 40 41 40 40 40 41 41 39 

18 min. 32 33 32 33 35 32 38 32 32 
rr.ax. 50 45 50 49 49 46 50 50 45 

IS min. 35 32 36 32 36 -32 32 32 32 
max. 69 58 70 62 69 58 58 56 60 

Avg. min. 26.3 27.3 24.3 26.7 27.2 28.3 25.9 

Lowe st min.-- -5. -1. -10. -3. 0 0 -8. 

Avg. min. 
for d3..16 
below 32° F-- 21.8 24.8 25.5 26.8 23.8 
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WINTE;R HARDY VARIETIES OF V'lHEAT. 

The varie ti es of wheat grown at' the l11s souri Agricul tural.. 

Experiment Station which are the most resistant to winterkill­

ing were determined. In this test 180 different varieties of. 

vnleat growing in the Station's variety test, were studied. 

The air and soil temperatures vnlich these plants en­

dured is ShOWl1 graphically in Figure III. The black line 

represents the air temperature and the red line represents 

the temperature of the soil at a depth of three inches. 
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See supplemental file Figure 3 for unfolded version. 
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A study of Figure III shows that throughout the winter. 

the plants were subjected to abrupt changes in temperature 

and to alternate freezing and thawing, which, according to 

Horse (49) would affect the extent of winterkilling. A typ­

ical instance of these sudden changes is found on February 

21st when the soil temperature dropped 260 , from 460 to 200 , 

in tVlel ve hours; at the same time the air temperature fell 

46 0 F. Similar variatiorts were frequent. such changes are 

very injurious, according to observations made by Winkler 

(87), Chandler (10), and Goeppert (55). From table V it 

may be noted that the average daily minimum air temperature 

for the 103 days was 24.3° and the average daily minimum soil 

temperature, at a depth of three inches, was 26.70 F. The 

lowest air temperature recorded was _10° and the lowest soil 

temperature read was _30 F. 

Notes taken after each period of continued cold, ex­

pressed in per cents of plant frosted, are tabulated in 

table VI. These frosted percentages were determined fram 

field observations and although they do not denote a defin­

ite degree of freezing yet they do express comparative diff­

erences in the various varieties of wheat. 

,. 
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Table VI. 

Resistance of Vfueat Varieties to Frost ing. 

Per cent of £lant Frosted on . Vigor of . 
Variety :Uov.:Uov.:Dec.:Jan.:Jan.:Feb. :plants on . 18 . 28 7 6 27 14 :Mar. 21st • . . 

Bald slight 5 10 20 30 ~9 Ioor 
Beechwood Hybrid ~"!il ted 8 :to 20 30 9~ Podr. 
Black :audy wilted 5 10 20 30 ~9 l)oor 
Councilman wilted 5 10 20 30 ~~ Poor 

Dawson' G.Chaff wilted 5 12 20 30 99 Poor 
Dakota Wonder wilted 5 10 20 30 ~<;I Poor 
Dietz wilted 5 10 20 30 99 Poor 
Defiance wilted 2 4 15 25 99 Fair 

Early Ontario wilted 5 10 20 30 ~9 Poor 
Early Ripe wilted 5 10 20 30 99 :Poor 
Early Ripe ~26 wilted 5 10 20 30 99 Poor 
Early Ripe #29 wilted 5 10 20 35 99 .Poor 

Early R.Clawson viiI ted 5 10 20 30 99 Poor 
Eclipse wilted 2.0 25 25 35 99 Poor 
Fulcaster wil ted· 5 10 20 30 99 Poor 
Fulcaster 112 wilted 5 10 20 30 99 Poor 

Fulcaster #12 wilted 5 10 20 30 99 Poor 
l!'ulcaster !f;l-y wilted 5 10 20 30 99 Poor 
Fulcaster 7J=8-y wilted 5 10 20 30 99 Poor 
Fultz (Archias) wilted 5 5 20 25 99 Poor 

Ful tzo l\~edi t. wilted 5 1.0 20 30 99 Poor 
Gold Coin wilted 5 10 20 30 99 Poor 
Green Co. wlleat wilted 5 10 20 30 99 Poor 
Harvest King wilted 5 10 20 30 99 Poor 

Harvest King #7 wilted 5 10 20 30 99 Poor 
H[ll~vest Queen slight 3 6 15 25 99 Fair 
Hickman wilted 5 10 20 30 99 Poor 
Imperial Amber wilted 5 10 20 50 99 Poor 

Jones Longberry wilted 5 10 20 3.0 99 Poor 
Jones Red 'Nave wilted 5 1.0 20 3.0 99 Poor 
King's hlich.Won. wilted 5 10 20 3.0 99 Poor 
Klondike wilted 5 1.0 20 30 . <;19 Poor 

Lebanon wilted 5 10 20 30 99 Poor 
Leop Prolific wilted 5 15 40 45 99 Poor 
liammoth Red wilted 5 10 20 30 99 Poor 
I;iarvelous '..'lilted 5 10 20 30 99 Poor 
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Per cent of Plant Frosted on . Vigor of . 
Variety : Nov. :Nov · .: Dec.: Jan.: Jan. :Feb. : plants on . 18 : 28 7 6: 27: 14 :M.ar.21st • . 

Mealy wilted 5 10 20 30 99 Poor 
Mediterranean wilted 5 10 20 30 99 Poor 
l':edi terranean #8 wilted 5 10 20 30 99 Poor 
};ledi ter. #17 wilted 5 10 20 30 99 Poor 

Liedi ter. #20 wilted 5 10 20 30 99 Poor 
ltiedi ter. ./1.30 wilted 5 10 20 30 99 Poor 1f. 
Mediter. 1{3l wilted 5 10 20 30 99 Poor 
:hIedi ter. #39 wilted 5 10 20 30 99 Poor 

Medi ter. #47 wilted 5 10 20 30 99 Poor 
Llichigan Amber wilted 5 10 20 30 99 Poor 
lllich • . Amber it7 wilted 5 10 20 30 99 Poor 
Mich. Amber 7f9 wilted 5 10 20 30 99 Poor 

Mich. Amber 1/:12 slight 5 7 20 30 99 Poor 
~::ichigall Wonder wilted 5 10 20 30 99 Poor 
l.1iracle (B) wilted 5 10 20 30 99 Poor 
Niagara wilted 5 10 35 30 99 Poor 

Higger wilted 3 6 15 25 99 Poor 
Old Ironclad slight 1 5 12 25 99 Fair 
Ontario Wonder wilted 5 15 40 30 99 Poor 
Pettis Co. wheat wilted 5 10 20 30 99 Poor 

Poole wilted 5 10 20 30 99 Poor 
Poole #2 wilted 5 10 20 30 99 Poor 
Poole #.3 wilted 5 10 20 26 99 Poor 
Poole -<L35 wilted 5 10 20 30 99 Poor 11" . 

Poole B-3 wilted 5 10 20 30 99 Poor 
Purple straw wilted- 5 10 25 40 99 Poor 
Pride of Indiana wilted 5 10 20 30 99 Poor 
Pride of Genesse wilted 5 10 20 30 99 Poor 

Red Hussar wilted 2 5 15 25 99 Fair 
Reliable wilted 5 10 20 30 99 Poor 
Rudy wilted 5 10 20 30 99 Poor 
Red Cross wilted 5 10 20 30 99 Poor 

Red May wilted 5 10 20 30 99 Poor 
Red Wave wilted 5 10 20 30 99 Poor 
Rochester Red wilted 5 10 20 30 99 Poor 
Rural New Yorker wilted 5 10 20 30 99 Poor 
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Per cent of Plant Frosted on . Vigor of . 
Variety . -Nov.: Nov. : Dec. : Jan. : Jan. : Feb. :plants on . 

18 2S 7 6 27 14 :Mar.21st. 

stoner wilted 5 10 20 30 99 Poor 
Texas slight 2 '.6 ·15 25 99 . Fair 
Turkey slight 2 5 15 20 99 Fair 
~urkey 1-43 \vil ted 5 10 20.' 30 99 Poor 

Turkey 24 wilted .5 10 20 30 . 99 Poor 
Turkey (Kans) . slight 1 5 15 25 99 Fair 
Turkish Amber wilted 5 10 30 35 99 Poor 
Turkey Island wilted 5 10 25 30 99 Poor 

Turkey Red Hybrid none .l,.. 5 19 25 99 Fair 2 
Treadv7ell wilted 5 10 20 30 99 Poor 
U.S.D.A.11616 slight 5 8 20 30 99 Fair 
Valley wilted 5 10 20 30 99 Poor 

Velvet Chaff viiI ted 6 10 20 30 99 Poor 
Velvet Chaff -1J:2 wilted 5 10 20 30 99 Poor 
Velvet Chaff 1£6 wilted 5 10 20 30 99 Poor 
Velvet Chaff 1tS wilted 5 10 20 30 99 Poor 

Velvet Chaff #11 wilted 5 10 20 30 99 Poor 
Virginia Hybrid slight 5 15 25 · 30 99 Poor 
';fyandotte Red . wilted 5 10 20 30 99 Poor 
259S4 - 1211arkov 25 30 35 99 Poor 

25995 - Rice 25 30 35 99 Poor 
31781 - Iilecca Winter 25 30 35 99 Poor 
31783 - Khotan Red Spring 25 30 35 99 Poor 
31791 - Kashgar Red 25 30 35 99 Poor 

3D - 9a wilted 5 10 20 30 99 Poor 
3D - lOa wilted 5 10 20 30 99 Poor 
llC - la wilted 5 10 20 30 99 Poor 
12D - 5 wilted 5 10 20 30 99 Poor 

12D - la wilted 5 10 30 40 99 Poor 
13a - 4a slight 5 10 20 30 9~ Poor 
lSD - la wilted 5 10 20 30 99 Poor 
lSD - 3 wilted 5 10 20 30 99 Poor 

lSD - 4 wilted 5 10 20 30 99 Ioor 
19E wilted 5 10 20 30 99 Poor 
24a - 2a wilted 5 10 20 30 99 Poor 
29C - 2' none 2 5 15 25 99 Fair 
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• 

Per cent of Plant }i'rosted on . Vigor of . 
Variety Nov.: Nov.: Dec.: Jan.: Jan. :Feb. :Plants on 

18 28 7 6' 27 14 :Mar.21st. 

32a wilted 5 10 ,20 30 99 Poor 
32a - 2a wilted 5 15 20 30 99 :Poor 
328 3a wilted 5 10 20 30 99 :Poor 
34B - 2a none 5 10 20 30 99 Poor 

26012 25 30 35 99 :Poor 
26013 25 30 35 99 Poor 
26014 25 30 35 99 Poor 
26015 25 30 35 9'9 Poor 

. 26017 25 30 35 99 :Poor 
26018 25 30 30 99 ' Poor 
26019 25 30 35 99 :Poor 
26020 25 30 35 99 :Poor 

26021 25 30 35 99 Poor 
26022 25 30 35 99 Poor 
26023 25 30 35 ,99 :E'oor 
26024 25 30 35 99 Poor 

26025 25 30 35 99 Poor 
26027 25 30 ,35 99 :Poor 
26028 40 45 80 99 Poor 
26029 25 30 35 99 Poor 

26079 25 30 35 99 Poor 
26085 25 30 35 99 Poor 
29006 25 30 35 99 :Poor 
29007 25 30 35 99 Poor 

31790 25 30 35 99 Poor 
3808 25 30 35 9,9 Poor 
3828 20 25 ,30 99 Fair 
3846 25 30 35 99 :Poor 

3961 25 30 35 99 Poor 
3972 25 30 35 99 Poor 
3977 25 30 35 99 Poor 
3980 25 30 35 99 Poor 

3988 25 30 80 99 Poor 
3998 25 , 30 35 99 Poor 
4004 25 30 35 99 Poor 
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As shown in table VI from the time of the very first 

frost, Hovember 18th, certain v2.rieties were frosted more 

severely than others. 'lhose varieties which were least 

injured in the initial frost proved to be the 1nost hardy 

throughout the winter. The notes taken on February 14th 

show that on that o.ate all the varieties 1Nere frosted to the 

grollild. The cold was so severe that even the varieties which 

had S110'.Tn resistance in the early part of the winter could 

. not be distinguished, late in the winter, from those var­

ieties of less resistance, But in spite of the fact that 

all were frosted to the ground, certain varieties, when 

spring opened sent up new shoots and thus their greater vig­

or vIas made apparent. Notes recorded L:arch 21st denote the 

condi tion of the plants on that date. The terms IIpoor!r and 

IIfair ll are used :to express the general vigor a..Yld condi ti011S 

of the varieties. "Poor" indicates that from 75~b to 100% of 

the plants were entirely. dead and while the term "fair" is 

used if less than 50% of the plants were dead. 

These data, gathered in one years study, indicate that 

the most resistant varieties of v/heat grown in this variety 

test are: Defiance, Harvest Queen, Old Ironclad, Red Hussar, 

Texas, Turkey, Turkey (Kansas), Turkey Red Hybrid, U.S.D.A. 

11616, 29c-2, and 3828, the last three named being hybrids 

strains.:2hese varieties, throughout the winter, gave evi­

dence of superior hardiness to cold. 

In another test of wheat varieties which were being 
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grown in a variety test, more accurate and reliable results 

were obtained. The 35 varieties compared in this test were 

so\~m with a grain drill in plots 120 feet long. They had been 

growD at this Station for a nrunber of years ruld were thorough­

ly acclimated. 

The frosting notes for these varieties are tabulated in 

table VII. The same comparative standard of frosting per 

cent was used with the/fe val'ieties as with the varieties plant-... 
ed in the rod rows. However, there is one important difference 

to bear in mind, the drill width varieties of wheat were sown 

October 10th, one weele earlier than the rod row varieties Vlere 

SO\'/11. 
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Table VII. . . 
Winter Resistant Wheat Varieties 

· Per Cent of Plant Frosted on . Vigor of · . 
Variety ;Hov.: Nov.: Dec.: Jan.: Jan.: Feb. : :Plaii t s on 

· 18 . 28 7 6 27 14 :Mar.21st · . 
I.:ichigan Wonder wilted 10 15 25 30 95 Fair 
Dietz wilted 10 15 25 30 95 Fair 
Dawsons G.Chaff wilted 10 15 25 30 95 Fair 
Early Ripe wilted 10 15 25 30 95 Fair 

Fultz wilted 10 15 25 30 95 Fair 
Jones Red Wave wilted 10 15 25 30 95 Fair 
Harvest King wilted 10 15 25 30 95 Fair 
Valley wilted 10 15 25 30 95 Fair 

IEichigan Amber wilted 10 15 25 3..0 95 Fair 
Rudy wilted 10 15 25 30 95 Fair 
Velvet Chaff wilted 10 15 25 30 95 Fair 
Va. Hybrid wilted 5 7 25 30 95 Fair 

Early R.Clawson wilted 10 15 25 30 95 Fair 
Harvest Queen wilted 10 15 25 30 95 Good 
Reliable wilted 10 15 25 30 95 Fair 
Rochester Red wilted 10 15 25 30 95 Fair 

Hiclanan wilted 10 15 25 :30 95 I?air 
Lebc...l10n wilted 10 15 25 30 95 Fair 
Defiance wilted 10 15 20 25 95 Good 
Mealy wilted 10 15 25 30 95 Fair 

Fulcaster wilted 10 15 25 30 95 Fair . 
Beechwood wilted 10 15 25 30 95 Fair 
Poole wilted 10 15 25 30 95 Fair 
U.S.D.A.11616 wilted 10 15 25 30 95 Good 

lLediterranean wilted 10 15 25 30 95 Fair 
llC-la wilted 10 15 25 30 · 95 Fair 
Poole #12 wilted 10 15 25 35 95 Poor 
Fulcaster #2 wilted 5 10 25 30 98 :Poor 

Medit. #17 wilted 5 10 25 35 98 Poor 
Beech.Hyb.#87 wilted 5 10 25 40 98 Ioor 
Illinois #509 uninjured 1 5 20 30 95 Fair 
Marvelous wilted 10 15 25 40 98 Dead 

Marvelous wilted 10 15 25 40 100 Dead 
l11ch. Wonder wilted 10 15 25 30 98 Fair 
Fultz wilted 10 15 25 35 98 :Poor 
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There is evidence from this data that the varieties 

Harvest Queen, Defiance, Illinois #509, and I,Iichigan Wonder 

are more hardy than the other varieties which were compared. 

The varie ties, Poole #12, Liedi terranean #17, Beechwood Hybrid 

#87, Marvelous, and lPultz were severely injured, the lil8.rvelous 

being entirely killed. 

The statement that a certain variety is more resistant to 

cold than another, based upon field observation, is too sVleep-

ing an assertion. According to the frosting notes previously 

given, two varieties might seem to be equally resistant, yet 

from an actual count of the number of plants winterkilled one 

variet,Y would be far superior to the other. 

To overcome this difficulty the actual extent of winter-

killing in each variety was determ~1ed. This was accomplished 

by recordin8 the actual number of plants in the fall and again 

in the spring, assuming the difference to~present the number 

of plants winterkilled. To secure this Qata a Single row, 

selected to re-oresent the average of 'the plot, was taken 8l1d a .., 

strip 10 feet long was marked upon it~ The number of plants 

in this 10 foot strip Was detennined late in the fall so that 

~ll the plru1ts which would be killed by disease, competition 

between plants, etc., would not influence the death rate. A 

count was again made in the s~ring after all danger of frost 

was P8..st ancl at a time 'when the plants were sencling up new 

shoots. From this clata the amount of winterkilling could be 

definitely calculated. Table VIII gives the per cent of win­

terkilling of these varieties of wheat, as determined by act-

ual count. 
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Table VIII. 

Winterkilling in Vfueat Varieties. 

Variety 
: Number of Plants: Diff-: Assumed 
:Nov. 7 Mar. 19 :erence:winterkilling 

Michigan V/onder •••••••••• 191 
Dietz •••••••••••••••••••• 171 
Dawson's Golden Chaff •••• 168 
Early Ripe ••••••••••••••• 191 

Fultz ••••••.••••••••••••• 186 
Jones Red Wave ••••••••••• 197 
Harvest King ••••••••••••• 186 
Valley ••••••••••••••••••• 198 

LIichigan Amber ••••••••••• 
Rudy ••••••••••••••••••••• 
Velvet Chaff ••••••••••••• 
Virginia Hybrid •••••••••• 

Early Red Clawson •••••••• 
Harvest Queen •••••••••••• 
Reliable .••••••••••••••••• 
Rochester Red •••••••••••• 

Hickman •••••••••••••••••• 
Lebanon •••••••••••••••••• 
Defiance ••••••••••••••••• 
Mealy •••••••••••••••••••• 

Fulcaster •••••••••••••••• 
Beechwood Hybrid ••••••••• 
Poole •.•...•...........•• 
U.S.D.A. 11616 ••••••••••• 

Medi terranean •••••• " ••••• 
lIe-Is .................. . 

" Poole F,12 ••••••••••••••• ~ 
Fulcaster #2 ••••••••••••• 

llediterranean #87 •••••••• 
Beechwood Hybrid #87 ••••• 
Illinois #509 •••••••••••• 
1.larvelous (4 pks per A) •• 

Marvelous (2 pks per A) •• 
Michigan Wonder •••••••••• 
Ful tz •......•.........•.• 
Beechwood H¥brid #207 •••• 

200 
177 
188 
150 

192 
204 
203 
198 

194 
196 
222 
230 

182 
196 
190 
176 

169 
171 
181 
126 

136 
153 
147 
100 

60 
170 
143 
187 

100 
101 
115 
154 

135 
117 
145 
149 

109 
123 
146 
115 

130 
160 
123 
133 

135 
136 
159 
144 

128 
113 
112 
161 

126 
99 

122 
90 

99 
55 

120 
40 

21 
122 

88 
170 

91 
70 
58 
37 

51 
80 
41 
49 

91 
54 
42 
35 

62 
44 
80 
65 

59 
60 
63 
86 

54 
83 
78 
15 

43 
72 
59 
36 

37 
98 
27 
60 

39 
48 
55 
17 

47.64 
40.93 
34.52 
19.37 

27.41 
40.60 
22.04 
24.74 

45.50 
30.50 
22.34 
23.33 

32.29 
21.56 
39.40 
32.82 

30.41 
30.61 
28.37 
37.39 

29.67 
42.34 
41.05 
8.52 

25.44 
42.10 
32.59 
28.57 

27.20 
64.05 
18.36 
60.00 

65.00 
28.23 
38.46 
9.09 
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This table shows that U.S.D.A. 11616 ranks first in 

the list of hardy varieties with only ~.52 per cent of its 

plants winterkilled. Beechwood Hybrid if207 is a close sec­

ond with a vvinterkilling of 9.09 per cent, while Illinois 

#509 ranks third with 18.36 per cent winterkilled. Other 

resistant varieties are Early Ripe, Harvest Queen, Harvest 

King, Velvet Chaff, Virginia Hybrid, Valley, and IJediterr­

anean - ranking in the order named. 

It ·is interesting to note that the winterldlling per 

cent for the different varieties of vneat ranged from 8.52 

per cent in the case of the U.S.D.A. 11616 to 65.00 per cent 

for the Marvelous variety. This shows the great difference 

in the degree of vlinterkilling between varieti es of \'lb.eat. 

Although these are the results of only one years work 

and the test was not run in duplicate, yet there is some 

correlation to be found between the per cent of plant frost­

ed, shown in table VII, and the actual per cent of winter­

killing. This should prove that the notes taken on the per 

cent of the plant frosted may be considered as indicative 

of the hardiness of that plant or variety. 
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WINTER RESISTANCE OF WHEAT STRAINS. 

The object of this test was to study winter hardiness 

of pure lines of wheat and to determine which strains grown 

at the I~lissouri Station are the most hardy. 

Tv;enty strains of Beechwood Hybrid and twenty-five 

strains of 1.Iichigan Wonder were compared. These strains are 

pure lines of wheat which originated as single head select­

ions made in 1913. They were sovm in head rows' in 1913-14 

and in rod rows during the two years 1914-16. 

The temperature conditions endured by these strains 

are illustrated graphically in figure III. These conditions 

have been previously discussed (page 59) and will not be 

taken up again at this place. 

The field notes taken for these strains, giving the 

estimated per cent of the plants frosted, are shown in table 

IX. 
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Table IX. 

Resistance to Cold in Wheat Strains. 

· Per Cent of Plants Frosted . Vigor of · . 
Strain :Hov. :Hov.: Dec.: Jan.: Ja11. :Feb. : Plants on 

· 18 . 28 . 7 6 27 14 , :Mar. 21st. · . . 
Beech. Hyb. 12 25 3.0 35 99 Poor 
Beech. Hyb. 34 25 30 35 99 Fair 
Beech. Hyb. 40 25 30 35 99 Poor 
Beech. Hyb. 45 25 30 35 99 Poor 

Beech. Hyb. 77 25 30 35 ~~ Poor 
Beech. Hyb. 81 25 30 35 99 Poor 
Beech. Hyb. 83 25 30 35 9~ Poor 
Beech. Hyb. 85 25 30 3·5 99 Poor 

Beech. Hyb. lOb 25 30 35 ~9 Poor 
Beech. Hyb. 107 25 30 35 ~9 Poor 
Beech. Hyb. 121 25 30 35 ~~ Poor 
Beech. Byb. 152 25 30 35 99 Poor 

Beech. Hyb. 164 25 30 3G 99 . Poor 
Beech. Hyb. 172 25 30 35 99 Poor 
Beech. Hyb. 176 25 30 36 99 Poor 
Beech. Hyb. 195 50 75 80 99 Poor 

Beech. Hyb. 202 25 30 35 99 Fair 
Beech. Hyb. 207 26 30 35 99 Foor 
Beech. Hyb. 208 25 30 35 99 Foor 
tach. Won. 4 25 30 90 99 Poor 

lvlich. Vlon. 8 25 30. 35 99 Poor 
IHcn. Won. 9 25 30 35 99 Poor 
1.ach. VloYl. 12 25 30 35 99 Poor 
Mich. Won •. 14 25 30 35 99 Foor 

Llich. Won. 17 25 30 35 99 Poor 
Mich. Won. 21 . 25 30 35 99 Poor 
Mich. Vlon. 53 25 30 35 99 Poor 
1:ic1:2. Won. 54 25 30 35 99 Poor 

Mich. Won. ,62 25 30 35 99 Foor 
Eich. Won. 83 25 30 35 99 Fair 
I.Iich. 'Non. 96 25 30 35 99 Poor 
IEich. Won. 102 20 25 30 99 Fair 

lflich. Won. 103 25 35 35 99 Foor 
Mich. Won. 113 20 30 30 99 Fair 
Mich. Vlon. 116 25 30 35 99 Poor 
I.iich . ';lon. 118 25 30 35 99 Poor 



'12 

: Per Cent of Plants :b'rosted ; Vigor of 
Strain :l;ov. :Hov. :Dec.: Jan.: Jan. :Fe~:Plants on . 18 : 28 . 7 6 27 14 :1iar. 21st • . . 

Mich. Won. 120 25 30 35 99 Poor 
'!' •. • , 

l'.~J.cn. Won. 130 25 30 35 99 Poor 
Mich. V1on. 140 25 30 35 99 Poor 
hlich. Won. 141 25 30 35 99 Poor 

:L:ich. Won. 155 15 25 30 99 Fair 
Uich. '.'lon. 209 25 30 35 99 Poor 
Ldch. 'Hon. 211 25 30 35 99 Poor 
1.lich. Won. 221 25 30 35 99 Poor 

According to table IX the most resistant strains of 

Beechwood Hybrid are numbers 34 and 202. These strains gave 

no evidence of their hardiness until in the early spring, 

when their vigorous growth became a striking contrast to the 

half deadened appearance of the neighboring strains.. The 

strains of Michigan Wonder that gave promise of being cold 

resistant are numbers 83, 102, 113, and 155. Of these, 

nllifibers 102 and 155 showed their superior resistance through-

out the winter. 

The striking difference in the percentage of the diff­

erent strains frosted combined with the marked variation in 

vigor between strains as obser~ed in the spring, pOints to 

the fact that there is a difference in winter hardiness be­

tween pure line strains of wheat. This would offer an ex­

cellent opportunity to continue to select from these resist­

ant strains and thereby obtain a vlinter hard.y variety. Sim­

ilar improvement has been done by Buffru,1 (8) with winter 

eJ.nIJer and Derr (12) '.'lith barley. 
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THE P.ESISTAlJCE OF OAT Alm BARLEY STR..fl,IIiS TO COLD· 

In this test strains of oats and barley were studied 

in order to determine their resistanc.e to low temperatures. 

All the strains tested were pure lines which originated as 

head selections in 1913. There were ten strains of Culberson 

Winter oats and 131 strains of vlinter barley in this test; 

the 131 strains of barley consisted of 10 strains of Two-

rowed Hybrid barley, 10 strains of Tennessee Vlinter barley, 

15 strains of Wisconsin Winter barley, 25 strains of Tenn- . 

essee Winter barley which originated from Canadian seed, 

and 70 strains of Tennessee Winter barley which originated 

from head selections made in 1915. 

The soil and air temperatures vvhich these strains wi th-
\ 

stood are illustrated in Figure III, the actual de~gXees of 

cold are tabulated in table V. 

Field observations were made on these strains, the 

same standard of comparison being used in these notes as 

was used with the other field notes previously reported. 

The field notes are given in table X. 

\ 
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Table X. 

Cold Resistance of Oat and Barley Strains. 

:Per Cent of IlantFrosted :Vigor of 
Strain Dec.: Jan. Jan.: Feb. :Plants on 

7 6 .27 14 : liar. 21st. 

Culberson 
Culberson 
Culberson 
Culberson 

Oats ~l 
Oats 'if6 
Oats JL S If, 
Oats lf9 

Culberson Oats #12 
Culberson Oats #15 
Culberson Oats ~17 
Culberson Oats #20 

Culberson Oats #21 
Culberson Oats #24 

2-Rowed Ryb.Barley 3 45 
2-Rowed Ryb.Barley 4 45 
2-Rowed Ryb.Barley 6 45 
2-Rowed Ryb.Barley 7 45 

2-Rowed Ryb.Barley 11 45 
2-Rowed Ryb.Barley 14 45 
2-Rowed Ryb.B8.rley 19 45 
2-lto','/ed Ryb.Barley 21 45 

2-Rowed Ry1) .Barley 30 45 
2-Rowed Ryb.Barley 33 45 
Tenn. W. Barley 3 45 
Tenn. W. Barley 4 45 

Tenn. ':I. Barley 5 
Tenn. W. Barley 7 
Tenn. W. Barley S 
Tenn. W. Darley 9 

Tenn. W. Barley 12 
Tenn. N. Barley 15 
Tenn. 'N. Barley 17 
Tenn. .J. Barley 19 

Wis. W. Barley 2 
Wis. W. Barley 3 
'ilis. W. Barley 4 
Wis. W. Barley 9 

45 
45 
45 
45 

45 
45 
45 
45 

45 
45 
45 
45 

90 
90 
90 
90 

90 
90 
90 
90, 

90 
90 
90 
90 

90 
90 
90 
90 

90 
90 
90 
90 

90 
90 
90 
90 

99 
99 
99 
99 

99 
99 
99 
99 

99 
99 

99 
99 
99 
99 

99 
99 
99 
99 

99 
99 
99 
99 

99 
99 
99 
99 

99 
99 
99 
99 

99 
99 
99 
99 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

Dead 
Dead 
Dead 
Dead 

Dead 
Dead 
Dead 
Dead 

Dead 
Dead 

Dead 
Dead 
Dead 
Dead 

Dea.d 
Dead 
Dead 
Dead 

Dead 
Dead 
Dead 
Dead 

Dead 
Dead 
Dead 
Dead 

Dead 
Dead 
Dead 
Dead 

Dead 
Dead 
Dead 
Dead 
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:Per Cent of Plant Frosted:Vigor of 
Strain Dec. : Jan. : Jan. : Feb. : Plants on 

? 6 2? . 14 :Har.21st • . 
'dis. J. 32.rley 10 45 90 99 100 Dead 
',Vis. w. Barley 13 45 90 99 100 Dead 
Wis . 'J. Barley l? 45 90 ,99 100 Dead 
rJis. 'IV. Barley 19 45 90 99 100 Dead 

~lli s • ~ r r 
" . Bo..rley 21 45 90 99 100 Dead 

'Hi s. H. 3arley 2? 45 90 99 100 Dead 
Wis. 'i r .J. :Barley 30 45 90 99 100 Dead 
Wis. H. Barley 31 45 90 99 100 Dead 

'.Ilis. 71. Barley 35 45 90 99 100 Dead 
Wis. 'H. Barley 38 45 90 99 100 Dead 
Wis. ~l . Barley 39 ?O 95 99 100 Dead 
Tem1. W.Barley'15 1 45 90 99 100 Dead 

Tenn.W.Barley'15 2 45 90 99 100 Dead 
fenn.W.Barley'15 3 36 80 99 100 Dead 
'renn. W. Barley' 15 4 45 90 99 100 Dead 
Tenn. :,'1. Barley' 15 5 45 90 99 100 Dead 

Tenn. ':I .Barley'15 6 45 90 99 100 Dead • 
Tenn.:J.Barley'15 ? 45 90 ~9 100 Dead 
Tenn.'N.Barley'15 8 45 90 99 100 Dead 
Tenn.J.Barley'15 9 45 90 99 100 Dead 

Tenn. ,v .Barley '15 10 45 90 99 100 Dead 
l,renn. 'if. Barley '15 11 45 90 99 100 Dead 
Tenn. 'H. Barley' 15 12 45 90 

, 99 100 Dead 
Tenn.W.Barley'15 13 45 90 99 100 Dead 

Tenn.'N.Barley'15 14 45 90 99 100 Dead 
l'enn.N.Barley'15 15 30 85 98 100 Dead 
Tenn.'H.Barley'15 16 45 90 98 100 Dead 
Tenn. 'II. Barley' 15 17 45 90 98 100 Dead 

Tenn. 'J .Barley' 15 18 45 90 98 100 Dead 
Te~~.W.Barley'15 19 45 90 98 100 Dead 
Tenn.W.J3arley'15 20 45 90 98 100 Dead 
Tenn.W.Barley'15 21 45 90 98 100 Dead 

Telli1. ',7. Barley~ 15 22 45 90 98 100 Dead 
'.renn. '!I . Barley '15 23 45 90 99 100 Dead 
Terul. W .Barley '15 24 45 90 96 100 Dead 
Tenn.~.Barley'15 25 45 90 98 100 Dead 
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:Per Cent of- Pian t :F!'rosted: Vigor of 
Strain : : Dec. : Jan. : Jan. : Feb. :J?lants on 

7 6 27 14 :Mar.21st. 

Tenn.W.Bar1ey'15 26 45 90 98 100 Dead 
Tenn.'tl.Bar1ey'15 27 45 90 _98 100 Dead 
Tenn.W.Bar1ey'15 28 45 90 98 100 Dead 
Tenn.W.Bar1ey'15 29 45 90 98 100 Dead 

Tenn.W.Bar1ey'15 30 45 90 98 100 Dead 
Tenn.W.Bar1ey'15 31 45 90 98 100 Dead 
Tenn.':l.Bar1ey'15 32 45 95 98 100 Dead 
Tenn. VI. Earley' 15 33 45 90 98 100 Dead 

Tenl1.W.Bar1ey'15 34 45 90 98 100 Dead 
Tenn.W.Barley'15 35 45 90 98 100 Dead 
Tenn.'H.13arley'15 36 45 90 98 100 Dead 
Tenn.W.Barley'15 37 45 .90 98 100 Dead 

Tenn.W.Barley'15 38 45 90 99 100 Dead 
Tenn.W.:3ar1ey'15 39 45 90 99 100 Dead 
Tenn.ll.Bar1ey'15 40 45 90 99 100 Dead 
Tenn.W.Bar1ey'15 41 45 90 99 100 Dead 

Tenn. 'fl. Barley' 15 42 45 90 99 100 Dead 
Tenn.W.Barley'15 43 45 90 99 100 Dead 
Tenn.W.Barley'15 44 45 90 99 100 Dead 
Tenn. 'tl. Barley'15 45 45 90 99 100 Dead 

Tenn.N.3ar1ey'15 46 45 90 99 100 Dead 
Tenn.W.Bar1ey'15 47 70 97 99 100 Dead 
Telnl.W.Barley'15 48 45 90 99 100 Dead 
Teml. ::I. Barley , 15 49 45 90 99 100 Dead 

Tenn. oN. Barley' 15 50 45 90 99 100 . Dead 
Teml. Vi. Barley' 15 51 45 90 99 100 Dead 
Tenn.W'.Barley'15 52 45 90 99 100 Dead 
Tenn.N.Barley'15 53 45 90 .99 100 Dead 

Tenn.N.Barley'15 54 45 90 99 100 Dead 
Tenn.W.Barley'15 55 45 90 99 100 Dead 
Tenn.W.Bar1ey'15 56 45 90 99 100 Dead 
Teml. W. Barley' 15 57 45 90 99 100 Dead 

Tenn. ','I. Barley' 15 58 45 90 99 100 Dead 
Tenn.il.3ar1ey'15 59 45 90 99 100 Dead 
Tenn.W.Barley'15 60 45 90 99 100 Dead 
Tenn.W.Bar1ey'15 61 45 90 99 100 Dead 
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:l'er Cent of Ilant Frozen:Vigor of 
strain : Dec. : Jan. : Jan. : }:lebo : Plants on 

7 . . 6 27 . 14 : 1.:ar. 2ls t • .. . 
Tenn.W.Barley'15 61 45 90 99 100 Dead 
fenn.W.Barley'15 62 45 90 99 100 Dead 
Tenn.W.Barley'15 63 45 90 99 100 Dead 
Tenn. ':I.Barley' 15 64 45 90 99 100 Dead 

Tenn.W.Barley'15 65 45 90 99 100 Dead 
Tenn.Vl.Barley'15 66 45 96 99 100 Dead 
Tenn.W.3arley'15 67 45 90 97 100 Dead 
Tenn.W.Barley'15 68 45 90 99 100 Dead 

Tenl1.J.Barley~15 69 45 90 99 100 Dead 
Term. 1;'[. Barley' 15 70 45 90 99 100 Dead 
TeIllJ..TI. Barley Can. 1 45 90 99 100 Dead 
Telul.~.Barley Can. 2 45 90 99 100 Dead 

Teml. ','I. Barley Can. 3 45 90 99 100 Dead 
Tenn.N.Barley Can. 4 45 90 99 100 Dead 
Tenn. ~'l. Barley Can. 5 45 90 99 100 Dead 
Tenn.W.3arley Can. 6 45 90 99 100· Dead 

Tenn.'N.Barley Can. 7 45 90 99 100 Dea.d 
Tenn.W.Barley Can. 8 45 90 99 100 Dead 
Tenn.W.Barlcy Can. 9 45 90 99 100 Dead 
Tenn.Il.Barley Can.lO 45 90 99 100 Dead 

Tenn.W.Barley Can.ll 50 90 99 100 Dead 
Ten11. ~'!. Barley Can.12 45 90 99 100 Dead 
Teml. W.Barley Can.13 45 90 99 100 Dead 
Tenn. ':J .Barley Can.14 45 90 99 100 Dead 

Tenn.7!.Barley Can.15 85 95, 99 100 Dea.d 
Tenn.N.Barley Can.l6 45 90 99 100 Dead 
Ten:g,.W.13arley Can.17 · 45 90 99 100 Dead 
Tenn.W.Barley Can.18 45 90 99 100 Dead 

Te:i.1n. W. Bar ley Can.19 45 90 99 100 Dead 
Tenn.\'l.Barley Can.20 45 90 99 100 Dead 
Tenn. VI.Darley Can.21 45 90 99 100 Dead 
Tenn.W.Barley Can. 22 45 90 99 100 Dead 

Tenn .• VI .Barley Can.23 45 90 99 100 Dead 
Tenn.W.Barley Can. 24 45 90 99 100 Dead 
Teml. W.Barley Can. 25 45 90 99 100 Dead 
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Owing to the lU1usually severe winter the oat strains 

were entirely killed, as noted in table X. The notes taken 

previous to Fe'oruary 14th, at which date they were recorded 

as being 100 per cent frosted, show that there rms 8-j?parent­

ly no difference in th.e resist2-l1Ce of the different strains. 

It may be concluded therefore that there is no difference 

in the winter hardiness of the ten oat strains tested. 

The same lU1fortunate conditiol1s occurred in the case 

of the various barley strains. The cold was so severe that 

all strains were entirely l~illed. lJotes taken early in the 

season would indicate th8-t there were a few strains more 

hardy than others but by January 27 all strains were dead 

so that it is difficult to state that al1~T strain is Ilhardy.rf 
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THE EPFEC T OF DATE OF PLO'ilIlW AI!]) DEI'TH OF SEEDING 

lIPon WIIJTERKILLING • 

.A test Vias conducted to cLetermine the influence 0 f the 

date of plowing a11(1.. the depth of seeq.ing upon the degree of 

winterkilling. 

Two plots of ground, one plovfed the last week of Augu.st 

2-l1d the other Illowed October 16th, were SO\Vl1 with :3'ulcaster, 

Beechwood Hybrid., and 3'ul tz vJheats; Wisconsin iili:'1ter and 

Tennessee Winter barley; and 'Ninter Turf and Culberson Winter 

oats. These varieties of wheat, barley, and oats had been 

gr01"'1n s,t the Kissouri Agricultural Experiment Sta tiOll for a 

number of years and so were well acclimated. They vvere sovm 

with a grain drill at three different depths, It, 3, and 5t 
inches and at the rate of 5 pecks per acre Ior the wbeats, 

10 pecks 1=;e1' acre for the oate, and 8 pecks per acre for the 

barleys. At the time of seeding, October 18th, the plot 

which was plowed immediately before planting was extrer;1ely 

loose 8.1.'..(1 lli.1eVen, a man sinl~inG to his ankles when walking 

over it, wI1ereas, the earl~i lJlowed ground was fil'El E',nd in 

fille tilth. 

The plot of grou.nd which was plo';led early was lower and 

woulJ perhaps contain more moisture than the late plowed plot. 

This wo~ld ~ossibly affect the soil temperatures. Air ther-

mometers were placed on botil plots of ground ancl from table V 

it may be ~::een that the air temperatures on the two plots 

varied but little; thus the results obtained on tho two 

plots may be safely com::;al'eCl. since the differences in soil 
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temreratures would be due to the physical concli tion of the 

soil and not to any differences in the air temperatures 

upon the two plots. 

The averac;e daily minimum soil teI:,pei:a ture of tile early 

plovled plot was 27.30 ? wilile that of the late plowed ground 

was 26.30 - a difference of 10. The lowest temperature re­

corded on the early plowed plot was _1 0 ; the lowest on tile late 

plor/ed plot '.'laS -50. Tilese data show tilat the soil ternperature 

of the late plovled plot was sliGhtly lower than the tem:;;;era­

ture on the early plowed plot. The lowest temlJe ra tu::-e re­

corded ..... /as also reacl on the plot v:hic11 was late plowed. 

The curves in figure IV illustrate the soil temperatures 

for the two plots. The black line represel1ts the soil tem­

perature at a depth of three inches on the early plo'aed plot 

'while the red line shows tile same for the la te plovled grou:nd. 

Agcin note hO',7 uniformly higher the temperature is on the 

early plowed than on the late plowed plot. This is in accord 

wi th the observations of Sanc.lbor.a (67) who states that unpaclc­

ed soils have lower temperatures than rolled soila. 



" See supplemental file Figure 5 for unfolded version. 

~I 4- +-4-
t+-

-j-1 
- '- -,-I 

I---- l 
I , I 

~ 
1--1 , ,---
-Ll 

f-t-I 
-H 
Tf 

±ttF ~-I 
H=H=F -rf I--f--i 

I , J I 

- j~1 I-liT , ~tr---H-FF +j Tr I , 
----l 

-1-1 I 

"' 
I 

I .. ~~ 
H-+ ~e.i 

I I I 
I I i-f-j I , 

I -- _: " 
I 

, 

I h-I , + I 
I I 

, -++++- _L 
I 

LH+ w--, 
I , 

I-l-~-.L P= I I I 

I I 
- TTT I 

i-t=R= -L 

I -,-
I 

I r-
Il- , 

I----H-' r 
~I 

I 

++-- H-
I , i 

+f <-~ 
, 

I I + 
I 
I 

I 
I 

I I I 
I I 

1 
_L 

I 
I 

I 

f 



81 

Table XI gives the frosting percentage notes for the early 

and late plowect lJlots at the three clepths of planting; li-,. 
3, and 5t inches. 

Table XI 

The .3ffect of Depth of Seeding and Date of Plovling Upon Frost 

Resistance 

Grain 

rrl1ea t: 
}Pulcaster 

Per Cent of Plant Frosted 
:Date Early ~lowed Late ~lowed 

I X". 3 11 • ~-" lLIf at! ~i_n 
;<. t V2 2 - 0,; i.T2 

Jan. 27 30 30 30 40 
99 

poor 

40 40 
Feb.14 99 99 99 
Mar.21 poor poor poor 

99 99 
poor poor 

Beechwood Hyb. Jan. 27 65 65 
Feb.14 100 100 
Lar.21 :poor :poor 

65 
100 
:poor 

65 65 65 
100 100 100 
:poor poor :poor 

Fultz 

Barley: 
Wis. Winter 

Tenn.Winter 

Oats: 
Culberson 

Jan.27 65 
:Peb.14 100 
Ear.21 dead 

Jan. 27 95 
Feb.14 100 
1:ar.21 dead 

Jan. 27 95 
Feb.14 100 
Mar.21 dead 

Jan.27 99 
Feb.14 100 
r':ar.21 dead 

65 
lOa 
dead 

95 
100 
dead 

95 
100 
dead 

99 
100 
dead 

65 
100 
dead 

95 
100 
dead 

95 
100 
dead 

99 
100 
dead 

100 
100 
:poor 

95 
100 
dead 

95 
100 
dead 

100 
100 
dead 

100 
100 
poor 

95 
100 
clead 

95 
100 
dead 

100 
100 
dead 

100 
100 
poor 

95 
100 
dead 

95 
100 
dead 

100 
100 
dead 

After an examination of the above data it is ap:parent 

that the depth of seeding is in no way correlated with frost 

injury. It is equally unsatisfactory to make a comparison 

between the extent of frosting upon the late 2..11d the early 
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plowed plots for in every instance, except o:ne, the plants 

upon the two plots were equally injured. 

The actual per cent of v:interkilling for the early and 

late plowed plots, at the different depths of seeding, is given 

in table XII. 

Table XII. 

The Effect of Depth of Seeding and Date 

of Elowing upon Winterkilling. 

Grain 
: Depth 
: of 
: Seeding 

i'f'nea t: 
iulcaster • • • • • • • 

BeechvlOod Hyb •••• 

Fultz ••..••••••• 

Barle;z: 
·inS. Ninter ••••• 

Tenn. :Ninter •••• 

Oats: 
Culberson ••••••• 

inches 

It 
3 
&~ 

1~-
3 
~ 

l-i-
3 
~ 

1~-
3 
5t 

: Early Plowing Late Elowing 
:LJo.Plants:Winter-:No.Plants:Winter­
:Fall:Spr.:killing:Fal1:Spr.:killing 

Per cent inches Eer cent 

79 
87 
68 

51 
60 
48 

86 10 
81 9 
74 15 

86 ·53 
97 48 
68 32 

67 
49 
39 

o 
o 
o 

35.44 
31.03 
29.41 

88.57 
88.88 
78.72 

38.37 
50.51 
52.94 

100.00 
100.00 
100.00 

43 
44 
47 

o 100.00 

68 
45 
53 

• 

o 100.00 
o 100.00 

o 
o 
o 

100.00 
100.00 
100.00 

93 
64 
67 

48 
30 
18 

48.38 
53.12 
73.13 

76 0 100.00 
70 1 100.00 
51 0 100.00 

83 35 57.83 
84 40 52.38 
66 30 54.54 

56 
53 
46 

66 
58 
29 

43 
55 
42 

o 
o 
o 

100.00 
100.00 
100.00 

o 100.00 
o 100.00 
o 100.00 

o 
o 
o 

100.00 
100.00 
100.00 
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Disregarding the barley mld oat data which cannot be 

considered since the plants did not survive the winter and 

stud;}Til1g only the dat!;. for the three v!;.r.ieties of wheat, we 

mast conclude that the results obtained do not justify any 

conclu.sion regarcli113 the effect of the depth of seeding upon 

the degree of winterkilling. The table shoVls that the re­

sults from the Fulcaster wheat, on both late aJ:id early plow­

ed plots, favor shallow seediLg; the results from the Beech­

vlood Hybrid favor (leep seeding; while the Fultz ViaS the most 

hard~T .. "[hen seeded shallovl on the early plowed ground but on 

the late plowed ground it was more resistant vhen seeded deep. 

There is sufficient evidence in table XII to believe 

that vlinterkilling is less upon ground which is plowed early 

than upon ground which was plowed immediately iJefore planting. 

In every insta.:nce there was greater injury among the plants 

v/hich were sO\'m on the late plowed plot than among those 

which were seeded in the early plowed ground. 

After studying the soil temperatures illustrated in 

figure IV a.nd. observin:::; the uniformly higher teml;erature of 

the early plowed plot, the increased ru:l0lli""1.t 0 f rJinterkilling 

on the late rlowed ground is possibly explained. In an 

average year this difference might not have been so great 

since in a l10rmal winter there is greater sl1O\vfall and a 

snow bl8.nket would have equalized the tel.lperatures. The fact 

that the early plowed plot "\7as situated so as to contain more 

moisture would also account for a slightly hisher soil temper­

ature on that plot. 
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SEEDIlJG Hr FURROWS TO PREVEHT VfIHTERKILLIHG. 

The practice of sowing vlinter grains in open furrovrs is 

hot lli1COITmOn and is generally recomrnended for certain areas 

in this country, particularly in the South. A preliminary 

experiment was conducted at the Missouri Agricultural Exper­

iment Station to determine the amount of protection from 

winter injury that is afforded to plants by sovnng them in 

open furrows. 

The plots for this experiment were laid out as follows: 

Series I --- rows running north and south. 

Plot I - Fulcaster wheat, Tennessee Winter barley, and 

culberson oats SOVnl in rows, no furrows. 

rIot 2 - Three varieties of wheat (Fulcaster, Beechwood 

Hybrid, and Fultz); two varieties of barley 

(Wisconsin Winter and Tennessee Winter); and 

two varieties of oats (Winter Turf and Culber­

son); sown in furrows three inches deep. 

Plot 3 - Three varieties of wheat, (Fulcaster, Beech­

wood Hybrid, and Fultz); two varieties of 

barley (Wisconsin Winter and Telmessee Winter); 

and two varieties of oats (Viinter Turf and 

Culberson) sovm in furrows six inches in depth. 

:Plot 4 - Fulcaster wheat, Tennessee 'ilinter barley, and 

Culberson oats SO\~1 on the top of an eight inch 

ridge. 

Series II.--- Duplicate of Series I vri th rows extending east 

and west. 
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The rows were twenty feet long and sixteen inches apart. 

The ridging and planting was all done with hanel labor and 

eS1Jecial care VIas taken to have the furr-ows well drained. It 

was not possible to SOVl the plots befo.re October 23rd and so 

the plants were mere seedlings at the time of the first kill-

ing frost, -17hich occurred ITovember 12th. :.L1hermometers were 

placed in the soil at a depth of three inches, and thus the 

soil teT:ll~eratures for tile surface, three inch furrow, six 

inch furrow, and rio_ge plantings were obtained. The temper;.. 

ature data recorded in this test is tabulated in table V; 

this has been briefly sun1marized and is sho\vn in table XIII. 

Location of 
Thermometer 

Table XIII. 

A Sur~lary of Table V. 

Ave. daily 
min. temp. 
from Dec.7 
to ltiar.19 
degrees ll' 

Ave. daily 
min. temp. 
for days 
below 320F 

degrees F 

Lowest min. 
temperature 

recorded 

degrees F 

Surface . . . . . . . . . . . . . 26.7 • • • • • 24.8 · . . . . . . . -3 

3 inch furrow • • • • • • • 27.2 • • • • • 25.5 · . . . . . . . 0 

6 inch furrow . . . . . . . 28.3 · . . . . 26.8 · ....... 0 

Ridge . . . . . . . . . . . . . . . 25.9 · .... 23.8 · ....... -8 

Air . . . . . . . . . . . . . . . . . 24.3 · .... 21.8 · . . . . . . . -10 

It is plainly seen in table XIII that the plants gro\'Jing 

in Jcile furrov:TS did not have to withstand as low soil temper-

a tures as did the plants grovling on the surface. Tile six inch 

furrow for the days in which the thermometer fell below 32°F 
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averaged 20 higher than that of the surface planted plots; 

and in the three inch furrow it averaged 10 higher. The 

soil on the ridge was by far the coldest soil, being 30 cold­

er than the surface. The d.ifferel1ce shown here is even more 

striking than the results given by Salmon. (65), which are 

noted on page 320f this thesis. 

The soil temperatures for the surface, three inch f~rrow, 

and ridge are illustrated in figure V. The sold black line 

represents the soil temperature of the surface planted plot, 

the dotted black line the ridge temj}erature, the solid red 

line the three inch furrow temperature, and the dotted red 

line the six inch furrow temp era ture. 
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The role of sno\v in lo'aering soil temper8. ture is J:llainly 

seen in this fie;ul~e. Upon the dates of .0ecenlber 11th to 17th, 

January 15th to 20th, ani Harch 3rd. to 4th it 'will be noted 

from taiJle V tila"C there was snow upon the ground. l.'urning 

from table V to figure IV and ooserving the curves for these 

snow present dates one cannot fail to notice the relative 

hiSh tenlJerature recorded for the 3 and 6 inch furl~OWS. Upon 

the 15th of December, according to the local \{eather 3ureau 

t84) all snow had disap~eared but according to field notes the 

drifted Sl10Vl in the furro'l'ls ha::;' not entirely mel ted. The pro­

tection i7hich a snow blanket gives is shovm by the fact that 

on this day the minimrun temperature for the ridge \TclS 160 F, 

the 8urface 210 F, the 3 inch furrow 24° F, and the 6 inch 

. furrow 300 F. The plant roots, then, in the six inch furrow 

were gO warmer than those of the surface planted plants. 

There can be no doubt, therefore, but that the furrows 

exercise a prollounced influence on the temIieratures which the 

lJlal1ts endure. A difference of evel1 a fe'.:., (Legrees might save 

the life of the plant. The point to which the pla:nts in the 

six inch furrow are subjected, may be above the death temfer­

ature but at the sB:IDe time a killing temferature may be ex­

perienced by the plants which are surface l)lanted. 

The a.ctual results of these different teml)el~atures may 

be seen in the follovling tables. The field notes upon the 

frosting of the plants are shovm in table XIV. 
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Table XIV'. 

Open Furrows as a Protection from Frost. 

Eethod Kind : Per Cerit Plant Frosted :Vigor 
of of :liov.:Dec.:Jan.:Jan.:.b' eb.: on 

=:-.::;S..::e..::e.,;:;d;.:;;i~n~g~...:..-_--.:;;.G.:::..r.:;;.a..:::.i.:::n:-____ .:...-:.:.2.:;..8-=-_,-, ..;..7-:.._6 : 27 : ~4 : Mar. 21 
Rows lJ & S 
Surface 

3 1f Furrow 

6 n Furrow 

Ridge 

R ." & "{ :;..2!!.. s .t!j , I 

3 11 Furrow 

6 11 2urrow 

Ridge 

Fulcaster wheat 
Tenn. W. barley 
Culberson oats 

Fulcaster wheat 
Beecnwood :riybrid 
Ful tz wllea, t 
Wis. 'J. bal~ley 
Tenn.. N. b2.rley 
Jinter Turf oats 
Culberson oats 

Fulcaster wheat 
BecchiV'ood Hybrid 
Fultz wheat 
':lis. VI. barley 
~enn. VI. be.rley 
Winter Turf oats 
Culberson oats 

Fulcaster wheat 
Wis. \'/. :Barley 
Culberson oats 

Fulcaster wheat 
Beechwood Hybrid 
Ful tz Wlleat 
Wis. I}. barley 
Tenn. \1. barley 
';linter Turf oats 
CulberBon oats 

Fulcaster Ylheat 
Beechwood Hybrid 
Fultz wheat 
" ~I' "T b 1 .. 1S. Ii. ar cy 
:tlenn. 'd. barley 
~inter Turf oats 
Culberson oats 

Fulcaster wheat 
'dis .;1. barley 
Culberson oats 

30 
60 
75 

25 
25 
25 
40 
40 
50 
50 

25 
25 
25 
40 
45 
40 
50 

50 
80 
90 

30 
30 
30 
55 
55 
60 
60 

30 
30 
30 
50 
50 
50 
50 

80 100 100 
100 100 100 
100 100 100 

30 35 98 
35 40 98 
35 40 98 
85 98 100' 
85 98 100 
90 100 100 
90 100 100 

35 40 98 
30 35 98 
30 35 100 
75 95 100 
75 95 100 
85 95 100 
90 100 100 

75 90 100 
100 100 100 
100 , 100 100 

100 100 
100 100 
100 100 

25 
25 
25 
40 
40 
50 
50 

25 
25 
25 
40 
40 
50 
50 

50 
75 

100 

25 
40 
50 
60 
60 
80 
80 

25 
25 
25 
45 
45 
60 
75 

95 
99 

100 

25 
80 
85 
90 
90 
95 
95 

30 
25 
25 
60 
60 
90 
90 

100 
100 
100 

30 100 
95 100 
95 100 

100 100 
98 100 

100 100 
100 100 

50 98 
35 98 
35 100 
75 100 
80 100 

100 100 
100 100 

100 100 
100 100 
100 100 

Dead 
Dead 
Dead 

Poor 
Poor 
Poor 
Dead 
Dead 
Dead 
Dead 

Fair 
Fair 
I'oor 
Dead 
Dead 
Dead 
Dead 

Dead 
Dead 
Dead 

Fair 
Dead 
Dead 
Dead 
Dead 
Dead 
Dead 

Fair 
Fair 
Fair 
Dead 
Dead 
Dead 
Dead 

' Dead 
Dead 
Dead 
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Tile plants grovm in the six inch furl~owS, v,ri th the ro'Vvs 

running both north and south, and east and ~"{estt vvere the 

least injured of any in the test. The oats and barleys Vlere 

killed; but from a study of the fros~ing percentages it is 

noticed that the injury was more severe and occurred earlier 

in the surface planted rows than it did in the furrovlS. There 

is a slight indication that the rows extending east and west 

'were injured to a less degree than thos e running north and 

In ~ddition to the observation notes taken of these 

series the actual per cent of winterkillil1G uncler the differ­

ent conditions was determined. Strips five feet long were 

stal:ed out in each row and the number of plants in that area 

accurately counted. The count was.made late in the fall so 

that death from disease, competition between plants, etc •• 

.. 70uld not enter into the per cent of plants kil.led by cold. 

:2he COlUlt was again made in the spring after all clanger from 

frost vms past. Frow this data the per cent of rlinterkilling 

was calculated. This data is given in table XV. 
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Table XV. 

The Influence of Open Furrows upon Ninterkilling. 

Method 
of 

Seeding 
Rows li & S 
Surface 

Kind 
of 

. Grain 

Fulcaster wheat 
Tenn. H. barley 
Culberson oats 

3 1f ]url"OVl Julcaster '.711ea t 
3eechwood Hybrid 
:E'ultz wheat 
':!is. 'J. barley 
]~elU1.:I. bcrley 
~inter ~urf oats 
Cull)erson oats 

6 1f Furrow Fulcaster vlheat 
Beechwood Hybrid 
Pultz wheat 
Wis. 'II. barley 
Tenn. ;1I. barley 
Winter Turf oats 
Culberson oats 

Ridge j?ulcaster wheat 
His. 'J. barley 
Culberson oats 

Rows E & W 
3 lf FurrOW Pulcaster wheat 

Beechwood Hybrid 
PLlltz wheat 
His. W. barley 
Tel111..7. barley 
dinter Turf oats 
Culberson oats 

6" Furrow Fulcaster wl~eat 
Beechwood Hybrid 
Fultz wheat 
Wis. ':1. barley 
Tenn. 'il. barley 
~inter Turf oats 
Culberson oats 

Iddge Fulcaster vlheat 
','lis. 'J. barley 
Culberson oats 

IhU:1oer of Elan ts 
on on 

Hov.16 Lar.26 

128 
99 

119 

'79 
112 
105 

93 
73 

188 
146 

102 
'79 

116 
135 
136 
145 
148 

90 
81 

113 

120 
106 

83 
84 
8'7 

126 
97 

68 
89 
85 
74 
84 

106 
92 

52 
66 

103 

2 
o 
o 

43 
40 
32 
o 
o 
o 
o 

57 
36 
63 
o 
o 
o 
o 

o 
o 
o 

8'7 
3 
1 
o 
o 
o 
o 

33 
30 
29 
o 
o 
o 
o 

o 
o 
o 

Winter­
killing 
ler cent 

98.30 
100.00 
100.00 

45.56 
64.28 
69.52 

100.00 
100.00 
100.00 
100.00 

44.11 
54.43 
45.68 

100.00 
100.00 
100.00 
100.00 

100.00 
100.00 
100.00 

27.50 
9'7.16 
98.79 

100.00 
100.00 
100.00 
100.00 

51.4'7 
66.29 
65.88 

100.00 
100.00 
100.00 
100.00 

100.00 
100.00 
100.00 
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This table shows that all the barley and oats were 100 

per cent winterkilled; the wheats however survived and this 

data is brought together and sunID1srized in table XVI. This 

table g ives the averaged per ce:i.1t winterkilling of the wheats 

which were planted. on the surface, in furrows and on the 

ridges and also compares the rows exte~ding north and south 

to those rl1.ili"'1ing east and west. 

Table XVI. 

The J?ro tection from lHinterkilling Afforded by Furrows. 

'Ninterkilling in Per Cent for 
Var- : Surface: 3 1f Furrows · 6 11 Furrows . Ridge · . 
iet~ sovm :IT&S . E&Vi . Ave · lJ&S . : E&W . Ave :II&S : E&o:1 :Ave . . · . 
~Pul. 98.30 45.56 27.50 36.53 44.11 51.47 47.79 100 100 100 

Beech. ----- 64.28 97.16 80.72 54.43 66.29 60.36 

Fultz ----- 69.52 98.79 84.15 45.68 65.88 55.78 

Ave. 98.30 59.78 74.47 67.13 48.07 61.21 54.64 100 100 100 

The grain sown on the level surface winterkilled 98.30%, 

in the 3 inch furrows 67.13%. in 6 inch furrows 54.641~, and 

upon the ridge 100.00%. This ShOV1S that vlhile the wheat plant-

eo.. in the ord.in¥y Illanner was nearly all killed, yet that which 

was SOYIl1 in the six inch furrows survi ved with a 505; st2,~1d in 

the spring. Results similar to this have been reported by 

Georgeson (21). Redding (58) t :.1m:burton (83) t Rer::y and Krep­

lin (59) t Duggar (14), LcClelland (44) t Carleton (9), Hicks 

( 60), Thiry (80), and Salmon (65). The results as shm'l11 in 

table XVI inclica te that the seeding of v:int er cereals in open 
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furrows in this loca.lity would, in such severe winters as 

1916-17, be beneficial. 

The data further show's that the direction in which the 

furrows are laid out influences· the degree of ~inter injury. 

The plants in the three inch furrows which extended north and 

south v/ere 59.78 per cel'~t winterkilled, 'whereas the east mId 

west rows winterkilled 74.47 per cent. In the six inch furr­

ows the north a:t.1d south rows winterkilled 48.07 per cent und 

the east and west rOVlS 61.21 per cent. Thus in both depths 

of furrO\vs t:i.le roVls which extended no rth and south had the 

lowest per cent of winterkilling. Similar results have been 

previously mentioned as being found by Warburton (83), 17ho 

advised pla11ting at right angles to the prevailaing \vil1ds. 

Several writers, nar~lely Redding (58), 'iiarburton (83), 

Remy (59), Duggar (14,15), 1.IcClelland (44), Ricks (60), 

Salmon (65), and Schmitz (69), have .observed the protection 

from heaving give~ by the furrows. Such action was particu­

larly noticed in this eX};eriment. The ridges were early crack­

ed and weathered so that the plan ts in the furrows vlere, in 

some instances, nearly covered v:ri th soil. The cl.irt thus wash­

ed down about the plants served as ' an e:x:cellent mulch and VIi th­

out doubt it served to minimize the winter injuries. 

It ma~T be safely said that the results obtained in this 

experiment indicate strongly that the seeding of winter cer­

eals in f'u.rrows lessens the injury received by the plants from 

heaving and low tem:reratures. It is also shovm that the plants 

in the furrows may be still further protected by extending the 

furrowS at right angles to the ~revailing winds. 
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SUl..llIARY. 

A preliminary study of winterl::illing in cereals was out-

lil1ed to determine: first, the resistance of v2.rieties and 

strains of wile at , barley an(l oats to· winterkilling; second, 

the effect of late and early plowing upon the extent of winter 

injuries; third, the influence of the depth of seeding upon 

wtnterkilling; and fourth, the effect of seeding in open furre 

ows upon the degree of winterkilling. 

~he clir.'J.atic conditions in the vlinter of 1916-17 were un-

favorable :-:01' this study. The winter was Ullusually dry and 

tilere was comparatively little 8no\'lfall '.'/:;'len contrasted vlith 

the average winter for this locality. Such conditions sub-

jected the plants to intense cold anet owing to this fact the 

experimental results are not indicative of results which might 

be obtained in normal winters. The winter WgS so severe that 

the metilods tested for protecting the plants, although they 

mio-ht be sufficient protection in a normal Winter, proved to o . 

be insufficient. It :had been planned· to r:tudy the relation 

between the extent of 'NiIlJierkilling and the lengt:h and 

breadth of leaves and habit of gro'.7th but this study :had to 

be aban rlo:i.1ed because the plants were so badly injured . early 

in the winter. 

In spite of these unfavorable conditions the one year's 

experimental results indicate the following points: 

(1) ~s determined by actual per cent of winterkilling 

the most hardy varieties of ·wheat tested a:i.~e: U.S.D • .A.116l6, 

BeechVIOOd Hybrid .f,b207, Illinois Ifo509, Early Ripe, Harvest 
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Queen, HaTvest King, Velvet Chaff, Virginia Hybrid, Valley, 

aYl<l l. ~edi terra:i.lean - ranking in the ordeT named. 

(2) The most hardy wheat strailJ.s tested are: Eichigan 

':londer strain nULlbers {I\lissouri) 102, 155, 83, a:ld 113; and, 

BeechwoOd HybTid. strain nU1;!bers (Uissouri) 34 and 202. 

(3) lJo difference was found in the resistance of the 

oat strains tested; all were killed. 

(4) There was only a slight d_ifference in winter re-

sista:::.ce between t:ne different barley strains tested; none -

sarvi vecl the vlinter. 

( 5) An actual determination of the -oer cent of "7inter-

killinG, shows that there is less winterkilling of plants 

SO\'1n upon early plowed than upon late plowed ground. 

( 6) The actual Ylinterkillil1g percentages ShOVl that the 

depth of seeding does not influence the degree of winter in­

jury. 

(7) The l)lants which were sovr.a in open furrovlS survived 

the winter v!i th a lower per cent of winterkilli r:g than the 

-olants which were sown on level£:round. 
~ ~ 

(8) The results indicate that for this section of Miss-

onri the furrovlS exte:i.1ding no rth cnC1. sO'-l.th 8.1"e of greater 

protection than those running east and west. 
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